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Abstract High-grade prostatic intraepithelial neoplasia
(PIN) is the one well-documented precursor to adenocarci-
noma of the prostate. This review article defines both low-
and high-grade PIN. Unusual variants of high-grade PIN
are illustrated. Benign lesions that may be confused with
high-grade PIN, including central zone histology, clear cell
cribriform hyperplasia, and basal cell hyperplasia are
described and illustrated. High-grade PIN is also differen-
tiated from invasive acinar (usual) and ductal adenocarci-
noma. The incidence of high-grade PIN, its relationship to
carcinoma (including molecular findings), and risk of
cancer on rebiopsy are covered in detail. Finally, intraductal
carcinoma of the prostate, a controversial entity, is
discussed and differentiated from high-grade PIN.
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Introduction

Over time, several lesions have been proposed as putative
precursor lesions to adenocarcinoma of the prostate.
Adenosis, also known as atypical adenomatous hyperplasia,
had been considered by some authorities to be a precursor
to low-grade transition zone adenocarcinomas given some
morphological similarities between the two entities. Al-
though, there is some conflicting molecular evidence
concerning the relation of adenosis to adenocarcinoma,
the cumulative results suggest that genetic alterations in
adenosis are infrequent [1–4]. More importantly, morpho-

logical and follow-up data fail to link adenosis as a
precursor to adenocarcinoma of the prostate. With rare
exception, foci of adenocarcinoma are not seen in close
association with adenocarcinoma. Most importantly, men
with adenosis on follow-up are not at increased risk of
developing adenocarcinoma [5]. Adenosis, although a
mimicker of prostate cancer, should not be considered a
precursor of prostatic adenocarcinoma.

Another lesion that has been proposed as a precursor to
adenocarcinoma of the prostate is proliferative inflamma-
tory atrophy (PIA). There is molecular and epidemiological
and less so morphological evidence that long-standing PIA
may predispose to prostate adenocarcinoma [6]. However,
it is rare to see adenocarcinoma directly evolving from PIA.
Furthermore, the finding of PIA on biopsy material is very
frequent in the absence of carcinoma and does not increase
the risk of cancer on repeat biopsy [7]. Consequently, from
the practical standpoint, PIA should not be classified as a
direct precursor to prostate adenocarcinoma.

Removing adenosis and PIA from the list of precursor
lesions of prostate adenocarcinoma, one is left with only
one well-established precursor to prostatic adenocarcinoma
and that is prostatic intraepithelial neoplasia which will
form the basis of this review.

Prostatic intraepithelial neoplasia

Prostatic intraepithelial neoplasia (PIN) as a precursor to
some prostatic carcinomas was first described in the 1960s
by McNeal under the name of “intraductal dysplasia,” and
more precisely characterized in 1986 by McNeal and
Bostwick [8–11]. PIN consists of architecturally benign
prostatic acini lined by cytologically atypical cells and is
dichotomized into low- and high-grade PIN. In its original
description, PIN was subcategorized into grades 1–3, with
grade 1 equating to low-grade PIN and grades 2–3
combined into high-grade PIN.
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Histology

At low magnification, PIN manifests as basophilic glands
that are separated by a modest amount of stroma. PIN
glands architecturally resemble benign glands in that they
are large, branch, and typically have papillary and undulat-
ing luminal surfaces (Fig. 1). Their basophilic appearance is
due to a combination of nuclear crowding, enlargement,
and hyperchromasia, along with amphophilic cytoplasm.
High-grade PIN is distinguished from low-grade PIN by the
presence of prominent nucleoli (Fig. 2). However, there are
no criteria as to how prominent or how frequent the
nucleoli must be to diagnose high-grade PIN. My approach
to maintain intraobserver reproducibility as well as not to
overdiagnose cases with small nucleoli is to diagnose high-
grade PIN when nucleoli are visible at ×20 magnification.
Alternative diagnostic criteria are discussed later in the
manuscript.

Low-grade PIN has minimal nuclear enlargement and
stratification, yet an absence of prominent nucleoli (Fig. 3).
If one has to look at high magnification for the rare cell
with prominent nucleoli, then the gland should not be
diagnosed as high-grade PIN. Occasionally, there are cases
borderline between low and high-grade PIN; it is the
recommendation of this author that the patient not be
labeled as having high-grade PIN.

There are four architectural patterns of PIN [12]. The flat
pattern consists of a single layer of cells with atypical
nuclei (Fig. 4). The tufted pattern, which is the most
common, results from alternating areas of stratification and
piling up of cells adjacent to less hyperplastic areas (Fig. 5).
When there is elongation of tufts to form tall columns of
epithelium typically lacking fibrovascular cores, it is termed

the micropapillary pattern (Fig. 6). Cribriform PIN is the
final pattern (Fig. 7). It is distinctly uncommon for low-
grade PIN to have a micropapillary or cribriform pattern.
With tufting, micropapillary, and cribriform patterns of
high-grade PIN, nuclei toward the center of the gland tend
to have more bland cytology (Fig. 7). The grade of PIN is
assigned based on the more atypical nuclei peripherally
located up against the basement membrane.

Unusual variants include high-grade PIN with signet-ring
features (Fig. 8), with small cell neuroendocrine features,
with mucin cell metaplasia (Fig. 9), with mucinous features
(Fig. 10), with foamy features (Fig. 11), with inverted nuclei
(Fig. 12), with squamous differentiation (Fig. 13), and with
paneth cell-like neuroendocrine differentiation (Fig. 14)
[13–16].

Fig. 1 a Glands involved by high-grade PIN architecturally resemble
normal glands in their size, shape, and spatial relation to other glands

Fig. 2 High-grade PIN glands appearing basophilic as a result of
enlarged nuclei, high nuclear to cytoplasmic ratio, and epithelial
hyperplasia. Note paler benign gland in lower left corner

Fig. 3 Low-grade PIN (upper left) composed of architecturally
benign glands composed of cells with nuclear stratification and
hyperchromasia, yet a lack of prominent nucleoli
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Following complete androgen deprivation therapy there
is a marked decrease in the prevalence and extent of high-
grade PIN. In contrast, there does not seem to be large
changes in the morphology of high-grade PIN after
blockade with 5 alpha-reductase inhibitors (i.e., Finasteride)
or following radiotherapy.

Differential diagnosis

Benign mimickers There are several benign lesions that
may be confused with high-grade PIN. These include
variations of normal histology and variants of hyperplasia.

Central zone histology

The central zone is an ill-defined region up at the base of
the prostate around the ejaculatory ducts and adjacent to the

seminal vesicle. Central zone glands are lined by tall
pseudostratified epithelium which may be arranged in
Roman bridge and cribriform glandular patterns, mimicking
PIN (Fig. 15) [17]. In contrast to high-grade PIN, central
zone glands lack cytological atypia, and some have a
prominent basal cell layer.

Clear cell cribriform hyperplasia

It is not certain whether clear cell cribriform hyperplasia,
also referred to as cribriform hyperplasia, is a variant of
benign prostatic hyperplasia or a specific disease entity.
Clear cell cribriform hyperplasia is typically located in the
transition zone and typically although not always sampled
on TURP, whereas high-grade PIN predominates in the
peripheral zone. Clear cell cribriform hyperplasia consists
of crowded cribriform glands with pale cytoplasm some-

Fig. 5 Tufted high-grade PIN

Fig. 6 Micropapillary high-grade PIN

Fig. 7 Cribriform high-grade PIN. Note more benign appearing
nuclei toward the center of the cribriform gland. Basal cell stains were
positive around all of the glands (not shown)

Fig. 4 Flat high-grade PIN

Virchows Arch (2009) 454:1–16 3



times growing as a nodule and, in other instances, more
diffusely (Fig. 16) [18]. The key feature distinguishing clear
cell cribriform hyperplasia from high-grade PIN is the lack
of nuclear atypia. Furthermore, within a nodule of clear cell
cribriform hyperplasia, at least some of the cribriform
glands show an obvious basal cell layer.

Basal cell hyperplasia

Basal cell hyperplasia and usual basal cells may be
mistaken for high-grade PIN as they both can share
prominent nucleoli and mitotic activity [19, 20] (Table 1).
This worrisome cytology may be seen in several architec-
tural patterns of basal cell hyperplasia including: (1)
proliferation of small round crowded basaloid glands with
atrophic cytoplasm or even solid nests; (2) proliferation of
basal cells in preexisting larger open benign glands; and (3)
cribriform and pseudocribriform basal cell hyperplasia. In

contrast to basal cell hyperplasia with small crowded
glands, high-grade PIN resembles usual prostate glands in
their larger size, open lumina, abundant cytoplasm, and
distribution (Fig. 17). Basal cell hyperplasia in larger
benign glands stream parallel to the basement membrane
and undermine overlying benign-appearing secretory cells.
High-grade PIN has inconspicuous flattened often discon-
tinuous basal cells with the overlying secretory cells having
atypical nuclei oriented perpendicular to the basement
membrane. Whereas cribriform high-grade PIN glands
represent a single sheet of cells with punched out lumina,
many of the glands within a focus of cribriform basal cell
hyperplasia appeared as fused individual basal cell hyper-
plasia glands (pseudocribriform; Fig. 18) [21]. Cytologically,
basal cell nuclei tend to be round and have a blue-gray
appearance, in contrast to high-grade PIN which has more

Fig. 11 Foamy high-grade PIN

Fig. 10 High-grade PIN with mucinous features

Fig. 9 High-grade PIN with mucin cell metaplasia

Fig. 8 High-grade PIN with clear cytoplasmic vacuoles
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pseudostratified and columnar nuclei with a red-violet hue.
Basal cell hyperplasia reveals high molecular weight
cytokeratin or p63 positivity in multilayered nuclei, although
in some cases, the more centrally located cells are not
immunoreactive (Fig. 19) [22]. In high-grade PIN, basal cell
markers label only flattened cytologically benign basal cells
beneath negatively stained atypical PIN cells (Fig. 20).
Finally, most cases of basal cell hyperplasia are found in
TURP specimens, indicating growth in the transition zone, in
contrast to high-grade PIN’s preferential location in the
periphery of the prostate.

Malignant mimickers High-grade PIN must be differentiated
from invasive prostate carcinoma. Acinar (usual) adenocarci-
noma and even more so ductal adenocarcinoma can in some
instances closely resemble high-grade PIN.

Acinar (usual) adenocarcinoma

In some cases, it is difficult to distinguish cribriform high-
grade PIN from cribriform adenocarcinoma [23]. However,
almost always, when there is cribriform carcinoma, it is
accompanied by small glands of carcinoma. Only when
cytologically atypical cribriform glands are so large,
irregular, back-to-back, outside of the prostate, or show
perineural invasion such that they are inconsistent with
cribriform PIN should infiltrating cribriform carcinoma be
diagnosed on H&E stained sections in the absence of small
atypical infiltrating glands (Fig. 21). In the setting of
numerous atypical cribriform glands, a negative immuno-

Fig. 15 Roman bridge and cribriform formation in central zone
glands

Fig. 14 High-grade PIN with paneth cell-like neuroendocrine
differentiation

Fig. 13 High-grade PIN with squamous features (courtesy of Dr.
Rodolfo Montironi)

Fig. 12 High-grade PIN with inverted features, where the nuclei
show reverse polarity and are situated at the luminal surface
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reaction for basal cells in all of the glands is diagnostic of
carcinoma; positive staining, even if patchy, verifies the
lesion as cribriform PIN or intraductal carcinoma. If there are
only a few cribriform glands, negative immunoreactivity for
basal cell markers is not diagnostic of carcinoma [22]. In
cases where there are only one or a few small cribriform
glands on needle biopsy without small glands of infiltrating
carcinoma, the diagnosis is typically “Focus of atypical
cribriform glands” with a comment that “The distinction
between cribriform high-grade PIN and cribriform carcinoma
cannot be made with certainty, and repeat biopsy is
recommended” [24].

A common differential diagnosis is when there are a few
atypical glands immediately adjacent to high-grade PIN,
and the issue is whether these small glands represent

tangential sectioning or outpouching off of the high-grade
PIN glands or a small focus of carcinoma adjacent to the
high-grade PIN (Fig. 22) [23, 25]. We refer to these foci at
PINATYP. A diagnosis of carcinoma can be rendered only if
the small atypical glands are too numerous or too far away
from the high-grade PIN glands to represent outpouching or
tangential sectioning from the PIN glands (Fig. 23). In cases
of PINATYP, the lack of basal cells in the small atypical
glands can be construed as evidence that these glands
represent infiltrating cancer only if there are more than a
few such glands. One may also see classic high-grade PIN
where some of the glands show the expected patchy basal
cell layer and other identical glands are negative for the basal
cell markers; these cases we would still diagnose as high-
grade PIN (Fig. 24).

Fig. 18 Pseudocribriform basal cell hyperplasia

Fig. 16 Clear cell cribriform hyperplasia

Table 1 Differential diagnosis: high-grade PIN and basal cell hyperplasia
with nucleoli

Basal cell hyperplasia with nucleoli High-grade PIN

Proliferation of small glands Architecturally benign (large
glands without crowding)

Occasional solid nests Glands with well-formed
lumina

Basal cells with atypical
nuclei (blue) undermine
secretory cells with benign
nuclei (red/violet)

No two distinct cell population

Basal cell nuclei stream parallel
to basement membrane

Atypical cells oriented
perpendicular to basement
membrane

Atypical nuclei positive for
HMWCK with underlying
flattened benign-appearing
cells positive

Atypical nuclei negative for
HMWCK

Fig. 17 Nests of basal cell hyperplasia with prominent nucleoli
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Ductal adenocarcinoma

A difficult distinction is between cribriform high-grade PIN
and ductal adenocarcinoma of the prostate [26–28]. Ductal
adenocarcinomas are often centrally located in the periurethral
region and sampled on TURP. PIN is uncommonly found
within the periurethral region and infrequently seen on TURP.
Ductal adenocarcinomas often contain true papillary fronds
with well-established fibrovascular cores, whereas high-grade
PIN more frequently reveals micropapillary fronds with tall
columns of epithelium without fibrovascular stalks (Fig. 25).
Ductal adenocarcinomas frequently show solid cylinders or
nests, which can contain comedonecrosis, which may be
extensive, which is absent in PIN. Finally, ductal adenocarci-
nomas may consist of very large and/or back-to-back glands,
whereas glands involved by PIN are of the size and

Fig. 21 Infiltrating cribriform carcinoma. Cribriform glands are too
crowded to represent high-grade PIN. Also note small individual
glands of carcinoma surrounding cribriform carcinoma

Fig. 19 Basal cell hyperplasia showing multiple cell layers labeled
with high molecular weight cytokeratin

Fig. 20 High-grade PIN with a patchy basal cell layer

Fig. 22 a High-grade PIN with adjacent small atypical glands where
the differential diagnosis is high-grade PIN with carcinoma versus out-
pouching or tangential sectioning of adjacent high-grade PIN
(PINATYP). b High molecular weight cytokeratin stains show some
glands with a patchy basal cell layer and others that are negative
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distribution of benign glands. The use of basal cell markers in
this differential diagnosis may be problematical, as both high-
grade PIN and ductal adenocarcinoma may display a patchy
basal cell layer. However, absence of a basal cell layer in
numerous glands rules out PIN [29].

While the most common forms of ductal adenocarcinoma
mimic micropapillary and cribriform high-grade PIN, ductal
adenocarcinoma may be composed of simple glands lined by
stratified columnar epithelium with cytological and architec-
tural features of flat and tufting high-grade PIN. These PIN-
like ductal cancers are distinguished from high-grade PIN
either because the atypical glands are too crowded to represent
high-grade PIN, or there are too many atypical glands that are
negative for basal cell markers to be consistent with high-
grade PIN (Fig. 26) [30, 31]. In some cases, there are only a
few atypical glands with papillary fronds that are negative
for basal cell markers that are highly suspicious for ductal
adenocarcinoma, yet due to the limited number of atypical

Fig. 25 Prostatic duct adenocarcinoma. Glands are too complex and
show well-formed papillary fronds, ruling out high-grade PIN

Fig. 24 a High-grade PIN. b High-grade PIN with rare basal cells
labeled for p63. Depending on the plane of section, some glands of
high-grade PIN many not demonstrate basal cell staining

Fig. 23 a High-grade pin with small focus of adjacent carcinoma. The
small glands of cancer trail away from the high-grade PIN. b Small
glands of cancer are negative for high molecular weight cytokeratin
and p63 (brown chromogen) and are positive for AMACR (red
chromogen)
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glands, high-grade PIN cannot be ruled out with certainty.
Repeat biopsy is recommended in these cases.

Immunohistochemistry

High-grade PIN typically demonstrates an interrupted
immunoreactive single cell layer of basal cells when labeled
with antibodies to either p63 or high molecular weight
cytokeratin (Fig. 20). As high-grade PIN glands can have
very discontinuous basal cells, one can envision tangential
sections of PIN glands in which all cells would appear
negative for basal cell markers, such that a few negative
glands with the overall morphology of high-grade PIN is
not diagnostic of cancer (Fig. 24). AMACR is upregulated
in both carcinoma and high-grade PIN, such that it cannot
be used to differentiate between the two entities [32].

Overall incidence of PIN

Based on data from a contemporary autopsy study, high-
grade PIN is present in 8%, 23%, 29%, 49%, 53%, and
67% of Caucasian men from the third to eighth decades,
respectively. Most of the cancers in the youngest groups are
small and focal. Although these autopsies were optimally
handled to select cases with less postmortem autolysis,
these figures still most likely represent an underestimation
of the true incidence as cases with focal high-grade PIN
may have been under-recognized. In cystoprostatectomy
specimens, the incidence of high-grade PIN ranges from
71% to and 83% [33]. African American men have higher
incidences with corresponding values of high-grade PIN at
autopsy of 7%, 26%, 46%, 72%, 75%, and 91%. This racial
disparity has been noted in other countries as well, with
African Brazilian men reported to have higher incidences of
high-grade PIN at autopsy compared to white Brazilian
men. Although they still have an increased risk of cancer
following diagnosis of HGPIN on needle biopsy, Japanese
men living in Japan have a much lower incidence of
HGPIN compared to all men in the United States [34–36].
More recently, Han et al. demonstrated that the prevalence
of HGPIN in Korean men with clinical prostate cancer was
as great as that of Western men, with a lower prevalence of
high-grade PIN in Asian men who underwent cystoprosta-
tectomy [37]. Tan et al. also demonstrated that the current
incidence of isolated high-grade PIN on prostate needle
core biopsies in Asian men appears comparable to the rates
reported for Western populations [38]. These data suggests
that there has been an increase in either the detection or
prevalence of high-grade PIN among certain Asian pop-
ulations in recent times.

Relationship of PIN to carcinoma

There is epidemiological, morphological, and molecular
evidence that high-grade PIN is a precursor lesion to some
carcinomas of the prostate. PIN is first seen in men in their
20s and 30s and precedes the onset of prostate cancer by 10
years. Comparing prostates with and without carcinoma,
there is an increase in the incidence, size, and number of
high-grade PIN foci [39, 40]. Also, with increasing
amounts of high-grade PIN, there are a greater number of
multifocal carcinomas.

Morphologically, one can occasionally identify glands of
carcinoma budding off from high-grade PIN as further
histologic evidence that high-grade PIN is a precursor to
some prostate carcinomas (Fig. 27) [41]. Several studies
have also noted an increase of high-grade PIN in the
peripheral zone of the prostate, corresponding to the site of
origin for most adenocarcinomas of the prostate [42]. High-
grade PIN is more closely related to peripheral, intermedi-

Fig. 26 a PIN-like ductal adenocarcinoma with numerous glands
resembling high-grade PIN. b Triple cocktail demonstrates that all of
the atypical glands are negative for basal cells (p63/HMWCK) and
positive for AMACR diagnostic of carcinoma
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ate-, or high-grade cancers as opposed to low-grade
transition zone cancers. Another feature shared with high-
grade PIN and carcinoma is that with high-grade PIN, there
is often a partial or, in some glands, a total lack of a basal
cell layer when studied with basal cell markers (high
molecular weight cytokeratin, p63).

Frequent changes in both prostate cancer and high-grade
PIN are losses of chromosome 8p and gains of 8q.
Chromosomal losses in high-grade PIN and cancer are also
seen with some frequency in 10q, 16q, and 18q with gains
of chromosomes 7, 10, 12, and Y. Overall, high-grade PIN
has greater aneuploidy than benign prostate tissue, although
somewhat less than seen in some invasive carcinomas.
Telomere shortening and increased telomerase activity are
both seen in high-grade PIN and invasive carcinoma.
Glutathionine S-transferase P1 is hypermethylated in many
high-grade PIN glands, paralleling the process seen with
carcinoma. Overexpression in some cases of both high-
grade PIN and carcinoma are seen in p16, p53, Bcl-2,
MYC, alpha-methylacyl-coA racemase (AMACR), as well
as many other genes. Decreased expression of genes are
also identified in some cases of both high-grade PIN and
carcinoma including NKX3.1 and p27 [39, 42, 43]. About
20% of high-grade PIN lesions harbor a TMPRSS2-ERG
fusion gene, which is a common molecular abnormality
detectable in about 50% of prostate cancers [44, 45].
Proliferative and apoptotic rates are increased in high-grade
PIN analogous to that seen in carcinoma compared to
benign glands.

With the prostate, there is currently no capability of
monitoring a PIN focus to determine whether (a) there is no
already infiltrating carcinoma at that site or (b) when

infiltrating carcinoma evolves has it done so in the
immediate vicinity of the PIN focus. Consequently, the
one piece of evidence that we have for premalignant lesions
in other organs, which is lacking in the prostate, is the
natural history of high-grade PIN. The term “carcinoma in
situ” of the prostate is not recommended as it has
implications that these lesions will develop into infiltrating
carcinoma at a sufficiently high frequency that may lead
some clinicians to treat these lesions in a radical fashion.

There is evidence that not all prostate cancers arise from
high-grade PIN. The majority of prostates with early
carcinomas lack any high-grade PIN within the entirely
embedded prostate glands. In addition, even in prostate
glands where there exists both early cancer and high-grade
PIN, in only one third of the cases is high-grade PIN
adjacent to the cancer [46, 47]. Low-grade carcinomas,
especially those present within the transition zone are not
closely related to high-grade PIN. In summary, it appears
that high-grade PIN is a precursor lesion to many but not all
peripheral intermediate to high-grade adenocarcinomas of
the prostate.

Low-grade PIN on biopsy: risk of cancer on rebiopsy

Low-grade PIN on biopsy should not be listed in pathology
reports as: (1) there is a lack of reproducibility in its
diagnosis even by uropathologists; and (2) it is not
associated with a higher risk of cancer on rebiopsy
compared to that following a benign diagnosis on initial
biopsy [48].

High-grade PIN on biopsy: incidence

There is marked variation within the literature on the
incidence of high-grade PIN on needle biopsy, ranging
from 0% to 24.6% [48]. The mean reported incidence of
high-grade PIN on needle biopsy is 7.6% with a median
value of 4.7%. Contrary to what might be expected, there is
no consistent relationship between the number of cores
sampled and the incidence of high-grade PIN on needle
biopsy. The incidence of high-grade PIN on 24 core
saturation biopsy was 22% according to one study [49].

The most likely explanation for the observed variation in
the incidence of high-grade PIN relates to the vague
definition of high-grade PIN. There are no criteria as to
how prominent or how frequent the nucleoli must be to
diagnose high-grade PIN. Different thresholds to diagnose
high-grade PIN include: (1) any visible nucleoli; (2)
nucleoli visible in at least 10% of the cells in the gland;
(3) complete involvement of a gland with cells having
nucleoli; and (4) nucleoli visible at ×20 magnification [50,
51]. In one study, 75% of cases diagnosed as high-grade
PIN by outside pathologists sent to a genitourinary

Fig. 27 Small glands of infiltrating carcinoma budding off of adjacent
high-grade PIN
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pathology expert at the request of either the patient or
urologist were confirmed as high-grade PIN [52].

Technical factors relating to the processing of needle biopsy
specimens can also contribute to the reported variability in the
incidence of high-grade PIN on biopsy. Fixatives that enhance
nuclear detail and nucleolar prominence can increase the
diagnosis of high-grade PIN, whereas thick sections and
increased uptake of dyes can obscure fine nuclear detail.
Although one study has reported that African American men
have a higher incidence of high-grade PIN than Caucasian
men, this by itself is unlikely an explanation for the marked
variation seen in the literature [53].

High-grade PIN on biopsy: risk of cancer on rebiopsy

Studies from the early 1990s on relatively few cases
reported a 50% risk of cancer following the diagnosis of
high-grade PIN [48]. These earlier studies utilized sextant
biopsies on the initial biopsy which missed associated
cancers resulting in only high-grade PIN on the initial
biopsy. On rebiopsy, some of these initially missed cancers
were detected, yielding a high rebiopsy risk of cancer. More
contemporary data report that the median risk of cancer
following a diagnosis of high-grade PIN on biopsy is only
22% [48]. This compares to the median risk of finding
cancer in a repeat biopsy following a benign diagnosis of
15–19% [48]. Of 12 publications that have examined in the
same study the risk of cancer on rebiopsy following a
needle biopsy diagnosis of high-grade PIN to that following
a benign diagnosis, nine showed no statistically significant
difference [48]. In these contemporary studies, sampling
more extensively on the initial biopsy detects many
associated cancers, such that, when only high-grade PIN
is found, they often truly represent isolated high-grade PIN;
therefore, re-biopsy even with good sampling does not
detect many additional cancers [54]. The importance of
sampling can be seen in the study by Eskicorapci et al.
where the risk of cancer after an initial sextant biopsy
showing HGPIN was 56.5% and was significantly more
than following a benign diagnosis [55]. In contrast,
Eskicorapci found that the risk of cancer after an extended
biopsy (ten cores) showing HGPIN was only 22.9% and
was not statistically different than that seen following a
benign diagnosis.

Clinical parameters (various serum PSA measurements,
digital rectal exam, imaging studies) do not identify which
men with high-grade PIN on needle biopsy are more likely to
have cancer on re-biopsy [48]. The morphology of high-
grade PIN (flat vs. tufting vs. micropapillary vs. cribriform)
also does not discriminate which high-grade PIN lesions are
at greater risk of being associated with carcinoma on repeat
biopsy, although it can be difficult to differentiate cribriform
high-grade PIN from cribriform carcinoma from intraductal

carcinoma [56–59]. The number of cores involved by high-
grade PIN is the one pathological parameter that predicts a
higher risk of subsequent carcinoma on rebiopsy. High-grade
PIN on >3 cores is associated with a sufficiently high risk of
subsequent cancer that rebiopsy within a year of the initial
PIN diagnosis is warranted [60–62].

Recently, several studies have suggested that molecular
findings associated with a high-grade prostatic intraepithe-
lial neoplasia lesion might be able to predict which men are
more likely to have cancer on rebiopsy. In one study
utilizing radical prostatectomy specimens, high-grade PIN
lesions adjacent to carcinoma had more AMACR over-
expression (56%) than high-grade PIN lesions away from
cancer (14%) [63]. In a recent study using needle biopsy
cores, patients with at least one AMACR-positive high-
grade PIN gland were 5.2 times more likely to have a
subsequent diagnosis of prostate cancer on repeat biopsy
than those without any AMACR-positive high-grade PIN
glands [64]. Further studies are needed to determine
whether quantitative AMACR expression of high-grade
PIN lesions on needle biopsy could help predict which
patients are more likely to have cancer. Other markers
detected by immunohistochemistry, such as PTOV1, may
be useful in the future to determine which PIN patients are
more likely be diagnosed with cancer on re-biopsy, but all
these markers are currently experimental and are not in
routine use [65].

For cases with 1 or 2 cores of high-grade PIN on needle
biopsy, it is recommended that men do not need a routine
repeat needle biopsy within the first year following the
diagnosis of high-grade PIN in the absence of other clinical
indicators of cancer [48, 66]. In cases with high-grade PIN
and adjacent small atypical glands, where the differential
diagnosis of the small glands is adjacent cancer or out-
pouchings off the high-grade PIN (PINATYP), the risk of
cancer is equivalent to that following a diagnosis of “atypical
glands suspicious for carcinoma”; all these men need rebiopsy
within 3–6 months of their PINATYP diagnosis [67].

There is scant data on the long-term risk of cancer
following a diagnosis of high-grade PIN. Lefkowitz et al.
reported in a small series that following an initial diagnosis
of high-grade PIN on 12-core biopsy, the rate of cancer on
repeat 12-core biopsy at 3 years was higher than if the
rebiopsy was performed within 1 year of the high-grade
PIN diagnosis [68, 69]. They hypothesized that the 3 year
interval either allowed unsampled small cancers that were
associated with the high-grade PIN at the time of initial
biopsy to grow to a size where repeat biopsy could detect
them, or alternatively some of the high-grade PIN lesions
progressed to cancer over this 3 year interval. In an
unpublished update from this group, they performed a
3-year-delayed interval biopsy in 101 men with isolated
high-grade PIN and a 6-year delayed interval biopsy,
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demonstrating cancer detection rates of 23.2% and 28.6%,
respectively. Izawa et al. followed for an average of 72.2
months 21 men with isolated high-grade PIN. A total of
seven men were diagnosed with cancer. Although these few
studies lack a control population to assess the risk in men
without high-grade PIN, because of the potential medico-
legal consequences of not following up on a high-grade
PIN diagnosis, a reasonable approach is to perform repeat
biopsy 2–3 years following a high-grade PIN diagnosis on
needle biopsy until more data is gathered. Rebiopsy should
be proportionally more in the region of the original high-
grade PIN site and in adjacent sites, although the entire
prostate should be sampled [70–73].

High-grade PIN on TURP

There have been fewer studies on high-grade PIN on
TURP. The reported incidence of high-grade PIN on TURP
has varied widely from 2.8%, 3.2%, 17.8%, to 33% in the
four studies reporting on this issue [66]. Three studies have
found that high-grade PIN on TURP places an individual at
higher risk for the subsequent detection of cancer, yet a
long-term study from Norway demonstrated no association
between the presence of high-grade PIN on TURP and the
incidence of subsequent cancer [74–77]. In a younger man
with high-grade PIN on TURP, we recommend that needle
biopsies be performed to rule out a peripheral zone cancer.
In an older man without elevated serum PSA levels,
clinical follow-up is probably sufficient. When high-grade
PIN is found on TURP, some pathologists recommend
sectioning deeper into the corresponding block, and most
pathologists recommend processing the entire specimen
[75].

Intraductal carcinoma of the prostate

Intraductal carcinoma of the prostate (IDC-P) has in several
studies been described in radical prostatectomy specimens [78–
82]. Rarely, IDC-P may be identified on biopsy material in the
absence of infiltrating carcinoma [83]. The definition of IDC-
P on needle biopsy identifies objective morphological criteria
that either architecturally or cytologically clearly exceed those
seen in high-grade PIN (Figs. 28 and 29) (Table 2). Although
dense cribriform (more solid than luminal areas) and solid
patterns are not architectural patterns associated with high-
grade PIN, loose cribriform and micropapillary patterns
overlap between the two entities. To establish the diagnosis
of IDC-P in the latter two patterns, markedly enlarged nuclei
(six times larger than those in adjacent non-neoplastic cells)
and nonfocal comedonecrosis are required. Cases which do
not satisfy the strict criteria for IDC-P on needle biopsy yet
appear more atypical either architecturally or cytologically
than usual high-grade PIN can be diagnosed as borderline

between IDC-P and high-grade PIN with a recommendation
for immediate repeat biopsy.

Infiltrating cribriform acinar adenocarcinoma (Gleason
pattern 4 or Gleason pattern 5 with comedonecrosis) closely
mimics cribriform IDC-P. Most cases of IDC-P would be
diagnosed as cribriform carcinoma if immunohistochemistry
demonstrating basal cells had not been performed. In some
cases, the contour and branching pattern of normal duct
architecture distinguishes IDC-P from infiltrating carcinoma.
Ultimately, the presence of a basal cell layer either identified
on routine hematoxylin and eosin prepared slides or with

Fig. 28 a Intraductal carcinoma with marked nuclear pleomorphism
beyond that seen with high-grade PIN. b High molecular weight
cytokeratin outlines a preserved basal cell layer
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immunohistochemistry rules out infiltrating acinar prostate
adenocarcinoma.

There is significant morphological overlap between
ductal adenocarcinoma of the prostate and IDC-P. Distin-
guishing features seen in ductal adenocarcinoma include
tall pseudostratified columnar epithelium usually with
amphophilic cytoplasm, classically arranged in cribriform
patterns with slit-like spaces and/or true papillary fronds. In
contrast, IDC-P has cuboidal cells, cribriform patterns with
rounded lumina, and micropapillary tufts without fibrovas-
cular cores. In addition, basal cells are generally absent in
ductal adenocarcinoma, although occasionally, there may
be partial retention of basal cells as ductal adenocarcinoma
can also spread within prostatic ducts.

Solid patterns of IDC-P may mimic intraductal spread of
urothelial carcinoma in the prostate, as both demonstrate solid
intraductal–acinar involvement [84]. Other overlapping mor-
phological features include marked nuclear pleomorphism,
frequent mitotic activity, and comedo-necrosis. However,

solid patterns of IDC-P are often associated with cribriform
or glandular patterns. When it is difficult to distinguish IDC-
P from urothelial carcinoma, immunohistochemical studies
generally resolve the problem, as IDC-P is usually positive
for PSA, but negative for high molecular weight cytokeratin,
p63, and thrombomodulin, opposite to what is typically seen
with urothelial carcinoma.

Despite its morphology resembling high-grade PIN,
IDC-P is not likely to be a preinvasive neoplastic condition.
While high-grade PIN is often present in prostate glands
that have not yet developed invasive carcinoma, IDC-P is
almost always associated with invasive cancer. IDC-P on
prostate biopsies is frequently associated with high-grade
cancer and poor prognostic parameters at radical prostatec-
tomy as well as advanced disease following other therapies
[83]. Dawkins et al. found that 29% of Gleason pattern 4
cancers and 60% of IDC-P demonstrated loss of heterozy-
gosity (LOH), while LOH was rarely observed in PIN and
Gleason pattern 3 adenocarcinoma [85]. Their results
indicate that IDC-P is a distinct lesion from high-grade
PIN and represents a late event in prostate cancer evolution.
Prostate cancers associated with IDC-P also have a higher
Gleason score and larger tumor volume and are more likely
to show seminal vesicle involvement and disease progres-
sion than those without IDC-P [82]. These findings support
that IDC-P represents intraductal spread of carcinoma
within preexisting ducts and acini and should not be
categorized as a preinvasive neoplastic condition. Consid-
eration should be given to treat patients with IDC-P on
biopsy with definitive therapy even in the absence of
documented infiltrating cancer.

Conclusions

High-grade PIN remains the one well-recognized precursor
lesion to prostate cancer, although not all prostate cancers
arise from high-grade PIN. The distinction of high-grade
PIN from its many benign and malignant mimickers is now
well characterized, although the distinction of low-grade
PIN from high-grade PIN remains a problem due to the
subjective and vague definition of high-grade PIN. The
most significant change in our understanding and manage-
ment of high-grade PIN has been that there is a decreased

Table 2 Definition of intraductal carcinoma

Malignant epithelial cells filling large acini and prostatic ducts, with
preservation of basal cells and:

Solid or dense cribriform pattern or
Loose cribriform or micropapillary pattern with either:
Marked nuclear atypia: nuclear size 6× normal
Nonfocal comedonecrosis

Fig. 29 a Intraductal carcinoma with solid nests and dense cribriform
structures. b The nests are surrounded by basal cells visible on p63
immunohistochemistry
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risk of cancer following a biopsy showing high-grade PIN
in the current era of extended prostate biopsy. Additional
studies are needed to determine whether routine repeat
biopsy should be performed several years following a high-
grade PIN diagnosis on needle biopsy and, if so, how often
and when. Molecular characterization of high-grade PIN on
needle biopsy holds promise in helping to predict which
PIN lesions are more likely associated with cancer.
However, at the current time, the key role of the pathologist
is to accurately diagnose high-grade PIN and its extent,
along with educating urologists as to the decreased short-
term and indeterminate long-term risk of cancer following
its diagnosis on needle biopsy.

Conflict of Interest Statement I declare that I have no conflict of
interest.
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Abstract Altered DNA methylation in cancer cells is
characterized by focal CpG island hypermethylation and
diffuse genomic hypomethylation. Both types of aberrant
methylation are frequently found in human prostate
adenocarcinoma (PCa). Prostatic intraepithelial neoplasm
(PIN), a precursor lesion of PCa, has been demonstrated to
contain CpG island hypermethylation, but little is known
about the role of DNA hypomethylation. We analyzed the
methylation status at 12 CpG island loci and at two
repetitive DNA elements (LINE-1 and SAT2) from normal
prostate (n=20), PIN (n=25), and PCa (n=35) tissues using
MethyLight assay or combined bisulfite restriction analysis.
The methylation levels in LINE-1 and SAT2 decreased with
progression of lesion types from normal prostate to PIN to
PCa (P<0.05), whereas promoter CpG island loci displayed
increased methylation. Ten genes were found to be hyper-
methylated in a cancer-specific manner and were further
analyzed in another set of PCa tissues (n=64). The number
of methylated genes was closely associated with TNM
stage, Gleason sum, and preoperative serum PSA levels
(P=0.020, 0.073, 0.033, respectively). These results sug-

gest that genomic hypomethylation and CpG island hyper-
methylation, common among PCas, are early events in
prostate carcinogenesis and may be implicated in the
development of PIN.

Keywords CpG island . DNAmethylation . Prostate
adenocarcinoma . Prostate intraepithelial neoplasm

Introduction

Aberrant DNA methylation in cancer cells is characterized
by focal CpG island hypermethylation and diffuse genomic
hypomethylation. Promoter CpG island hypermethylation is
associated with silencing of tumor suppressor genes or
tumor-related genes, whereas diffuse genomic hypomethy-
lation contributes to tumorigenesis by inducing chromo-
somal instability [12, 17]. The latter was demonstrated in a
recent study in which structural or numerical chromosomal
aberrations were induced by knocking out DNMT1 and/or
DNMT3b, which encode DNA methylases, in HCT116 cell
lines [17]. Both types of aberrant DNA methylation have
been observed in single tumors but have been shown to be
not mechanically linked [5, 9, 10].

Prostate adenocarcinoma (PCa) is one of the tissue types
of human cancer in which aberrant methylation changes are
frequently found. To date, more than 50 genes have been
shown to be inactivated by promoter CpG island hyper-
methylation in PCas [3]. Methylation of many of these
genes has been demonstrated to be cancer-related and to
correlate with clinicopathological parameters that predict
poor prognosis, including high preoperative serum prostate
specific antigen (PSA) levels, high Gleason scores, and
high pathological tumor stage [2, 11, 16, 21]. Similarly,
decreased genomic DNA methylation levels, assessed by
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PCR analysis of surrogate repetitive DNA elements, have
been shown to be tightly associated with these same PCa
prognostic markers [5, 26].

Prostatic intraepithelial neoplasm (PIN) is recognized as a
precursor lesion of PCa, evidenced by its common occurrence
in the peripheral zone of the prostate, by higher incidence in
tissue adjacent to PCas than in prostate tissue from non-cancer
patients, and by molecular alterations similar to those in PCas
[4, 25]. Promoter CpG island hypermethylation, which
occurs commonly in PCas, has also been found in PINs,
although with a decreased frequency compared to PCas [13,
16, 31]. However, genomic DNA hypomethylation, fre-
quently observed in prostatic cancer cells, has been scarcely
studied in PIN cells [22].

LINE-1 and SAT2 are repetitive DNA elements and are
located throughout the euchromatic regions of the genome
and pericentromeric heterochromatin, respectively. These
elements are heavily methylated in normal cells, and their
methylation levels, as measured by PCR-based methods,
correlate well with genomic 5-methylcytosine content [28].
In the present study, we examined the methylation status in
12 CpG island loci and in LINE-1 and SAT2 in PCa, PIN,
and normal prostate tissues using real-time PCR-based
methylation-specific PCR (MethyLight assay) or using
combined bisulfite restriction analysis (COBRA). Our aim
was to determine the chronological order of DNA hypo-
and hypermethylation in the multistep carcinogenesis of
PCa and to correlate DNA hypermethylation changes with
clinicopathological factors of PCa patients.

Materials and methods

Patients and tissues

A total of 99 prostate samples were collected from patients
treated at the Seoul National University Hospital, Seoul,
Korea between 2002 and 2004. The samples were formalin-
fixed, paraffin-embedded tissues from PCa patients that
underwent radical prostatectomy (median age, 67 years;
range 45–77 years). Twenty-five high-grade PIN samples
were obtained from the prostatectomy specimens harboring
PCa (median age, 68 years; range 57–75 years). Low-grade
PINs were excluded from the study because of the
ambiguity of histologic criteria for defining low-grade PINs
from hyperplastic lesions. We selected high-grade PINs
with micropapillary projections and excluded cribriform
high-grade PINs because we could not rule out a possibility
of infiltrating cribriform carcinoma. Twenty normal prostate
tissue samples were obtained from patients who underwent
radical cystoprostatectomy for urothelial carcinoma (medi-
an age, 68 years; range, 58–75 years); microscopic
examination confirmed the absence of tumor cells. Two

pathologists reviewed all histological slides from prostatec-
tomy specimens and graded each PCa and PIN according to
the Gleason grading system and the World Health Organi-
zation histologic criteria [8]. The distribution of the
Gleason scores in the study samples was as follows: 2 + 3
tumors (n=3), 3 + 2 tumors (n=2), 3 + 3 tumors (n=9), 3 +
4 tumors (n=39), 4 + 3 tumors (n=32), 4 + 4 tumors (n=3),
4 + 5 tumors (n=9), 5 + 4 tumors (n=1), 5 + 5 tumors
(n=1). Disease stage was assessed according to the clinical
TNM classification of the American Joint Committee on
Cancer. The study protocol was approved by the Institu-
tional Review Board of Seoul National University Hospital.

DNA extraction and bisulfite modification

Ten serial sections (10 μm each) from each paraffin-
embedded tissue sample were stained with hematoxylin
and eosin and were examined microscopically. Cells with
characteristics of PCa, PIN, or epithelial cell components of
normal prostate were marked on tissue glass slides with red
pens. Foci of high-grade PINs, separated from PCa by
normal prostate acini, were selected. The marked areas
were manually microdissected into microtubes, and collect-
ed samples were digested in lysis buffer (100 mM Tris–HCl
(pH 8.0), 10 mM EDTA (pH 8.0), 1 mg/ml proteinase K,
and 0.05 mg/ml tRNA) and incubated at 50°C overnight.
Bisulfite modification of the digested tissue samples was
performed using the EZ DNA methylation kit according to
the manufacturer’s specifications (Zymo Research, Orange,
CA, USA).

DNA hypermethylation analysis

Utilizing the MethyLight assay, we quantified methylation
in 12 CpG island loci [ABCB1 (MDR1), APC, BCL2,
GSTP1, PTGS2 (COX2), PYCARD (ASC), RARB,
RARRES1, RASSF1, RBP1, TNFRSF10C, and THBS1], all
of which were selected based on a previous study in which
cancer-specific hypermethylation was observed in these 12
CpG island loci and in which methylation frequencies were
≥25% in prostate cancer specimens [5]. Primer and probe
sequences were as described [29]. In addition to primer and
probe sets designed for amplification of specific CpG
islands, an internal reference primer and probe set designed
to amplify ALU repeats were utilized to normalize for input
DNA [28]. The percentage of fully methylated alleles
(percentage of methylated reference (PMR)) at each locus
was calculated by dividing the GENE/ALU methylation
ratio for each sample by the GENE/ALU methylation ratio
from M.SssI-treated human white blood cell DNA and
multiplying by 100 [28]. A PMR cut-off value of 4 was
used to define methylation positive (>4) vs. negative (≤4)
samples and was based on validated data [23].
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DNA hypomethylation analysis

Using the COBRA technique, we determined the methyl-
ation level of LINE-1 using bisulfite-modified genomic
DNA as described [5]. In brief, LINE-1 was amplified by
PCR using oligonucleotide primers designed to anneal to
short segments of genomic DNA lacking CpG sites for
equal amplification of both methylated and unmethylated
alleles. PCR amplification products were then treated with
TaqI and TasI to digest methylated alleles and unmethylated
alleles, respectively. The digested PCR products were
subjected to 12% polyacrylamide gel electrophoresis and
stained with ethidium bromide. The intensities of the
digested and undigested bands were assessed using Image
J software (http://rsb.info.nih.gov/ij). The LINE-1 methyla-
tion level was calculated by dividing the intensity of TaqI-
digested band by the sum of the intensities of TaqI-digested
band and the TasI-digested band and multiplying by 100.

MethyLight analysis of SAT2 was performed as
described [28].

Statistical analysis

To compare means between groups, analysis of variance
(ANOVA) or Student’s t test was used. SPSS software was
used for all analyses (SPSS for Windows, Release version
11.0, Chicago, IL, USA). P values less than 0.05 were
considered statistically significant.

Results

Methylation profiles of 12 CpG island loci in normal, PIN,
and PCa tissue samples

We performed MethyLight analysis of 12 CpG island loci
on 80 DNA samples from normal prostate (n=20), PIN (n=
25), and PCa (n=35) tissues. PMR values for each sample
were calculated using MethyLight reaction data (Fig. 1).
We also calculated the DNA methylation frequencies (PMR
>4) at each CpG island locus in normal prostate, PIN, and
PCa tissue samples. These 12 CpG island loci were
analyzed in our previous study using methylation-specific
PCR and found to be methylated in PCa in a cancer-specific
manner [5]. In the present study, TNFRSF10C hyper-
methylation (PMR>4) was not detected in any of the
prostate tissue samples. Three different groups of genes
were recognizable according to their methylation behaviors
along multistep carcinogenesis (Fig. 2): (1) Genes methyl-
ated in a non-neoplastic stage, including ABCB1,
RARRES1, and RASSF1 (>60% methylation frequency in
normal prostate samples); (2) genes methylated in an early
neoplastic stage, including APC, GSTP1, PTGS2, and

Fig. 1 Map of gene methylation in normal, pre-cancerous, and
cancerous epithelial tissues. PMR values were obtained for the genes
indicated at right from normal prostate tissues (n=20), prostatic
intraepithelial neoplasias (1; n=25), and prostatic carcinomas (PCa;
n=35). Box color represents the degree of allele methylation (light
blue, 0<PMR<4; yellow, 4≤PMR<20; orange, 20≤PMR<50; brown,
PMR≥50)

Fig. 2 Promoter CpG island methylation frequencies of 12 individual
genes (PMR>4) from normal prostate (Nl; n=20), prostatic intra-
epithelial neoplasia (1; n=25), and prostatic carcinoma (PCa; n=35)
tissue samples
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RARB (no methylation in normal prostate samples but the
presence of methylation in PIN and PCa samples); (3)
genes methylated in a late neoplastic stage, including ASC,
BCL2, RBP1, and THBS1 (occurrence of methylation in the
PCa stage only). The number of methylated genes was 2.4,
3.3, and 6.5 in normal prostate, PIN, and PCa, respectively
(P<0.001, ANOVA test).

Hypomethylation of repetitive DNA elements in normal
prostate, PIN, and PCa tissue samples

LINE-1 and SAT2 were used as surrogates for measurement
of genomic DNA methylation content. We performed the
COBRA assay to determine LINE-1 methylation level and
the MethyLight analysis to determine methylation level in
the satellite DNA region SAT2 using 80 DNA samples from
normal prostate (n=20), PIN (n=25), and PCa (n=35)
tissues. Methylation levels of LINE-1 and SAT2 decreased
with the progression of carcinogenesis in samples from
normal prostate to PIN to PCa: Methylation levels of LINE-
1 and SAT2 were significantly lower in PIN than in normal
prostate tissues but significantly higher in PIN than in PCa
tissues (P<0.001, ANOVA test; Fig. 3).

Methylation levels in ten CpG island loci correlate with
clinicopathological parameters

Ten CpG island loci were considered cancer-specific DNA
methylation markers because they were more frequently
methylated in PCa samples than in PIN and normal prostate
samples (P<0.05) or were methylated in PCa samples only
(ABCB1 and TNFRSF10C not considered cancer-specific).
These ten CpG island loci were further analyzed in an
additional 64 PCa tissue samples using the MethyLight
assay. PMR values for each CpG island locus were
calculated from the MethyLight data. The methylation
frequencies of those loci with a PMR>4 were also
calculated. The number of methylated genes per case was
closely associated with TNM stage and Gleason score sum:
The number was significantly elevated in high-stage tumors
compared to low-stage tumors (6.4 in stages III or IV vs.
5.0 in stages I or II, P=0.020; Fig. 4) and was elevated in
tumors with a high Gleason score sum compared with
tumors with a low score sum (5.6 in those with a score ≥3 +
4 vs. 4.2 in those with a score ≤3 + 3, P=0.073). A
significant association was also found between the number
of methylated genes and the preoperative serum PSA level
(5.8 methylated genes in samples from patients with PSA>
8 ng/ml vs. 5.0 in samples from patients with PSA<8 ng/
ml, P=0.033). When the methylation levels of individual
genes were analyzed according to the above clinicopatho-
logical parameters, close associations were found between
BCL2 hypermethylation and high tumor stage (P=0.012),

between PTGS2 hypermethylation and high Gleason score
sum (P=0.043), and between ASC hypermethylation and
high PSA level (P=0.013). Although we did not find any
significant difference in the methylation levels of individual

Fig. 3 Comparison of LINE-1 (a) and SAT2 (b) methylation levels
from normal prostate (NI; n=20), prostatic intraepithelial neoplasia (1;
n=25), and prostatic carcinoma (PCa; n=35) tissue samples. LINE-1
methylation data were generated using COBRA analysis of bisulfite-
modified genomic DNA. SAT2 methylation data were generated using
MethyLight analysis of genomic DNA. Data represent the means ± SE
(error bars). PMR, percentage of methylated reference

Fig. 4 Gene hypermethylation with respect to clinicopathological
parameters. Comparison of the number of hypermethylated genes in
tissue samples from patients ≤66 years of age (n=44), patients
≥67 years of age (n=45), patients with low PSA levels (<8, n=44),
patients with high PSA levels (>8, n=55), patients with low Gleason
score (GS) sums (≤3 + 3, n=14), and patients with high GS sums (≥3
+ 4, n=85). Likewise, the number of hypermethylated genes in low-
TNM stage tumors (I or II, n=55) and high-TNM stage tumors (III or
IV, n=44) are compared. Data represent means ± SEM (error bars)
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genes between PCas with a Gleason sum score ≤3 + 3 and
those with a score ≥3 + 4, we found significant differences
in the methylation levels of five genes (PTGS2, RBP1,
RARB, GSTP1, and APC) when we trichotomized PCa
cases into PCas with a score ≤3 + 3, those with 3 + 4 or 4 +
3, and those with ≥4 + 4 (Supplementary Figure). These
genes showed higher methylation levels in tumors with a
score ≥4 + 4 than in tumors with a score ≤3 + 3 and tumors
with 3 + 4 or 4 + 3.

Discussion

Aberrant DNA methylation in cancer cells is characterized
by both focal CpG island hypermethylation and generalized
genomic hypomethylation. In epithelial malignancies,
which develop through multistep carcinogenesis, CpG
island loci that are hypermethylated in a cancer-specific
manner have also been demonstrated to be hypermethylated
in premalignant neoplastic lesions of the same tissue type,
including gastric adenomas [15], colon adenomas [19],
PINs [31], ovarian cystadenomas [9], and uterine cervical
dysplasias [27], although the methylation frequencies at
each locus are generally lower in premalignant neoplastic
lesions than in malignant lesions from the same tissue type.
These results suggest that promoter CpG island hyper-
methylation occurs in an early stage of multistep carcino-
genesis and likely contributes to the progression from
intraepithelial neoplasia to malignancy. A recent study
showed that reduced DNA methyltransferase 1 (Dnmt1)
activity enhanced microadenoma formation but suppressed
tumor progression into macroadenoma in the colon of
APCMin/+ mice [30]. Another study in which APCMin+ mice
with an inducible Dnmt3b1 transgene were generated
demonstrated that upregulation of DNMT3b1 expression
caused DNA hypermethylation of specific tumor suppressor
genes and increased the size of colonic microadenomas
[20]. These data suggest that DNA hypo- and hyper-
methylation contribute to the initiation and progression,
respectively, of colon tumors. In the present study, APC,
GSTP1, PTGS2, and RARB were methylated in PIN and
PCa tissue samples but not in normal prostate samples, and
the methylation levels or frequencies in these genes were
higher in PCa samples than in PIN samples, suggesting that
hypermethylation of these genes is involved in the
progression of PINs to PCas.

The number of methylated genes per case was closely
associated with the clinicopathological features that herald
poor prognosis for PCa patients. Higher numbers of
methylated genes were observed in high-stage PCa tumors
than in low-stage tumors, in PCa samples with high PSA
serum levels than in PCa samples with low PSA levels, and
in PCa samples with high Gleason score sums than in PCa

samples with low Gleason score sums. These associations
suggest a close relationship between acquisition of DNA
hypermethylation and tumor progression. The acquisition
of DNA hypermethylation as tumors become more aggres-
sive is consistent with findings in several methylation
studies of PCa samples [2, 5, 11, 16, 21], but such a
relationship has rarely been observed in human cancers
from other tissue types.

In contrast to DNA hypermethylation, the occurrence of
DNA hypomethylation during multistep carcinogenesis
varies depending on the tissue type. DNA hypomethylation
has been shown in ovarian cystadenomas [9], gastric
adenomas [6], and uterine cervical dysplasias [18], with
more increased DNA hypomethylation occurring in the
respective malignancies. However, increased hypomethyla-
tion was not observed in colorectal cancers compared with
colorectal adenomas [1]. Only one study has reported DNA
hypomethylation in PINs [22]; these investigators utilized
quantitative image analysis of 5-methylcytosine immuno-
histochemistry and demonstrated higher methylcytosine
staining in PCa tissues and lower methylcytosine staining
in high-grade PIN tissues when compared with benign
prostatic hypertrophy tissues. These findings contradict our
data that methylation levels of LINE-1 and SAT2 were
significantly lower in PCas than in PINs. Regional CpG
island hypermethylation, which is more marked in PCas
than in PINs, is unlikely to cause such higher staining in
PCa than in PIN because repetitive DNA elements
comprise approximately 45% of the human genome and
the decreased methylation of repetitive elements in PCas
compared to PINs would likely mask any gene-specific
CpG island hypermethylation observed using 5-methylcy-
tosine staining. This discrepancy seems to indicate that
immunohistochemistry-based imaging analysis does not
accurately reflect overall genomic DNA methylation levels.
Our study, using COBRA analysis of LINE-1 and Meth-
yLight analysis of SAT2 to determine genomic methylation
levels, demonstrated that genomic hypomethylation occurs
in premalignant prostate tumors and progressively increases
during multistep carcinogenesis.

The majority of information regarding CpG island
hypermethylation in PCas has come from studies using
methylation-specific PCR (MSP). Although MSP is a
highly sensitive tool for the detection of CpG island
hypermethylation (it can detect methylation in one of
10,000 alleles) [14], MSP is prone to false-positive results
due to inadequate primer design or to incomplete bisulfite
modification of DNA samples [24]. Additionally, MSP
cannot reliably distinguish low levels of methylation from
high levels of methylation and may produce variable results
depending on the amount of input template DNA and on
the number of PCR cycles during amplification. Real-time
PCR-based MethyLight technology can overcome the
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drawbacks inherent to MSP and can quantitatively deter-
mine the number of methylated alleles among total alleles.
MethyLight technology has been evaluated and validated
for its precision and performance using DNA samples
extracted from either fresh tissues or from formalin-fixed
and paraffin-embedded tissues [7, 23]. Ogino et al. [23]
have demonstrated that MethyLight technology is repro-
ducible and precise and can be effectively utilized to assess
methylation levels of CpG island loci in formalin-fixed,
paraffin-embedded tissue samples.

In conclusion, we have compared methylation levels in
regional CpG island loci and in repetitive DNA elements
from normal prostate, PIN, and PCa tissues. Focal CpG
island hypermethylation and generalized genomic hypome-
thylation, common findings in PCa tissues, were also
observed in premalignant prostate tissues, namely PINs.
Aberrant methylation, including both localized hyperme-
thylation and diffuse hypomethylation, tended to be more
advanced with progression of the lesions from PIN to PCa.
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Abstract Identifying patients with germline MUTYH
mutation-associated polyposis is presently difficult. The
aim of this study is to investigate the possibilities of IHC as
a screening test to select patients for MUTYH mutation
analysis. The expression of MUTYH protein in colorectal
adenomas or cancer was studied by IHC using three
different (1 polyclonal and 2 monoclonal) antibodies in
six samples from patients with biallelic MUTYH mutations,
in three samples from patients with a single MUTYH
mutation, and in 11 samples from patients without MUTYH
mutations. With the polyclonal antibody, adenomas and
carcinomas from patients with biallelic MUTYH mutations
showed a strong supranuclear cytoplasmic staining without
epithelial nuclear staining. The strong supranuclear staining
was also observed in the three samples from patients with a
single MUTYH mutation and in nine out of 11 samples from
patients without MUTYH mutations, with or without
nuclear staining. Samples incubated with the monoclonal
antibodies showed a non-specific pattern. Our results
demonstrate that, in contrast with previous data, the
cytoplasmic staining in neoplastic cells does not discrimi-

nate MUTYH mutated from unmutated cases. At present,
IHC cannot be used in clinical practice to differentiate
between colorectal tissue with and without germline
MUTYH mutations.

Keywords MUTYH . Polyposis . Colorectal carcinoma .

Immunohistochemistry

Abbreviations
CRC Colorectal cancer
MUTYH MUTY homolog
MAP MUTYH-associated polyposis
BER Base excision repair
IHC Immunohistochemistry
MSS Microsatellite stable

Introduction

MUTYH-associated polyposis (MAP) is an autosomal-
recessive disease characterized by multiple colorectal
adenomas and cancer [1]. Approximately 30% of patients
with more than15 adenomas that do not carry pathogenic
APC mutations are biallelic MUTYH mutation carriers [2].
MAP was first reported in a British family, in which three
affected siblings were compound heterozygote for MUTYH
mutations [1]. MUTYH acts together with OGG1 and
MTH1 in the base excision repair (BER) system, a repair
system to defend cellular DNA against the mutagenic
effects of 7,8-dihydro-8-oxoguanine (8-oxoG) [2, 3]. 8-
OxoG easily mispairs with adenine residues leading to G:
C→T:A transversion mutations in the daughter strand [1,
4]. Normally, MUTYH is expressed in mitochondria and in
the nuclei of human cells [5].
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Identification of patients with biallelic MUTYH
mutation-associated polyposis is important to target effective
preventive measures for patients and their families, which
may lead to reduction in CRC-related mortality. DNA
mutation analysis can determine the possible genetic cause
of polyposis. To avoid expensive, unnecessary, and time-
consuming DNA mutation analyses, there is a need for a
screening test to select individuals eligible for DNA mutation
analysis.

Immunohistochemical analysis is a rapid and inexpen-
sive method, useful for a wide range of diseases. In a recent
study by Di Gregorio et al., immunohistochemical staining
of MUTYH protein was performed to identify patients with
MAP [6]. A specific pattern of staining for the MUTYH
protein was seen; unlike in patients without MUTYH
mutations, patients with biallelic MUTYH mutations
showed absence of nuclear staining and segregation of
immune reactivity in the cytoplasm (supranuclear staining),
both in neoplastic and surrounding healthy mucosa [6].
Therefore, tissues from patients with and without mutations
might be distinguished from each other. Consequently, IHC
could be used to identify patients with MUTYH-associated
polyposis. The aim of this study is to further investigate the
possibilities of immunohistochemistry as a pre-screening
test to select patients for MUTYH mutation analysis.

Materials and methods

The study included 20 samples from 19 patients, divided
into three groups. Samples were collected in five different
pathology laboratories in different hospitals in the Nether-
lands (Radboud University Nijmegen Medical Center;
Rijnstaete Hospital, Arnhem; Amphia Medical Center,
Breda; Jeroen Bosch Hospital, Den Bosch; MedischSpec-
trum Twente, Enschede).

Group 1 consists of five patients carrying biallelic
MUTYH mutations (six samples from colorectal carcinoma
or adenoma); an overview of the clinical features and
mutations of these patients is given in Table 1. All patients
were compound heterozygous for pathogenic mutations in
MUTYH. Mutation analysis of MUTYH was performed, in
the Leiden University Medical Center, as described by
Nielsen et al. [7], with sequence analysis of exon 1 till 16.
Group 2 consists of 11 patients with polyposis or CRC
without detectable mutations in MUTYH (11 samples from
adenoma or CRC). Group 3 consists of three patients
carrying a monoallelic MUTYH mutation (with three
samples from adenomas and normal mucosa).

Immunohistochemical staining was performed on 4-μm-
thick, formalin-fixed, paraffin-embedded tissue sections
that were prepared on coated slides and dried for 30 min

Table 1 Clinical features of patients with MUTYH-associated polyposis, the type biallelic mutations, and the immunoreactivity pattern of
MUTYH protein, using the Abcam antibody

Patient Number
of adenomas

Sex Age Analyzed
samples

Grading/
differentiationa

Site Mutation MUTYH Type of
mutation

Supranuclear
stainingb

Epithelial
nuclear
stainingc

1 >100 M 48 Adenoma cancer
(T4N0)

Low grade G2 Asc. colon
sigmoid

c.697C>T, p.
Arg233X
c.1172C>T,
p.Pro391Leu

Nonsense 1 0
Missense

2 >50 F 47 Adenoma Low grade Rectum c.494A>G, p.
Tyr165Cys
c.1172C>T,
p.Pro391Leu

Missense 1 0
Missense

3 50 M 48 Cancer (T3N0) G2 Cecum c.494A>G, p.
Tyr165Cys
c.1145G>A,
p.Gly382Asp

Missense 1 0
Missense

4 40–50 M 46 Cancer (T3N0) G2 Cecum c.697C>T p.
Arg233X
c.1145G>A
p.Gly382Asp

Nonsense 1 0
Missense

5 >10 M 48 Adenoma Low grade Desc. colon c.1145G>A,
p.Gly382Asp
c.1172C>T,
p.Pro391Leu

Missense 1 0
Missense

a Differentiation for carcinomas: G1 well differentiated, G2 moderately differentiated, G3 poorly differentiated, G4 undifferentiated
b 0=absent, 1=present
c 0=no staining, 1=minimal to mild staining (<10–50% section MUTYH positive), 2=strong staining (>50% section MUTYH positive)
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at 55°C. Tissue sections were deparaffinized in xylene and
rehydrated with alcohol. Antigen retrieval was done by boiling
in 10 mM citrate buffer (PH 6) for 10 min at 95°C.
Endogenous peroxidase activity was blocked by exposing the
slides to 3% H2O2 in methanol for 10 min. Then, sections
were incubated with primary MUTYH antibody overnight at
4°C. Polyclonal MUTYH antibody (residues 531–546,
Abcam, Cambridge, UK) at 1:300, primary polyclonal
MUTYH antibody (residues 33–51, Calbiochem) at 1:1,600,
and primary monoclonal MutYH antibody (clone 4D10,
Abnova Corporation) at 1:200 were used. These dilutions
were determined after examining several dilution series, to
obtain the best results. Next, sections were incubated with
Poly-HRP-GAM/R/R IgG for 30 min. Visualizing was done
with DAB for 5 min. Nuclei were counterstained with
hematoxylin. Slides were dehydrated, cleared in xylene, and
mounted with micromount.

Normal immunoreactivity of the MUTYH protein was
defined as the presence of nuclear and light cytoplasmic
staining. Altered expression was considered when the cells
showed disappearance of staining from the nucleus and
instead showed supranuclear staining. Staining for
MUTYH in the nucleus was evaluated by the scoring
system Gao et al. reported: 0=no staining; 1=minimal to
mild staining (10–50% section positive); 2=strong staining
(>50% section positive) [8]. Cytoplasmic staining was
classified as present or absent.

Results

With the polyclonal antibody, adenomas and carcinomas of
all patients with MUTYH biallelic mutations showed strong
supranuclear cytoplasmic staining, without nuclear expres-
sion of protein (Table 1). Adjacent normal mucosa, in
patients with biallelic MUTYH mutations, showed the same
pattern of expression found in adenomas and carcinomas.
As shown in Fig. 1, supranuclear cytoplasmic staining was
localized at the apex of the colonocytes (a) or neoplastic cells
(b). The 11 samples of colorectal tissue of patients without
MUTYH mutations, incubated with the polyclonal antibody,
showed several patterns (Table 2 and Fig. 2). Nine samples
showed the supranuclear cytoplasmic staining described
above of which five had weak and four no epithelial nuclear
staining. Two samples did not show the supranuclear
cytoplasmic staining; they showed weak nuclear and weak
cytoplasmic staining. All three samples of colon tissue of
patients with one MUTYH mutation showed supranuclear
staining; additionally, two showed also nuclear staining.

Diffuse cytoplasmic staining was observed in some
samples either with or without MUTYH mutations; the
intensity was always weak. From these results, we conclude
that we could not differentiate between tissue with or

without MUTYH mutations, while using the polyclonal
antibody.

Two monoclonal antibodies were used to evaluate the
MUTYH protein staining pattern as well. Samples incubated
with the Calbiochem antibody showed strong nuclear and
cytoplasmic staining for all tissue regardless whether
MUTYH mutations were present. Samples incubated with
the Abnova antibody showed no epithelial nuclear or
cytoplasmic staining at all; however, nuclear staining was
observed in stroma cells. This pattern was the same for tissue
with and without MUTYH mutations.

Discussion

Using the commercially available polyclonal antibody for
MUTYH, cytoplasmic staining in neoplastic cells does not
discriminate MUTYH-mutated samples from unmutated

Fig. 1 Strong epithelial supranuclear cytoplasmic immunoreactivity
and absence of nuclear expression of MUTYH protein in a normal
mucosa (original magnification, ×500) and b carcinoma (original
magnification, ×100) of patients with biallelic MUTYH mutations.
Note nuclear staining in some stromal fibroblasts
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cases; presence of nuclear staining excludes the MUTYH
mutation, but is of limited specificity. Samples incubated
with the Calbiochem or Abnova antibody showed a non-
specific pattern since no differentiation was possible
between tissue with and without MUTYH mutations.
Consequently, the two other antibodies did not seem to
work on formalin-fixed, paraffin-embedded tissue after
using different pretreatments and dilutions. There are no
indications that, with the present mutation analysis of
MUTYH, mutations are being missed (reported by C.M.J.
Tops, Center for Human and Clinical Genetics, Leiden
University Medical Center).

There are just a few immunohistochemical studies of the
MUTYH protein described. Di Gregorio et al. described
that tissue of patients with biallelic MUTYH mutations
showed absence of nuclear staining and segregation of
immunoreactivity (supranuclear) in the cytoplasm [6]. Their
hypothesis for this pattern was that the protein produced by
the mutated gene could lack the capacity to transfer into the
nucleus and remain trapped in the cytoplasm [6]. Our
results confirm this finding, but importantly we show that
this pattern of staining does not distinguish between tissue
of patients with and without MUTYH mutations. Recently,
O’Shea et al. published results more consistent with our
own, showing MUTYH immunohistochemistry not dis-
criminating controls, biallelic, and heterozygote MUTYH
mutation carriers [9].

Koketsu et al. showed that loss of expression of the BER
proteins, MUTYH, MTH1, and NTH1 occurs in sporadic
colorectal cancer [10]. Nuclear MUTYH immunoreactivity

was detected in only 57% of cases (46/81) [10]. They
described that the presence of nuclear MUTYH expression
showed a significant correlation with the T-stage of the
tumor (p=0.04) [10].

Further, it is not clear whether MUTYH protein is always
expressed in the nucleus. Boldogh et al. showed that the
majority of MUTYH protein was distributed in the cytoplasm,
which is in agreement with a mitochondrial association of
MUTYH, and that in only a small percentage (3–5%) of the
cells MUTYH-specific fluorescence was also localized to the
nuclei [11]. These findings are in contrast with the data of
Tsai-Wu et al. which suggest that the MUTYH protein is
mainly nuclear specific, based on their own polyclonal rabbit
antibodies [12]. Recently, it was shown by Van Puijenbroek
et al. that somatic KRAS2 mutation testing of carcinomas can
successfully be used as a pre-screening test for germline
MUTYH mutation analysis [13].

In conclusion, our results demonstrate that, in contrast
with the findings of Di Gregorio et al., while using the same
methods and two additional antibodies, cytoplasmic expres-
sion of the MUTYH protein is not specific for germline
MUTYH mutation. At present, immunohistochemistry can-
not be used in clinical practice to differentiate between
colorectal tissue with and without MUTYH mutations.
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Table 2 Clinical features of patients without MUTYH-associated polyposis, the mutations tested, and the immunoreactivity pattern, using the
Abcam antibody

Patient Number of
adenomas

Sex Age Analyzed
samples

MUTYH
mutations

APC
mutations

Mis-match repair
deficiency

PTEN Supranuclear
staininga

Epithelial nuclear
stainingb

Polyposis
6 >50 M 79 Cancer Neg Negc NDd ND 1 0
7 >20 M 58 Adenoma Neg Neg ND ND 0 1
8 >10 M 62 Adenoma Neg Neg ND ND 1 1
9 >10 M 45 Adenoma Neg Neg MSSe ND 1 0
10 >10 M 60 Adenoma Neg Neg MSS ND 0 1
11 >10 F 44 Adenoma Neg Neg MSS ND 1 0
12 >10 F 56 Adenoma Neg Neg MSS ND 1 1
Non-polyposis
13 10 M 61 Adenoma Neg ND ND ND 1 1
14 <10 F 41 Adenoma Neg ND ND ND 1 1
15 2 F 49 Adenoma Neg Neg MSS Neg 1 0
16 0 M 43 Normal tissue Neg Neg MSS Neg 1 1

a 0=absent, 1=present
b 0 =no staining, 1=minimal to mild staining (<10–50% section MUTYH positive), 2=strong staining (>50% section MUTYH positive)
cNeg tested negative
dND not determined
eMSS microsatellite stable
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Abstract Patients with non-erosive reflux disease may
show microscopic damage. This study is aimed to describe
distribution, sensitivity, and specificity of histological
lesions (i.e., basal cell hyperplasia—BH, papillae elonga-
tion—PE, dilatation of intercellular spaces—DIS, intra-
epithelial eosinophils—IE, neutrophils, and erosions) and
sampling criteria. Four groups were identified on the basis
of symptoms, endoscopy, and pH monitoring: (1) erosive
esophagitis (n=48), (2) non-erosive esophagitis with ab-
normal pH (n=59), (3) non-erosive esophagitis with normal
pH (n=12), and (4) controls (n=20). Biopsies were taken at
the Z-line and 2 and 4 cm above it. BH, PE, DIS, IE,
neutrophils, and erosions were assessed. A global severity
score was calculated on the basis of the above parameters
and allowed the distinction of patients from controls with
80% sensitivity and 85% specificity. Lesions were more
severe at Z-line than proximally and more expressed in
erosive than in non-erosive disease, although more than
70% of latter patients still showed histological damage.
Esophageal biopsy seems very attractive in non-erosive

disease where it may contribute to diagnosis and play a role
in the comparative evaluation of different therapies.

Keywords Gastro-esophageal reflux disease .

Microscopic esophagitis . NERD

Introduction

The prevalence of gastro-esophageal reflux disease (GERD)
is continuously increasing in western countries [1]. The
term “esophagitis” currently refers to endoscopic alterations
(mucosal breaks) [2] that are classified on the basis of their
extent [3]; however, besides patients with endoscopic
lesions (erosive reflux disease, ERD), the scenario of
GERD includes more than half of patients that show no
endoscopic abnormality whatsoever [4]. Patients who have
normal endoscopy include those with abnormal acid
exposure at prolonged pH-metry in the absence of
endoscopic lesions (non-erosive reflux disease pH+, NERD
pH+) and others showing typical symptoms but normal
endoscopy and pH-metry (non-erosive reflux disease pH−,
NERD pH−); both these categories are generally believed
to be “functional” diseases [5, 6]. The accurate assessment
of NERD has proved difficult, as endoscopy does not
provide any useful information, symptoms may be variable
or atypical, and even prolonged monitoring of esophageal
pH shows no abnormality in about one-third of patients
with otherwise typical symptoms [7]. Also, the evaluation
of anti-reflux therapies is based on resolution of symptoms
in NERD patients, and this suffers greatly from subjectivity.
Therefore, an objective diagnostic tool with acceptable
sensitivity and specificity remains an unmet need for
clinicians facing the task of diagnosing and treating GERD
patients.
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From the 1960s, various histological lesions have been
described, namely basal cell hyperplasia (BH) [8], papillae
elongation (PE) [8], intraepithelial eosinophils (IE) [9], and
neutrophils [10], which are able to identify GERD patients,
with varying specificity and sensitivity. Despite this,
histology has generally not been considered an important
tool in the diagnostic work-up of GERD once metaplastic
and neoplastic complications are excluded [11, 12]. More
recently, dilatation of intercellular spaces (DIS) has been
proposed as a sensitive marker of acid-induced damage in
the squamous epithelium. The description of this individual
lesion, identifiable both by electron [13–15] and light
microscopy [16, 17], has provided a stimulus for clinicians
to reconsider histology in the diagnosis of GERD.

Moreover, while some studies underlined the high
sensitivity and specificity of some of the aforementioned
elementary lesions, others suggested that these changes are
rather unspecific and may also be found in control subjects.
This seems largely due to methodological problems in
patient definition and grouping. The definition of patients
in most of the previous studies dealing with esophageal
histology was based on symptoms and endoscopic lesions,
while they lacked functional investigation by prolonged
monitoring of esophageal pH and/or of an appropriate
control group. The last point is especially important as it
explains the variable and generally poor level of specificity
of histology found in some studies [12, 18, 19]. Most of the
abovementioned studies included in the control group either
asymptomatic individuals or those with non-reflux symp-
toms and normal endoscopy in the absence of the
assessment of esophageal acid exposure. The use of
histology as a tool in GERD diagnosis is hampered by the
questionable specificity of some lesions such as BH and PE
coupled with the poor sensitivity of IE, neutrophils,
necrosis, and erosions. Another source of inconsistency
comes from the site of biopsy sampling. Some authors
suggested that very distal (close to Z-line) esophageal
biopsies could show lesions even in control subjects, a
condition that decreases specificity and thus prompted
sampling of the esophagus at least 4–5 cm away from the
Z-line [18]. On the other hand, proximal biopsies are
histologicaly normal in more than 50% of GERD patients
[20] making this approach unreliable. The patchiness of
microscopic changes is another factor which greatly
influences the diagnostic reliability of histology [8]. Collins
et al. [21] showed that increasing the number of bioptic
samples significantly increased the efficacy of detection of
histological lesions in GERD patients.

Finally, the reproducibility of lesions is also debated.
Numerous studies either did not provide any data at all on
the reproducibility of pathologists’ readings or when they
did this was limited to only some of the histological lesions
[16, 21, 22].

The present study is based on the systematic investiga-
tion of a large series of GERD patients compared with an
appropriate control group. All patients and controls under-
went clinical investigation for symptoms, endoscopy, and
24-h pH monitoring coupled with a careful, systematic
histological analysis aimed to define whether GERD is

Fig. 1 Increasing grades of severity in basal cell hyperplasia: in
normal epithelium basal layer thickness is lower than 15% (a); score 1
ranges between 15% and 30% (b), while in severe hyperplasia (score
2), basal cells make more than 30% of whole epithelial thickness (c)
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associated with microscopic esophagitis, what lesions are
mostly expressed, and which is the most appropriate
sampling protocol. The clinical features and the main
pathological findings of this series of patients have been
published previously [23]; however, the previous study did
not analyze systematically all the individual histological

lesions and their distribution. The present study details the
histological and sampling criteria used in that study [23]
and describes analytically all the individual histological
features in terms of distribution, sensitivity, and specificity.

Fig. 2 Increasing grades of severity in papillary elongation: normally
papillae measure less than 50% of epithelial thickness (a); mild
elongation (score 1) does not exceed 75% (b), while in severe lesion
(score 2), the upper limit of papillae approaches the epithelial surface
(c)

Fig. 3 Increasing grades of severity in DIS: normally epithelial cell
are well sealed each other (a); small, irregular dilations (score 1) are
shown close to a papilla in the right part of (b); severe DIS (score 2)
produce a clear, empty halo around squamous cells (c). Few
intraepithelial eosinophils are present in (b) and (c)
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Patients and methods

Patients

One hundred and nineteen patients (68 M and 51 F, mean
age 52 years, range 22–76) with typical or atypical
symptoms of GERD were prospectively recruited in our
open-access endoscopy service at the University of Genova
between January 2001 and April 2003, as previously
described [23]. Typical symptoms included the presence
of heartburn and/or regurgitation and were present in 99
patients. Atypical symptoms (i.e., recurrent chest pain or
respiratory symptoms) were found in 20 patients as detailed
previously [23]; a positive PPI test was required before
enrolling these patients. The frequency and intensity of
symptoms and their impact on the patient’s quality of life
were registered using a structured and validated question-
naire for the diagnosis of GERD [24].

Patients taking antisecretory or prokinetic drugs were
asked to stop any medication at least 30 and 15 days before
endoscopy, respectively. On the basis of symptoms,
endoscopy, and pH-monitoring results, three subgroups of
patients were identified: (1) patients with erosive esoph-
agitis (ERD); (2) patients with symptoms, negative endos-
copy, and abnormal pH testing (NERD pH+); and (3)

patients who had symptoms and negative results at both
endoscopy and pH monitoring (NERD pH−).

Twenty subjects (12 M and 8 F, mean age 50.7 years, range
20–84) without esophageal symptoms were used as controls;
they agreed to undergo upper GI endoscopy and 24-h esopha-
geal pH monitoring and showed no abnormality in both exams.

The study was conducted in accordance with the
Declaration of Helsinki and its revisions and was approved
by our local Ethics Committee. Each subject gave informed
consent to participate in the study.

Endoscopy and bioptic samples

All patients and controls underwent upper GI endoscopy. The
endoscopic examinations were always performed by two
operators (CM and PD) and the Los Angeles classification
was used to grade esophagitis [3]. In each subject, multiple
specimens were taken with standard biopsy forceps over the
distal 4 cm of the esophagus: two across the squamo-
columnar junction (SCJ or Z-line), two at 2 cm, and two at
4 cm above it. Most of the biopsy specimens were oriented
on cellulose acetate supports (Endofilters, Bioptica Milano,
Italy), fixed in 10% buffered formalin, and embedded in
paraffin. On average, four sections were examined for each
biopsy site. Histological assessment was performed by two

Table 1 Prevalence of basal cell hyperplasia (score 1 and 2) in patients and controls

Group No. of
cases

Cases
with lesion

Lesions % Lesions
at 4 cma

4 cm % Lesions
at 2 cma

2 cm % Lesions
at Z-linea

Z-line %

ERD 48 47 98% 28/44 64% 38/46 83% 41/42 98%
NERD pH+ 59 54 92% 30/54 56% 38/58 66% 50/59 85%
NERD pH− 12 10 83% 4/10 40% 8/12 67% 9/12 75%
All patients 119 111 93% 62/108 57% 84/116 72% 100/113 88%
Controls 20 11 55% 3/20 15% 3/19 16% 10/20 50%

The overall sensitivity (presence in patients %) was 93%, whereas specificity (absence in controls %) was 45%
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease with abnormal pH-metry, NERD pH− non-erosive reflux disease with normal
pH-metry
a Number of cases with lesion/assessable cases

Table 2 Prevalence of intercellular space dilatation (score 1 and 2) in patients and controls

Group No. of
cases

Cases with
lesion

Lesions % Lesions
at 4 cma

4 cm % Lesions
at 2 cma

2 cm % Lesions
at Z-linea

Z-line %

ERD 48 45 94% 27/44 61% 37/46 80% 36/43 84%
NERD pH+ 59 49 83% 27/54 50% 34/59 58% 40/59 68%
NERD pH− 12 8 67% 4/10 40% 8/12 67% 6/12 50%
All patients 119 102 86% 58/108 54% 79/117 68% 82/114 72%
Controls 20 6 30% 1/20 5% 3/19 16% 5/20 25%

The overall sensitivity (presence in patients %) was 86%, whereas specificity (absence in controls %) was 70%
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease with abnormal pH-metry, NERD pH− non-erosive reflux disease with normal
pH-metry
a Number of cases with lesion/assessable cases
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expert pathologists (RF and LM) independently and in a
blinded manner. Basal cell hyperplasia (BH), papillae
elongation (PE), and dilatation of intercellular spaces (DIS)
were semiquantitatively scored as 0 (absent), 1 (mild), and 2
(marked) on hematoxylin–eosin stained slides obtained from
each biopsy site. Basal cell thickness (normal values=<15%
at 2 and 4 cm and <20% at the Z-line) and length of papillae
(normal values=<50% at 2 and 4 cm and <66% at the Z-
line) were recorded as a percentage of the total epithelial
thickness. The cytological features of basal and intermediate
layer nuclei helped in defining basal cell hyperplasia in
poorly oriented samples [25]. DIS were scored on the basis
of their size. Before starting blind assessment, some
reference pictures of the different grades of basal cell
hyperplasia, papillary elongation, and DIS were selected
and formed a sort of visual analogic scale ranging from 0 to
2 (Figs. 1, 2, and 3); a similar approach has been previously
used in the updated Sydney system for assessing gastritis
[26]. In addition, the presence of intraepithelial infiltration of
eosinophils (IE) (score 0=absent, 1=1 eosinophil, 2=>1
eosinophil per HPF 40×), neutrophils (0=absent, 2=present),
and necrosis/erosions (0=absent, 2=present) were recorded.
When lesions were not homogeneously distributed in a given
sample, the most severe change was considered.

The assessment of interobserver variation between two
observers (RF and LM) was limited to BH, PE, and DIS, and

included a first round where the lesions were graded
independently and a second round where any discrepancy
was solved by consensus. The data from the first round were
used for the evaluation of interobserver variation whereas the
consensus data were used for all the other analysis.

Global severity score

The overall severity of all the lesions was described by
means of a global score (GS). The most informative
elementary histological lesions (namely BH, PE, DIS, and
IE) were considered when constructing this score. Calcula-
tion of the score was obtained by summing up all the scores
for BH, PE, ISD, and IE (range 0–2) and dividing by the
number of assessable lesions. The GS spanned from 0 to 2. In
the presence of either intraepithelial neutrophils or necrosis/
erosion (found almost exclusively in erosive disease), the
assigned score was automatically 2 because such lesions
represent the most severe end of the spectrum. The GS was
calculated for each biopsy site and for more biopsy sites
together (i.e., 4 cm+2 cm+Z-line and 2 cm+Z-line).

Twenty-four-hour ambulatory pH monitoring

Every patient and control underwent 24-h esophageal pH-
metry according to a previously published methodology

Table 4 Prevalence of eosinophils (score 1 and 2) in patients and controls

Group No. of
cases

Cases
with lesion

Lesions % Lesions
at 4 cma

4 cm % Lesions
at 2 cma

2 cm % Lesions
at Z-linea

Z-line %

ERD 48 33 69% 16/45 36% 15/46 33% 24/44 55%
NERD pH+ 59 20 34% 3/56 5% 8/59 14% 16/59 27%
NERD pH− 12 5 42% 1/10 10% 5/12 42% 3/12 25%
All patients 119 58 49% 20/111 18% 28/117 24% 43/115 37%
Controls 20 2 10% 1/20 5% 1/20 5% 2/20 10%

The overall sensitivity (presence in patients %) was 49%, whereas specificity (absence in controls %) was 90%
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease with abnormal pH-metry, NERD pH− non-erosive reflux disease with normal
pH-metry
a Number of cases with lesion/assessable cases

Table 3 Prevalence of papillae elongation (score 1 and 2) in patients and controls

Group No. of
cases

Cases
with lesion

Lesions % Lesions
at 4 cma

4 cm % Lesions
at 2 cma

2 cm % Lesions
at Z-linea

Z-line %

ERD 46 38 83% 9/40 23% 21/41 51% 29/35 83%
NERD pH+ 57 30 53% 4/48 8% 10/51 20% 25/51 49%
NERD pH− 12 3 25% 0/8 0% 2/12 17% 1/9 11%
All patients 115 71 62% 13/96 14% 33/104 32% 55/95 58%
Controls 20 4 20% 0/19 0% 0/17 0% 4/17 24%

The overall sensitivity (presence in patients %) was 62%, whereas specificity (absence in controls %) was 80%
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease with abnormal pH-metry, NERD pH− non-erosive reflux disease with normal
pH-metry
a Number of cases with lesion/assessable cases
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[23, 27]. The percentage of total time spent at pH<4.0 units
during the whole 24-h period was evaluated [28]. pH
testing was considered abnormal if pH<4.0 units was
present for more than 5.5% of the total 24-h time [23, 27].

Statistical analysis

Sensitivity, specificity, and positive and negative predictive
value (PPV and NPV) of histology were analyzed in
relation to the different subgroups into which the patients
were subdivided on the basis of symptoms, endoscopy, and
pH-monitoring results, i.e., ERD vs. NERD pH+ vs. NERD
pH−. ROC analysis was used to find out the optimal cut-off
value for differentiating GERD and NERD patients from
controls. Percentages were compared by means of chi-
square test. Values of p <0.05 were considered statistically
significant. The level of interobserver agreement in grading
histological lesions was assessed by kappa statistic with
linear weighting.

Results

One hundred and nineteen GERD patients and 20 symp-
tom-free, endoscopy-, and pH-metry-negative controls were

recruited for this study. Patients were divided in accordance
with the abovementioned categories: 48 showed endoscopic
esophagitis (ERD), 59 showed altered pH-metry in the
absence of endoscopic lesions (NERD pH+), and 12
suffered from typical symptoms but lacked both endoscopic
and pH-metry alterations (NERD pH−).

The rates of occurrence of BH, DIS, PE, IE, intra-
epithelial neutrophils, and necrosis/erosion in patients and
controls are detailed in Tables 1, 2, 3, 4, 5, and 6; these
tables describe analytically the distribution of lesions in
different biopsy sites. Comparing the sensitivity of each
lesion at different biopsy sites, it seems clear that their
expression greatly increased moving from 4 cm to the Z-
line. BH was seen both in ERD patients (98%) and in the
majority of NERD pH+ and NERD pH− patients (92% and
83%, respectively). However, BH was also present in more
than 50% of controls, especially as mild lesion in Z-line
biopsies (Table 1). Similarly, DIS was largely expressed in
ERD, NERD pH+, and NERD pH− patients (94%, 83%,
and 67%, respectively). However, mild DIS was also found
in 30% of controls, above all at the Z-line (Table 2).

As a whole, BH and DIS proved to be the most
informative lesions (93% and 86% sensitivity, respectively),
followed by PE and IE (62% and 49% sensitivity,
respectively; Tables 3 and 4). In contrast, the sensitivity

Table 5 Prevalence of neutrophils in patients and controls

Group No. of
cases

Cases
with lesion

Lesions % Lesions
at 4 cma

4 cm % Lesions
at 2 cma

2 cm % Lesions
at Z-linea

Z-line %

ERD 48 6 13% 2/45 4% 1/47 2% 4/44 9%
NERD pH+ 59 2 3% 0/56 0% 1/59 2% 2/59 3%
NERD pH− 12 0 0% 0/10 0% 0/12 0% 0/12 0%
All patients 119 8 7% 2/111 2% 2/118 2% 6/115 5%
Controls 20 0 0% 0/20 0% 0/20 0% 0/20 0%

The overall sensitivity (presence in patients %) was 7%, whereas specificity (absence in controls %) was 100%
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease with abnormal pH-metry, NERD pH− non-erosive reflux disease with normal
pH-metry
a Number of cases with lesion/assessable cases

Table 6 Prevalence of erosion and/or necrosis in patients and controls

Group No. of
cases

Cases
with lesion

Lesions % Lesions
at 4 cma

4 cm % Lesions
at 2 cma

2 cm % Lesions
at Z-linea

Z-line %

ERD 48 9 19% 3/45 7% 5/47 11% 4/44 9%
NERD pH+ 59 1 2% 1/56 2% 0/59 0% 0/59 0%
NERD pH− 12 0 0% 0/10 0% 0/12 0% 0/12 0%
All patients 119 10 8% 4/111 4% 5/118 4% 4/115 4%
Controls 20 0 0% 0/20 0% 0/20 0% 0/20 0%

The overall sensitivity (presence in patients %) was 8%, whereas specificity (absence in controls %) was 100%
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease with abnormal pH-metry, NERD pH− non-erosive reflux disease with normal
pH-metry
a Number of cases with lesion/assessable cases
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of intraepithelial neutrophils and necrosis/erosion was very
low (7% and 8%, respectively) and they were almost
limited to ERD patients (Tables 5 and 6).

The global severity score (GS) was calculated for
biopsies taken at either 4 cm+2 cm+Z-line or 2 cm+Z-
line; its mean value was 0.25 in controls and 0.87 in
patients (1.23 in ERD and 0.63 in NERD, respectively). On
the basis of values observed in patients and controls, the
ROC curve analysis (Fig. 4) showed that 0.35 was the most
efficient cut-off for distinguishing patients (either GERD or
NERD) from controls. No difference in the ROC curves
was observed when 4 cm+2 cm+Z-line and 2 cm+Z-line
were compared showing that 4-cm biopsies did not provide
any additional contribution. Therefore, Table 7 refers only
to the GS obtained with 2 cm+Z-line samples. The 0.35
cut-off permitted the distinction of GERD patients from

controls with 80% sensitivity and 85% specificity. The
positive and negative predictive values of GS were 97%
and 42%, respectively, for all GERD patients (94% and
85% for ERD, 94% and 45% for NERD) and the positive
likelihood ratio was 5.33.

After defining the most efficient cut-off for distinguish-
ing patients from controls (≥0.35), we applied the same
criterion to the individual biopsy sites in order to weigh
their respective contribution to the diagnosis. Table 8
details the different levels of sensitivity and specificity
observed at 4 cm, 2 cm, and Z-line; as previously observed

Specificity 85 Specificity 85
Sensitivity 73 Sensitivity 80

Criterion > 0.35   Criterion > 0.35
Area under the ROC curve = 0,792 Area under the ROC curve = 0,833
Standard error = 0,052 Standard error = 0,039
95% Confidence interval  = 0,69 to 0,88      95% Confidence interval  = 0,76 to 0,89

RESULTS
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Fig. 4 Application of ROC
curve analysis to the Global
Severity Score for distinction of
NERD patients from controls (a)
and GERD patients from con-
trols (b). Biopsy samples were
taken at Z-line+2 cm above it

Table 7 Overall assessment by using the global severity score (2 cm+
Z-line) and a cut-off (0.35)

Group No. of cases Score ≥0.35 % PPV NPV

ERD 48 45 94 94% 85%
NERD pH+ 59 43 73 94% 45%
NERD pH− 12 7 58
All patients 119 95 80 97% 42%
Controls 20 3 15

ERD erosive reflux disease, NERD pH+ non-erosive reflux disease
with abnormal pH-metry, NERD pH− non-erosive reflux disease with
normal pH-metry, PPV positive predictive value, NPV negative
predictive value

Table 8 Capability of the different biopsy sites to recognize patients
(with microscopic esophagitis %) and to distinguish controls (without
microscopic esophagitis %)

Group 4 cm 2 cm Z-line

Sensitivity
ERD 64%a 80% 89%
NERD pH+ 41% 53% 73%
NERD pH− 40% 67% 50%
All patients 51% 64% 77%
Specificity
Controls 90%b 90% 65%

The global severity score (cut-off value=0.35) was applied at each
biopsy site
ERD erosive reflux disease, NERD pH+ non-erosive reflux disease
with abnormal pH-metry, NERD pH− non-erosive reflux disease with
normal pH-metry
a Percent of cases with score >0.35 (sensitivity)
b Percent of controls with score <0.35 (specificity)
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for individual lesions, Z-line biopsies increased sensitivity
but decreased specificity also in this model.

Interobserver variability was calculated for BH, PE, and
DIS since these lesions are more susceptible to subjective
interpretation than inflammatory cell counting. As a whole,
1,142 paired assessments were performed and analyzed by
K statistics. The rates of agreement and K values were 89%
and 0.86 for BH, 92% and 0.87 for PE, and 92% and 0.91
for DIS.

Discussion

A recent study from our group [23] showed that esophageal
histology can distinguish controls from patients with reflux
disease and may represent a tool in NERD diagnosis. That
study focused mainly on the clinico-pathological correla-
tions of microscopic esophagitis; however, it did not report
the impact of individual histological lesions and their
distribution. The present study refers to the same series of
patients and is aimed at detailing the histological and
sampling criteria. All the individual histological features
have been analytically described in terms of prevalence and
distribution, and a simple score (GS) has been introduced
for reporting the overall severity.

Among the lesions considered in the study, BH and DIS
showed high levels of sensitivity and positive predictive
value (PPV). They, however, suffered from poor specificity
and low negative predictive value (NPV) because they
occurred rather frequently also in normal controls as mild
lesions, above all in Z-line biopsies. In contrast, intra-
epithelial neutrophils and erosion/necrosis were observed
occasionally and limited to patients with erosive disease.
Since the potential contribution of histology to the
diagnosis of reflux disease is limited to NERD patients,
the lesions that provided useful information in this context
were BH, DIS, PE, and IE.

On the other hand, the frequent occurrence of either mild
BH or DIS in controls and the inconsistent finding of PE
and/or IE in GERD cases did not enable us to identify a
single pathognomonic change provided with acceptable
sensitivity and specificity. The high PPV of BH and DIS
make them highly informative despite their low specificity
and suggest they should be retained in a diagnostic panel.
The occurrence of lesions with different levels of sensitivity
and specificity and the need to include the most sensitive
changes led to the introduction of a global score (GS) that
expressed the overall severity of microscopic esophagitis in
a simple and immediate way. This multiparameter approach
and the use of ROC curve statistic permitted the identifi-
cation of a cut-off that separates controls from patients
efficiently. The GS is conceptually similar to the “refux
score” previously described [23]; however, it is more

precise because the mean value (as described in “Patients
and methods” section) takes in account only the assessable
lesions. We also assessed the rate of interobserver variation
to address the objection concerning reproducibility. The
assessment was limited to lesions potentially more affected
by subjectivity and/or sample orientation (i.e., BH, DIS,
and PE) and it showed a very acceptable agreement, at least
among pathologists with a common training.

The information provided by different biopsy sites is
likely to have a significant impact on the efficacy of
histological diagnosis and it was not extensively covered in
previous studies. Hereby, we showed that Z-line biopsies
markedly increase sensitivity of histology although they
decrease specificity. Since the gain in sensitivity overcomes
greatly the loss in specificity, the overall information
increases when Z-line biopsies were included. On the other
hand, 4-cm biopsies did not provide additional information
that could not be obtained by Z-line and 2-cm samples; as a
consequence, they were considered redundant. As expected,
microscopic esophagitis was more prevalent in ERD
patients while it was less frequently found in patients with
non-erosive disease, above all in those with normal
esophageal acid exposure [23].

While the use of esophageal histology is not worthwhile
in patients with ERD, where endoscopy is informative per
se, the lack of a gold standard diagnostic test for patients
without macroscopic lesions (NERD) makes histology very
attractive in this group of subjects as focused in a recent
review on this subject [29]. The finding that most NERD
subjects do have microscopic alterations contributes to the
general knowledge of disease because it demonstrates that
the majority of these patients belong to a condition with an
organic counterpart. The recognition of microscopic
changes in NERD has also practical implications: histopa-
thology might contribute to the assessment of some
subgroups of patients (i.e., those with atypical symptoms)
and play a role in the comparative evaluation of different
therapies or drug regimens for NERD treatment.

The authors declare that they have no conflict of interest.
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Abstract Proline-, glutamic acid-, and leukine-rich protein
(PELP1) is a novel co-regulatory protein that modulates
genomic and non genomic actions of estrogen receptors.
Nuclear receptor co-repressor (NCoR) represses estrogen-
receptor-dependent transcription. PELP1 and NCoR ex-
pression was evaluated in tissue sections from 107
formalin-fixed, paraffin-embedded colectomy specimens.
Normal mucosa and adenomas were also evaluated in 77
and 29 cases, respectively. PELP1 was expressed in a dot-
like pattern in the nuclei of epithelial and stromal cells.
Statistical analysis revealed an increase in PELP1 expres-
sion in myofibroblasts from normal mucosa through
adenomas to carcinomas. NCoR was expressed in the
nuclei and the cytoplasm of epithelial cells. Nuclear
expression was more common in normal mucosa, whereas

cytoplasmic expression was higher in malignant epithelial
cells. Additionally, NCoR was expressed in the cytoplasm
of cancer-associated myofibroblasts, but was rarely noted in
myofibroblasts of normal mucosa or adenomas. Cytoplas-
mic expression of NCoR in epithelial cells correlated with
better disease-free and overall survival on univariate
analysis and was an independent prognostic marker for
disease-free survival on multivariate analysis. These find-
ings suggest that deregulation of co-regulators expression in
both epithelial cells and myofibroblasts may contribute to
the initiation and progression of colorectal carcinoma.

Keywords ERβ . PELP1 . NCoR . Colorectal carcinoma .

Myofibroblasts

Introduction

Colon cancer represents the fourth more common malig-
nancy and cause of cancer-related mortality worldwide [1].
Estrogen signaling has been implicated in colorectal
carcinogenesis [2–4]. However, data regarding its precise
role have been conflicting [2–5].

Estrogen signaling is complex and is mediated through
hormone binding to estrogen receptors (ERs), engaging
both genomic and non-genomic mechanisms [6]. ERs
belong to the nuclear receptor family and represent
ligand-dependent transcription factors involved in a variety
of normal and pathologic conditions. Two types of estrogen
receptors, ERα and ERβ, have been recognized, each of
them demonstrating various splicing isoforms [6]. The
diverse actions of nuclear receptors stem from the differ-
ential recruitment of various co-regulators (co-activators
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and co-repressors) and the various modifications applied on
these molecules by intracellular signaling cascades [7]. Co-
regulators comprise multiple-protein regulatory machineries
that modulate chromatin structure, thus determining the
polarity of the transcriptional response [8]. In this context,
co-activators are molecules that generally enhance tran-
scription due to promoting the recruitment of molecules
with intrinsic histone acetyltransferase activity, which
mediate nucleosome disruption and chromatin relaxation
[9]. On the other hand, co-repressors lower transcription
rate since they either block access of activators and/or basal
transcription factors to gene promoters or they recruit
factors that enhance nucleosome formation [10]. Apart
from regulating genomic actions, co-regulators facilitate the
non-genomic actions of estrogens [11]. Additionally, their
activity is enhanced and selectivity modulated after various
posttranslational modifications [12, 13]. Thus, co-regulators
serve as master regulators of cell function and differentia-
tion and integrate a variety of signal transduction pathways
with transcription [7].

Nuclear receptor co-repressor (NCoR) belongs to the
nuclear co-repressor family and is thought to passively
recruit histone deacetylases to the promoter of hormone
responsive genes after binding to either unliganded or
antagonist-bound nuclear receptors [14]. Recent data
suggest that NCoR binds to ERβ via a nuclear receptor
box-like motif that is also present in p160 co-activators and
competes with p160 co-activators for the same AF-2
surface of ERβ [15]. Even though co-repressors are mainly
distributed in the nuclei, there is increasing evidence that
these proteins can translocate to the cytoplasm in response
to various stimuli, including growth factors and cytokines
[16–18]. Cytoplasmic dislocation of NCoR results in
upregulation of NCoR-repressed promoters [17].

PELP1 (proline-, glutamic acid-, and leukine-rich pro-
tein) is a recently discovered ER-co-activator also known as
modulator of non-genomic actions of estrogen receptor
(MNAR). The primary structure of PELP1 contains several
conserved protein–protein interaction motifs that mediate
interaction of PELP1 with numerous proteins, including
ERs, transcription factors, cell cycle regulators, growth
factor receptors, and kinases, allowing for interaction with
various intracellular pathways [19]. Additionally, PELP1
modulates both genomic and non-genomic actions of ER
[11, 20]. Taken together, these data suggest that PELP1
functions as a scaffolding protein to couple various
signaling pathways with ER signaling [19].

The non-malignant cells of tumor microenvironment are
active participants of tumor development and progression
and are now considered as promising targets of anticancer
therapeutic modalities [21]. Additionally, differential gene
expression patterns of stromal cells determine differences in
the biology of tumors and are associated with diverse

clinical outcomes in various human cancers [22, 23].
Myofibroblasts are the predominant cell type of cancer
microenvironment and orchestrate stromal response [24].
Colorectal carcinomas are characterized by an intense
stromal reaction [25]. Myofibroblasts increase early in the
multistep process of colorectal carcinogenesis [26] and
have multiple roles in tumor growth [27–30]. Additionally,
deregulation of signaling in stromal cells is an important
feature of colorectal carcinogenesis [31].

Myofibroblasts are present in various normal tissues,
including normal colon, and have distinct functions [32].
Myofibroblasts of normal colonic mucosa reside in the
pericryptal and subepithelial area and provide a permissive
niche for stem cell self-renewal and proliferation, driving the
development and differentiation of colonic epithelium [31].

Increasing evidence suggests that estrogens may mediate
their effects on epithelial cells through indirect actions [33–
36]. We have recently found that expression of ERβ1, AIB-
1, and TIF-2 in myofibroblasts increased from normal
mucosa through adenomas to colorectal carcinomas. Addi-
tionally, increased ERβ1 and AIB-1 expression was more
frequently noted in advanced stage carcinomas (Tzelepi et
al., submitted manuscript). Since these molecules are parts of
multimolecular transcriptional complexes, the evaluation of
additional co-regulators in cancer microenvironment was
mandatory in order to elucidate the differential contribution
of epithelia and stroma in colorectal carcinogenesis in the
context of aberrant estrogen signaling.

Materials and methods

Tissue sections from 107 colorectal carcinoma specimens
obtained from an equal number of patients were immunos-
tained for PELP1 and NCoR expression. Patients were
suffering from colorectal carcinoma and had undergone
colectomy for therapeutic purposes. Tissue sections from
non-neoplastic mucosa and from concurrent or metachro-
nous adenomas were also evaluated in 77 and 29 patients,
respectively.

The clinicopathologic characteristics of the patients are
shown in Table 1. Patients’ age ranged from 30 to 83 years
(mean 64±10). All women were in the perimenopausal and
postmenopausal age (mean age±SD for women 63±7 years,
range 50–83). None of the patients had received chemo/
radiotherapy prior to surgery. Follow-up data were available
for all patients. Follow-up period ranged from 17 to
106 months (mean 67, SD 21). During the follow-up period,
42 relapses and 32 cancer-related deaths were noted.

Regarding non-neoplastic mucosa, 24 samples were
located away from the tumor mass (corresponding to the
healthy lateral margins of the colectomy specimen), whereas
in the remaining 53 cases, mucosa adjacent the neoplastic
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mass (corresponding to normal mucosa present in the same
paraffin block as the tumor) was evaluated. Regarding
adenomas, 20 specimens displayed low-grade dysplasia and
nine specimens displayed high-grade dysplasia.

This study received ethical approval from the Local
Research Ethics Committee at University Hospital of Patras
according to the principles laid down by Declaration of
Helsinki.

Immunohistochemistry

Serial 4-μm formalin-fixed, paraffin-embedded tissue sec-
tions were subjected into immunohistochemical reaction
using rabbit polyclonal antibodies against NCoR (H-303,
1:70, Santa Cruz, CA, USA), PELP1 (PELP1/MNAR,
1:700, Novus Biologicals, CO, USA) and ERβ (pre-diluted,
AR385-5R, Biogenex, CA, USA) and mouse monoclonal
antibodies against ERα (1:30, NCL-L-6F11, Novocastra,
UK) and a-SMA (RTU-SMA, pre-diluted, Novocastra, UK).
After deparaffination in xylene and rehydration in a series of
graded ethanol solutions, endogenous peroxidase activity
was blocked with 0.3% hydrogen peroxide for 15 min. For

NCoR staining, antigen retrieval was performed by heating
the sections in 1 mM EDTA–NAOH, pH 6, for 15 min in a
microwave oven, whereas for ΕRβ and ERα, staining
sections were heated in 10 mM citrate buffer, pH 6, for
15 min in a microwave oven. No antigen retrieval was
performed for a-SMA. According to PELP1 manufacturer’s
instructions, antigen retrieval may hinder staining and
decrease the sensitivity of the method; thus, it is not
recommended. However, during the standardization of the
immunohistohemical protocol for PELP1 antibody, antigen
retrieval was tested. Indeed, heating the sections in 10 mM
citrate buffer, pH 6, lessened nuclear staining, whereas
heating with either 10 mM citrate buffer, pH 6, or 1 mM
EDTA–NAOH buffer did not reveal any cytoplasmic
staining. Thus, in our protocol, antigen retrieval was not
performed for PELP1 immunostaining. Sections were then
cooled to room temperature and incubated with blocking
serum (1% bovine serum albumin Fraction V, Serva
Electrophoresis, Germany) for 30 min and with the primary
antibody for 1 h at room temperature. Slides were next
incubated with Dako EnVision Labeled Polymer (Dako, CA,
USA) for 45 min. Diaminobenzidine (Dako) was used as the
chromogen. Nuclei were counterstained with hematoxylin.
Known immunostaining positive specimens were used as a
positive control. In negative control slides, the same method
was performed and the primary antibody was substituted
with 1% TBS.

Evaluation of immunostaining

Each slide was individually reviewed and scored in a blind
fashion by two independent observers. Both epithelial cells
and myofibroblasts were evaluated. Myofibroblasts of
normal mucosa specimens and adenomas were recognized
due to their typical morphology [37] and characteristic
subepithelial (normal mucosa) or subepithelial and interstitial
(adenomas) apposition [26]. Serial sections stained with a-
SMA were also valuable in determining the myofibroblastic
nature of the cells [25, 26]. Carcinoma-associated myofibro-
blasts were evaluated at areas of intense desmoplastic
response, as identified by light microscopy and a-SMA
immunostaining. Myofibroblasts of the granulation tissue
formed at the base of areas of ulceration were ignored.
Additionally, since PELP1 regulates both genomic and non-
genomic actions of ER [11] and NCoR cytoplasmic
dislocation has been associated with activation of the ER
pathway [17], nuclear and cytoplasmic expression were
separately assessed.

In each case, the percentage of cells exhibiting positive
nuclear and positive cytoplasmic staining was determined.
Representative areas were selected at low (×100) magnifi-
cation. Cell counts were performed at a 400× magnifica-
tion. At least 1,000 cells were counted in tissue sections

Table 1 Clinicopathologic characteristics of patients

Cinico-pathologic parameters N (%)

Gender
Male 68 (63.6%)
Female 39 (36.4%)
Stage (modified Astler Coller)
B (B1-B2-B3) 41 (38.3%)
C (C1-C2-C3) 60 (56.1%)
D 6 (5.6%)
TΝΜ stage
Primary tumor (T)
T2 15 (14%)
T3 82 (76.6%)
T4 10 (9.4%)
Lymph node (N)
N0 41 (38.3%)
N1 40 (37.4%)
N2 26 (24.3%)
Metastasis (M)
M0 101 (94.4%)
M1 6 (5.6%)
Grade
I 22 (20.6%)
II 74 (69.1%)
III 11 (10.3%)

Histologic type
Adenocarcinoma common type 95 (88.8%)
Mucinous adenocarcinoma 12 (11.2%)
Primary site
Right colon 30 (28%)
Left colon 41 (38.3%)
Rectum 36 (33.7%)
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obtained from carcinomas. In tissue sections obtained from
adenomas and normal mucosa, 200–300 cells were counted.
Expression of the proteins was categorized in a five-scale
system as follows 0: negative staining, 1+: 1–24%, 2+: 25–
49%, 3+: 50–74%, 4+: ≥75%. For statistical purposes, 4+
expression was considered high expression. In myofibro-
blasts, 4+ expression of NCoR was very rare, and thus, 3+
and 4+ were regarded high expression.

Statistical analysis

Non-parametric Wilcoxon test was used to compare contin-
uous data from paired samples of normal mucosa, adenomas,
and carcinomas and Spearman’s correlation test to detect any
potential correlation between the markers. Mann–Whitney U
test was used to compare expression of the proteins between
normal mucosa specimens located adjacent and those located
away from the tumor mass. For categorical data, chi-square
test was used to record any differences between staining
results and tumor features. The analysis of overall survival
and disease-free survival was calculated with the Kaplan–
Meier method, and the differences between the groups were
recorded using the log-rank test. Multivariate analysis taking
into account clinicopathologic factors and the expression of
the proteins studied was performed using Cox proportional
hazards method. All data were analyzed with the SPSS
program (SPSS® release 16.0, Chicago, IL, USA). Any p
value less than 0.05 was considered significant.

Results

NCoR

NCoR was expressed in both epithelial and stromal cells
and was mainly localized in the cytoplasm but was variably
seen in the nuclei of cells (Fig. 1).

NCoR expression in epithelial cells

NCoR expression was seen in the nuclei and the cytoplasm of
epithelial cells (Fig. 1a–g). Mean levels of cytoplasmic
expression of NCoR were 65±28% of the cells in normal
mucosa, 87±28% in adenomas, and 93±22% in carcinomas.
Nuclear expression was rare and was noted in 12±17% of
epithelial cells of normal mucosa, 8±15% of epithelial cells
of adenomas, and 0.6±1.7% of malignant epithelial cells.
Number of cases with 0, 1+, 2+, 3+, and 4+ expression is
depicted in Table 2. Statistical analysis revealed that nuclear
NCoR expression was more frequently noted in epithelial
cells of normal mucosa compared to malignant epithelial
cells (Wilcoxon test, p=0.001, Fig. 1h). No difference in
nuclear expression was noted between adenomas and either

normal mucosa or carcinomas. On the other hand, cytoplas-
mic expression of NCoR was more frequently noted in
carcinomas and adenomas compared to normal mucosa
(Wilcoxon test, p<0.001 and p=0.028, Fig. 1h). There was
no statistically significant difference between adenomas and
carcinomas. Interestingly, normal mucosa adjacent to carci-
nomas displayed higher levels of cytoplasmic NCoR (80±
25% positive epithelial cells) compared to mucosa tissue
located away from the tumor mass (58±16.5% positive
epithelial cells), and the difference was statistically signifi-
cant (Mann–Whitney test, p=0.019). There was no differ-
ence in nuclear NCoR expression between samples adjacent
and those located remote from the tumor mass. No corre-
lation was noted between NCoR expression (cytoplasmic or
nuclear) in epithelial cells and clinicopathologic parameters,
including degree of dysplasia of adenomas and stage, grade,
primary site, and histologic type of carcinomas (Table 3).

NCoR expression in myofibroblasts

NCoR was expressed in various cells other than epithelial,
including endothelial cells, myofibroblasts and smooth
muscle cells of vessels, muscularis mucosa, and muscularis
propria. Expression in myofibroblasts was exclusively cyto-
plasmic (Fig. 1). Distinct nuclear expression was not
recognized. Expression of NCoR was rare in myofibroblasts
of normal mucosa and was noted only in one case of normal
mucosa that was remotely located from the tumor mass.
Additionally, adenoma-associated myofibroblasts did not
display NCoR expression. In contrast, NCoR expression
was frequently noted in carcinoma-associated myofibroblasts
with a mean value of 16±26% of the cells (Wilcoxon test,
p=0.001). Number of cases with 0, 1+, 2+, 3+, and 4+
expression are depicted in Table 2, and correlation of NCoR
expression in cancer-associated myofibroblasts with clinico-
pathologic parameters is shown in Table 3. Notably, high
NCoR expression in cancer-associated myofibroblasts was
more frequently noted in N1/N2 carcinomas compared to
carcinomas without lymph node involvement (chi-square
test, p=0.025)

PELP1

Epithelial and stromal cells of normal mucosa, adenomas,
and carcinomas displayed moderate to intense PELP1
immunostaining. PELP1 was expressed in the nuclei of
cells in a punctuated/speckled fashion. Distinct cytoplasmic
staining was not noted (Fig. 2).

PELP1 expression in epithelial cells

PELP1 was expressed in 96±4% of epithelial cells of
normal mucosa, 94±7% of epithelial cells of adenomas,
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and 90±19% of epithelial cells of carcinomas. Table 4
displays the expression levels of PELP1 in normal mucosa,
adenomas, and carcinomas. No statistically significant
difference was noted regarding the percentage of positive
epithelial cells between paired samples of normal mucosa,
adenomas, and carcinomas. Additionally, PELP1 expres-
sion did not correlate with any clinicopathologic parameter.
However, low expression levels were more frequently noted
in carcinomas from the right colon compared to those

originating from the left colon (p=0.015). Representative
images of PELP1 expression in normal mucosa, adenomas,
and carcinomas are shown in Fig. 2a–h.

PELP1 expression in myofibroblasts

Expression levels of PELP1 in myofibroblasts are shown in
Table 4. Statistical analysis revealed that PELP1 expression
was less frequently noted in myofibroblasts of normal

Fig. 1 NCoR expression in colorectal tissue. a, b NCoR is
expressed in the nuclei (arrows) and the cytoplasm of epithelial
cells of colonic mucosa. No expression is noted in pericryptal
myofibroblasts (arrowheads). c Cytoplasmic and rare nuclear
(arrow) expression is noted in epithelial cells of adenomas, whereas
myofibroblasts (arrowheads) are negative for NCoR expression. d–f
Moderate to intense cytoplasmic expression of NCoR in epithelial
cells and myofibroblasts (arrowheads) of carcinomas. Rare epithelial

cells exhibit nuclear immunostaining (arrow). g NCoR is abundantly
expressed in epithelial cells and rarely in myofibroblasts (arrow-
heads) in this case of colorectal carcinoma (a, e original magnification
×200, b–d, f, g original magnification ×400). h Cytoplasmic
expression of NCoR was higher in epithelial cells of carcinomas and
adenomas compared to normal mucosa (p<0.001 and p=0.028,
respectively), whereas nuclear expression of NCoR was higher in
epithelial cells of normal mucosa compared to carcinomas (p<0.001)
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mucosa (58±22%) and adenomas (58±25%) compared to
cancer-associated myofibroblasts (89±22%; Wilcoxon test,
p<0.001, Fig. 2i). PELP1 expression did not correlate with
any clinicopathologic parameter, including degree of
dysplasia of adenomas and stage, grade, primary site, and
histologic type of carcinomas (Table 5).

ERα and ERβ expression and correlation of PELP1
and NCoR with ERβ and co-activators expression

ERα expression was rare in colorectal tissue of our cohort
and was noted in two cases of colorectal carcinoma. In
these cases, staining was observed in <1% of epithelial

Table 2 NCoR expression levels in normal mucosa, adenomas, and carcinomas

Cell type Subcellular localization Expression level

0 1+ 2+ 3+ 4+

Normal mucosa (N=77) Myofibroblasts Cytoplasmic 76a (99%) 1 (1%) 0 (0%) 0 (0%) 0 (0%)
Nuclear 77 (100%) 0 (0%) 0 (0%) 0(0%) 0 (0%)

Epithelium Cytoplasmic 1 (1%) 2 (3%) 24 (31%) 28 (36%) 22 (29%)
Nuclear 37 (48%) 35 (46%) 4 (5%) 1 (1%) 0 (0%)

Adenoma (N=29) Myofibroblasts Cytoplasmic 29 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Nuclear 29 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Epithelium Cytoplasmic 1 (3%) 0 (0%) 0 (0%) 2 (7%) 26 (90%)
Nuclear 23 (80%) 3 (10%) 3 (10%) 0 (0%) 0 (0%)

Carcinoma (N=107) Myofibroblasts Cytoplasmic 61 (57%) 24 (22%) 6 (6%) 13 (12%) 3 (3%)
Nuclear 107 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Epithelium Cytoplasmic 4 (4%) 1 (1%) 0 (0%) 4 (4%) 98 (91%)
Nuclear 97 (91%) 10 (9%) 0 (0%) 0 (0%) 0 (0%)

a No. of cases

Table 3 Correlation of cytoplasmic NCoR expression in epithelial cells and cancer-associated myofibroblasts with various clinicopathologic
parameters

Myofibroblasts p Epithelium p

Low (0–2+) High (3–4+) Low (0–3+) High (4+)

Gender Male 56a 12 0.403 7 61 0.482
Female 35 4 2 37

T stage T2 13 2 0.375 1 14 0.954
T3 71 11 7 75
T4 7 3 1 9

N stage N0 39 2 0.025 2 39 0.477
N1–N2 52 14 7 59

Metastasis M0 86 15 1.000 7 94 0.079
M1 5 1 2 4

Grade I 18 4 0.332 3 19 0.222
II 62 12 4 70
III 11 0 2 9

Histologic type Adenocarcinoma common type 80 15 1.000 7 88 0.265
Mucinous adenocarcinoma 11 1 2 10

Primary site Right colon 28 2 0.199 3 27 0.183
Left colon 32 9 1 40
Rectum 31 5 5 31

Relapse No relapse 57 8 0.409 3 62 0.150
Relapse 34 8 6 36

Event No death 67 8 0.078 3 72 0.021
Death 24 8 6 26

a No of cases
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Table 4 Expression of PELP1 in normal mucosa, adenomas, and carcinomas

Expression level

Myofibroblasts 0 1+ 2+ 3+ 4+
Normal mucosa (N=77) 0a (0%) 6 (7%) 22 (29%) 27 (35%) 22 (29%)
Adenoma (N=29) 0 (0%) 2 (7%) 14 (48%) 6 (21%) 7 (24%)
Carcinoma (N=107) 0 (0%) 7 (7%) 1 (1%) 3 (3%) 96 (89%)
Epithelial cells
Normal mucosa (N=77) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 77 (100%)
Adenoma (N=29) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 27 (100%)
Carcinoma (N=107) 0 (0%) 3 (3%) 4 (4%) 4 (4%) 96 (89%)

a No. of cases

Fig. 2 PELP1 immunostaining in colonic tissue. a, b PELP1 is
expressed in epithelial cells of normal mucosa but not in myofibro-
blasts (arrowheads). A punctuate pattern of immunostaining is noted
(arrows). c Expression of PELP1 in epithelial cells of adenomas is
strong and displays a punctuate pattern (arrow). Myofibroblasts are
negative for PELP1 expression (arrowheads). d–h PELP1 expression
in colorectal carcinomas. A punctuate/dot-like pattern of staining is
evident in both epithelial cells (arrows) and myofibroblasts (arrow-

heads). a-SMA immunostaining in a serial section confirms the
myofibroblastic nature of the cells (inset in g). A case with low PELP1
expression in cancer-associated myofibroblasts is depicted in h (white
arrowheads: myofibroblasts with negative immunostaining; a, d
original magnification ×200; b, c, e–h original magnification ×400).
i Cancer-associated myofibroblasts display higher levels of PELP1
expression compared to myofibroblasts of normal mucosa and
adenomas (p<0.001)
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cells, but was not noted in myofibroblasts. Expression of
ERβ was noted in 92±16% of epithelial cells of normal
mucosa specimens, 95±45% of epithelial cells of adeno-
mas, and 88±23% of epithelial cells of carcinomas. Mean
expression levels of ERβ1 in myofibroblasts were 30±17%
in normal mucosa specimens, 52±20% in adenomas, and
82±24% in carcinomas.

PELP1 and NCoR expression was correlated with ERβ1
and two ER co-activators (AIB-1, TIF-2) expression which
have been previously evaluated in the same cohort of
patients (Grivas et al, submitted manuscript; Tzelepi et al,
submitted manuscript). Spearman’s correlation test revealed
that PELP1 expression in myofibroblasts of cancer microen-

vironment correlated with ERβ1 (p=0.001, r=0.326), AIB-1
(p<0.001, r=0.345), and TIF-2 (p=0.002, r=0.294) expres-
sion. Additionally, nuclear expression of NCoR in normal
epithelial cells was inversely correlated to AIB-1 expression
(p=0.038, r=−0.444) and nuclear expression of NCoR in
malignant epithelial cells inversely correlated with nuclear
ERβ1 expression (p=0.041, p=−0.199).

Survival analysis

Younger age (<50 years; p=0.007), advanced stage (p<
0.001), presence of metastases (p<0.001), and lymph node
involvement (p=0.024) were associated with shorter disease-

Fig. 3 Decreased cytoplasmic
NCoR expression in malignant
cells correlates with shorter dis-
ease-free (p=0.018) (a) and
overall survival (p=0.002) (b)

Table 5 Correlation of PELP1 expression in epithelial cells and cancer-associated myofibroblasts with various clinicopathologic parameters

Myofibroblasts p Epithelial cells p

Low (0–3+) High (4+) Low (0–3+) High (4+)

Gender Male 5a 63 0.203 7 61 1.000
Female 6 33 4 35

T stage T2 1 14 0.532 2 13 0.512
T3 8 74 9 73
T4 2 8 0 10

N stage N0 5 36 0.745 2 39 0.198
N1–N2 6 60 9 57

Metastasis M0 10 91 0.487 10 91 0.487
M1 1 5 1 5

Grade I 0 22 0.170 1 21 0.118
II 9 65 7 67
III 2 9 3 8

Histologic type Adenocarcinoma common type 11 84 0.609 10 85 1.000
Mucinous adenocarcinoma 0 12 1 11

Primary site Right colon 5 25 0.394 7 23 0.015
Left colon 3 38 1 40
Rectum 3 33 3 33

Relapse No relapse 8 57 0.522 7 58 1.000
Relapse 3 39 4 38

Event No death 8 66 1.000 8 67 0.648
Death 3 29 3 29

a No. of cases
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free survival on univariate analysis. Additionally, decreased
expression of NCoR in the cytoplasm of cancer cells
correlated with worse disease-free survival on univariate
analysis (p=0.018, Fig. 3a). Cox regression analysis revealed
that cytoplasmic expression of NCoR along with age and
stage was an independent predictor of disease-free survival
(Table 6).

Regarding overall survival, univariate analysis revealed
that younger age (<50 years; p=0.046), advanced stage (p<
0.001), presence of metastasis (p<0.001), lymph node
involvement (p=0.006), and poor differentiation (p=
0.001) were associated with decreased survival. Addition-
ally, decreased cytoplasmic expression of NCoR was
associated with decreased survival on univariate analysis
(Fig. 3b); however, it was not an independent prognostic
factor on multivariate analysis (Table 7).

Discussion

Nuclear receptor signaling is regulated by a finely tuned
balance between co-activators and co-repressors [8, 10].
NCoR is a protein involved in repression of transcription
mediated by various transcription factors including estrogen
receptors [14]. It has been recently shown that phosphoryla-
tion of NCoR in colon cancer cells mediates its interaction
with 14-3-3 adaptor proteins that regulate its subcellular
localization and that cytoplasmic localization of NCoR is a
common trait in colorectal carcinomas [16]. In line with these
findings, in our study, cytoplasmic NCoR expression was
more common in carcinomas and adenomas compared to
normal mucosa, whereas nuclear expression of NCoR was
more frequently noted in epithelial cells of normal mucosa
compared to carcinomas. Increased cytoplasmic expression

Table 6 Cox regression analysis for disease-free survival

Clinicopathologic parameter p Exp(B) 95.0% CI for Exp(B)

Lower Upper

Astler–Coller 0.000
Astler–Coller (BvsD) 0.000 0.026 0.007 0.091
Astler–Coller (CvsD) 0.000 0.051 0.017 0.157
Grade 0.098
Grade (I vs III) 0.085 0.291 0.071 1.185
Grade (II vs III) 0.868 1.093 0.383 3.122
Histologic type 0.145 0.420 0.131 1.350
Gender 0.643 1.179 0.588 2.362
Age 0.006 3.409 1.425 8.154
Primary site 0.949
Primary site (right colon vs rectum) 0.748 1.149 0.492 2.680
Primary site (left colon vs rectum) 0.857 1.074 0.493 2.340
NCoR expression in epithelial cells 0.010 3.491 1.356 8.989

Table 7 Cox regression analysis for overall survival

Clinicopathologic parameter p Exp(B) 95.0% CI for Exp(B)

Lower Upper

Astler–Coller 0.906
Astler–Coller (BvsD) 0.892 1002.618 0.000 2.2E+046
Astler-Coller (CvsD) 0.890 1120.344 0.000 2.5E+046
Grade 0.205
Grade (I vs III) 0.089 0.365 0.114 1.167
Grade (II vs III) 0.263 0.535 0.178 1.602
Histologic type 0.071 0.263 2.435 1.136
Gender 0.385 1.256 0.752 2.098
Age 0.125 0.388 0.116 1.299
Primary site 0.557
Primary site (right colon vs rectum) 0.382 1.326 0.704 2.499
Primary site (left colon vs rectum) 0.321 1.343 0.750 2.407
NCoR expression in epithelial cells 0.939 1.050 0.303 3.637
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of NCoR was evident in normal mucosa adjacent to the
neoplastic mass compared to normal mucosa remote from the
tumor mass. Thus, a translocation of NCoR from the nucleus
to the cytoplasm appears to be associated with colorectal
carcinogenesis.

Cytoplasmic translocation of NCoR results in withdraw-
al of transcriptional repression [17] and can be mediated by
various stimuli, including growth factors and cytokines
[16–18]. Our findings might imply that nuclear NCoR in
normal cells represses transcription mediated by ER or
other transcription factors, whereas cytoplasmic transloca-
tion during malignant transformation renders the cells
sensitive in the growth promoting effects of NCoR-
repressed transcription factors. Thus, in epithelial cells of
colonic mucosa, the balance between co-activators and co-
repressors may result in transcriptional repression, whereas
cytoplasmic translocation of NCoR in carcinomas may
change the polarity of transcriptional response towards
transcriptional activation. Additionally, it has been shown
that estrogens target NCoR for proteosomal degradation in
an ER-dependent manner and reduce its levels resulting in
derepression of NCoR-regulated genes, including estrogen-
responsive genes [38]. Concordantly, in our study, an
inverse correlation of nuclear NCoR expression to nuclear
ERβ1 expression was noted in epithelial cells.

Despite its role in the initiation of colorectal carcinomas,
cytoplasmic sequestration of NCoR was associated with
better disease-free and overall survival on univariate
analysis and was independently associated with disease-
free survival on multivariate analysis. Even though these
findings merit verification in a larger cohort of patients,
there are a number of possible explanations. NCoR is
implicated in the repression of transcription mediated by a
number of transcription factors [14]. In breast cancer, it has
been proposed than loss of NCoR determines the selection
of a more aggressive and hormone-unresponsive cancer,
possibly due to withdrawal of its repressive role in the
promoter of ER-dependent genes [39]. In astrocytomas,
cytoplasmic translocation of NCoR results in induction of
astrocytic differentiation and inhibits tumor growth, possi-
bly due to removal of its repressive activity on RAR/RXR
(retinoic acid receptor/retinoid X receptor) complex [40]. In
colon cancer, NCoR expression inhibits the antiproliferative
effects mediated by retinoic acid due to transcriptional
repression of RA dependent genes [41]. Thus, the diversity
of transcription factors associated with NCoR might explain
its dual role in colorectal carcinogenesis. Besides, current
anticancer approaches argue that signaling does not occur
through parallel signaling cascades but rather through a
complex network of interacting signaling pathways [42]. In
line with the systemic model of carcinogenesis is the
existence of complex interactions between NCoR and
various transcription factors. Last but not least, posttrans-

lational modifications may alter the protein structure and
localization, thus influencing its biologic activity [43].

In our study, nuclear expression of NCoR was noted in
rare malignant cells, whereas the vast majority of malignant
epithelial cells displayed cytoplasmic expression. It has
been proposed that nuclear NCoR expression may function
as a marker of neural stem cells and undifferentiated
glioblastoma multiforme cells [40, 44] and is crucial for
blocking the differentiation of lymphoma cells [45]. Based
on these findings, our observations might indicate that the
rare cells with nuclear NCoR expression in colorectal
carcinomas represent cancer stem cells. Diverse gene
networks regulate the stemness of different stem cell types
[46]. Epigenetic mechanisms, especially DNA methylation
and histone modifications, result in alternating transcrip-
tional repression and derepression that regulate embryonic
and possibly adult stem cell properties [47]. NCoR
participates in multiprotein histone modification complexes
[14] and thus might be involved in stem cell regulation.
Further studies will be needed to explore this possibility.

PELP1 activates both genomic and non-genomic actions
of estrogen receptors. It binds to ERα and ERβ in a ligand-
dependent manner and promotes modulation of local
chromatin structure by recruiting co-regulators that have
intrinsic acetytransferase activity, thereby increasing tran-
scription of ER-responsive genes [48]. Additionally, PELP1
promotes non-genomic actions of ERs since it stabilizes the
ER/Src kinase complex, thereby activating MAPK pathway
[11, 49]. PELP1 exhibits both nuclear and cytoplasmic
localization in various cells. Nuclear localization is consis-
tent with its role in genomic actions of ERs, whereas
cytoplasmic PELP1 mediates the non-genomic actions of
estrogens [50]. In our study, PELP1 was localized in the
nuclei in both epithelial cells and myofibroblasts, implying
that PELP1 may not be that crucial for modulating the non-
genomic actions of estrogens in our cohort of colorectal
cancer patients. Antigen selection and the protocol followed
might account for the lack of cytoplasmic staining in our
study. However, using essentially the same protocol, cyto-
plasmic staining has been observed in glioma specimens
(Kefalopoulou Z, manuscript in preparation). Additionally,
antigen retrieval of the sections with either 10 mM citrate
buffer, pH 6, or 1 mM EDTA–NAOH buffer did not reveal
any cytoplasmic staining. A punctuate/speckle-like pattern of
staining was noted in all cell types both in normal and
malignant tissue, in line with previous observations [51], and
might suggest that PELP1 co-localizes with structural
components within the nucleus that create focal concen-
trations of the regulatory machinery of ER-dependent
transcription. Additionally, PELP1 contains several protein–
protein interaction motifs and functions as a landing platform
for several other chromatin remodeling complexes that might
result in a punctuate distribution in the cell nuclei [51].
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Regarding myofibroblasts, NCoR displayed cytoplasmic
expression in cancer-associated myofibroblasts, whereas
PELP1 expression in myofibroblasts increased from normal
mucosa through adenomas to carcinomas. Myofibroblasts
are the predominant cell type in cancer microenvironment
and orchestrate stromal response, thereby promoting the
initiation and progression of carcinogenesis [37]. Estrogens
may mediate their effects on epithelial cells through indirect
mechanisms. The presence of estrogen receptors in stromal
cells is crucial for estrogen-dependent growth of epithelial
cells in the uterus, mammary gland, and prostate gland [33–
35]. Additionally, estrogens enhance angiogenesis and recruit
stromal cells from bone marrow in ER-negative tumors [36].
Furthermore, estrogens stimulate the proliferation of normal
epithelial cells when co-cultured with stromal cells, but have
no effect on epithelial cells when cultured in isolation even
though epithelial cells express estrogen receptors [52].

We have recently showed, in the same cohort of patients,
that ERβ1 expression increased in myofibroblasts from
normal mucosa through adenomas to colorectal carcinomas
along with two ER co-regulators, AIB-1 and TIF-2 (Tzelepi
et al., submitted manuscript). The present study expands
these findings, showing that another ER co-activator,
PELP1, was more frequently expressed in cancer-associated
myofibroblasts compared to normal mucosa and adenomas.
Additionally, PELP1 expression in myofibroblasts correlat-
ed with ERβ1, AIB-1, and TIF-2 expression. Overexpres-
sion of PELP1 has oncogenic potential [53] and has been
noted in various neoplasms [54]. However, to the best of
our knowledge, its expression in cancer-associated myofi-
broblasts has not been assessed before. Taken together, our
findings might imply that genomic actions of estrogens are
increased in cancer-associated myofibroblasts, paralleling
the normal mucosa–adenoma–carcinoma sequence of colo-
rectal carcinogenesis.

Concordantly, NCoR expression in cancer-associated
myofibroblasts was exclusively cytoplasmic, whereas it
was rather sparse in adenoma- and normal mucosa-
associated myofibroblasts. Cytoplasmic localization of
NCoR and increased nuclear expression of ERβ1, AIB-1,
and TIF-2 in cancer-associated myofibroblasts is in con-
cordance with recent data suggesting that NCoR competes
with p160 co-activators for the same AF-2 surface of ERβ
[15]. Thus, since co-activators expression is increased
whereas co-repressor is translocated in the cytoplasm, we
speculate that ER signaling is activated in cancer-associated
myofibroblasts mediating paracrine actions of estrogens,
thus creating a supportive tumor microenvironment. This is
also supported by the finding that cytoplasmic expression
of NCoR in cancer-associated myofibroblasts correlates
with lymph node involvement. These findings might
suggest an important role of ERβ1-mediated transcriptional
activation in the tumor promoting actions of cancer-

associated myofibroblasts. However, the exact role of
cytoplasmic translocation of NCoR and increased expres-
sion of co-activators in cancer-associated myofibroblasts
merits further investigation.

In conclusion, our findings imply that increased expres-
sion of PELP1 in cancer-associated myofibroblasts and
cytoplasmic translocation of NCoR in malignant epithelial
cells and myofibroblasts might contribute to the initiation
of colorectal carcinogenesis. Additionally, decreased cyto-
plasmic expression of NCoR in epithelial cells might be an
indicator of worse prognosis. Further studies are needed to
elucidate the functional role of ERβ1 signaling and its
modulation by co-regulators in malignant cells and cancer-
associated myofibroblasts of colorectal carcinomas. Addi-
tionally, co-regulators participate in complex molecular
networks that include cytoplasmic signaling cascades and
modulation of transcriptional activity of various transcrip-
tion factors [7, 8]. Estrogen receptor-related receptors
(ERR) comprise a family of nuclear receptors that are
structurally connected to the ERs, bind to similar DNA
sequences, and whose action is influenced by many of the
ERs co-regulators [55]. Additionally, ERRa levels seem to
be correlated with loss of differentiation and advanced stage
of colorectal carcinomas [56]. Thus, each biomarker should
be evaluated in the context of the cell type and molecular
microenvironment where it is expressed and the signaling
networks where it is involved in order to pave the way for a
systemic approach in cancer therapy.
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Abstract Salivary gland mucinous adenocarcinoma
(MAC) is a rarely encountered and poorly understood
tumor. We describe two additional cases presenting as a lip
lesion of older women. The prognosis was dismal with one
death and one patient with recurrent/metastatic disease.
Combining these with 19 cases in the literature unveiled
that intraoral MAC occurred primarily in the palate (43%)
of elderly individuals (average 65 years) with slight male
preponderance (59%). Tumor evolved slowly (>2 years)
and most (60%) were diagnosed at an advanced stage.
Local recurrences were common (33%) and cervical lymph
node and distant metastases were frequent (63% and 29%,
respectively). About half the patients (47%) died of tumor
within 6 years. Both histologically and immunohistochemi-
cally, MAC lacked acinar, myoepithelial, and neuroendo-
crine phenotypes. Cytokeratins 7 and 20 and estrogen and
progesterone receptors, in some combination, may assist to
distinguish primary versus metastatic mucinous carcinoma.
Minor salivary gland MAC belongs to a high-grade
category with a significant risk of local recurrence, lymph
node metastasis, and fatal outcome.

Keywords Mucinous adenocarcinoma .Minor salivary
gland . Immunophenotype . Clinicopathologic correlation

Introduction

Mucinous adenocarcinoma (MAC) is an elusive and
controversial tumor of the salivary glands; elusive because
of its rarity and controversial because of its diagnostic
uncertainty. There has been no long-term consensus on the
definition and the term MAC has been applied to the
broader and heterogeneous “mucin-producing adenocarci-
noma” category in a descriptive manner [1–4]. For
example, two photomicrographs of MAC sanctioned by
the 1992 World Health Organization classification [5] are
more suggestive of cystadenocarinomas [2]. A unifying
pathologic description of MAC in the current standard
textbooks is that of “small clusters and single carcinoma
cells floating in large pools of extracellular mucin com-
partmentalized by fibrous septa” [3, 6, 7]. This defying
feature is nearly identical to mucinous eccrine carcinoma of
the skin, mucinous carcinoma of the breast, and colloid
carcinoma of the intestine [1–3, 6]. Alternatively, definitive
diagnosis of MAC as a primary salivary gland tumor is
achieved by exclusion of metastatic disease [3].

A true MAC is distinctly uncommon [3, 7]. There were
only five cases in the 1996 Armed Forces Institute of
Pathology (AFIP) monograph [2]; all were found in the
major glands (three submandibular, two parotid). Although
the detailed data was not provided, MAC in the 2008 AFIP
files were nearly equally divided between major and minor
salivary glands [3]. The first series of MAC with minor
salivary gland involvement (total four cases) was published
in German by Gunzel et al. [8] in 1993, leading to bias
toward intraoral tumors. Minor salivary gland MAC have
been reported as individual examples (four cases; one of
two reports published in Japanese [9] and two only in
abstract form [10, 11]), in small series (10 cases; one series
published in Chinese [12]) or collectively with other types
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of carcinoma (five cases [13–15]). This specific situation
served as the impetus for the present work.

We describe the clinicopathologic and immunohisto-
chemical findings in two cases of MAC, both occurring in
the lip. Our goal is to compare these data with those of 19
cases from the literature to comprehend the profile of MAC
in the intraoral minor salivary glands.

Case reports

The clinical summary is listed in Table 1. Because of
innocuous appearance, lip lesion in our patients was preoper-
atively diagnosed as a benign tumor (Fig. 1). Both cases were
managed by surgery alone and a postoperative workup in
search of occult primary malignancy of other sites contributed
no abnormal findings. Case 1 subsequently requested that no
additional treatment be performed, but remained under review
until her death at another hospital, from widespread metastases
(further information was not available), 6 years later. In case 2,
the surgical margins were involved. Three years after re-
excision, the patient developed local recurrence and under-
went wide resection. A neck dissection was done for
metastasis to submandibular lymph nodes 6 months later.
This case remained free of tumor for a further 16 months.

Materials and methods

Formalin-fixed, paraffin-embedded sections were stained
with hematoxylin and eosin, periodic acid-Schiff, mucicar-
mine and Alcian blue at pH 2.5. Indirect immunohistochem-
ical staining was performed by the avidin–biotin peroxidase
complex method with microwave pretreatment, using
specific antibodies against cytokeratin (CK) AE1/AE3,
CK7 (OV-TL 12/30), CK20 (Ks 20.8), epithelial membrane
antigen (E29), S-100 protein (polyclonal), α-smooth muscle
actin (1A4), neuron-specific enolase (BBS/NC/VI-H14),
chromogranin A (DAK-A3), carcinoembryonic antigen
(CEA; II-7), estrogen receptor (ER; 1D5), progesterone
receptor (PR; PgR 636), and Ki-67 (MIB-1). All antibodies
were purchased from Dakocytomation (Carpinteria, CA).
Our institutional review boards approved this study (A 0313).

Results

Two cases displayed a nearly identical histology. As shown
in Fig. 2a, unencapsulated and invasive tumor was located
on the mucosal side of the orbicularis oris muscle. Variably
sized mucin lakes were loculated by fibrotic stroma and
accounted for more than 90% of the total tumor area.
Within mucin pools, detached tumor cells floated individ-
ually and in small clumps, either solid or clustering around
microlumina (Fig. 2b). Some single cells manifested a
signet-ring cytomorphology but never dominance. Case 2
tended to grow in slender cords and also exhibited
proliferation of small single layered duct-like structures.
Both tumors showed no solid, cribriform, targetoid,
papillary-cystic, or acinar growth pattern. Diffuse infiltra-
tion into adipose, muscular, and neural periglandular tissues
was evident (Fig. 2c, d). Neither tumor necrosis nor
vascular invasion was apparent. Mitotic figures were
infrequent. In case 1, focal permeation of the surface
mucosal epithelium by tumor nests was observed (Fig. 2e).
According to the cytologic grades of mucinous carcinoma
of the skin [16], case 1 was Grade 3 (see Fig. 3c) and case 2
Grade 2. Two of 12 lymph nodes contained metastases with
no extracapsular spread (Fig. 2f). The mucinous substance
stained positively with periodic acid-Schiff, mucicarmine,
and Alcian blue.

Fig. 1 Clinical appearance of lip tumor in case 1 (left) and case 2
(right)

Table 1 Clinical features of the present patients

Case Age/sex Site Clinical presentation Treatment Follow-up

1 76/female Lower lip 1-cm Asymptomatic swelling
for 3 years

Excisional biopsy Death of disease at 6 years
with multiple metastases

2 82/female Upper lip 1.4-cm Painless mass
for 8 months

Excisional biopsy, re-excision,
wide resection, neck dissection

Local recurrence and cervical
lymph node metastasis 3 years later
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All or almost all tumor cells showed strong immunore-
activity for AE1/AE3 (Fig. 3a) and CK7 (Fig. 3b), but not
for CK20 (Fig. 3c). They were also variably positive for
epithelial membrane antigen (Fig. 3d) and CEA (Fig. 3e).

Smooth muscle actin, S-100 protein (Fig. 3f), neuron-
specific enolase and chromogranin A were negative for
tumor cells. None of them expressed for ER and PR. The
Ki-67 index was 35% in case 1 and 32% in case 2.

Fig. 2 Hematoxylin and eosin histology. a Whole-mounted view
showing tumor location (dotted line) on the submucosal side of
orbicularis oris muscle (case 2), ×2. b Clumps of carcinoma cells
surrounded by a sea of mucin (case 1), ×100. c Perineural invasion

(case 2), ×200. d Infiltration into skeletal muscle (case 2), ×400.
e Carcinoma growing into the surface epithelium (case 1), ×200.
f Total replacement of lymph node by metastatic carcinoma (case 2),
×2.5

Fig. 3 Immunoprofile. AE1/AE3 (a) and cytokeratin 7 (b) highlight-
ing carcinoma cells in case 1 (a) and case 2 (b), ×200. c Negative
staining for cytokeratin 20 (case 1). Note substantial nuclear

pleomorphism, ×400. d Positivity for epithelial membrane antigen
(case 1), ×200. e Carcinoembryonic antigen expression (case 2), ×200.
f Negativity for S-100 protein in carcinoma cells (case 2), ×200
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Literature review

The real frequency of MAC remains unknown; it comprises
less than 0.1% of epithelial salivary gland tumors in the
AFIP files [3]. In Chinese population, MAC represented
0.1% (seven of 5,416) of all salivary gland tumors and
0.4% (seven of 1,994) of carcinomas [13]. Its incidence was
also estimated to be 0.07% (1 of 1,392) of malignant
salivary tumors in West China [14]. Recent study of minor
salivary gland tumors from the United States indicated that
MAC accounted for 0.2% (1 of 546) of all tumors and 0.4%
(1 of 241) of malignancies [17].

Reports on MAC of minor salivary gland origin
described by name have slowly accrued. Six brief reports
including three abstracts provided combined analysis of the
major and minor salivary tumors [2, 3, 6, 18–20] and
accordingly were excluded from this analysis. There are
other three sporadic case reports that were unacceptable,
because their histopathology was different from MAC [21–
23]. The clinical parameter of 21 cases (19 from the
literature [8–15, 24] and two from our files) is summarized
in Table 2.

Intraoral MAC is a tumor of older adults (average
64.6 years). No lesion has been observed in children and
adolescents; the youngest patient was 42 years. There was a
slight male predominance with a male-to-female ratio was
1.4:1. The palate was the typical site of involvement (43%).
Tumor duration ranged from 2 months to 8 years and
averaged 23 months. Most (60%) showed extraglandular
extension at presentation, i.e., bone destruction at palatine
sites. Unfortunately, information about the size of the
lesions was incomplete. Local recurrence, cervical lymph
node metastasis, and distant spread were recorded in 33%,
63%, and 29% of cases, respectively. Within 6 years, 47%
of patients died of disease and of these, 57% had the
clinically positive neck before diagnosis. The recommended
treatment is complete surgical excision and the benefit of
chemoradiotherapy as an adjunct remains empiric [3].

Discussion

Mucinous appearance itself is not pathognomonic of MAC
and many salivary gland carcinomas may exhibit this trait
[1–3, 6, 7]. In this sense, the diagnosis of MAC by unaided
histologic assessment is one of exclusion [3]. The differen-
tial diagnostic considerations in the realm of MAC are
cystadenocarcinoma [25], mucoepidermoid carcinoma [22],
mucin-rich salivary duct carcinoma [26] and signet-ring cell
adenocarcinoma [4]. Requisitely absent from pure MAC are
an additional non-mucinous component that characterizes
these four named carcinomas [3]. Quantities of mucinous
component in the above simulants, of course, are not as

extensive as in MAC. Surgical specimens should always be
sampled well to avoid missing a non-mucinous invasive
component. It is interesting that a statistically significant
difference in nuclear shape and chromatin texture between
MAC and cystadenocarcinomas was observed with the aid
of computerized histomorphometric analysis [20]. More-
over, nuclear size in MAC was significantly smaller as
opposed to mucin-rich salivary duct carcinomas [20]. In our
particular cases, the origin from intradermal sweat glands of
the lip, namely a direct mucosal extension of mucinous
eccrine carcinoma, must be considered [3, 27]. However,
the exact intramucosal location of the tumor, as depicted
above, convinced a labial salivary gland origin. As far as
we know, lip has been free from primary mucinous
carcinoma of the skin [3, 16, 28].

Because of their homologies, distinction of primary
MAC from metastatic mucinous carcinoma is impossible
on histologic grounds alone [1–3, 6]. The immunotyping of
CK7/CK20 may aid in substantiating a tumor origin. In
sum, the CK7(+)/CK20(–) phenotype may be a rationale for

Table 2 Clinical summary of 21 cases of minor salivary gland
mucinous adenocarcinoma

Age (years) (n=17)
Average 64.6
Range 42–86
Sex (n=17)
Male 10 (59%)
Female 7
Site (n=21)
Palate 9 (43%)
Buccal mucosa 4
Oral floor 3
Lip 3
Tongue 2
Tumor duration (months) (n=10)
Average 23
Range 2–96
Tumor extension (n=10)
Mucosa only 4
Adjacent tissues 6 (60%)
Cervical lymph node metastasis (n=16)
Yes 10 (63%)
No 6
Distant metastasis (n=14)
Yes 4 (29%)
No 10
Local recurrence (n=9)
Yes 3 (33%)
No 6
Follow-up (n=15)a

Alive no disease 5
Alive with disease 2
Death of disease 7 (47%)
Death of unrelated cause 1

aMean 30 months with range 6–72 months
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a salivary primary [8, 9, 11, 18, 29], whereas a conjointly
CK7(–) and CK20(+) profile may serve as a clue to an
intestinal origin [16]. Interestingly, newer markers of
gastrointestinal epithelial differentiation, CDX2 and villin,
were reportedly negative in a case of MAC [11]. It is
known, however, that CK pattern of MAC and its
cutaneous and mammary counterparts are comparable
[16], making a discrimination between them untenable.
On the other hand, the reactivity for ER and PR strongly
points to a skin/breast primary [16, 28], as opposed to its
consistent absence in MAC (n=6 including our tumors [18,
29]). The remaining immunomarkers assessed showed
differential, but proved to be less discriminating. The
staining for CEA was found positive in MAC (n=4
including our cases [9, 10]), as are all intestinal carcinomas,
while skin and breast tumors considerably vary [16]. Last,
neuron-specific enolase and chromogranin A were not
observed in any of the present MAC, as well as most, but
not all, mucinous carcinomas of the skin, breast, and
intestine [16]. In practice, reliance on clinical findings is
crucial before rendering a final decision. A full evaluation
failed to identify any concomitant malignancy in our
patients. Furthermore, lip is an unlikely site for metastasis
and there is no description in the literature concerning a
solitary lip metastasis of pure mucinous carcinoma [30, 31].

The initial impression of a low-grade, indolent biologic
behavior in MAC of the major salivary glands [1, 2] stands
in sharp contrast to the recent notion [3, 6, 7, 11, 12, 19].
This discrepancy may be reflective of increased reporting of
intraoral tumors. As is evident in this study, one of the most
worrisome clinical features of minor salivary MAC is the
high propensity for lymph node metastases (>60%). Given
the fact that only a few cases of major salivary MAC have
appeared in the literature (total 13 cases; eight parotid, four
submandibluar, one sublingual [2, 6, 7, 13, 19, 20, 29]) and
some of them were probably duplicated [2, 6, 19, 20], it is
currently unclear whether there is any difference in the
biologic behavior of MAC between major and minor
salivary glands. The average percentiles of Ki-67 and
proliferating cell nuclear antigen expressions in MAC
(n=17 including our cases [8, 9, 12, 18]) were 38% (range,
32% to 46%) and 34% (range, 28% to 44%), respectively.
A high Ki-67 index (>30%) has been found to correlate
well with poor overall survival in salivary carcinomas [32].
Of additional note is DNA ploidy analysis that one
metastasizing MAC was aneuploid [15]. In the future, this
parameter could also be useful for predictive purposes.

In conclusion, MAC is more common in the intraoral
minor salivary glands, with an approximately 2:1 predilec-
tion for the minor over major glands. Although available
data is too limited to be statistically significant, our
literature-based analysis reaffirms: (1) that MAC is one of
the most aggressive types of salivary gland carcinoma

plagued by early lymph node metastases, suggesting a
possible role for elective neck management; (2) that on
clinical grounds, MAC contrasts greatly with its cutaneous
and mammary analogues which share an overall favorable
prognosis; (3) that at this time, clinical stage is the most
significant adverse prognosticator for MAC; and (4) that
with a large series, immunohistochemistry including mucin
profile (MUC antigen) and oncogene status is fundamental
to our understanding of MAC biology and also prerequisite
to resolve differential diagnostic problems surrounding
MAC.
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Abstract Lung adenocarcinomas with micropapillary pattern
(MPP) are associated with frequent nodal metastasis. How-
ever, little is known about the mechanisms that underlie MPP-
associated nodal metastasis. In this study, we investigated how
small micropapillary clusters of carcinoma cells present in
tumoral alveolar spaces lead to increased lymph node
metastasis. We analyzed 146 cases of pT1 lung adenocarci-
nomas with reference to the presence of MPP, small cluster
invasion (SCI), and lymphatic involvement. SCI was defined
as markedly resolved acinar–papillary tumor structures with
single or small clusters of carcinoma cells invading stroma
within fibrotic foci. The MPP-positive group (88/146 cases)
was associated with significantly more frequent nodal
metastasis and significantly worse survival. Moreover, SCI
was significantly more frequent in the MPP-positive group
(71/88 cases) thanMPP-negative group (10/58 cases) and was
significantly associated with lymphatic involvement
(p<0.0001) and nodal metastasis (p=0.0073). The SCI-
positive group showed significantly worse survival (5-year
survival, 70%) than the SCI-negative group (91%, p=
0.0017). Carcinoma cells undergoing SCI demonstrated the
same characteristic MUC-1 expression on the outer surface
of cell clusters as those undergoing MPP. Thus, SCI could
link MPP to nodal metastasis; carcinoma cells with MPP

tend to undergo SCI in scars and invade lymphatics in pT1
lung adenocarcinomas.

Keywords Lung adenocarcinoma . pT1 .Micropapillary
pattern . Tumor invasion .Metastasis . Prognosis

Introduction

Among the major histological types of lung tumors, the
incidence of adenocarcinoma is showing the most increase
worldwide [1, 2]. Even in patients with stage I lung
adenocarcinoma, the 5-year survival rate is still as low as
60–70% [3]. Some patients with pT1 adenocarcinoma may
develop distant metastasis in a short period after complete
surgical resection [4–6].

The micropapillary pattern is characterized by the
presence of papillary structures with tufts lacking a central
fibrovascular core [7]. Patients with micropapillary-pattern-
positive lung adenocarcinomas have poor prognosis and
tend to present with extensive lymph node involvement and
metastatic disease [7–14], similar to those with micro-
papillary carcinomas of the breast [15], urinary bladder [16,
17], ureter [18, 19], colorectum [20, 21], and parotid gland
[22, 23]. However, little is known about the mechanisms
involved in micropapillary-pattern-associated lymph node
metastasis. It is still unclear how small micropapillary
clusters of carcinoma cells present in tumoral alveolar
spaces invade lymphatics and lead to increased lymph node
metastasis.

We have previously subclassified the stromal invasion
grading system proposed as a prognostic marker by Sakurai
et al. [24] according to the presence or absence of
micropapillary pattern [8]. This subclassification provided
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an advantage to their system because the largest group of
patients with variable prognoses was subclassified into two
smaller groups with different prognoses. Moreover, our
study was the first to point to the possible association of
micropapillary-pattern-positive carcinomas and small clus-
ter invasion, which was defined as invasion of the fibrotic
focus as isolated single or small clusters of carcinoma cells.
Thus, we hypothesized that micropapillary-pattern-positive
carcinomas may lead to lymph node metastasis via small
cluster invasion and lymphatic involvement in the fibrotic
focus. In the present study, we tested this hypothesis by
analyzing the relationship between micropapillary pattern
and lymph node metastasis with special reference to small
cluster invasion.

Materials and methods

Patients

We reviewed 153 cases of pT1 lung adenocarcinoma that
had been surgically resected at the Second Department of
Surgery, Fukuoka University Hospital, between April 1993
and December 2003. Anonymous use of redundant tissue is
part of the standard treatment agreement with patients in
our hospital when no objection is expressed. The patholog-
ical stage was determined according to the tumor–node–
metastasis classification of malignant tumors (International
Union Against Caner) [25]. pT1 tumors were defined as
“tumors of 3 cm or less in the greatest dimension, being
surrounded by lung tissue or visceral pleura, and not
involve the main bronchus [25].” Of the 153 cases, seven
cases lost in the follow-up were excluded from the survival
analysis. The remaining 146 cases were studied to explore
the relationship among small cluster invasion, micropapil-
lary pattern, and prognosis. All patients underwent com-
plete resection of the tumors. The mean follow-up period
was 75 months (range 2–132 months).

Pathologic evaluation

The surgically resected specimens were fixed routinely in
10% formalin, and the whole tumor nodules were processed
into paraffin blocks for histopathological examination.
Tissue sections were cut 4-μm thick, including the largest
cut surface of the tumor, and stained with hematoxylin and
eosin (H&E) and elastica-van-Gieson stain. For immuno-
histochemistry, 4-μm sections were mounted on Matsu-
nami-Adhesive-Silane-coated glass slides, deparaffinized,
and heated in a microwave oven (700 W) for 10 min to
expose antigens in 10 mM Na-citrate buffer (pH 6.0). The
antibodies used in this study are listed in Table 1.
Immunohistochemical staining was performed by the

labeled streptavidin–biotin method (Dako, Glostrup, Den-
mark). Alkaline phosphatase or horseradish peroxidase
activity was visualized by naphthol-AS-BI-phosphate (Sig-
ma, St. Louis, MO, USA) or metal-3,3′-diaminobenzidine
(Pierce, Rockford, IL, USA) as a substrate, respectively.
The immunohistochemical specificity of the antibodies was
confirmed by two types of negative controls: substituting
mouse nonimmune IgG for the primary antibodies and
omitting the primary antibodies from the staining protocol.

The histopathological type was determined according to
the 2004 World Health Organization classification [26].
Lung adenocarcinomas exhibit a micropapillary pattern or
true papillary structures. The true papillary structure is
defined as consisting of one-layered glandular epithelium
surrounding a fibrovascular core [27], whereas micro-
papillary pattern is characterized by papillary structures
with tufts lacking a central fibrovascular core (Fig. 1a) [7].
Expression of cell surface glycoprotein MUC1 is observed
along the entire outer surface of the micropapillary cell
clusters (Fig. 1b). The extent of micropapillary pattern was
determined as none (0% of the tumor), 1+ (<10%), 2+ (10–
50%), or 3+ (>50%) based on the areas of micropapillary
pattern in tumors. Furthermore, cases of none and 1+ were
classified as micropapillary pattern negative, while those of
2+ and 3+ as micropapillary pattern positive, as described
previously [11]. Lymphatic and vascular involvements were
immunohistochemically confirmed using D2-40 and anti-
CD31 antibodies, which detect lymph endothelial (Fig. 1c)
and vascular endothelial (Fig. 1d) cells, respectively.
Furthermore, we focused on the presence of single or small
clusters of carcinoma cells at the invasive margin of the
tumor within the fibrotic focus (Fig. 2a, inset). The small
clusters appear to have separated from the acinar or
papillary structures of tumors due to dedifferentiation. We
named this mode of invasion small cluster invasion. This
process is very similar to tumor budding in colorectal
carcinomas [28]. These micropapillary pattern scoring and
judgment of small cluster invasion and lymphatic and
vascular involvement were performed independently by
two pathologists (T. K. and K. N.), and a high level of

Table 1 Antibodies used for immunohistochemistry

Antibody
specificity

Antibody
clone

Optimal
dilution

Source retrieval Antigen
retrieval method

D2-40 D2-40 1:100 Dako Cytomation Microwave
CD31 JC/70A 1:200 Dako Cytomation Microwave
MUC1 Ma695 1:100 Novocastra

Laboratories Ltd
Microwave
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concordance (>90%) was achieved. In case of disagree-
ment, the slides were reviewed again to obtain a consensus view.

The clinicopathological parameters considered in this study
included age, gender, operative mode, histological subtype,
pathological stage, tumor size, lymph node metastasis, pleural
invasion, and small cluster invasion.

Statistical analysis

Summary statistics were obtained using standard methods
and statistical analysis software StatView for Windows
version 5.0 (SAS Institute Inc., Cary, NC). The relation-
ships between several clinicopathological parameters and
histopathological subgroups were evaluated using the χ2

test and Fisher’s exact test. Survival curves were plotted
using Kaplan–Meier method, and p values were calculated

using the log rank test. Multivariate analysis was performed
by Cox regression. A p value of <0.05 was considered
statistically significant.

Results

Clinical findings

Table 2 summarizes the clinicopathological characteristics
of the 146 patients (60 males, 86 females; age range, 28–85
[mean=64.8] years). Lobectomy and limited surgery
(segmentectomy or partial resection) were performed in
101 (69%) and 45 (31%) patients, respectively. Patholog-
ically, 124 patients (85%) were classified as p-stage IA,
eight patients (5%) as p-stage IIA, and 14 (10%) as p-stage

Fig. 1 a Micropapillary component observed in invasive lung
adenocarcinoma. The inset shows micropapillary tufts lacking a
central fibrovascular core. b MUC1 expression on the outer surface
of micropapillary tufts. c Immunohistochemical demonstration of
lymphatic involvement by carcinoma cells. Carcinoma cell clusters
are seen in vessels lined by D2-40-reactive lymphatic endothelium. d

Immunohistochemical demonstration of vascular involvement by
carcinoma cells. Vessels lined by CD31-positive vascular endothe-
lium contain carcinoma cell clusters. a H&E staining; b MUC-1
immunohistochemistry; c D2-40 immunohistochemistry; d CD31
immunohistochemistry
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Fig. 2 a Lung adenocarcinoma with mixed papillary and acinar
patterns of growth. At the invasive margin, the papillary and acinar
structures were markedly resolved to induce small clusters of invading
carcinoma cells (small cluster invasion). b Lung adenocarcinoma with
mixed papillary and micropapillary patterns of growth undergoing
small cluster invasion. Insets in a and b show isolated small clusters of
invading carcinoma cells in the fibrotic focus. c Lung adenocarcinoma
with mixed papillary and acinar patterns of growth without small

cluster invasion. The inset shows invasion by compact papillary or
acinar structures of carcinoma cells. d MUC1 expression on the outer
surface of isolated small clusters of invading carcinoma cells. e, f
Serial sections demonstrating carcinoma cell clusters involving
lymphatics. Lymphatic endothelium is shown with D2-40 antibody
(e), and MUC1 is expressed on the outer surface of small clusters of
carcinoma cells (f). a–c H&E staining; d, f MUC-1 immunohisto-
chemistry; e D2-40 immunohistochemistry
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IIIA. Most of p-stage IIIA cases were micropapillary
pattern positive (13/14 cases, 93%) and small cluster
invasion positive (12/14 cases, 86%).

Histopathological findings

The histopathological types included eight (5%) cases of
bronchioloalveolar carcinoma (BAC), two (1%) acinar,
seven (4%) papillary, and 129 (90%) mixed subtypes
(Table 2). Micropapillary pattern was not observed in cases
with BAC. Small cluster invasion was observed in 81/146
(55%) cases. There was no significant association between
small cluster invasion and any specific histological sub-
types of invasive carcinomas. At the site of small cluster
invasion in the fibrotic focus, small clusters of invading
carcinoma cells were induced and separated from acinar,
papillary, or micropapillary structures of tumors due to
focal dedifferentiation (Fig. 2a, b, insets). In about 39% of
cases (57/146), carcinoma invaded the fibrotic focus as
nonresolved papillary or acinar structures without small
clusters of invading cells (Fig. 2c, inset). The invading
small cell clusters expressed MUC1 along the outer cell
surface (Fig. 2d), similar to the MUC1 expression pattern
on micropapillary clusters (Fig. 1b). Small clusters of
carcinoma cells that invaded lymphatics also showed
MUC1 expression on their outer surface (Fig. 2e,f).

Table 3 summarizes the relationship between micro-
papillary pattern or small cluster invasion and pathological

features. The overall micropapillary-pattern-positive and
small-cluster-invasion-positive cases were 60% (88/146
cases) and 55% (81/146 cases), respectively. Micropapil-
lary-pattern-positive and small-cluster-invasion-positive
cases showed several statistically significant differences
compared with negative cases; tumor size tended to be
larger than 1 cm in diameter, and pathological findings
related to tumor invasion–metastasis, such as lymph node
metastasis, pleural invasion, and lymphatic involvement,
were more frequently observed. Vascular involvement was
also more frequent than in negative cases, although the
difference was not statistically significant between micro-
papillary-pattern-positive and micropapillary-pattern-
negative cases. Moreover, the presence of micropapillary
pattern also correlated significantly with the presence of
small cluster invasion. When focusing on lymphatic
metastasis, the presence of micropapillary pattern, small
cluster invasion, or lymphatic involvement each correlated
significantly with more frequent lymph node metastasis
(Table 4). Furthermore, as the extent of micropapillary
pattern increased, all of small cluster invasion, lymphatic
involvement, and lymph node metastasis tended to occur
more frequently (Table 5). Small-cluster-invasion-,
lymphatic-involvement-, and nodal-metastasis-positive
cases were only 17% (10/58), 7% (4/58), and 7% (4/58)
for micropapillary-pattern-negative (0 and 1+) carcinomas,
respectively, whereas 85% (23/27), 52% (14/27), and 48%
(13/27) were positive for small cluster invasion, lymphatic

Table 2 Characteristics of patients with pTl adenocarcinoma

Characteristics All cases MPP SCI

(+) (−) (+) (−)

No. of patients 146 88 58 81 65
Age (year)
Mean 64.8 64.6 65.3 64.5 65.4
Range 28–85 29–85 28–85 29–83 28–85
Gender
Male 60 (43%) 39 (65%) 21 (35%) 37 (62%) 23 (38%)
Female 86 (57%) 49 (57%) 37 (43%) 44 (51%) 42 (49%)
Operative mode
Lobectomy 101 (69%) 65 (64%) 36 (36%) 60 (59%) 41 (41%)
Limited surgery 45 (31%) 23 (51%) 22 (49%) 21 (47%) 24 (53%)
Histologic subtypes
BAC 8 (5%) 0 (0%) 8 (100%) 0 (0%) 8 (100%)
Acinar 2 (1%) 0 (0%) 2 (100%) 2 (100%) 0 (0%)
Papillary 7 (4%) 3 (43%) 4 (57%) 2 (29%) 5 (71%)
Mixed subtypes 129 (90%) 85 (66%) 44 (34%) 77 (60%) 52 (40%)
Pathological stage
IA 124 (85%) 70 (56%) 54 (44%) 63 (51%) 61 (49%)
IIA 8 (5%) 5 (63%) 3 (37%) 6 (75%) 2 (25%)
IIIA 14 (10%) 13 (93%) 1 (7%) 12 (86%) 2 (14%)

BAC bronchioloalveolar carcinoma, MPP micropapillary pattern, SCI small cluster invasion

Virchows Arch (2009) 454:61–70 65



involvement, and lymph node metastasis, respectively, for
micropapillary pattern graded as 3+. Micropapillary pattern
is a significant and independent predictor for a shorter
overall survival in p-stage IA cases [8, 9], suggesting its
association with metastatic recurrence after surgical remov-
al. For this purpose, we investigated the correlation
between small cluster invasion and lymphatic involvement
in micropapillary-pattern-positive p-stage IA cases. The
presence of small cluster invasion in micropapillary-
pattern-positive cases was significantly associated with
more frequent lymphatic involvement (p=0.0282; Table 6).

Survival rates

As we reported previously [8, 11], also in this study, the
micropapillary-pattern-positive group showed significantly
worse survival compared with the micropapillary-pattern-
negative group (5-year survival, 68.0% vs. 88.3%, respective-
ly, p=0.0046, data not shown). The overall 5-year survival

rates for patients with or without small cluster invasion were
70.0% and 90.8%, respectively, and the difference was also
statistically significant (p=0.0017, Fig. 3).

Univariate analysis

Since the correlation of small cluster invasion with worse
prognosis was suggested, univariate and multivariate analyses
were performed including stratification for stage. For metas-
tasis-related clinicopathological parameters of 124 cases of p-
stage IA carcinoma, univariate analysis identified significant
associations of micropapillary pattern (positive), lymphatic
involvement (positive), small cluster invasion (positive),
pleural invasion (positive), and vascular involvement (posi-
tive) with poor prognosis (Table 7, micropapillary pattern, p=
0.0012; lymphatic involvement, p<0.0001; small cluster
invasion, p=0.0017; pleural invasion, p=0.0182; vascular
involvement, p<0.0001). No significant parameters were
identified in p-stages IIA and IIIA carcinomas.

Table 3 Micropapillary pattern (MPP), small cluster invasion (SCI), and pathological characteristics

MPP p value SCI p value

(+), n=88 (−), n=58 (+), n=81 (−), n=65

Tumor size (n=146)
≦1 cm (n=18) 6 (33%) 12 (67%) 0.0192 4 (22%) 14 (78%) 0.0042
>l cm (n=128) 82 (64%) 46 (36%) 77 (60%) 51 (40%)

Lymph node metastasis (n=146)
Positive (n=22) 18 (82%) 4 (18%) 0.0324 16 (73%) 6 (27%) 0.0073
Negative (n=124) 70 (56%) 54 (44%) 65 (52%) 59 (48%)

Pleural invasion (n=146)
Positive (n=54) 40 (74%) 14 (26%) 0.0138 37 (69%) 17 (31%) 0.0151
Negative (n=92) 48 (52%) 44 (48%) 44 (48%) 48 (52%)

Small cluster invasion (n=146)
Positive (n=81) 71 (88%) 10 (12%) <0.0001 – – –
Negative (n=65) 17 (26%) 48 (74%)

Lymphatic involvement (n=146)
Positive (n=39) 35 (90%) 4 (10%) <0.0001 37 (95%) 2 (5%) <0.0001
Negative (n=107) 53 (50%) 54 (50%) 44 (41%) 63 (59%)

Vascular involvement (n=146)
Positive (n=20) 16 (80%) 4 (20%) 0.0831 19 (95%) 1 (5%) <0.0001
Negative (n=126) 72 (57%) 54 (43%) 62 (41%) 64 (59%)

Table 4 Correlation of micropapillary pattern, small cluster invasion, and lymphatic involvement with lymph node metastasis

MPP p value SCI p value LI p value

(+) (−) (+) (−) (+) (−)
(n=88) (n=58) (n=8l) (n=65) (n=39) (n=107)

Lymph node metastasis (n=146)
Positive (n=22) 18 4 0.0324 16 6 0.0073 16 6 0.0004
Negative (n=l24) 70 54 65 59 23 101

MPP micropapillary pattern, SCI small cluster invasion, LI lymphatic involvement
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Multivariate analysis

All the aforementioned factors identified as significant by
univariate analyses were entered into Cox multivariate
regression analysis. This analysis identified lymphatic
involvement (positive) as a significant and independent
predictor of a shorter overall survival of patients with p-
stage IA adenocarcinoma of the lung (Table 8, lymphatic
involvement, p<0.0001).

Discussion

The presence of micropapillary pattern in lung adenocarci-
nomas is associated with higher incidence of lymph node
metastasis and therefore with poorer prognosis [7–14, 29].
However, little is known about the mechanisms that
underlie MPP-associated nodal metastasis. It is important
to clarify how small papillary clusters of carcinoma cells
present in tumoral alveolar spaces lead to increased lymph
node metastasis. Our previous study demonstrated the
significant association of micropapillary pattern with small
cluster invasion in tumoral scar tissue [8]. Thus, we
hypothesized that small cluster invasion may be an
important link between micropapillary pattern and nodal

metastasis. In the present study, both micropapillary pattern
and small cluster invasion correlated with more frequent
occurrence of lymphatic involvement and lymph node
metastasis. Higher extents of micropapillary pattern are
associated with a more frequent small cluster invasion,
lymphatic involvement, and lymph node metastasis. Fur-
thermore, in patients with micropapillary-pattern-positive
pT1 lung adenocarcinomas, the presence of small cluster
invasion significantly correlated with higher incidence of
lymphatic involvement. Lymphatic involvement was the
most statistically powerful and independent prognostic
factor in patients with pT1 lung adenocarcinoma. These
statistical analyses indicate the possible sequence from
micropapillary pattern to lymph node metastasis via small
cluster invasion and lymphatic involvement in tumoral scar.

It is important to recognize the micropapillary growth
pattern especially in early-stage lung adenocarcinomas [8, 9,
11, 13, 14, 29]. In stage IA cases, the presence of
micropapillary pattern is associated with early and more
frequent metastatic disease. This information may be useful
for clinicians to tailor the follow-up of patients to accom-
modate the likelihood of more aggressive disease that may

Table 5 Small cluster invasion, lymphatic involvement, and lymph
node metastasis with different percentage of micropapillary pattern

MPP Cases Small cluster
invasion
(positive)

Lymphatic
involvement
(positive)

Lymph node
metastasis
(positive)

0 (0%) 29 1 (3%) 0 (0%) 1 (3%)
1+ (<10%) 29 9 (31%) 4 (14%) 3 (11%)
2+ (10–50%) 61 48 (79%) 21 (34%) 5 (8%)
3+ (>50%) 27 23 (85%) 14 (52%) 13 (48%)

MPP micropapillary pattern

Table 6 Correlation of small cluster invasion and lymphatic involve-
ment in p-stage IA micropapillary-pattern-positive carcinomas

MPP positive (n=70) p value

SCI (+) SCI (−)

No. of patients 54 (77%) 16 (23%)
Lymphatic involvement
Positive (n=20) 19 (95%) 1 (5%)
Negative (n=50) 35 (70%) 15 (30%) 0.0282

MPP micropapillary pattern, SCI small cluster invasion

Fig. 3 Survival curves according to the status of small cluster
invasion. The 5-year survival rate of patients without small cluster
invasion was significantly higher than that of patients with small
cluster invasion (log rank test, p=0.0017)

Table 7 Correlation of MPP, lymphatic involvement, vascular
involvement small cluster invasion, and pleural invasion with overall
survival by univariate analysis in p-stage IA cases

Variable Correlation with survival (pa)

MPP (positive) 0.0012
Lymphatic involvement (positive) <0.0001
Small cluster invasion (positive) 0.0017
Pleural invasion (positive) 0.0182
Vascular involvement (positive) <0.0001

a Log-rank test
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require intensive management. However, histologic subtypes
of micropapillary pattern with different prognoses were
recently proposed [30]. The micropapillary pattern was
subclassified into two subtypes based on breast-type and
alveolar-type histology, and a breast-type micropapillary
pattern was associated with poorer prognosis [30]. By their
definition, the breast type resembles the morphology of
invasive micropapillary carcinoma of the breast, accompa-
nied by relatively thick fibrous stroma. This may correspond
to cases with extensive small cluster invasion in our study. It
may be important to investigate the subtypes of micro-
papillary pattern in a large-scale study to clarify their
clinicopathological significance.

Alteration of expression of cell surface molecules has
been shown to be associated with micropapillary pattern.
For example, it is reported that MUC1 expression was
predominantly demonstrated in the stroma-facing surface of
the micropapillary cell clusters in micropapillary-pattern-
positive breast, urinary bladder, and colon carcinomas and
that this expression pattern indicates inversion of cell
polarization since MUC1 is a glycoprotein normally located
in the apical cell surface of normal glandular epithelium
[31–33]. In this way, this expression pattern of MUC1 is
characteristic for and common in micropapillary-pattern-
positive carcinoma cells in other organs and recently also
demonstrated in lungs [8, 12]. Thus, we investigated MUC1
expression as a marker for micropapillary pattern. In the
present study, small groups of invading carcinoma cells
recognized as small cluster invasion expressed MUC1 on
their outer surface, similar to the expression pattern
observed in intra-alveolar micropapillary tufts of carcinoma
cells. The same expression pattern was also seen in
carcinoma cell clusters within the lymphatics. Thus, we
speculate that adenocarcinoma cells that show micropapil-
lary pattern in alveolar spaces tend to behave as small
cluster invasion when involved in invasion-related scar-
forming processes, leading to lymphatic involvement and
then lymph node metastasis. Small cluster invasion is also

an important prognostic indicator: its presence was signif-
icantly associated with worse 5-year survival compared
with its absence. Moreover, easy detection of small cluster
invasion in H&E sections makes it useful, similar to
micropapillary pattern.

Small cluster invasion in lung adenocarcinomas is very
similar to tumor budding in colorectal adenocarcinomas.
Tumor budding is defined as small clusters of carcinoma
cells lying ahead of the invasive front of the lesion in
colorectal adenocarcinomas [28]. The feature has been
pointed out as a mode of carcinoma invasion by patholo-
gists for decades [34, 35]. Aberrant intranuclear expression
of β-catenin was shown in the budding carcinoma cells
[36]. Nuclear β-catenin complexes with the T cell factor
family of DNA-binding proteins and activates transcription
of urokinase-like plasminogen activating receptor, matrily-
sin, CD44, and laminin-5 γ2, which are known to be
critical in the process of tissue remodeling and cell
migration [37–40]. Similar mechanisms may operate to
induce small cluster invasion by micropapillary-pattern-
positive lung adenocarcinoma cells. Additionally, in a
micropapillary-pattern-positive lung adenocarcinoma case,
IQGAP1 was detected in the micropapillary, but not in the
nonmicropapillary, area [41]. IQGAP1 regulates cadherin-
mediated cell–cell adhesion by interacting with β-catenin,
dissociating α-catenin from the cadherin–catenin complex
[42]. Expression of nonsuppressed IQGAP1 results in
diminished cell–cell adhesion and is essential for cell
migration and invasion [42]. IQGAP1 may be involved in
the release of micropapillary clusters of cells. Moreover, the
presence of MUC1 in the stroma-facing surface of micro-
papillary cell clusters may also lead to easy detachment of
cells from the stroma since MUC1 inhibits the interaction
between cell and stroma [31–33]. Tsutsumida et al. [12]
showed high and low expressions of MUC1 and MUC4 on
the surface of the micropapillary structure of lung adeno-
carcinoma, respectively, and suggested that this high
expression of MUC1 in the micropapillary structure might
correlate with lymph node metastasis since the authors
showed in a study with pancreatic cancer cells that MUC1
downregulation by RNAi led to decreased proliferation and
lymphatic metastasis [12, 43].

In conclusion, the present study indicated a possible link
between micropapillary pattern and lymph node metastasis
via small cluster invasion. Characterization and understand-
ing of the mechanisms that underlie the small cluster
invasion could be of help in the development of novel
therapeutic interventions.
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Table 8 Correlation of MPP and lymphatic involvement with overall
survival by multivariate analysis in p-stage IA cases

Variable Risk
ratio

95% CI P value

Lymphatic involvement (positive) 2.873 0.136–0.888 <0.0001
MPP(positive) 2.352 0.104–1.730 0.0957
Small cluster invasion (positive) 1.854 0.949–2.130 0.1741
Pleural invasion (positive) 1.397 0.241–2.962 0.3529
Vascular involvement (positive) 2.149 0.068–1.617 0.1769

CI confidence interval
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Abstract Lysyl oxidase-like enzymes (LOXL) are ex-
pressed in various cancers. We analyzed the expression of
LOXL2, LOXL3, and LOXL4 in cancers involving the
serosal cavities—breast carcinoma, ovarian carcinoma, and
malignant mesothelioma using reverse-transcriptase poly-
merase chain reaction. We discovered two new alternative
splice variants of LOXL4. The spliced segments were exon
9 (splice variant 1) or both exons 8 and 9 (splice variant 2).
In ovarian carcinoma, splice variant 1 was significantly
elevated in effusions compared to solid lesions (p<0.001).
Splice variant 2 appeared only in effusions. In breast
carcinoma, LOXL4 was expressed only in the effusion
samples. In malignant mesothelioma, LOXL4 and its splice
variants were expressed at all sites. Breast carcinoma

effusions showed significantly higher LOXL2 (p=0.003)
and lower LOXL3 (p<0.001) expression compared to
primary carcinomas. Our data show differences in LOXL
messenger RNA expression as a function of anatomic site
and tumor type in cancers affecting the serosal cavities.

Keywords Lysyl oxidase-like enzymes .

Ovarian carcinoma . Breast carcinoma .

Malignant mesothelioma . Alternative splicing .

Metastasis . Tumor progression

Introduction

Lysyl oxidase (LOX) is an amine oxidase that is usually
synthesized and secreted by fibrogenic cells. It catalyzes the
final enzymatic step required for lysine-derived crosslinks,
essential for the formation of collagen fibrils and insoluble
elastic fibers in the extracellular matrix [1]. Publications of
the last decade report LOX to have additional important
functions in oncogenic and chemotactic behavior of cells
[2–6]. Four LOX-like (LOXL) genes have been identified
so far in mammalian genomes encoding four different
LOX-like proteins: LOXL1, LOXL2, LOXL3, and LOXL4
[7]. All members of the LOX family show a highly
conserved C terminus region that contains the catalytic
domain. The N terminus of the LOX isoforms is less
conserved among the different members and is thought to
determine the individual role and tissue distribution of each
isoenzyme [8]. It has been shown that LOXL1 is required
for proper elastic fiber homeostasis [9]. The individual
function of the remaining members of the family remains
unclear, although recent evidence suggests involvement of
LOX, LOXL2, and LOXL4 in the progression of breast,
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head and neck, bladder, and colon carcinoma [10–12]. In
addition, it was recently shown that LOXL2 and LOXL3
collaborate in vivo with the Snail transcription factor to
repress E-cadherin expression, and evidence for a role of
LOXL2 in tumor growth and progression was demonstrated
[13], as well as involvement of LOXL1 and LOXL4 in the
Ras/extracellular signal-regulated kinase (ERK) signaling
pathway in human bladder cancer [14].

Ovarian carcinoma (OC) is the most lethal gynecologic
cancer and currently ranks as the fifth in causing cancer-
related deaths among women [15]. The major difficulty in
achieving cure of OC is the fact that the majority of patients
are diagnosed with advanced-stage (FIGO III–IV) disease,
thereby impeding efforts directed at surgical removal of all
tumor burden [16]. Another significant problem is the effort
invested in studying the molecular characteristics of
primary tumors, lesions that are amenable to surgical
removal in the majority of cases, rather than metastatic
cells in the peritoneal and pleural cavities, the most
common site of dissemination and recurrence in OC [17].

Two additional cancers that enter the differential diag-
nosis of malignancy within the serosal cavities are
malignant mesothelioma (MM) and breast carcinoma. MM
is a tumor derived from mesothelial cells, the native cells of
the body cavities. The pleural cavity is the most common
site, with a present ratio of 9:1 with peritoneal tumors [18].
MM classically presents with plaques on the serosal
surfaces with a concomitant malignant effusion, a clinical
picture that is indistinguishable from OC when disease is
localized to the peritoneum. MM is an aggressive and
rapidly fatal disease, with a median survival of 8 months if
untreated, although selected patients achieve longer surviv-
al in recent years when surgery is combined with adjuvant
chemotherapy, especially in peritoneal disease [19–21].

Metastatic spread of breast carcinoma to the pleural
cavity is responsible for 25% of malignant pleural effusions
[22–24]. The pericardial and peritoneal cavities may also be
involved, though less frequently. Breast cancer metastasis
to the pleural space can occur at any point of time in the
clinical course and may be the sole manifestation of
metastasis [25]. It is associated with extremely poor
prognosis, with a median survival of 5–11 months [25, 26].

The expression of LOX and LOX-like enzymes has not
been investigated in OC or in MM to date. In breast
carcinoma, no data are available regarding LOXL expres-
sion in effusions. The objective of the present study was to
determine whether LOXL family members are differently
expressed in cancers involving the serosal cavities and in
benign reactive mesothelium (RM). In addition, we wished
to analyze whether LOXL members are expressed in an
anatomic site-dependent manner in OC and breast carcino-
ma. Finally, we wished to establish whether LOXL
expression is related to clinicopathologic parameters in OC.

Materials and methods

Tumors and patients

The material analyzed in the present study consisted of 211
specimens (137 effusions, 78 solid tumors; Table 1). All
specimens with the exception of 12 MM effusions were
submitted for routine diagnostic purposes to the Division of
Pathology, Norwegian Radium Hospital, in the period
1985–2005. Twelve MM effusions were submitted to the
Department of Pathology in Aalborg Hospital, Aalborg,
Denmark, during 1999, and were studied with kind
permission (see Acknowledgment). Informed consent was
obtained according to national and institutional guidelines.

The 70 OC effusions were from 56 patients diagnosed
with epithelial (predominantly serous) OC (61 effusions),
two patients with serous carcinoma of the fallopian tube (two
effusions), and six patients who were diagnosed with
primary peritoneal carcinoma (seven effusions), total=64
patients. Due to their closely linked histogenesis and
phenotype, all of these tumors are referred to as OC effusions
in the following sections. Table 2 presents the clinicopath-
ologic data for the effusion patient cohort. The 55 solid OC
had comparable histological type to that of the OC
effusions (43 serous, three clear cell, three endometrioid,
three undifferentiated, and three adenocarcinomas of mixed
type). The majority of solid tumors were not patient-
matched with respect to OC effusions.

The 31 breast carcinoma effusions and 23 primary
tumors were from 54 patients, i.e., not patient-matched.
Slides from the primary tumor were available for review for
27 of the 31 patients with effusions. These consisted of 25
infiltrating duct and two infiltrating lobular carcinomas.
Tumor grade was as follows: one grade 1, 19 grade 2, and

Table 1 Specimens analyzed for LOXL mRNA expression

Tumor Specimen
type

Anatomic
site

Number of
specimens

Ovarian carcinoma Effusion Peritoneum 50
Pleura 20

Primary Ovary 40
Metastasis Variousa 15

Breast carcinoma Effusions Peritoneum 1
Pleura 29
Pericardium 1

Primary Breast 23
Malignant mesothelioma Effusion Peritoneum 5

Pleura 20
Reactive mesothelium Effusion Peritoneum 2

Pleura 5

aMetastases resected from the omentum (n=10), fallopian tube (n=2),
vagina (n=2) and peritoneum (n=1)
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seven grade 3 specimens. Primary breast carcinomas
consisted of 19 infiltrating duct carcinomas, two infiltrating
lobular carcinomas, and two infiltrating carcinomas of
mixed lobular and duct type. Tumor grade was 1 in two
cases, two in 14 cases, and three in seven cases.

MM effusions were from patients diagnosed with tumor
of the epithelioid or biphasic type in biopsy specimens.

RM effusions were from patients who were suspected of
having cancer or who were previously diagnosed with
cancers of various types.

Effusions were all received in the fresh non-fixed state
immediately after tapping. Specimens were centrifuged and
pellets were fresh-frozen at −70°C in RPMI 1640 medium
supplemented with 50% fetal calf serum and 20% dimethyl
sulfoxide at a ratio of 1:1, immediately after tapping. Smears
and H&E-stained cell block sections were reviewed by a
surgical pathologist experienced in cytopathology (BD).
Diagnoses were established using morphology and immuno-
histochemistry, as previously detailed [27]. The primary
tumors were reviewed for all three cancer categories.

Frozen OC and breast carcinoma biopsies were evaluated
for the presence of a >50% tumor component and absence of
necrosis by frozen sections. H&E-stained sections from these

tumors were reviewed to establish tumor type and histolog-
ical grade.

RT-PCR analysis

LOXL2, LOXL3 and LOXL4 messenger RNA (mRNA)
expression was analyzed in all 211 specimens. Total RNA
was extracted using a commercial kit (Tri Reagent; Sigma-
Aldrich, St. Louis, MO), and 0.5 μg of total RNA were
reverse-transcribed using M-MLV Reverse Transcriptase
(Promega, Madison, WI) with incubation for 2 h at 37°C,
followed by 5 min at 95°C, and diluted to 1:5 with RNase-
free water. Reverse-transcriptase polymerase chain reaction
(RT-PCR) analysis was performed on complementary DNA
(cDNA) samples with a DNA thermal cycler (Eppendorf
Mastercycler gradient; Eppendorf, Hamburg, Germany)
using primer sets for LOXL2, LOXL3, LOXL4, and 28S
ribosomal RNA. Primer sequences were as follows:
LOXL2, sense, 5′-CTGTGACAGTCGTGCCAGAT-3′;
antisense, 5′-GAGTTGCCTGCTCAGAAACC-3′ (product
size, 270 bp); LOXL3, sense, 5′-AGCAACACTCCTTTG
GTCTGCATGGG-3′; antisense, 5′-CCTCCCCCTGAGGC
TTCGACTGTTGTTG -3′ (product size, 206 bp); LOXL4,
sense, 5′-TGTGTGGAGAAGCGCAATAG -3′; antisense,
5′-TCCCTAACATGGGCTTTCAG-3′ (product sizes, 247,
396, and 558 bp); 28S, sense 5′-GTTCACCCACTAATAG
GG AACGTGA-3′, antisense 5′-GGATTCTGACTTAGA
GGCG TTCAGT-3′ (product size, 212 bp).

The cycle parameters were as follows: LOXL2, denatur-
ation at 95°C for 15 s, annealing at 63°C for 30 s, and
extension at 72°C for 20 s for 26 cycles; LOXL3, denaturation
at 95°C for 15 s, annealing at 67°C for 30 s, and extension at
72°C for 20 s for 34 cycles; LOXL4, denaturation at 95°C for
15 s, annealing at 60°C for 30 s, and extension at 72°C for
20 s for 34 cycles; and 28S, denaturation at 94°C for 15 s,
annealing at 63°C for 20 s, and extension at 72°C for 10 s for
16 cycles. Products were separated on 1.5% agarose gels,
isolated using the Invisorb Spin DNA extraction kit (Invitek
GmbH, Berlin, Germany), and sequenced.

The HT-1080 fibrosarcoma cell line served as control in
all LOXL2, LOXL3, and 28S reactions, and the MRC-5
human lung fibroblast cell line served as control in all
LOXL4 reactions. Gels were photographed by the Kodak
digital camera DC 290 system (Eastman Kodak, Rochester,
NY). Densitometer analysis of films was performed using a
computerized image analysis program (NIH Image 1.62,
1999 version). LOXL2, LOXL3, and LOXL4 mRNA levels
were established by calculating the target molecule/28S ratio.
All measurements in clinical specimens were carried out at
the exponential phase of the reaction, as verified before
sample analysis. This was verified for each gene separately.
Results are shown as the average of two independent
measurements of the RT-PCR reaction for each gene.

Table 2 Clinicopathologic data of the ovarian carcinoma effusion
cohort (64 patients)

Parameter Number of specimens

Age Range, 35–79 Mean=61
FIGO stage II 1

III 35
IV 28

Grade I 4
II 20
III 27a

NAb 13
Residual disease ≤2 cm 20

>2 cm 34
NAc 10

Histology Serous 52
Clear cell 4
Mixed epithelial 4
Undifferentiated 3
NAd 1

Chemotherapye No 30
Yes 34

a Including four patients with clear cell carcinomas
bNA Non-available, including specimens from inoperable patients (7)
and patients operated in hospitals in which tumor grade was not scored
and primary tumor could not be accessed for assessment of grade (6)
c Including specimens from inoperable patients (7) and patients
operated in hospitals in which tumor grade was not scored (3)
d One patient who was inoperable and underwent limited biopsy in
order to establish a diagnosis of malignancy
e For the first specimen for patients with >1 effusion
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All PCR products were extracted from gel by MEGA-
spin Agarose Gel DNA Extraction Kit (Talron Biotech,
Israel) and sequence verified (Hy-Laboratories, Israel).

Immunoprecipitation

Twenty-five OC specimens were thawed and washed twice
in phosphate-buffered saline (PBS). Samples were subse-
quently lysed in 1% NP-40, 20 mM Tris–HCl pH 7.5,
137 mM NaCl, 0.5 mM ethylenediaminetetraacetic acid
(EDTA), 10% glycerol, protease inhibitor cocktail (Sigma-
Aldrich), and 0.1% sodium dodecyl sulfate (SDS). After
centrifugation, the supernatant was collected, and protein
content was evaluated by the Bradford assay. Five hundred
micrograms from each sample were taken for immunopre-
cipitation. Samples were diluted in lysis buffer (50 mM
Tris, pH 8, 200 mM NaCl, 20 mM MgCl, 2% NP-40). Non-
specific binding proteins were removed from the cell
lysates by the addition of 50 μl of CL-4B pre-washed
twice with washing buffer (0.5% NP-40 in 50 mM Tris,
pH 7.4, 150 mM NaCl, and 5 mM EDTA). Samples were
incubated overnight with 1 μl of LOXL4 polyclonal
antibody (Abnova, Taipei, Taiwan), following the addition
of 30 μl of Protein G PLUS-agarose (Santa Cruz
Biotechnology, Santa Cruz, CA), previously washed with
washing buffer, for 1 h. The pellet was washed three times
with wash buffer plus 0.1% SDS and then re-suspended in
Laemli sample buffer (Bio-Rad, Hercules, CA) containing
5% β-mercaptoethanol. The released materials were sub-
jected to 8% SDS polyacrylamide gel electrophoresis and
transferred to polyvinylidene difluoride membranes (Milli-
pore, Billerica, MA). Nonspecific binding sites were
blocked by incubating the membrane in PBS containing
5% skim milk. Blots were incubated with anti-LOXL4
polyclonal antibody (Abnova). Antibody was detected
using anti-mouse secondary antibody (Jackson Immunor-
esearch, West Grove, PA) and enhanced chemilumines-
cence Western blotting detection reagents (Thermo Fisher
Scientific, Waltham, MA).

Statistical analysis

Statistical analysis was performed applying the SPSS-PC
package (Version 13, Chicago, IL). Probability of <0.05
was considered statistically significant. Comparative anal-
yses of LOXL expression with respect to tumor type and
anatomic site were performed both for quantitative mea-
surement results and for absolute expression. Quantitative
comparison of LOXL levels at different anatomic sites in
OC and breast carcinoma was undertaken using the Mann–
Whitney U test. The same test was applied to the analysis
of association between LOXL expression in OC effusions
and clinicopathologic parameters, including effusion site

(peritoneum vs. pleura), patient age (≤60 vs. >60 years),
histological grade (1–2 vs. 3), FIGO stage (III vs. IV), the
volume of residual disease (≤1 vs. >1 cm), and chemother-
apy status (pre- vs. post-chemotherapy specimens, previous
treatment with platinum agents or paclitaxel). The Kruskal–
Wallis H test was used for the comparative quantitative
analysis of LOXL expression in effusions of different tumor
types. Analyses of the association between absolute LOXL
expression (yes vs. no) and anatomic site were performed
using the two-sided chi-square test.

Results

LOXL enzymes are differentially expressed at various
anatomic sites in OC and breast carcinoma

Previous studies have shown a role for LOXL2 in breast
cancer invasion [11] and the involvement of LOXL2 and
LOXL3 in induction of EMT in epithelial cells, further
supporting their implication in tumor progression [12]. Our
objective was to investigate whether LOXL2, LOXL3, and
LOXL4 are expressed in OC, breast carcinoma, and MM
and to analyze potential anatomic site-related differences in
their expression level.

LOXL2, LOXL3, and full-length LOXL4 mRNA were
detected in the majority of OC specimens at all anatomic
sites (Table 3, Fig. 1a,b). Comparative analyses of expression
levels obtained in quantitative analysis of band size and
intensity for LOXL2, LOXL3, and LOXL4 did not show
significant anatomic site-related differences in their expres-
sion (p>0.05, Kruskal–Wallis H Test). However, analysis of
absolute expression (positive vs. negative cases) showed
significantly more frequent LOXL3 mRNA expression in
primary tumors and solid metastases compared to effusions
(p=0.001, chi-square test; Fig. 1c).

As in OC, LOXL2 and LOXL3 were frequently
expressed in breast carcinoma specimens at both the
primary site and effusion. However, full-length LOXL4
mRNAwas expressed only in effusions (Fig. 1d,f, Table 3).
Comparative quantitative analysis showed significantly
higher LOXL2 (p=0.003) and lower LOXL3 (p<0.001)
expression in effusions compared to primary carcinomas.

LOXL4 mRNA undergoes alternative splicing

When performing RT-PCR for LOXL4 mRNA expression,
three different products were generated, in the lengths of
558, 396, and 247 bp. Sequencing of these products
revealed the two shorter products to be the products of
alternative splicing, while the longest one represented the
full-length LOXL4 mRNA. Analysis of the LOXL4 mRNA
sequence for exon distribution revealed the spliced seg-
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Fig. 1 LOXL enzymes are differentially expressed at various anatomic
sites in ovarian and breast carcinoma. a RT-PCR analysis of LOXL2,
LOXL3, LOXL4 mRNA, and 28S rRNA expression in five ovarian
carcinoma (OC) effusions. All specimens express the enzymes. P
positive control, N negative control. b RT-PCR analysis of LOXL2,
LOXL3, LOXL4 mRNA, and 28S rRNA expression in seven primary
OC. LOXL2 and LOXL3 are expressed in all cases, LOXL4 in six of
seven tumors. P positive control, N negative control. c LOXL3 absolute
expression is significantly lower in effusions compared with primary
tumors and metastases. Y-axis Absolute expression (positive vs. negative

cases). *p=0.001. d Comparative analysis shows significantly higher
LOXL2 and lower LOXL3 expression in breast carcinoma effusions
compared to primary breast carcinomas. Y-axis Mean ranks. *p=0.003,
**p<0.001. e RT-PCR analysis of LOXL2, LOXL3, LOXL4 mRNA,
and 28S rRNA expression in eight breast carcinoma effusions showing
variable expression of the three enzymes. P positive control, N negative
control. f RT-PCR analysis of LOXL2, LOXL3, LOXL4 mRNA, and
28S rRNA expression in eight primary breast carcinomas. Variable
expression of LOXL2 and LOXL3 is seen, while LOXL4 is not
expressed in any of the cases. P positive control, N negative control

Table 3 Anatomic site-related LOXL mRNA expression

Tumor Gene Anatomic site p value

Effusion Primary Metastasis

Ovarian carcinoma LOXL2 65/70 (93%) 40/40 (100%) 15/15 (100%) >0.05
LOXL3 55/70 (79%) 40/40 (100%) 15/15 (100%) 0.001a,b

LOXL4 FL 47/70 (67%) 29/40 (72%) 12/15 (80%) >0.05
LOXL4 Splv-1 41/70 (59%) 15/40 (37%) 7/15 (47%) 0.005b,c

LOXL4 Svpl-2 26/70 (37%) 0/40 (0%) 0/15 (0%) <0.001b,c

Breast carcinoma LOXL2 30/31 (97%) 17/23 (74%) NA 0.003c,d

LOXL3 30/31 (97%) 23/23 (100%) NA <0.001a,d

LOXL4 FL 22/31 (71%) 0/23 (0%) NA <0.001b,c,d

LOXL4 Splv-1 12/31 (39%) 0/23 (0%) NA <0.001b,c,d

LOXL4 Svpl-2 6/31 (19%) 0/23 (0%) NA <0.001b,c,d

FL full-length, NA not analyzed
a Solids>Effusions
b for absolute expression (yes vs. no)
c Effusions>solids
d For quantitative expression
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ments to be exon 9 (splv-1) or both 8 and 9 (splv-2)
(Fig. 2a). Within the encoded protein, exons 8 and 9 together
are translated to a functional unit and form scavenger
receptor cysteine rich 4 (SRCR4). In the 396-bp product, a
162-bp segment is cut out (splv-1), which comprises the
second half of SRCR4. In the 247 bp product, the entire
SRCR4 is cut out (splv-2).

Whereas full-length LOXL4 mRNA was detected in
the majority of OC, the splv-1 and splv-2 variants were
less frequently expressed at all anatomic sites (Table 3,
Fig. 2b). The splv-1 variant was more highly expressed in
effusions (p=0.005), while splv-2 was present only in
effusions. Consequently, only effusion samples expressed
all three mRNA variants, whereas primary tumors and
metastases expressed only one or two isoforms. Another
notable characteristic of LOXL4 expression was that the
full-length variant was the most frequently apparent, either
on its own or along with one or two splice variants. There
were no specimens in which only splice variants were
expressed.

As for full-length LOXL4 mRNA, splv-1 and splv-2
were expressed in breast carcinoma effusions but were
uniformly absent in primary carcinomas (Table 3). As in

OC, LOXL4 was expressed in breast carcinoma effusions in
a complex manner, where the presence of one, two, or three
isoforms was seen. Unlike in OC, 1/31 (3%) effusions
expressed only the splv-2 variant.

LOXL2 and LOXL3 were found in all MM and RM
effusions. LOXL4 full-length was found in 31% of MM
and 25% of RM effusions (Fig. 3a). Splv-1 was found in
19% of MM and in 25% of RM effusions. Splv-2 was
found in 31% of MM and in 37% of RM effusions (Fig. 3c).
As in OC and breast carcinoma, one, two, or three LOXL4
isoforms were seen in MM effusions. Expression of
only the shortest variant was seen in 3/25 (12%) MM
effusions.

LOXL mRNA expression in effusions differs as function
of tumor type

In an attempt to better characterize the expression of LOXLs
in effusions, we compared the expression of LOXL2,
LOXL3, and LOXL4 in OC, breast carcinoma, MM, and
RM. Comparative analysis showed significantly higher ex-
pression of both LOXL2 and LOXL3 in MM compared to
the other three specimen groups (p<0.001 for both). LOXL4
expression level was higher in OC and breast carcinomas
compared to MM and RM effusions. The difference in
LOXL4 expression was retained in analysis of the full-length
and splv-1 variant (p<0.001 and p=0.001, respectively),
with no statistically significant difference for the splv-2
variant (Fig. 3b).

LOXL mRNA expression in OC effusions is higher
in post-chemotherapy effusions

The association between LOXL expression and clinico-
pathologic parameters was analyzed for 64 patients with
OC effusions. A trend for higher LOXL4 levels was found
in post-chemotherapy (disease recurrence) effusions com-
pared to pre-chemotherapy (primary diagnosis) effusions
(mean rank=36 vs. 28; p=0.06). This difference became
significant when previous administration of platinum (mean
rank=37 vs. 27; p=0.03) or paclitaxel (mean rank=38 vs.
26; p=0.011) was analyzed. Previous treatment using
paclitaxel was also associated with more frequent presence
of the splv-1 LOXL4 isoform (mean rank=28 vs. 36; p=
0.046). Higher LOXL4 levels were additionally found in
effusions from patients with smaller residual disease
volume (≤1 cm; mean rank=33 vs. 24; p=0.03). No
association with the mRNA level of any of the enzymes
or the presence of LOXL4 isoforms and effusion site
(peritoneum vs. pleura), patient age (≤60 vs. >60 years),
histological grade (1–2 vs. 3), and FIGO stage (III vs. IV)
was demonstrated (p>0.05, data not shown).

Fig. 2 LOXL4 splice variants. a Schematic diagram of LOXL4 full-
length mRNA and protein and its splice variants. Exons are shown as
gray boxes. In the protein diagram, SRCR domains are shown as black
boxes, the copper-binding domain as a gray circle and LTQ residues
as a gray triangle. b Variability in LOXL4 mRNA expression pattern
at different anatomic sites in OC. All three variants are detectable in
some effusions (upper gel), while solid metastases (middle gel) and
primary carcinomas (lower gel) express only the full length and splv-1
forms
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LOXL4 protein is expressed in OC

Following our finding of LOXL4 alternative splicing, we
were interested in learning whether these splice variants are
translated into protein. Using immunblotting, we were
unable to detect LOXL4 protein in our tumor samples.
This was true using both existing commercial LOXL4
antibodies (Abnova) and an independently raised anti-
LOXL4 antibody. We then decided to perform an immu-
noprecipitation assay on 25 representative OC specimens
and were able to detect various amounts of LOXL4 protein.
However, only the full-length protein was apparent, in the
expected size of 98 kDa (Fig. 4).

Discussion

The two best-characterized members of the lysyl oxidase
family, LOX and LOXL, have been known as extracellular
enzymes responsible for crosslink formation in fibrillar
collagen and elastin [28, 29]. Recent molecular cloning has
revealed the existence of a human LOX family consisting
of three additional paralogues, LOXL2, LOXL3, and
LOXL4. Recently, members of the LOX family have been
localized both intracellularly and intranuclearly [30] and
implicated in various biological functions, including pro-
cesses important to cancer development and progression,
such as cell growth control [31], adhesion, motility, and
invasion [10,32]. Previous studies have shown a pro-
invasive role for LOXL2 in breast cancer cells [11] and
involvement of LOXL2 and LOXL3 in tumor progression
[13]. In the present study, we studied the expression of
LOXL members with the aim of establishing whether they
can differentiate between OC, breast carcinoma, MM, and
RM in the diagnostic setting. We additionally compared
LOXL mRNA expression in solid tumors vs. effusions in
OC and breast carcinoma, with the objective of defining
their potential role in tumor progression in these tumors,
and analyzed the association between LOXL levels and
clinicopathologic parameters in OC.

OC expressed LOXL2, LOXL3, and the full-length
LOXL4 with no apparent site differences. However,
analysis of absolute expression (positive vs. negative cases)
showed significantly higher LOXL3 mRNA expression in

Fig. 4 Only the full-length LOXL4 protein is expressed in OC. IP
analysis followed by immunoblotting of OC effusions and solid
tumors. Lane 1 Positive control (ES-2 cell line transfected with full-
length LOXL4). Lane 2 Negative control (ES-2 cell line transfected
with a control vector). Lanes 3–5 OC effusions. Lanes 6–8 OC solid
tumors

Fig. 3 LOXL expression in effusions differs as function of tumor
type. a RT-PCR analysis of LOXL2, LOXL3, LOXL4 mRNA, and
28S rRNA expression in eight malignant mesothelioma (MM)
samples. LOXL2 and LOXL3 are expressed in all specimens with
varying intensity, with fewer cases expressing LOXL4. Lane 1
Positive control. b LOXL2 and LOXL3 expression is significantly
higher in MM effusions compared with OC, breast carcinoma, and
reactive mesothelial (RM) effusions. LOXL4 full-length and splv-1
are significantly lower in MM and RM effusions compared with OC
and breast carcinoma effusions. Y-axis Mean ranks. *p<0.001 **p=
0.001. c LOXL4 expression pattern in reactive mesothelium (RM) vs.
MM. LOXL4 is expressed in two of five RM specimens (upper row,
lanes 1–2) and in three of six MM specimens (lower row, lanes 3, 5,
and 6). Expression of the three LOXL4 variants is seen only in MM
(lane 3). P positive control
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primary tumors and solid metastases compared to effusion
samples.

Breast carcinomas showed a completely different ex-
pression profile. LOXL2 was significantly higher in
effusions compared to primary tumors, while LOXL3 was
significantly lower in effusions. LOXL4 was expressed
only in effusion samples. These results indicate that
LOXL3 down-regulation may be a common event in
effusions of different origin, while differential regulation
exists for LOXL2 and LOXL4 in OC and breast carcinoma,
in spite of their common tendency to metastasize to the
serosal cavities.

In order to obtain a broader view on LOXL expression in
effusions, we also analyzed LOXL expression in two
additional specimen types, MM and RM effusions. LOXL2
and LOXL3 were expressed both in MM and RM effusions.
To our surprise, LOXL2 and LOXL3 were significantly
higher in MM as compared to the other three effusion types,
whereas LOXL4 expression was higher in OC and breast
carcinoma effusions compared to MM or RM specimens.
This suggests that high LOX4 expression is characteristic
of adenocarcinomas in effusions, possibly taking over the
role of LOX3, which is downregulated at this anatomic site.

While analyzing the expression of LOXL4, it became
evident that this enzyme is expressed in at least three splice
variants: a full-length variant, a variant lacking exon 9, and
a variant lacking exons 8 and 9. Domain analysis of
LOXL4 variants indicates deletion of a SRCR domain from
the protein. These domains are known to mediate the
protein–protein interactions for cell adhesion and cell
signaling and are found either on the cell surface proteins
or secreted proteins [33, 34]. The fact that LOXL4 and its
splice variants are expressed more frequently in effusions
may indicate on their involvement in the transition from the
solid to the effusion state, while changing their cell–cell
adhesion properties and their cell-matrix interactions.

The full-length variant showed no anatomic site prefer-
ence in OC. Splv1 was significantly higher in OC effusions
compared to solid tumors, while splv2 appeared only in OC
effusions. Of special interest is our finding, though
infrequent, of transformation in the expression of LOXL4
from full-length to variant in breast carcinoma and MM, a
feature none of the OC samples showed.

LOXL4 protein was not easily detected in our tumor
samples. This could be due to small amount of translation
of this protein in the tumors or, more likely, due to poor
performance of the available antibodies. LOXL4 splice
variants were not shown to be translated into proteins in
OC. This is of interest, as it may indicate a regulatory
function these variants have at the RNA level.

Analysis of the association between LOXL levels and
clinicopathologic parameters for patients with OC effusions
revealed higher LOXL4 mRNA expression following

treatment by both platinum compounds and paclitaxel. In
our cohort, post-chemotherapy specimens were obtained at
disease recurrence and are therefore more advanced in
terms of tumor progression. The expression differences in
full-length LOXL4 and the slpv-1 isoform may therefore
suggest either induction of this enzyme by these agents or
selection of LOXL4-producing tumor cell populations
along tumor progression in OC effusions.

To our best knowledge, this is the first study to show
anatomic site-related LOXL2, LOXL3, and LOXL4 ex-
pression in OC and breast carcinomas or to analyze the
expression of these enzymes in MM or RM effusions. The
differences in the LOXL expression profile between tumor
cells in effusions and solid tumors in both OC and breast
carcinoma support the significance of this enzyme family in
the progression of cancer. Specifically, the unique splice
variant distribution for LOXL4, with universal absence of
this enzyme in primary breast carcinoma, lack of splv-2
variant in solid OC, and low LOXL4 expression in RM
suggest a specific role in the late and generally rapidly fatal
stage of tumor progression to effusion.
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Ezrin immunohistochemical expression in cartilaginous
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chondroblastic osteosarcoma and chondrosarcoma

Sébastien Salas & Gonzague de Pinieux &

Anne Gomez-Brouchet & Frédérique Larrousserie &

Xavier Leroy & Sébastien Aubert &
Anne-Valérie Decouvelaere & Roch Giorgi &
Carla Fernandez & Corinne Bouvier

Received: 25 June 2008 /Revised: 22 September 2008 /Accepted: 16 October 2008 / Published online: 3 December 2008
# Springer-Verlag 2008

Abstract Ezrin is a cytoskeleton linker protein that is
actively involved in the metastatic process of cancer cells.
We have recently reported that ezrin expression in
conventional osteosarcoma was an independent prognostic
factor for event-free survival and overall survival. In this
work, ezrin expression was found in all histological

subtypes. Especially cartilaginous areas in chondroblastic
osteosarcomas were immunopositive for ezrin. We wanted
to know if ezrin could be a useful diagnostic marker in
bone pathology. We have searched for ezrin expression in
208 cartilaginous tumours by immunohistochemistry and
in 16 chondroblastic osteosarcomas. All conventional

Virchows Arch (2009) 454:81–87
DOI 10.1007/s00428-008-0692-8

S. Salas : C. Fernandez :C. Bouvier
Service d’Anatomie Pathologique,
Hôpital la Timone,
Assistance Publique-Hôpitaux de Marseille,
264 rue Saint Pierre,
13385 Marseille cedex 5, France

S. Salas
Service d’Oncologie Médicale Adulte,
Hôpital la Timone,
Assistance Publique-Hôpitaux de Marseille,
264 rue Saint Pierre,
13385 Marseille cedex 5, France

G. de Pinieux
Service d’Anatomie Pathologique,
Hôpital Trousseau,
CHRU,
37044 Tours cedex 9, France

A. Gomez-Brouchet
Service d’Anatomie Pathologique,
Hôpital Rangueil,
av du Pr Poulhès,
31403 Toulouse, France

F. Larrousserie
Service d’Anatomie Pathologique,
Hôpital Cochin,
27 rue du Faubourg Saint Jacques,
75679 Paris cedex 14, France

X. Leroy : S. Aubert
Pôle Pathologie, CHRU,
av Oscar lambret,
59037 Lille, France

A.-V. Decouvelaere
Département d’Anatomie et de Cytologie Pathologique,
centre Léon Bérard,
28 rue Laennec,
69373 Lyon Cedex 8, France

R. Giorgi
Service de Santé Publique et d’Information médicale,
Hôpital la Timone,
Assistance Publique-Hôpitaux de Marseille,
rue Saint Pierre,
13385 Marseille cedex 5, France

R. Giorgi
LERTIM, EA 3283, Aix-Marseille Université,
Faculté de Médecine,
27 Bd Jean Moulin,
13385 Marseille Cedex, France

C. Bouvier (*)
UMR 911, Equipe IV : Angiogénèse,
invasion et microenvironnement tumoral,
Faculté de Médecine Timone,
27, Bd Jean Moulin,
13005 Marseilles, France
e-mail: corinne.bouvier@univmed.fr



chondrosarcomas, whatever their grade, were negative, while
ten of 16 chondroblastic osteosarcomas were positive. In
contrast, dedifferentiated (five of 14) and mesenchymal
chondrosarcomas (five of ten) showed ezrin positivity. Some
chondroblastomas and more rarely chondromyxoid fibromas
also exhibited ezrin expression. These data suggest that ezrin
is a useful immunohistochemical marker for differential
diagnosis between chondroblastic osteosarcomas and conven-
tional chondrosarcomas with a specificity of 100%. Ezrin
expression in dedifferentiated and mesenchymal chondrosar-
comas which are aggressive neoplasms resistant to conven-
tional treatment means that ezrin could be a therapeutic target.
Ezrin expression in chondroblastomas is more intriguing and
requires further study to assess prognostic value.

Keywords Ezrin . Cartilaginous tumours .

Chondroblastic osteosarcomas .

Conventional chondrosarcoma .

Mesenchymal chondrosarcoma .

Dedifferentiated chondrosarcoma .

Chondroblastoma . Immunohistochemistry

Introduction

In bone pathology, diagnosis mainly relies on microscopic
features with knowledge of imaging data since specific
immunohistochemical markers of osteoblastic or chondro-
genic lineage or markers of malignancy are lacking.
Recently, overexpression of ezrin protein has been corre-
lated with the metastatic potential of several cancers
especially conventional osteosarcoma [1–3]. Ezrin belongs
to the ezrin/radixin/moesin (ERM) protein family which act
as membrane organizers and linkers between plasma
membrane and cytoskeleton [4]. ERM proteins occur in
the cytoplasm in an inactive closed conformation with N-
terminal to C-terminal associations within the protein or
with the other ERM members. Upon threonine and tyrosine
phosphorylation, ezrin assumes an active open conforma-
tion, moves to the cell membrane and tethers F-actin
directly or indirectly to the cell membrane [5]. Ezrin, also
known as cytovillin or villin2, is a component of cell-
surface structures which are involved in cell adhesion to the
extracellular matrix as well as in cell–cell interactions,
receptor tyrosine-kinase signalling (cmet/hepatocyte growth
factor pathway), signal transduction through Rho GTPase
and interactions with the Akt-mediated cellular apoptotic
machinery. Khanna et al., using sets of cell line variants of
osteosarcomas with low or high metastatic properties,
found that vil2 gene mapped to chromosome 6q25-26,
was consistently overexpressed in the metastatically capa-
ble clones [1]. More recently, they also showed that stable
transfection with full length anti-sense ezrin diminished

experimental and spontaneous metastases of osteosarcoma
in mice. High expression of ezrin in dog osteosarcomas was
also associated with early pulmonary metastases, and a
significant association with high ezrin expression and poor
outcome was also found in a small cohort of pediatric
osteosarcomas [6]. Additional studies have confirmed ezrin
expression in vivo in a larger cohort of conventional central
high-grade osteosarcomas, while low-grade osteosarcomas
were negative [7]. More recently, we have shown that ezrin
expression by immunohistochemistry (IHC) on biopsy prior
to chemotherapy was an independent prognostic factor for
event-free and overall survival in multivariate analysis in a
series of 37 osteosarcomas [8]. In this work, ezrin
expression was found in all histological subtypes of
osteosarcomas. Especially cartilaginous areas in chondro-
blastic osteosarcomas (CBOS) were immunopositive for
ezrin. As it is sometimes difficult to distinguish chondro-
blastic osteosarcoma from conventional chondrosarcoma
(C-CHS) in a small biopsy, we have performed an
immunohistochemistry study with anti-ezrin antibody in a
large panel of benign and malignant cartilaginous tumours
and in 16 chondroblastic osteosarcomas, in search of
diagnostic value. We especially wanted to know if ezrin
expression by IHC could help to differentiate chondrosar-
comas from osteosarcomas.

Materials and methods

Tumour specimens

Sixteen biopsies at the time of diagnosis from chondro-
blastic osteosarcomas were available for immunohisto-
chemical study. Osteosarcomas were selected if more than
50% of the matrix was cartilaginous. All tumours were
high-grade conventional osteosarcomas. All patients were
from the Timone hospital, and diagnosis was done between
1997 and 2007. Eight cases had been previously reported in
a study dealing with prognostic value of ezrin expression in
osteosarcomas [8]. Eight other cases have been added. All
were children except two cases.

Malignant cartilaginous tumours encompassed : 101
central conventional chondrosarcomas (C-CHS; 18 grade
I, 65 grade II and 18 grade III), three peripheral
secondary grade I chondrosarcomas developed on a pre-
existing osteochondroma, ten mesenchymal chondrosar-
comas, 14 dedifferentiated chondrosarcomas (D-CHS),
ten clear-cell chondrosarcomas. Seventy benign cartilag-
inous tumours were studied and included 20 enchondro-
mas, 20 osteochondromas, eight chondromyxoid
fibromas (CMF) and 22 chondroblastomas (CB). The
cartilaginous tumour specimens were retrieved from the
archives of the Timone, Cochin, Rangueil, Trousseau,
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Leon Bérard and Lille hospitals. The work was carried
out collaboratively by the French Group of Bone
Pathologists. For all tumours, histological diagnosis was
performed on haematoxylin phloxin saffron staining
according to the World Health Organization (WHO)
classification of bone tumours by two pathologists: the
pathologist of the center of origin of the patients and Dr
C. Bouvier, who performed the IHC study.

Immunohistochemistry

All specimens were fixed in formalin. Decalcification was
used if necessary andwas heterogeneous between the different
institutions. Sections of 4 μm thickness were prepared from
one representative paraffin block of formalin-fixed benign
cartilaginous tumours, clear cell, mesenchymal, dedifferenti-
ated chondrosarcomas and chondroblastic osteosarcomas. For
conventional central chondrosarcomas, we studied 30 cases
(ten grade I, 15 grade II and five grade III) with a selected
whole block of paraffin retrieved from the pathology archives
of the Timone Hospital. We also performed ezrin IHC in an
independent cohort of C-CHS using tissue-microarray (TMA)
blocks constructed with tumour specimens from the Cochin
hospital to increase the number of tumours studied. They
encompassed eight grade I, 50 grade II and 13 grade III C-
CHS. For each tumour, cores of 1 mm diameter were punched
to build the TMA blocks. Automated immunohistochemistry
was performed with avidin–biotin–peroxidase complex on a
Ventana 320 Device (Tucson, AZ, USA) with Ventana kits
(Strasbourg, France) including 3-amino-9-ethylcarbazole
reagent. Sections were counterstained with haematoxylin
and mounted in glycergel (Dakocytomation, USA). Ezrin
antibody (Sigma, clone 3C12) was diluted to 1:250. Heat
antigen retrieval was used with citrate buffer (pH=6). Paraffin
sections from placenta collected after birth were used as
external positive control. Slides incubated without antibodies
were performed for negative control. Immunohistochemistry
was recorded as positive for ezrin when membranous and/or
cytoplasmic staining was observed. For positive cases, a
semiquantitative assessment was done. A percentage of
stained cells was calculated. One hundred cells were counted
in the most stained areas when whole paraffin sections were
used. A percentage of staining among all the cells present on
the three cores was calculated for each tumour present on
TMA blocks. More than 5% of the cells stained was the
arbitrary cut-off to accept positivity. Then three classes of
ezrin positivity were defined: 5–10%, 11–25% or >25% of
stained cells.

Statistical analysis

To evaluate the performances of ezrin for the differential
diagnosis between chondroblastic osteosarcomas and

chondrosarcomas, we assessed the sensitivity, specificity
and positive and negative predictive values of ezrin. The
95% confidence interval (95%) of these indicators was
computed using binomial probabilities (R free software,
version 2.6.1).

Results

Malignant tumours

Ten of 16 (62.5%) CBOS showed ezrin cytoplasmic
positivity (Fig. 1a,b; Tables 1 and 2) in the cartilaginous
lobules and in the spindle cells at the periphery of the
lobules. Three cases had no more than 10% of stained cells,
four cases had 11–25% of stained cells, and three cases had
more than 25% of stained cells. There was no ezrin
expression in C-CHS whatever their grade (Fig. 1c,d).
Secondary peripheral chondrosarcomas were also negative.
Tumour cells did not express ezrin in clear cell chondro-
sarcomas (CCC), while osteoblasts were positive in the
areas of osteogenesis (Fig. 2a,b). In contrast, ezrin
cytoplasmic positivity was present (in less than 25% of
the cells) in five of 14 dedifferentiated chondrosarcomas
and in five of ten mesenchymal chondrosarcomas. In both
subtypes of chondrosarcomas, ezrin expression was only
observed in the high-grade cellular areas, while hyalin
cartilage islands were negative (Fig. 2c–f). No osteosar-
comatous contingent was observed in areas of dedifferen-
tiation in D-CHS. Ezrin positivity was observed in areas of
pleimorphic sarcoma in these tumours.

For differential diagnosis between chondroblastic osteo-
sarcomas and all types of chondrosarcomas, the sensitivity
was 62.5% (95% CI=0.38–0.81), and the specificity was
91% (95% CI=0.85–0.95). Positive predictive value was
50% (95% CI=0.30–0.70) and negative predictive value
94.7% (95% CI=0.89–0.97). When comparing chondro-
blastic osteosarcomas with conventional chondrosarcomas,
sensitivity was 62.5% (95% CI=0.38–0.81), while speci-
ficity was 100% (95% CI=0.95–1.00). The positive
predictive value was 100% (95% CI=0.72–1.00), and the
negative predictive value 93.1% (95% CI=0.85–0.96).

Benign tumours

Only chondroblastomas and chondromyxoid fibromas
showed some positivity. Seven from 22 (32%) CB had
either cytoplasmic and membranous expression of ezrin
(four cases; Fig. 1e) or cytoplasmic immunotaining only
(three cases; Fig. 1f). In four cases of CB, more than 25%
of the cells were stained.

In two cases of CMF, ezrin positivity was observed very
focally at the periphery of the lobules in cells that look like
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chondroblasts. All enchondromas and osteochondromas
were negative (data not shown).

Discussion

The cytoskeleton linker protein ezrin is involved in tumour
development and progression in several types of cancers
such as gliomas, melanomas, soft tissue sarcomas and more
recently osteosarcomas [1–3, 9]. We [8] and others [6, 10]
have previously reported the prognostic value of ezrin
expression in central conventional osteosarcomas. We
wanted to investigate the diagnosis value of ezrin expression
in bone tumours, especially in order to distinguish osteosar-
coma from chondrosarcoma. In our previous series [8], 62%
of paraffin-embedded samples of central high-grade osteo-
sarcomas were positive for ezrin by IHC, and ezrin
expression was observed in all the histological subtypes

including chondroblastic osteosarcomas [8]. Ferrari et al.
also reported ezrin expression in chondroblastic osteosarco-
mas (nine of nine cases). Interestingly, in the present series,
no case of central conventional chondrosarcoma, even of
high grade (II and III), showed ezrin expression by IHC.
Specificity and positive predictive values for ezrin IHC were
100%, though sensitivity is lower. These data may be useful
to distinguish chondroblastic osteosarcoma from chondro-
sarcoma on a small biopsy. About 25% of osteosarcomas
showed prominent cartilage differentiation and are called
chondroblastic. They are made of lobules of cartilage with
cells in the lacunae having the cytologic features of high-
grade malignancy. They also show a condensation of spindle
cells at the periphery of the lobules with a gradual transition
from the chondroid areas to the spindle cell areas. Interest-
ingly, ezrin immunodetection highlights these spindle cells.
Lace-like osteoid is usually seen between the spindle cells,
but when sometimes lacking, its absence is assumed to result

Fig. 1 a, b Chondroblastic os-
teosarcoma (haematoxylin
phloxin saffron (HPS), a ×40)
ezrin expression by IHC
(b, ×100): spindle peripheral
cells and cells in lacunae are
positive in cartilaginous areas. c,
d Conventional grade II chon-
drosarcoma (HPS, c ×100) lack
of ezrin expression by IHC
(d ×100). e, f Ezrin immunos-
taining in chondroblastoma:
membranous and cytoplasmic
staining (e ×40) or cytoplasmic
staining only (f ×40)
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from a sampling problem. While lack of ezrin expression is
not contributive, positivity for ezrin in a high-grade cartilage
tumour with spindle cells but without clear-cut osteoid
production allows the tumour to be classified as an
osteosarcoma rather than a chondrosarcoma. Of course,
clinical and radiological data are also of utmost importance
to distinguish osteosarcoma from chondrosarcoma.

Among histological subtypes of chondrosarcomas, dedif-
ferentiated chondrosarcomas could rarely be misdiagnosed as
osteosarcoma especially when areas of osteogenesis are
observed. Ezrin IHC in those cases would not be discrim-
inant since dedifferentiated chondrosarcomas showed vari-
able positivity in the anaplastic component, and diagnosis
will rely on microscopic distinctive features. In CBOS, the
cartilage component is very malignant-looking and merges
into the spindle cell component, unlike the abrupt change
from a low-grade to high-grade spindle cell sarcoma in
dedifferentiated chondrosarcoma. In contrast to mesenchy-
mal and dedifferentiated chondrosarcomas, clear cell chon-

drosarcomas were always negative. These data are in line
with the more indolent behaviour of the CCC which are
usually of a low grade of malignancy giving mainly local
recurrence but rarely metastases, while mesenchymal or
dedifferentiated chondrosarcomas are highly malignant
tumours with high metastatic rates and dismal prognosis
[11, 12]. This is the first report of ezrin expression in these
neoplasms. However, activation of the mTOR pathway has
been previously reported in mesenchymal chondrosarcomas
[13]. In Ewing sarcoma [2] and in osteosarcoma [14], the
metastatic action of ezrin is dependent on the AKT/mTOR
signal transduction cascade. Further studies are required on
mesenchymal chondrosarcomas to clarify the relationship
between ezrin and the mTOR signalling pathway. As these
neoplasms are resistant to conventional chemotherapy,
rapamycine would be an alternative treatment.

Exceptional cases of “chondroblastoma-like” or “chon-
dromyxoid fibroma-like” osteosarcomas have been reported
[15–17]. Again, in these cases, ezrin IHC could not be used
to distinguish them from CB or CMF since these tumours
showed consistent positivity.

However, positivity for ezrin in CB is an interesting
finding to help to distinguish them from clear cell
chondrosarcomas which sometimes have radiological and
histological overlapping features with CB [18]. Except for
collagen II which is present in the extracellular matrix of
CCC only, no other immunohistochemical marker is helpful
for this differential diagnosis [18]. Even if CB belongs to
cartilaginous tumours in the WHO classification, its
histogenesis is controversial. Some authors have previously
shown that CB shared some antigens such as collagene type
I with osteogenic tumours [19]. In line with these data,
ezrin which is mainly expressed by osteogenic tumours
could be an additional marker of CB.

The pattern of ezrin expression in CB cytoplasmic or
membranous and cytoplasmic is also intriguing. Recently,
in conventional high-grade osteosarcomas, Ferrari et al.
showed that only membranous and cytoplasmic ezrin
expression was pejorative for prognosis [10]. As after
threonine and tyrosine phosphorylation, ezrin which is in
the cytoplasm achieves an active conformation and moves
to the cell membrane, it is possible that membranous ezrin
expression corresponds to the “active” form of ezrin, and
this might explain why this pattern of expression is
correlated to more aggressive behaviour in osteosarcoma.
In contrast, the majority of chondroblastomas have a benign
course. However, local recurrence or metastases can
occasionally occur. The quality of surgery remains the
main prognostic factor for recurrence in these tumours [20].
Further studies are required to show whether ezrin
expression could be predictive of recurrence or metastasis
and also to elucidate the value of the membranous
immunostaining in these tumours.

Table 1 Ezrin expression by immunohistochemistry in cartilaginous
tumours and chondroblastic osteosarcomas

Histologic diagnosis Total number
of tumours

Ezrin positive
cases

C-CHS grade I 18 0
C-CHS grade II 65 0
C-CHS grade III 18 0
Peripheral secondary grade I 3 0
Chondrosarcomas
Clear cell chondrosarcomas 10 0
Mesenchymal chondrosarcomas 10 5
Dedifferentiated chondrosarcomas 14 5
Enchondromas 20 0
Osteochondromas 20 0
Chondroblastomas 22 7
Chondromyxoid fibromas 8 2
Chondroblastic osteosarcomas 16 10

C-CHS conventional chondrosarcomas

Table 2 Semi quantitative ezrin expression by IHC

Number of
positive cases

5–10% 11–25% >25%

10 Chondroblastic
osteosarcomas

3 4 3

5 Mesenchymal
chondrosarcomas

1 4 0

5 Dedifferentiated
chondrosarcomas

2 3 0

7 Chondroblastomas 2 1 4
2 Chondromyxoid

fibromas
2 0 0
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This study has some limitations. Firstly, ezrin is a marker
involved in the metastatic process in osteosarcomas with
variable expression. Ezrin positivity was reported in 43% to
62.5% of osteosarcomas [7, 8, 10]. It might be argued that,
for a diagnosis marker, the sensitivity is low. In contrast, the
specificity is high since no C-CHS expressed ezrin. So, used
in special circumstances with knowledge of clinical and
radiological data, ezrin expression is in favour of CBOS
rather than C-CHS. Secondly, it is a retrospective study
comparing IHC data achieved either on biopsies (CBOS and
C-CHS) or on resection specimens (C-CHS). However,
patients with a C-CHS did not have any treatment before
surgery that could have modified ezrin expression at the time
of surgery. Ezrin expression should not differ on biopsies or
on resection. Nevertheless, more powerful data would be
provided by a prospective study on biopsy specimens on the
basis of these preliminary interesting results.

Thirdly, decalcification which could alter antigenicity
always makes it difficult to perform immunohistochemical
studies in bone pathology. However, retrieval antigen techni-
ques and new-generation IHC automates nowmake it possible
to work more reliably on decalcified specimens. Ideally, a
homogenous decalcification process adopted in different
pathology departments would improve IHC reproducibility.

Fourthly, the use of TMA in the IHC study raised the
question of their reliability since small cores might not
adequately represent the whole section because of hetero-
geneous protein expression. Concordance between results
achieved with TMA or whole sections appears to be
marker- and tissue-specific [21]. However, TMA represen-
tativeness is improved if the number and size of cores is
increased, as was done in the present study.

In conclusion, we have shown in this study that, among
malignant cartilaginous tumours, only aggressive histological

Fig. 2 a, b Clear cell chondro-
sarcoma (HES, a ×40), ezrin
expression in osteoblasts but not
in cartilaginous tumoral cells
(b ×100). c–f In dedifferentiated
and mesenchymal chondrosar-
comas areas, containing hyalin
cartilage were negative (c ×40
and e ×100), while high-grade
cellular areas were ezrin positive
(respectively, d ×40 and f ×40)
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subtypes of CS: dedifferentiated and mesenchymal CS
expressed ezrin by IHC, suggesting that ezrin could be a
molecular therapeutic target in these tumours. Ezrin expres-
sion in CB is more intriguing, and further series are required
to determine its prognostic value in large series. The lack of
ezrin expression by conventional chondrosarcoma is an
interesting finding that is helpful to distinguish them from
chondroblastic osteosarcoma. A prospective study on biop-
sies is mandatory to confirm these data.
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Abstract We present a series of a distinct tumorous entity
named renal angiomyoadenomatous tumor (RAT). Five
cases were retrieved from the consultation files of the
authors. Histologic and immunohistochemical features were
evaluated. Sequencing analysis of coding region of the
VHL gene was carried out in all cases. The tumors were
composed of admixture of an epithelial clear cell compo-
nent and prominent leiomyomatous stroma. Epithelial cells
formed adenomatous tubular formations endowed with
blister-like apical snouts. All tubular/glandular structures
were lined by a fine capillary network. The epithelial
component was positive for epithelial membrane antigen,
CK7, CK20, AE1-AE3, CAM5.2, and vimentin in all cases.
In all analyzed samples, no mutation of the VHL gene was
found. RAT is a distinct morphologic entity, being different
morphologically, immunohistochemically, and genetically
from all renal tumors including conventional clear cell

carcinoma and mixed epithelial and stromal tumor of
kidney.

Keywords Renal angiomyoadenomatous tumor .

Mixed epithelial and stromal tumor .

Leiomyomatous stroma . Kidney

Introduction

Renal angiomyoadenomatous tumor (RAT) is a recently
described neoplasm microscopically characterized by leio-
myomatous stroma often forming abortive vascular struc-
tures surrounding and encasing a distinctive epithelial
component [18]. Since the time we published a case of
RAT, we have been receiving in consultation putative cases
of RAT with the request to confirm or exclude the
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diagnosis. This resulted in identification of five new cases
of RAT, which clinicopathologic and genetic features are
presented herein.

Materials and methods

The five cases of RAT were collected from the files of the
Charles University Hospital Plzen in the Czech Republic,
the Red Cross Hospital Kochi (originated from Kansai
Medical School Hirakata Hospital) in Japan, the University
Hospital Dubrava in Zagreb in Croatia, the EPM/UNIFESP
Sao Paulo in Brazil, and Cytopathos s.r.o. Bratislava in the
Slovak Republic.

Histologic sections of formalin-fixed, paraffin-embedded
tissue were stained with hematoxylin and eosin. Primary
antibodies to the following antigens were employed:
cytokeratins CK7 and 8 (clone CAM5.2, at 1:50, Becton-
Dickinson, San Jose, CA, USA), Pancytokeratin (clone AE1-
AE3, at 1:500, Boehringer, Mannheim, Germany), CK7
(clone OV-TL 12/30, at 1:200, DakoCytomation, Glostrup,
Denmark), CK20 (clone K20.8, at 1:1,000, Neomarkers,
Fremont, CA, USA), epithelial membrane antigen (EMA;
clone E29, at 1:1,000, DakoCytomation), carbonic anhydrase
IX (R&D Systems, Minneapolis, MN, USA; clone 303123,
at 1:500), Ki-67 (clone MIB1, at 1:200, DakoCytomation),
HMB45 (clone HMB45, at 1:300, DakoCytomation), S100
protein (polyclonal, at 1:200, Novocastra, Newcastle, UK),
TFE3 (polyclonal, at 1:500, Santa Cruz Biotechnology, Santa
Cruz CA, USA), CD34 (clone QBEnd10 at 1:800, Neo-
Markers), CD117 (polyclonal, at 1:150, NeoMarkers),
vimentin (clone V9, at 1:1,000, Neomarkers), racemase
(clone P504S, at 1:3,500, Assay Design, Ann Arbor, MI,
USA), smooth muscle actin (clone 1A4, at 1:1,000,
DakoCytomation), desmin (clone D33, at 1:3,000, DakoCy-
tomation), caldesmon (clone h-CD, at 1:50, DakoCytoma-
tion), calponin (clone CALP, at 1:1,000, DakoCytomation)
and factor VIII (polyclonal, at 1:4,000, DakoCytomation),
tyrosinase (clone T311, at 1:400, DakoCytomation), and
Melan A (clone A103, at 1:400, DakoCytomation). The
primary antibodies were visualized using the supersensitive
streptavidin–biotin–peroxidase complex (BioGenex, San
Ramon, CA, USA).

Analysis of VHL gene mutation and 3p loss
of heterozygosity

Five 10-μm thick sections of tumor tissue were cut from
formalin-fixed, paraffin-embedded blocks. Epithelial and
smooth muscle components were manually microdissected.
DNAwas extracted separately from each component by the
NucleoSpin Tissue Kit (Macherey Nagel, Duren, Germany)
according to manufacturer’s protocol. Polymerase chain

reaction (PCR) for the VHL gene analysis was carried out
using primers displayed in Table 1. PCR for loss of
heterozygosity (LOH) analysis of chromosome 3p was
performed using short tandem repeat (STR) markers and
primers shown in Table 2. Normal tissues of the same
patients were used as a reference. The reaction conditions
were as follows: 12.5 μl of HotStart Taq PCR Master Mix
(QIAgen, Hilden, Germany), 10 pmol of each primer,
100 ng of template DNA, and distilled water up to 25 μl.
Amplification program for all fragments, except the marker
D3S666, consisted of denaturation at 95°C for 15 min, then
40 cycles of denaturation at 95°C for 1 min, annealing at
55°C for 1 min, and extension at 72°C for 1 min. The
program was finished by 72°C incubation for 7 min.
Annealing temperature for fragment D3S666 was 58°C.

Successfully amplified PCR products of the VHL gene
were purified with a Montage PCR Centrifugal Filter
Devices (Millipore, Billerica, MA, USA) and sequenced
using a Big Dye Terminator Sequencing kit (PE/Applied
Biosystems, Foster City, CA, USA). Samples were then run
on an automated sequencer ABI Prism 310 (PE/Applied
Biosystems) at a constant voltage of 11.3 kV for 20 min.
Successfully amplified PCR products of STR markers were
mixed with a size marker and run on an automated
sequencer ABI Prism 310 (PE/Applied Biosystems) at a
constant voltage of 15 kV for 28 min.

Ultrastructure

Formalin-fixed wet material from one case was available
for ultrastructural analysis. The formalin-fixed sample was
postfixed in 2% glutaraldehyde, contrasted in 1% osmium
tetroxide, and embedded in epoxy resin (Durcupan-Epon).
Semithin sections were cut, stained with toluidine blue,
and examined by light microscopy. Thin sections from
representative areas were then cut, stained with uranyl
acetate and lead citrate, and examined with a Philips
(Eindhoven, Holland) EM208S transmission electronic
microscope.

Small pieces of paraffin-embedded tissues were obtained
from additional two cases. Tissues were deparaffinized
according protocol of Widéhn and Kindblom and reproc-
essed for ultrastructure examination [22].

Results

Clinical features

The basic clinicopathologic data of the patients are
summarized in Table 3.

Four out of the five patients with RAT were men, and
one patient was a woman. The age of the patients ranged
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from 49 to 93 years (mean 64.6 years). None of the patients
had signs of tuberous sclerosis. The female patient had
adenocarcinoma of sigmoid colon diagnosed 1 year before
nephrectomy for the RAT. The kidney tumor was discov-
ered during a regular check-up oncologic examination; it
remained unknown whether the renal tumor was present
already at the time of abdominal surgery for the adenocar-
cinoma of the colon. The adenocarcinoma of the colon
recurred 1 year after the nephrectomy, and the recurrence
was surgically excised. Twenty-nine months after the
nephrectomy, the patient died of metastatic colonic adeno-
carcinoma without recurrence of RAT. Of the remaining
four patients, three were alive and well at 8, 9, and
12 months, and one patient was lost to follow-up.

Gross findings

The largest dimensions of RATs ranged from 2.3 to 8.5 cm
(mean 4.1 cm). The renal pelvis, renal veins, and sinus were
not involved by any of the tumors. Grossly, RATs were
grayish or tan to light brown in color (Fig. 1a). The tumors
were sharply circumscribed with a variously thick capsule.

Microcystic change was apparent in all cases. One case
revealed marked cystic changes (Fig. 1b). There were no
grossly apparent necroses; however, patchy hemorrhagic
areas were frequent.

Microscopic findings

Histologically, all tumors had a variously thick capsule
formed by a layer of bands of smooth muscle (Fig. 2). All
tumors were characterized by the intimate intermixture of
an epithelial component and smooth muscle tissue. The
latter formed a predominant component of the tumor mass
in case 3; it was prominent but not dominant in three cases
and rather inconspicuous but still well developed in the
remaining case 5. The epithelial tissue was represented by
adenomatous structures composed of cells with small
deeply basophilic nuclei, often in a linear arrangement
reminding of small beads on a string (Fig. 3). The nuclei of
the neoplastic cells were of equal size and small; only in
case 3, there were rare cells with somewhat enlarged nuclei.
Some glandular structures were more distended and
contained deeply eosinophilic colloid with “moth-eaten”
peripheral areas (Fig. 4). Cytologically, the nuclei of the
epithelial cells in these glandular structures were irregular
and manifested one to several inconspicuous nucleoli; there
were many cells with variously cleaved nuclei. In a
majority of the well-formed tubular or branching structures,
the nuclei were in a basal position close to the basal
membrane. The cytoplasm of the cells was covered by
typical clear snouts, which looked like optically clear
blisters and appeared as though being grafted on the
luminal surface of the cells. The equal size of the secretory
cells with basophilic nuclei caused by dense nuclear
chromatin alienated along the basal membrane combined
with the prominent apical clear snouts resulted in a focal

Table 2 Primers for amplification of STR markers for LOH 3p
analysis

STR marker Sequence 5′ → 3′

D3S1317 TACAAGTTCAGTGGAGAACC
CCTCCAGGCCATACACAGTCA

D3S1300 AGCTCACATTCTAGTCAGCCT
GCCAATTCCCCAGATG

D3S666 CAAGGCATTAAAGTGGCCACGC
GTTTGAACCAGTTTCCTACTGAG

D3S1768 GGTTGCTGCCAAAGATTAGA
CACTGTGATTTGCTGTTGGA

Table 1 Primers for amplification and sequencing of the VHL gene

Exon Name Sequence 5′ → 3′ Reference

Exon 1 VHL e1–1 CGCGAAGACTACGGAGGT New primers
VHL e1–2 GTCTTCTTCAGGGCCGTA
VHL e1–3 GAGGCAGGCGTCGAAGAG
VHL e1–4 GCGATTGCAGAAGATGACCT
VHL e1–5 GCCGAGGAGGAGATGGAG
VHL e1–6 CCCGTACCTCGGTAGCTGT
VHL e1–7 CCGTATGGCTCAACTTCGAC
VHL e1–8 GCTTCAGACCGTGCTATCGT

Exon 2 VHL e2–1 ACCGGTGTGGCTCTTTAACA New primers
VHL e2–2 TCCTGTACTTACCACAACAACCTT

Exon 3 VHL e3–1 GATTTGGTTTTTGCCCTTCC Michal et al. [17]
VHL e3–2 ACATTTGGGTGGTCTTCCAG
VHL e3–3 CGTCAGGTCGCTCTACGAA
VHL e3–4c CCATCAAAAGCTGAGATGAAAC
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but characteristic appearance of some adenomatous struc-
tures reminiscent of a “shark’s smile” (Fig. 5). Focally, the
lumina of the tubules were collapsed, which resulted in a
solid growth pattern in these areas (Fig. 6). In other places,
the tumors showed gradual (Fig. 7a) or sharp (Fig. 7b)
transitions to areas with a clear cell change. Focally, these
clear cell adenomatous structures grew interspersed among
the adenomatous areas with basophilic nuclei (Fig. 7c).

These clear cell areas bore some resemblance to conven-
tional clear cell carcinomas, grade 1 according to Fuhrman.
In these clear cell areas, the nuclei of the neoplastic cells
often lost their basal positions, and the clear snouts were
much less conspicuous or entirely absent (Fig. 7d).

There was a remarkable relationship between a capillary
network and the epithelial component in the sense that
every single adenomatous structure of RAT, whether in the
solid, tubular, or clear cell areas, was associated with a
capillary network, with the capillaries intimately surround-
ing the circumference of the basal membrane of all
adenomatous structures (Fig. 8). In those areas, in which
the adenomatous structures branched and formed micro-
papillary projections, these capillaries formed their only
supportive stroma. This capillary vasculature was often
poorly recognizable in hematoxylin and eosin stained slides
but was apparent with immunohistochemical stains for
endothelial markers or pericytes (see below). No such
capillary network was observed in ten randomly selected
cases of the clear cell renal carcinoma and one case of clear
cell renal carcinoma associated with leiomyomatous stroma
from our files.

There were no atypias or mitoses apparent in the
tumors. The stromal muscular component formed eosino-
philic bundles and strands of leiomyomatous tissue
composed of elongated cells with cigar-shaped nuclei
when cut along the long axis. The leiomyomatous stroma
grew inside the tumors among the epithelial component,
and in addition, variously thick bands of leiomyomatous
tissue encircled the whole tumors, forming thus a
continuous capsule (Fig. 1). Focally, the leiomyomatous
tissue formed abortive vessels with formations of incom-
plete walls with lumina, which usually lacked elastic layer,
or the elastic stains showed a small amount of thin
disorganized elastic fibers. The leiomyomatous tissue often
entirely encased patches of adenomatous structures (Fig. 9a,
b), or it formed only small leiomyomatous islands within
the epithelial component (Fig. 9c). The leiomyomatous

Table 3 Clinical features

Sex/age Side Size Follow-up

Case 1 M/58 Right 2.3×2.3×
1.8 cm

9 months AW

Case 2 M/49 Left Diameter
4.6 cm

1 year AW

Case 3 M/93 Right 8.5×8×3 cm 8 months AW, then LOF
Case 4 F/73 Left Diameter

2.5 cm
29 months DWTa

Case 5 M/50 Right Diameter
2.5 cm

LOF

F female, M male, AW alive and well, LOF loss on follow-up, DWT died without tumor
a Patient died of metastatic disease of colonic adenocarcinoma

Fig. 1 The tumor is grayish or tan to light brown in color (a). Marked
cystic changes as evident here were detected in one case (b)
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stroma frequently underwent a myxoid or hyaline change.
Metaplastic ossification was noted in case 3. Adipose tissue
and other tissues such as, for example, thick blood vessels
devoid of elastic layer with the typical arrangement of the
myoid stromal cells perpendicularly to the lumina of these
vessels, that may be seen in renal angiomyolipoma
(PECOMA), were not detected in our cases of RAT.
Multinucleated cell granulomas or hyaline globules, which
are sometimes seen in conventional clear renal cell
carcinomas [8–10], were not observed in any of the tumors
in our series.

Histochemical findings

Mucicarmine stain was negative throughout the tumors.
Glycogen and periodic acid–Schiff (PAS) stainings showed
various amounts of glycogen (digested with PAS-diastase)
in the adenomatous structures including the clear snouts
(Fig. 10), as the amount of glycogen in tissues depends on
the time of fixation in formol.

Fig. 2 a The tumor is surrounded by a variously thick capsule formed
by a layer of bands of smooth muscle incorporating abortive
angiomatous structures (hematoxylin and eosin stain). The same slide
with smooth muscle actin antibody staining (b)

Fig. 3 The epithelial component is represented by adenomatous
structures composed of cells with small deeply basophilic nuclei often
in a linear arrangement reminding small beads on a string. The
cytoplasm of the cells manifest clear snouts appearing like optically
clear blisters at the apical surface (hematoxylin and eosin stain)

Fig. 4 Some glandular structures are distended and contain deeply
eosinophilic colloid, which has a “moth-eaten” appearance at the
periphery (a, b) (hematoxylin and eosin stain)
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Immunohistochemical findings

Immunohistochemically, the epithelial component of tumors
was positive with all antibodies to cytokeratins AE1-AE3,
CAM 5.2, CK 7, and CK 20. While CK7 always strongly
stained all epithelial tissues, the reaction with CK20 was
only weak and often focal. In addition to cytokeratin
positivity, the epithelial component was strongly positive
for EMA and vimentin in all cases and, unexpectedly, for
tyrosinase in one case. CD10 reacted negatively in four
tumors, while in the remaining case, there were rare
epithelial cells that stained weakly for this marker. The
epithelial component was negative with all the rest of the
tested antibodies including HMB45 and Melan A. Carbonic
anhydrase IX antibody reacted in the epithelial component
positively and negatively in the leiomyomatous component
in all five cases.

The stromal leiomyomatous component reacted posi-
tively and strongly with antibodies to caldesmon,
calponin, vimentin, and smooth muscle actin in all cases,
whereas immunostaining for desmin was patchy and
weak. The leiomyomatous stromal component was
negative with all the rest of the tested antibodies,
including the melanocytic markers (HMB45, Melan A,
and tyrosinase).

The endothelial cells of the capillary network were
positive for FVIII and CD34 in all cases. Conspicuous
positivity of the pericytic network was apparent with CD31
or smooth muscle actin stains, highlighting the intimate
relationship of the capillary network with the glandular
structures (Fig. 11). The proliferative index (MIB1) was
generally very low, and always less than 1% of the cells
reacted positively.

Electron microscopic findings

Ultrastructurally, the epithelial cells had a well-formed
cytoplasmic membrane and were attached by desmosomes.
The cytoplasm was rich in organelles (Golgi apparatus,
lysosomes, mitochondria, and smooth endoplasmic reticu-
lum). Nuclei were round with irregular clefts and incon-
spicuous nucleoli. The cytoplasm of the tumor cells formed
edematous organelle-poor clear cytoplasmic snouts
corresponding with the structures visible at the light
microscopic level. Microvilli were present between snouts
on the apical surface of epithelial cells.

The leiomyomatous cells had convoluted and intended
nuclei and inconspicuous nucleoli; the cytoplasm contained
well-developed endoplasmic reticulum and intermediate
filaments. The ultrastructural features of the leiomyomatous
component were thus identical to other benign leiomyomas.

No melanosomes (or similar structures) were detected in
both cellular populations. There were no neurosecretory
granules seen in the cytoplasm of the cells.

Analysis of the VHL gene mutation and 3p LOH

Molecular genetic findings are summarized in Table 4.
Case no. 5 was excluded from the further analysis because
of low quality of DNA. In the remaining four cases, no
mutation of coding sequence of the VHL gene was found
in epithelial and smooth muscle cell components of the
tumors. PCR for LOH analysis of chromosome region 3p
did not reveal any copy number changes in all success-
fully analyzed samples.

Fig. 5 The equal size of the secretory cells with basophilic nuclei
alienated along the basal membrane together with prominent apical
clear snouts producing a similarity to a “shark’s smile” (hematoxylin
and eosin stain)

Fig. 6 Focal collapse of the lumina of the tubules resulting in a solid
growth pattern in these areas (hematoxylin and eosin stain)
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Discussion

There are two types of renal tumors that manifest the
characteristic epithelial and stromal components that are
mixed epithelial and stromal tumors of the kidney (MESTK)
and RAT. One of these two tumors, MESTK, is a recently
defined entity [1, 14–16, 20, 23] which, together with cystic
partially differentiated nephroblastomas and mesoblastic
nephromas, used to be lumped in the past under the
diagnostic term “cystic nephroma” [13]. RAT, first described
by Michal et al. in 2000, is characterized by tubular to
branching adenomatous structures endowed with apical clear
snouts and surrounded by a capillary network and variously
copious, HMB45-negative, leiomyomatous stroma focally
forming abortive vascular structures [18]. We consider
tyrosinase immunohistochemical positivity in the epithelial
component of one case of RAT in this series to be an
aberrant, however, interesting feature of the lesion.

Fig. 8 Capillaries intimately surrounding the circumference of the
basal membranes of adenomatous structures (hematoxylin and eosin
stain)

Fig. 7 Areas with a clear cell change. These transitions to clear cell
areas were either gradual (a) or sharp (b). In this area, clear cell
adenomatous structures are interspersed among adenomatous areas

with basophilic nuclei (c). In the clear cell areas, the nuclei of the
neoplastic cells often lost their basal positions and the clear snouts
were absent (d) (hematoxylin and eosin stain)
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The amount of leiomyomatous stroma in RAT is highly
variable. It may range from 10% to 70% of the whole tumor
mass, it forms abortive vascular structures, and notably, it
lacks a lipomatous component. In our experience and
according to the publication by Kuhn et al. [12], this

angioleiomyomatous stroma is not entirely specific for
RAT, as it can rarely be seen in conventional renal clear cell
carcinomas.

The epithelial component of RAT is unique to this tumor.
The equal size of the secretory cells with basophilic nuclei
lined in the basal positions and the apical clear snouts are
responsible for the typical appearance of the glandular
structures reminiscent of a “shark smile.” The other typical
feature is the fine and delicate network of capillaries
surrounding every single neoplastic tubule best visible on
immunohistochemical slides stained, for example, with
CD31 or smooth muscle actin (Fig. 11). In our experience,
the degree of this capillary networking in RAT surpasses
vasculature of the renal clear cell carcinomas.

The association of the above-described epithelial com-
ponent of RAT with the capillary network is also unique
and can serve as a diagnostic clue. This can be illustrated

Fig. 11 Conspicuous positivity of a pericytic network (immunohisto-
chemistry with smooth muscle actin antibody)

Fig. 10 PAS staining: note glycogen in glandular structures including
clear snouts (PAS staining)

Fig. 9 Leiomyomatous stroma encasing patches of adenomatous
structures (a, b) or forming only small leiomyomatous islands within
the epithelial component (c) (hematoxylin and eosin stain)
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by case 5 of this series, from which we originally received
only one tissue block, wherein there were present only
glandular structures with apical snouts forming the “shark’s
smile” and the garland-like capillaries endowing every
single tubule typical of RAT, with nearly no angioleio-
myomatous stroma. Being sure that the tumor represented
RAT, we asked the referring pathologist for additional
tissue blocks, and tissue sections from three of the four
additional blocks evidenced the typical angioleiomyoma-
tous stroma, although in this particular case, it represented a
minor component of the neoplasm, forming approximately
10% of the whole tumor mass.

There are several cases of renal cell tumors having
glandular component and leiomyomatous stroma published
in the literature. Honey et al. published a case of a bilateral
metachronous renal cell carcinoma in an 18-year-old female
patient with clinical evidence of tuberous sclerosis [11].
Beside the renal cell carcinoma, they described “an
abnormally large quantity of smooth muscle, not apparently
related to the pelvis or calyces, nor to blood vessels”.
Unfortunately, the authors provided neither description nor
illustration of the relationship between these bundles and
the renal cell carcinoma. Their patient was alive and well
4 years later [11]. Govaerts et al. reported a case of a 54-
year-old woman with no evidence of tuberous sclerosis,
which had a conventional renal cell carcinoma embedded
within a mesenchymal lesion thought to be of a hamartom-
atous nature and called by the authors as angiofibroma [7].
No follow-up information was provided. Canzonieri et al.
reported a case of a 54-year-old woman patient without
signs of tuberous sclerosis with three anatomically separat-
ed tumors in the same kidney. One was a typical
angiomyolipoma, whereas the other two were renal cell
carcinomas with a “fibroleiomuscular” component. The
patient was alive and well 6 months later [5]. The largest
series of these tumors was described by Kuhn et al., who
described five cases of renal cell carcinomas with an
angioleiomyoma-like proliferation [12]. Their patients
included four women and one man aged 37–75 years.
One patient died 3 years later with bone metastases, and no
follow-up was provided for the remaining four patients
[12]. Having reviewed figures of all above cited papers, we

think that none of them described a tumor similar to the
RAT. Specifically, no reported case reveals the typical
snouts in the apical parts of the glandular structures, and
none of the paper shows the basophilic nuclei alienated
along the basal membrane producing the typical “shark’
smile” arrangement. In addition, by the generosity of the
authors, we were able to review a slide of the case
published by Canzonieri et al. [5]. The stroma in their case
seems to be unique, as it was much more fibrous with a
“desmoplastic quality,” much different from the “angioleio-
myomatous” stroma in our cases or those published by
Kuhn et al. [12].

RAT further differs in one clinical aspect from the renal
cell tumors associated with angioleiomyomatous stroma
published so far [5, 7, 11, 12]. While published cases of the
latter shows a female predominance (seven out of eight
patients) [5, 7, 11, 12], four out of the five patients with
RAT in our series were males.

We are, however, aware of one possible case of RAT
published recently. On the page 187, the authors of AFIP
Fascicle 1 of “The Atlas of Tumor Pathology of Tumors of
the Kidney, Bladder and Related Structures” show a
putative mixed epithelial and stromal tumor of the kidney.
Their Fig. 2-175 illustrates a lesion with branching
adenomatous structures composed of basophilic nuclei
alienated close to the basal membrane and having focally
the same apical snouts as those in RAT. In addition, the rich
capillary network rimming the adenomatous structures in
their case seems to be identical to that seen in RAT [19].
We have never seen such an epithelial component in more
than 40 cases of MESTKs in our files. Although no stroma
is illustrated in the above figure of “MESTK” [19], we
suppose that the stroma of the tumor must have been most
probably angioleiomyomatous, being thus typical of RAT,
rather than ovarian type stroma characteristic of MESTK
[1, 16].

In the differential diagnosis, RAT should be distin-
guished from MESTK, angiomyolipomas, and clear renal
cell carcinomas with angioleiomyomatous stroma. MESTK,
in contrast to RAT, has a stroma, which is identical to
ovarian stroma. In our experience with more than 40 cases
of MESTK [14–16, 20, 23], pure leiomyomatous differen-

Table 4 Molecular genetic findings

Number of specimen D3S1317 D3S1300 D3S666 D3S1768 VHL mutation status

No 1 Negative NI Negative NA wt/wt
No 2 Negative Negative Negative Negative wt/wt
No 3 Negative NA NA NA wt/wt
No 4 Negative Negative NI Negative wt/wt
No 5 NA NA NA NA NA

NA non-analyzable, NI non-informative, wt wild type
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tiation in the ovarian stroma of MESTK is a rare finding,
and if present, it looks as a focal metaplasia usually arising
on the background of spindle cell ovarian stroma. MESTK
further differs from RAT by the frequent occurrence of
various Müllerian epithelial type differentiations including
those of Fallopian tubal, endometrial, squamous ones [16]
and even a variety with intestinal mucinous glandular
epithelium revealing typical Paneth cells [23]. This mixture
of various types of these Müllerian epithelia can often be
seen within a single tumor mass in MESTK [16]. In
addition, the ovarian stroma of MESTK can infrequently
reveal fibrous areas indistinguishable from corpora albican-
tia [15], and rarely, there may even be lutein stromal cells
identical to those seen in the ovaries [4]. Such epithelial and
stromal features are never seen in RATs.

Angiomyolipomas differ from RAT by the presence of
fat tissue and thick blood vessels devoid of elastic layer
with the typical arrangement of the myoid stromal cells
running perpendicularly to the lumina of these vessels.
Most angiomyolipomas are associated with tuberous scle-
rosis complex, an association not observed with RATs. In
addition, angiomyolipomas are usually devoid of glandular
epithelial component, the exception being occasional renal
cysts occurring especially in tuberous sclerosis patients.
Immunohistochemically, angioleiomyomas react with mel-
anocytic markers, especially with HMB45 practically in all
cases. None of the melanocytic markers tested positive in
the angioleiomyomatous stroma of RATs.

We further think that RAT differs from conventional
clear cell carcinomas, which can rarely be associated with
an identical leiomyomatous stroma occasionally forming
abortive vascular structures. However, the epithelial com-
ponent of RAT is entirely different from that in conven-
tional clear cell carcinomas and is very distinctive, with
basophilic nuclei arranged in typical rows and apical clear
snouts resulting in the typical focal appearance of glandular
structures to a “shark’s smile.” We have not encountered
such an epithelial component in any of the 14,000 renal cell
tumors in the Pilsen registry for kidney tumors. In addition,
the VHL gene mutations, so common of conventional clear
cell carcinomas, have not been found in any of the five
cases of RAT. Immunohistochemically, CD10, which is a
reliable marker of conventional clear cell carcinomas [3],
was entirely negative in RAT, with the exception of one case
wherein a small percentage of the neoplastic cells showed
positive immunoreaction. Carbonic anhydrase IX cannot help
in distinguishing RAT from clear cell renal carcinomas as both
are positive. This antibody is, in our experience, rather
nonspecific. Besides being reported to be present in many
extrarenal neoplasms [2], it is seen in occasional cases of the
papillary renal carcinoma [21]. In addition, it was reported to
be positive in all cases recently reported clear cell papillary
renal cell carcinomas, which the authors considered to be a

distinct histopathologic and molecular genetic entity [6]. The
immunopositivity of carbonic anhydrase IX of clear cell renal
carcinoma, clear cell papillary renal cell carcinoma [21], and
RAT is, however, interesting, because all these three tumor
types reveal abundant clear cell cytoplasm within the
epithelial component.

The last issue to discuss is the biological significance of
RAT. In the original paper describing the tumor in 2000, we
called it “benign renal angiomyoadenomatous tumor” [18].
In all four patients with RAT of the current series for whom
the follow-up was available, the tumor behaved in a benign
fashion. Histologically, all tumors looked benign. In spite
of these facts, we contemporary removed the adjective
“benign” from the name of the neoplasm until more cases
with a long follow-up are available to meaningfully
estimate their clinical behavior.

In summary, we describe five cases of a distinctive entity
which we named as renal angiomyoadenomatous tumor.
RAT was composed of typical epithelial component never
seen in other tumors in our registry and angioleiomyoma-
tous HMB45 negative stroma, which formed focally
abortive vascular structures. Most cases of RATs in our
series occurred in adult to old men (four of five), behaved
in a benign fashion, and were not associated with tuberous
sclerosis complex.
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Abstract CD10–common acute lymphoblastic leukemia
antigen is a membrane-bound zinc metalloproteinase that is
expressed by different hematopoietic cell types at unique
stages of lymphoid and myeloid differentiation. It was
reported to be expressed in various nonlymphoid cells and
tissue, as well as in various types of neoplasms. Recently, it
has been found to be useful in the differential diagnosis of
benign and malignant follicular-patterned lesions of the
thyroid. In the present study, we evaluated the staining pattern
of CD10 in various thyroid lesions, including 14 benign and
61malignant cases, as well as in adjacent thyroid tissue. CD10
was negative in normal thyroid tissue, adenomatous nodules,
minimally invasive follicular carcinoma, and well-differenti-
ated carcinoma. It was expressed in nine of 14 (64.2%)

conventional papillary carcinomas, four of 24 (16.6%)
follicular variant of papillary carcinomas, three of six (50%)
papillary microcarcinomas, one of nine (11.1%) widely
invasive follicular carcinomas, and three of ten (30%)
follicular adenomas. In contrast to results of previous studies,
CD10 is not useful in the classification of thyroid follicular
lesions as benign or malignant, but it shows strong positivity
in conventional papillary carcinoma.

Keywords Thyroid . Differential diagnosis . CD10–CALLA

Introduction

Follicular-patterned lesions of the thyroid encompassing
four entities—follicular adenoma, follicular carcinoma,
follicular variant of papillary carcinoma, and even nonneo-
plastic nodules of goiters (adenomatous nodules)—may
pose a diagnostic challenge even to the most experienced
pathologists [1–6]. There are two different problems in the
diagnosis of follicular-patterned lesions: the distinction of
minimally invasive follicular carcinoma from follicular
adenoma or adenomatous nodule and the confident identi-
fication of follicular carcinoma [6–8]. The standard basis for
the former differential is the presence of capsular and/or
vascular invasion in follicular carcinoma, while nuclear
features such as nuclear overlapping, intranuclear pseudoin-
clusions, optically clear nuclei, and grooves have been
emphasized as the major distinguishing features of the
follicular variant of papillary carcinoma [6, 8, 9]. Nuclear
features encountered in follicular nodules often show some,
but not all, of the nuclear features of papillary carcinoma,
making a clear-cut diagnosis difficult. Furthermore, decision
of vascular or capsular invasion is often difficult even by
serial sections, when the invasion is minimal [7, 10]. In an
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effort to overcome this problem, several markers of
malignancy have been investigated in both surgical and
fine-needle aspiration (FNA) cytology specimens, but they
all present some advantages and some limitations [6, 11, 12].

CD10 is a membrane-bound zinc metalloproteinase that
was originally used as a marker for common acute
lymphoblastic leukemia antigen (CALLA) [13, 14]. Re-
cently, it has been found to be reactive in various
nonlymphoid cells and tissue and in various types of
neoplasms [13, 14, 17]. In thyroid pathology, it was
identified in thyroid marginal zone non-Hodgkin lymphoma
[18]. It was also recently reported to be valuable in the
classification of thyroid follicular lesions into benign and
malignant groups [17].

In the present study, we aimed to assess whether CD10
can be used as a malignancy marker in thyroid pathology.

Materials and methods

Tissue specimens

Hematoxylin and eosin sections of 75 cases from the
Pathology Departments of Celal Bayar University, Ege
University, and the Ministry of Health Manisa State
Hospital, from 1997 to 2005, were evaluated. All tumors
were classified on the basis of World Health Organiza-
tion histological classification by two independent
investigators [9]. For confident diagnosis, immunohisto-
chemistry with CD34 and thyroglobulin was performed.
Cases included 10 follicular adenomas, 7 minimally
invasive follicular carcinomas, 9 widely invasive follic-
ular carcinomas, 24 follicular variant of papillary
carcinomas, 14 conventional papillary carcinomas, 6
papillary microcarcinomas (two with follicular pattern
and the remainder with classical papillary pattern), 1
well-differentiated carcinoma, and 4 adenomatous nod-
ules. Eighteen cases had accompanying lymphocytic
thyroiditis. One paraffin block with the most represen-
tative tumoral area and including adjacent thyroid tissue
wherever possible was selected for immunohistochemi-
cal study.

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed 5-
μm-thick paraffin-embedded tissue sections using the
streptavidin–biotin complex method (Lab Vision Corp.)
with monoclonal mouse antibody against human CD10/
CALLA Ab-2 (Neomarkers, MS-728-R7/60-min incuba-
tion). Prior to primary antibody, sections were pretreated in
a microwave for 6×5 min in 10 mmol/L citrate buffer
solution (pH 6.0). Immune complexes were visualized by

diaminobenzidine precipitation. Slides were counterstained
with Mayer’s hematoxylin and mounted.

Tonsil was used as the positive control and negative
controls were obtained by omitting the primary antibody.

Immunohistochemical evaluation

All slides were evaluated by two independent investigators
who were blinded with respect to the histological diagnosis.
The cells were regarded as positive when immunoreactivity
was clearly observed in the cytoplasm and cell membrane.
Immunoreactivity was graded as 0 (negative) when less
than 10% of the lesion was positive, 1 (weak) when the
positivity was restricted to 10–49% of the lesion, and 2
(strong) for staining in more than 50% of the lesion, as
previously reported [12].

Statistical analysis

Sensitivity, specificity, and diagnostic accuracy were
assessed. Sensitivity was defined as true positive/(true
positive+false negative) and specificity as true negative/
(true negative+false positive). Diagnostic accuracy was
defined as (frequency×sensitivity)+(1−frequency×speci-
ficity). The frequency was determined by calculating the
ratio of malignant cases to all cases.

Results

The results of immunohistochemical examination are
summarized in Table 1. No reactivity with CD10 was
determined in adjacent thyroid tissue (n=75), adenomatous
nodules (n=4), minimally invasive follicular carcinomas
(n=7), or well-differentiated carcinomas (n=1). Cases
with accompanying lymphocytic thyroiditis showed pos-
itivity in germinal centers of lymphoid follicles but not in
follicular cell cytoplasm or cell membrane of thyroid

Table 1 Immunoreactivity of CD10 in each diagnostic category

Diagnosis Total
case
number

CD10 immunostaining n (%)

Weak Strong Negative

Conventional PC 14 1 (7.1) 8 (57.1) 5 (35.7)
Follicular variant of PC 24 2 (8.3) 2 (8.3) 20 (83.3)
Papillary microcarcinoma 6 0 3 (50) 3 (50)
Minimally invasive FC 7 0 0 7 (100)
Widely invasive FC 9 0 1 (11.1) 8 (88.8)
Well-differentiated carcinoma 1 0 0 1 (100)
Follicular adenoma 10 2 (20) 1 (10) 7 (70)
Adenomatous nodule 4 0 0 4 (100)

PC papillary carcinoma, FC follicular carcinoma
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follicles. On the other hand, CD10 staining was identified
in nine of 14 (64.2%) conventional papillary carcinomas,
four of 24 (16.6%) follicular variant of papillary carcino-
mas, one of nine (11.1%) widely invasive follicular
carcinomas, three of six (50%) papillary microcarcinomas,
and three of ten (30%) follicular adenomas. Papillary
microcarcinomas that were positive with CD10 all showed
classical papillary pattern while two of the three negative
cases showed follicular pattern. CD10 was expressed
strongly in eight of nine positive-stained conventional
papillary carcinomas (Fig. 1a, b). Percentage of positive-
stained cases and staining intensity were greater in conven-
tional papillary carcinomas than in follicular variant of
papillary carcinomas, widely invasive follicular carcinomas
(Fig. 2a, b), and follicular adenomas (Fig. 3a, b).

Sensitivity, specificity, and diagnostic accuracy of
CD10 in the diagnosis of malignancy in follicular-
patterned thyroid lesions were 12%, 78%, and 29.2%,
respectively.

Discussion

CD10/NEP is a membrane-bound zinc metalloproteinase
that functions by reducing cellular responses to peptide

hormones. Recent studies suggest that CD10/NEP also
regulates peptide-mediated cellular proliferation [13]. It was
originally used as tumor-associated cell surface antigen
expressed by the majority of acute lymphoblastic leukemias
[13, 15]. CD10 was also expressed on a variety of
nonhematopoietic cell types including bronchial epithelial
cells, cultured fibroblasts, bone marrow stromal cells, renal
proximal tubular epithelial cells, breast myoepithelium,
biliary canaliculi, fetal intestine, and certain solid tumor
cell lines [13, 14, 17].

CD10 was recently studied in the thyroid gland by
Tomoda et al. [17] and found to be valuable in the
classification of thyroid follicular lesions into benign and
malignant groups and in the diagnosis of follicular variant
of papillary thyroid carcinoma.

Perhaps the most difficult problem in thyroid pathology
is the distinction of follicular carcinoma from follicular
adenoma and the clear-cut diagnosis of follicular variant of
papillary carcinoma. In a study that evaluated the observer
variation in the diagnosis of follicular variant of papillary
carcinoma, all ten experienced thyroid pathologists showed
agreement in the diagnosis in only 39% of cases [16].
Another study by Franc et al. that evaluated interobserver
and intraobserver reproducibility in the histopathology of
follicular carcinoma found the diagnosis of vascular and

Fig. 1 a Conventional papillary
carcinoma with papillary pattern
and typical nuclear features. b
Strong positivity of CD10 in
conventional papillary
carcinoma

Fig. 2 a Follicular carcinoma
with extensive capsular and
vascular invasion. b Weak pos-
itivity of CD10 in widely inva-
sive follicular carcinoma
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capsular invasion and the analysis of nuclear features to be
unreliable criteria for establishing malignancy in difficult
cases of encapsulated follicular thyroid tumors [10]. In
order to overcome the limitations in the histological
diagnosis of follicular-patterned thyroid lesions, several
markers of malignancy—such as Galectin-3, HMBE-1,
cytokeratin 19, CD44v6, thyroid peroxidase, S100, and
CD57—have been studied in both surgical and FNA
cytology specimens [6, 11, 12]. However, to date, none of
them has been found to be a specific malignancy marker for
follicular-patterned lesions.

CD10 was reported to be negative in normal thyroid
tissue, adenomatous nodules, follicular adenomas, and
conventional papillary carcinomas and positive in 80% of
follicular carcinomas and 77% of follicular variant papillary
carcinomas by Tomoda et al. [17]. Thus, it was suggested
as a useful marker for distinguishing follicular carcinoma
from follicular adenoma and benign hyperplastic nodules
and in the diagnosis of follicular variant of papillary
carcinoma. In the present study, consistent with the results
of Tomoda et al., CD10 was not detected in adenomatous
nodules and normal thyroid tissue adjacent to the lesions. In
contrast, we observed strong positivity in 64.2% of
conventional papillary carcinomas, while it was positive
in 16.6% of follicular variant of papillary carcinomas and in
11.1% of widely invasive follicular carcinomas and
negative in all minimally invasive follicular carcinomas.
We also observed positivity in 30% of follicular adenomas.
Papillary microcarcinomas with papillary architecture
showed strong reactivity with CD10 while those with
follicular pattern were negative. There was a significant
difference in positivity of CD10 in conventional papillary
carcinoma and follicular variant. This might support the
conclusion that follicular variant of papillary carcinoma
shows genetic differences from conventional papillary
carcinoma and suggests that at least a subset of follicular
variant of papillary carcinoma shares some features of
follicular carcinomas.

In conclusion, CD10 shows strong positivity in conven-
tional papillary carcinoma. It does not seem to be useful in
the classification of thyroid follicular lesions as benign and
malignant.

References

1. Vasko V, Ferrand M, Di Cristofaro J, Carayon P, Henry JF, de Micco
C (2003) Specific pattern of RAS oncogene mutations in follicular
thyroid tumors. J Clin Endocrinol Metab 88(6):2745–2752

2. Miller B, Burkey S, Lindberg G, Snyder WH 3rd, Nwariaku FE
(2004) Prevalence of malignancy within cytologically indetermi-
nate thyroid nodules. Am J Surg 188(5):459–462

3. Baloch ZW, Livolsi VA (2002) Follicular-patterned lesions of the
thyroid: the bane of the pathologist. Am J Clin Pathol 117(1):143–150

4. Gasbarri A, Martegani MP, Del Prete F, Lucante T, Natali PG,
Bartolazzi A (1999) Galectin-3 and CD44v6 isoforms in the
preoperative evaluation of thyroid nodules. J Clin Oncol 17
(11):3494–3502

5. Oestreicher-Kedem Y, Halpern M, Roizman P, Hardy B, Sulkes J,
Feinmesser R, Stern Y (2004) Diagnostic value of galectin-3 as a
marker for malignancy in follicular patterned thyroid lesions.
Head Neck 26(11):960–966

6. Beesley MF, McLaren KM (2002) Cytokeratin 19 and galectin-3
immunohistochemistry in the differential diagnosis of solitary
thyroid nodules. Histopathology 41(3):236–243

7. Williams ED (2000) Guest editorial: two proposals regarding the
terminology of thyroid tumors. Int J Surg Pathol 8(3):181–183

8. Evans HL (1984) Follicular neoplasms of the thyroid. A study of
44 cases followed for a minimum of 10 years, with emphasis on
differential diagnosis. Cancer 54(3):535–540

9. DeLellis RA, Lloyd RV, Heitz PU, Eng C (2004) Thyroid and
parathyroid tumours. World Health Organization Classification of
Tumours. Pathology and genetics of tumours of endocrine organs.
IARC, Lyon, pp 51–123

10. Franc B, de la Salmonière P, Lange F, Hoang C, Louvel A, de
Roquancourt A, Vildé F, Hejblum G, Chevret S, Chastang C
(2003) Interobserver and intraobserver reproducibility in the
histopathology of follicular thyroid carcinoma. Hum Pathol 34
(11):1092–2001

11. Volante M, Bozzalla-Cassione F, DePompa R, Saggiorato E,
Bartolazzi A, Orlandi F, Papotti M (2004) Galectin-3 and HBME-
1 expression in oncocytic cell tumors of the thyroid. Virchows
Arch 445(2):183–188

Fig. 3 a Follicular adenoma
(left corner), separated from
neighboring thyroid tissue by a
thick fibrous capsule. b Strong
positivity of CD10 in follicular
adenoma and negativity in adja-
cent normal thyroid tissue

104 Virchows Arch (2009) 454:101–105



12. Nasir A, Catalano E, Calafati S, Cantor A, Kaiser HE, Coppola D
(2004) Role of p53, CD44V6 and CD57 in differentiating between
benign and malignant follicular neoplasms of the thyroid. In Vivo
18(2):189–195

13. Shipp MA, Look AT (1993) Hematopoietic differentiation anti-
gens that are membrane-associated enzymes: cutting is the key.
Blood 82(4):1052–1070

14. Mechtersheimer G, Möller P (1989) Expression of the common
acute lymphoblastic leukemia antigen (CD10) in mesenchymal
tumors. Am J Pathol 134(5):961–965 May

15. Ritz J, Pesando JM, Notis-McConarty J, Lazarus H, Schlossman
SF (1980) A monoclonal antibody to human acute lymphoblastic
leukaemia antigen. Nature 283(5747):583–585

16. Lloyd RV, Erickson LA, Casey MB, Lam KY, Lohse CM, Asa
SL, Chan JK, DeLellis RA, Harach HR, Kakudo K, LiVolsi VA,
Rosai J, Sebo TJ, Sobrinho-Simoes M, Wenig BM, Lae ME
(2004) Observer variation in the diagnosis of follicular variant of
papillary thyroid carcinoma. Am J Surg Pathol 28(10):1336–
1340

17. Tomoda C, Kushima R, Takeuti E, Mukaisho K, Hattori T, Kitano
H (2003) CD10 expression is useful in the diagnosis of follicular
carcinoma and follicular variant of papillary thyroid carcinoma.
Thyroid 13(3):291–295

18. Millar EK, Waldron S, Spencer A, Braye S (1999) CD10 positive
thyroid marginal zone non-Hodgkin lymphoma. J Clin Pathol 52
(11):849–850

Virchows Arch (2009) 454:101–105 105



ORIGINAL ARTICLE

Molecular and morphological analysis of adenoid cystic
carcinoma of the breast with synchronous tubular adenosis

Leonard Da Silva & Lyndall Buck & Peter T. Simpson &

Lynne Reid & Naomi McCallum & Barry J. Madigan &

Sunil R. Lakhani

Received: 3 September 2008 /Accepted: 5 November 2008 / Published online: 25 November 2008
# Springer-Verlag 2008

Abstract Adenoid cystic carcinoma (ACC) of the breast is a
rare tumour. Its recognition as a special type of breast
carcinoma is very important because its prognosis is better
than the not-otherwise-specified invasive ductal carcinoma
and its treatment may not include axillary dissection. Tubular
adenosis (TA) is a very rare condition of the breast that is
histologically benign; however, it has been described in
association with invasive ductal carcinoma. There are scant
data regarding the molecular genomic alterations in ACC of
the breast and no data has been presented on TA. Herein,
we provide a morphological characterisation of TA arising
synchronically with ACC in the breast. To characterise
these lesions, we performed ultrastructural analysis, three-
dimensional reconstruction and molecular analysis using im-
munohistochemistry and comparative genomic hybridisation.
The copy number alterations found in ACC were restricted to
small deletions on 16p and 17q only, whereas the TA
harboured gains on 1q, 5p, 8q, 10q, 11p and 11q and losses
on 1p, 10q, 11q, 12q, 14q, 15q and 16q. These molecular data
highlight the genomic instability of TA, a benign florid
proliferation intermingled with ACC, and do not provide
evidence of molecular evolution from TA to ACC.

Keywords Adenoid cystic carcinoma . Tubular adenosis .

Microglandular adenosis . Breast cancer .

Comparative genomic hybridisation

Introduction

The breast and salivary glands are both comprised of
tubuloacinar exocrine glands. Not surprisingly, classifications
of tumours of breast and salivary glands show the histological
types of tumours in both sites. For instance, adenoid cystic
carcinoma (ACC), mucoepidermoid carcinoma and pleomor-
phic adenomas are a few of such examples of tumours which
can be found in both breast and salivary glands [1–3].

In sharp contrast to ACC of the breast, which represents
about 0.1% of all breast carcinomas [4], adenoid cystic
carcinoma accounts for about 10% to 15% of all parotid
malignancies [1]. Contrary to what is found in the salivary
gland, ACC of the breast is considered a much less
aggressive disease. The likelihood of an overt malignant
clinical progression is low and the growth of the tumour is
indolent [5]. ACC of the breast usually does not show the
classical appearance of invasive ductal carcinoma on either
mammography or ultrasound, perhaps owing to its relatively
well-defined borders [6]. Regional lymph node involvement
is rare [7]. Distant metastatic dissemination is rarely seen at
the time of the diagnosis, although local recurrence and
metastatic disease several years after initial presentation
can occur. Nonetheless, survival after the metastatic
event is good and death from mammary ACC is believed
to be a rare event [3, 8–12]. Hence, treatment consisting
of local conservative management [13–15] or mastectomy
without axillary dissection has been proposed [4]. Thus,
the correct classification of a tumour as being an ACC is
of relevance in clinical practice, and misclassification as

Virchows Arch (2009) 454:107–114
DOI 10.1007/s00428-008-0700-z

L. Da Silva (*) : P. T. Simpson : L. Reid : S. R. Lakhani
University of Queensland Centre for Clinical Research,
The Royal Brisbane & Women’s Hospital,
Level 6, Building 71/918, Herston,
Brisbane 4029, Australia
e-mail: l.dasilva@uq.edu.au

L. Da Silva : P. T. Simpson : L. Reid : S. R. Lakhani
Molecular & Cellular Pathology, School of Medicine,
University of Queensland,
Brisbane 4006, Australia

L. Buck :N. McCallum : B. J. Madigan : S. R. Lakhani
Pathology Queensland: The Royal Brisbane & Women’s Hospital,
Brisbane 4029, Australia



an invasive ductal carcinoma may lead to mismanagement
of patients.

ACCs of the breast may exhibit cribriform, trabecular–
tubular and/or solid patterns of growth. The solid pattern
comprised rounded or lobulated aggregates of tumour cell
nests with different sizes, and these nests may demonstrate
cyst-like spaces. The cribriform pattern exhibits a sieve-like
appearance, and islands of neoplastic epithelial cells may
group as multiple small and round, so-called pseudocystic
structures since continuity of the pseudolumens with the
connective tissue stroma is observed in some instances.
The tubular–trabecular variant has cells arranged in small
nests. Such cells can also circumscribe individual cyst-like
spaces. It is noteworthy that a mixture of such elements is
the usual picture of ACCs. Ultrastructural studies have
shown a bidirectional differentiation of ACC with luminal
(ductal) and abluminal (myoepithelial/basaloid) cells.
Basaloid cells are positive for vimentin and cytokeratin
14 (CK14) and focally for myoepithelial markers, including
smooth muscle actin (SMA), calponin, p63 and maspin. The
luminal cell type is usually positive for cytokeratin 7 (CK7).
Positivity for oestrogen receptor is rarely seen [8, 13, 16, 17]

There are limited cytogenetic and molecular data on
ACCs of the breast, restricted to cytogenetic analyses of a
few cases: 46,XX,t(4;4)(q21;q35),t(5;11)(q13;q21), 46,XX,
+1,der(1;16)(q10;p10) [18] and 46,XX,inv(9) [19]. There-
fore, ACC of the breast has been regarded as an important
and potential field of further investigation [20]. CD117 (c-kit),
a tyrosine kinase receptor and a target for Gleevec®
(Novartis AG, NJ, USA), has been shown to be expressed
in 100% of ACCs of the breast, which emphasises the
importance of recognising this entity in routine practice [17].
ACCs in sites other than breast have been shown to harbour
deletions of 6q, 12q and 13q and gains of chromosome 19 as
well as rearrangements involving chromosomes 6q and 9p
[19]. Recently, high-resolution array comparative genomic
hybridisation analysis showed that bronchial and salivary
ACC harbour low levels of genetic instability with few copy
number alterations or high level amplifications. Recurrent
gains included 7p15.2, 17q21-25 and 22q11-13, and recur-
rent losses included 1p35, 6q22-25, 8q12-13, 9p21, 12q12-
13 and 17p11-13 [21].

“Tubular adenosis” (TA) of the breast, a term that is
believed to have been firstly coined by Oberman [22, 23], is
a rare benign lesion. It comprised elongated tubules which are
lined by an inner bland-looking layer of cells and surrounded
by an intact myoepithelial outer layer, growing in a haphazard
and apparently branching fashion. The morphology of this
entity is rarely described. The importance of its recognition
relies on the likelihood of being misclassified as invasive
ductal carcinoma, especially at intraoperative frozen
section or when the lesion is colonised by DCIS [24].
Adenomyoepithelioma with apocrine adenosis as described

by Eusebi et al. [25, 26] is a lesion with a similar morphology
and probably in the same spectrum as tubular adenosis;
however, this lesion has a prominent myoepithelial cell
layer and less elongated tubules. Another differential
diagnoses under the umbrella of adenosis-type lesions is
microglandular adenosis (MGA) [27–29]. MGA is a
benign and rare mammary lesion in which the initial form
of presentation may be as an incidental microscopic lesion
or as a palpable tumour. Morphological evidence of transition
from MGA to ACC or invasive ductal carcinoma has been
suggested [16, 30–33]; however, there are no experimental
data to link tubular adenosis with progression to malignancy.
Herein, we present the first report of ACC of the breast
associated with tubular adenosis, including the first molec-
ular report of tubular adenosis. We have performed immu-
nohistochemistry (IHC), electronic microscopy, comparative
genomic hybriditisation (CGH) and three-dimensional re-
construction (3D-r) on the tissue to better understand the
relationship between these lesions.

Methodology

Clinical and pathological examination

A 50-year-old female patient from the Solomon Islands
presented with a 8.0×6.0×5.5 cm mass in her left breast
without evidence of axillary involvement. Mammography
showed a lesion with ill-defined borders, and the patient
underwent simple mastectomy without axillary dissection.
Formalin-fixed, paraffin-embedded (FFPE) tumour sections
were stained with haematoxylin and eosin (H&E), periodic
acid-Schiff-diastase (PAS-D) and a panel of immunohisto-
chemical markers to confirm the diagnosis. The slides were
reviewed by three pathologists (LDS, LB and SRL). The
patient provided consent, and the study was approved by
the local research ethics committees.

Immunohistochemistry

Sections from representative areas were cut at 4 μm and
mounted on silane-coated slides. Immunohistochemistry
was performed using the Envision® dual link system
(Dakocytomation, Denmark) according to the manufacturer’s
recommendations. Table 1 shows all antibodies used along
with the antibody clone and dilution. Antigenic retrieval for all
antibodies (except SMA) and epithelial membrane antigen
(EMA) which did not require any antigen retrieval required
2-min pressure cooking (105°C) in EDTA (pH 8.0) buffer.
Positive and negative controls were included in all runs, and
all slides were analysed by two pathologists (LDS, SRL)
under a double-headed optical light microscope. Cellular
localisation and percentage of cells stained for each antibody
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were recorded on both ACC and tubular adenosis. Intensity
was based on a four-tier system (negative, weak, moderate
and strong).

Ultrastructural analysis

Paraffin-embedded tissue was subjected to xylene treatment.
Subsequently, 1.0-mm-thick tissue blocks were rehydrated
and refixed in 5% buffered glutaraldehyde overnight and
followed by post-fixation in osmium tetroxide and re-
embedding in Epon. Viewing of the structures was performed
in a JEOL transmission electron microscopes (100/120 kV)
JEM-1011 (Washington, USA).

Comparative genomic hybridisation

Five-micron-thick FFPE sections were cut and stained with
nuclear fast red. ACC and TAwere separately microdissected
using the PixCell laser capture microdissection system
(Arcturus, Mountain View, CA, USA). DNA was extracted
using proteinase K digestion [34]. High-resolution CGH
(HR-CGH) [34, 35] was used to assess whole genome copy
number changes. DNA amplification and fluorescent labelling
of DNAwas carried out by degenerate oligonucleotide-primed
polymerase chain reaction in two rounds, and CGH was
performed according to a previously described protocol [34].
CGH on both components was repeated to validate the findings.

Three-dimensional reconstruction

Serial H&E-stained sections were cut at 4 μm. A total of
50 sections were analysed. For 3D-r, the series of slides
were scanned sequentially using a scanscope® (Aperio

Technologies, Vista, CA, USA). Then, digital images of
areas of containing both TA and ACC were chosen and
saved as tagged image format files using ImageScope®
(Aperio Technologies). For each image, three fiducial points
(cores of liver inserted within the paraffin block containing
the lesion) present in two consecutive sections were chosen
to allow the alignment of the serial sections. Reconstruct is a
free editor developed for 3D-r [36] and is freely available at
http://synapses.bu.edu/ or http://synapses.mcg.edu/. Thus, it
was used for the montage, alignment, analysis and visual-
isation of the serial sections. Traces were applied to areas of
the TA and ACC. After tracing and alignment, a 3D-r
representation with the relations between the TA and ACC
was generated. The tracing and choosing of the images
were performed by one pathologist (LDS).

Results

Morphological analysis

The ACC was characterised by a predominance of the solid
component. At least 70% of the tumour mass comprised
solid nests and sheets of neoplastic cells, including areas of
the recently described basaloid type, accounting for around
20% of the tumour [40]. The cribriform and trabecular–
tubular elements were also present, however in a lesser
extent (Fig. 1a,b). No lymphatic or perineural invasion was
seen. Mitoses were easily identified with an average count
of 20/10 fields (Olympus Microscope, model BX51, 40×
objective, 0.55-mm field diameter). Strikingly, the tumour
was totally infiltrated within and beyond its borders by a
lesion which was composed of elongated tubules which were
lined by an inner bland-looking layer of cells that displayed, in
some instances, accumulation of mucin in the cytoplasm
revealed by PAS-D positivity and oncocytiod morphology
characterised by eosinophilic granular cytoplasm. Nuclei were
bland and mitoses scant. The luminal cells were surrounded
by an intact myoepithelial layer and basement membrane. The
glands grew in a haphazard fashion with an apparent
branching pattern, evidenced by single glands with several
transversal lumen as well as glands with dumbbell shapes
(Fig. 1c,d). Furthermore, a small adenomyoepithelioma was
identified, measuring 0.5 cm in maximum dimension and
present adjacent to the ACC. The adenomyoepithelioma
comprised tubular glands that displayed two cell populations,
an outer multilayered myoepithelial type and an inner single
layer epithelial type. The myoepithelial component was
composed of cuboidal to spindle-shaped cells with round to
elongated nuclei with very small nucleoli. The epithelial
component was composed of columnar cells with eosinophilic
cytoplasm. No mitosis or evidence of atypia was identified in
this tumour.

Table 1 Details of antibodies used in immunohistochemistry

Antibody Company Clone–Dilution

PR Novocastra 1A6–1:500
ER Novocastra 6F11–1:100
HER2 DAKO Herceptest
p63 DAKO 4AL–1:400
SMA DAKO 1A4–1:100
Calponin DAKO CALP–1:100
Colagen IV DAKO CIV22–1:100
EMA DAKO E29–1:200
S100 DAKO Polyclonal–1:5000
CK5/6 DAKO D5/16B4–1:50
CK14 Neomarkers LL002–1:50
c-kit DAKO Polyclonal–1:200
E-cadherin Zymed HECD–1 1:20
GCDFP15 Signet D6–1:600
CK19 DAKO RCK108–1:25
CK7 DAKO OV-TL12/30–1:500
Cyclin D1 Neomarkers SP4–1:50
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Immunohistochemistry

The detailed results of the immunohistochemistry analysis
performed on the sections are displayed in Table 2. Briefly,
ACC showed areas of positivity for CK14, CK5/6, CK19,
CK7, S100, SMA, calponin and p63 and negativity for EMA.
In contrast, only the luminal cells of the TAwere positive for
EMA, CK19 (Fig. 1i) and CK7, and only the outer layer of
myoepithelial cells were positive for S100, CK14 (Fig. 1f),
CK5/6, SMA, calponin and p63. GCDFP-15 (gross cystic
diseases fluid protein) highlighted the infiltrative character of
TA among negative nests of ACC (Fig. 1g). Collagen type
IV highlighted the basal membrane-type material produced
by the ACC and also the basal membrane surrounding the
TA glands (Fig. 1e). C-kit was positive in both lesions,
however to a much lesser extent in the TA glands (Fig. 1h).
The ACC was negative for ER and PgR; however, a few
glands in the TA showed positivity for ER. CyclinD1 was

positive 50% of cells in the TA and in 20% cells positive in
the ACC. E-cadherin was positive in both lesions. HER2
was negative. The adenomyoepithelioma had the same
pattern of expression as for the ACC. The luminal cells
were positive for CK7 and CK19, whilst the myoepithelial
cells were positive for S100, SMA, CK14 and CK5/6,
calponin and p63, assuring its myoepithelial phenotype.

Comparative genomic hybridisation

The adenomyoepithelioma, ACC and TA were separately
microdissected and analysed for copy number alterations by
HR-CGH. The adenomyoepithelioma had no detectable
genomic alterations. The ACC harboured deletion of small
regions on 16p and 17q only. The TA harboured several gross
copy number changes which involved gains on 1q, 5p, 8q,
10q, 11p and 11q and losses on 1p, 10q, 11q, 12q, 14q, 15q
and 16q.

Fig. 1 Morphological and immunohistochemical analysis of adenoid
cystic carcinoma (ACC) and tubular adenosis (TA) components. a
Low-power magnification (40×) of solid-basaloid areas of ACC. b
Classical cribriform areas of ACC. c TA glands showing ‘dumbbell’
shapes, depicting the branching architecture, pale and eosinophilic
cytoplasm and luminal secretion. The glands are side by side and
admixed with small nests of ACC. d TA glands with pale cytoplasm

and budding. e Islands of ACC and TA surrounded by collagen type
IV. f Cytoketarin 14 staining highlighting the myoepithelial layer of
TA (right-hand side) and cells in the basaloid island of ACC (left-
hand side). g GCDFP-15 immunohistochemical positivity highlights
TA glands amongst nests of ACC which are negative. h TA showing
positivity for c-kit. i Cytokeratin 19 staining of luminal cells in the TA
glands, whereas ACC nests are negative
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Three-dimensional reconstruction

The 3-D-r highlighted and confirmed the features that were
displayed in the H&E sections. The TA glands form a network
of branches that are interconnected between themselves and
spread across different directions in the breast parenchyma.
Figure 2c,d shows different aspects of this system, high-
lighting the branching of the tubules and their intercon-
nections. The interconnection and budding of the tubules

is not a feature of classical MGA when analysed in H&E
slides.

Ultrastructural analysis

Ultrastructural analysis confirmed the bidirectional differenti-
ation of adenoid cystic carcinoma with luminal and abluminal
(myoepithelial) cells. The luminal cells had microvilli on the
luminal aspect and were joined by desmosomes. They also

Fig. 2 Ultrastructural morpholo-
gy of a tubular adenosis gland
showing a double-layered tubule
surrounded by a basal membrane
(a) and high power detail of the
basal membranes of two TA
glands side by side (b). Two-
dimensional view (c) of tubules
chosen for three-dimensional re-
construction (d) showing several
tubules in different colors inter-
connecting between each other
and forming a complex branch-
ing network

Table 2 Results of immunohistochemistry in the different morphological components

Antibody Tubular adenosis Adenoid cystic carcinoma Adenomyoepithelioma

PR Negative Negative Negative
ER Weak positive, N, 5% luminal cells Negative Negative
HER2 Negative Negative Negative
p63 Strong positive, N, 90% myoepithelial cells Strong positive, N, 50% of cells Strong positive, N, 90% myoepithelial cells
SMA Strong positive, C, 90% myoepithelial cells Strong positive, C, 50% of cells Strong positive, C, 90%myoepithelial cells
Calponin Strong positive, C, 90% myoepithelial cells Strong positive, C, 20% of cells Strong positive, C, 80% myoepithelial cells
Collagen
IV

Strong positive, BM, 90%, around TA glands Strong positive, around nests of tumour
cells

Strong positive, around nests of tumour
cells

EMA Strong positive, C, 90% luminal cells Negative Not performed
S100 Strong positive, N & C, 90% myoepithelial

cells
Strong positive, N & C, 50% cells Strong positive, N & C, 80% myoepithelial

cells
CK5/6 Strong positive, C, 90% myoepithelial cells Strong positive, C, 50% of cells Strong positive, C, 90% myoepithelial cells
CK14 Strong positive, C, 90% myoepithelial cells Strong positive, C, 50% of cells Strong positive, C, 90% myoepithelial cells
c-kit Strong positive, C & M, 30% of cells Strong positive, C & M, 60% of cells Not performed
E-cadherin Strong positive, M, 90% of cells Strong positive, M, 90% of cells Strong positive, M, 90% cells
GCDFP15 Strong positive, C, 90% luminal cells Negative Negative
CK19 Strong positive, C, 50% luminal cells Weak positive, C, 10% of cells Strong positive, C, 50%. luminal cells
CK7 Strong positive, C, 90%. luminal cells Strong positive, C, 50% of cells Strong positive, C, 90%. luminal cells
Cyclin D1 Strong positive, N, 50% myoepithelial cells Strong, N, 20% cells Not performed

When positive, the staining intensity, localisation and percentage of positive cells are given. In addition, the epithelial cell type (luminal or
myoepithelial) of positive staining is also given for tubular adenosis and adenomyoepithelioma
N nuclear, M plasma membrane, C cytoplasm, BM basal membrane
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displayed tonofilaments and rough endoplasmic reticulum.
The myoepithelial cells had irregular nuclei, narrow cytoplas-
mic processes and prominent amounts of fine filaments with
focal dense bodies in their cytoplasm. The TA glands had their
double layer of luminal and myoepithelial cells confirmed as
well as the presence of a basal membrane surrounding the
tubules (Fig. 2a,b). The luminal cells had, in some instances,
cytoplasm vacuoles, and the myoepithelial cells had very
scant cytoplasm.

Discussion

ACCs of the breast are very rare lesions with a very good
prognosis when compared to their counterpartners of other
sites [5]. The case that we describe comprised approxi-
mately 70% solid variant of ACC. There is evidence in the
literature that histological growth pattern correlates with
prognosis in ACC of breast and that tumours with a solid
growth pattern are believed to show a more aggressive
clinical course [37]. Ro et al. categorised [37] ACC in three
groups according to the percentage of solid growth (I = no
solid elements; II <30% of solid elements; III >30% solid
elements). Tumors with more solid elements displayed
larger size and these patients were more likely to develop
recurrences. In their series, the one patient who developed
metastases had a grade III tumour. Some solid variants of
breast ACC have a striking basaloid appearance. These
tumours are believed to be a source of axillary nodal
metastases, but yet carry a better prognosis than an invasive
poorly differentiated duct carcinoma of similar size [15].
Therefore, the correct diagnosis of ACC is warranted, since
misdiagnosis may lead to mismanagement of patients. The
patient described here did not undergo sentinel node
examination, as the procedure was not available in the
hospital where she had her surgery.

The immunohistochemical staining is in keeping with the
bidirectional differentiation of ACCwhich showed positivity
for luminal and myoepithelial markers such as CK19 and
CK14, respectively. This is also consistent with the current
view that ACCs are part of the basal-like molecular subset of
breast carcinomas, a subgroup of tumour which shares
expression of genes generally expressed by myoepithelial
cells [38, 39]. Basal-like tumours are an increasingly
heterogenous group of tumours with an apparent poor
prognosis in some studies, but in other studies with detailed
analysis and long-term follow-up, there is evidence of a
group of basal tumours which have a relatively good long-
term prognosis [40, 41]. ACCs, like medullary carcinomas of
the breast, are part of the basal-like tumour spectrum which
have a much better prognosis and low trend for lymph
node metastasis when compared to other ductal carcinomas
of not-otherwise-specified [42–45].

The TA showed a haphazard arrangement with its
classical branching. The 3D-r provided nice visualisation
of the complex network of branching tubules and thus
helped in differentiating this entity from MGA from a
morphological point of view, since the MGA tubules seem to
be individually separated. The immunohistochemistry also
highlighted the striking myoepithelial layer of the TAwhich
is an important feature when one tries to make a distinction
from MGA and, even more importantly, from ductal
carcinoma. The classical myoepithelial markers like p63
and S100 were strongly positive in the outer layer of the TA
tubules, in sharp contrast to what is observed in MGA. There
are data in the literature linking adenomyoepithelioma
with adenoid cystic carcinoma, and the report by Eusebi
et al. [26] describes an ‘infiltrating’ variant with similar
morphology to this case. However, we believe that this
case represents a TA rather than an adenomyoepithelioma,
as the myoepithelial cell layer around the tubules is not
prominent. Further, the CGH data from the adenomyoep-
thelioma are different from the component labelled TA
(see below).

The different components of this case were examined by
immunohistochemistry and CGH. TA and ACC showed
positivity for CK14, CK7, c-kit and Cyclin D1. The ACC
had very low levels of genetic instability with only losses at
16p and 17q, reflecting that reported in the literature for ACC
at other sites and the possible role of additional epigenetic
mechanisms in the tumour progression as suggested previ-
ously [21, 46]. Interestingly, the loss on 17q was in the
region of BRCA1 which, although speculative, suggests a
possible involvement in the development of basal features
in this tumour. ACC of the breast has been described in
association with adenomyoepithelioma, thus suggesting the
existence of a spectrum of benign epithelial-myoepithelial
neoplasms towards malignancy [47]. Loss of 16p has been
shown in myoepithelial carcinomas [48]. The small foci of
adenomyoepithelioma had no copy number changes yet
an overlapping IHC profile to the ACC. It is therefore
tempting to speculate that the adenomyoepithelioma
represents a precursor lesion to the ACC in this case,
given also the very small number of genomic changes in
the ACC, although unfortunately, we do not have direct
molecular evidence to confirm this.

Surprisingly, the TA demonstrated a range of gross
genomic alterations demonstrating its genomic instability.
These changes involved gains on 1q, 5p, 8q, 10q, 11p and
11q and losses on 1p, 10q, 11q, 12q, 14q, 15q and 16q.
Interestingly, the gain on chromosome 11q was in the
region of the gene for cyclin D1 (CCND1), and this reflects
the strong immunohistochemical positivity in this compo-
nent and may be related to the high proliferative character
of such a lesion. The molecular data suggest that a
progression from TA to ACC is unlikely in this case. The
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myriad of genetic changes found in the TA is noteworthy
and may also represent a potential for non-obligatory
malignant progression to invasive carcinoma, but this cannot
be proven in this report. However, this would not be a
surprise, since there is clinical association reported between
TA and invasive ducal carcinoma [24] as well as between
MGA and ACC and invasive ductal carcinoma [16, 30–33].

The study of a single case of TA in association with
ACC is the main limitation of this study. Molecular analysis
of a series of tubular adenosis associated with malignancy
would broaden our understanding whether there is a
possible malignant progression of such lesions.

In summary, we have described the first molecular
characterisation of tubular adenosis intermingled with ACC
in a form of a florid proliferation. In addition, the differential
diagnosis of ACC is crucial since inaccuracies may lead to
mismanagement of patients, and further molecular biology
analysis of TA and MGA is warranted in order to establish
possible evidence of neoplastic progression at the genomic
level.
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Abstract Signet-ring cell carcinoma (SRCC) developing in
the colorectum (CR) is infrequently identified at an early
stage (no deeper than submucosa). Most such examples
involve the submucosa. Merely 13 cases of intramucosal CR
SRCC are at hand. We recently had the opportunity to study a
specimen with two synchronous early-stage SRCC, devel-
oped in a 65-year-old hereditary nonpolyposis colorectal
cancer male patient with a known disease-causing mutation in
MLH1. A right hemicolectomy specimen comprised a 15-mm
intramucosal cecal lesion, featuring zones of conventional
tubular adenoma and intraepithelial SRCC as well as tumor
cells multifocally permeating the lamina propria and a 12-mm
submucosally expanding SRCC of the ascending colon. The
intramucosal and intraepithelial as well as stromal lesional
cells displayed a normal membranous expression ofβ-catenin
and E-cadherin; submucosally infiltrating cells featured
alterations in this complex with loss of membranous expres-
sion of both proteins and a shift with nuclear accumulation of
β-catenin, suggesting a disruption of the Wingless signaling
pathway taking place at the transition from the intramucosal to
the submucosal level.

Keywords Early-stage signet-ring cell colorectal
carcinoma .β-catenin–E-cadherin complex . HNPCC

Introduction

Signet-ring cell carcinoma (SRCC) developing in the colon
and rectum (CR) constitutes from 0.01% to 2.6% of all
colorectal carcinomas (CRC) [1–8]. The prevalence depends,
however, on the criteria applied [9, 10], as well as on the
clinical scenario and molecular status. Thus, association with
microsatellite-instability high (MSI-H) status, hereditary or
sporadic [11, 12], as well as with chronic inflammatory
bowel disease has been noticed [1, 13]. As opposed to the
decreasing incidence of the conventional CRC, a tendency
to a rising occurrence and/or detection of SRCC has been
entertained [14, 15]. The vast majority of SRCC arising in
CR or in other anatomic sites presents in an advanced stage
[1, 9, 15] and the outlook is generally dismal [9]. The
significance of the stage vs. the histological subtype on the
course has, however, been debated [5, 9] and the biological
potential of SRCC is diverse with exceptional cases pursuing
a more favorable course [3]. The possibility that indolent-
behaving carcinomas, interpreted as SRCC, may be mis-
diagnosed and rather represent composite carcinomas
including a goblet cell component has previously been
alluded to [16].

SRCC is rarely identified at an early stage (carcinoma
growing no deeper than the submucosa) [17]. In fact, the
experience by Tung et al. [8] led to the conclusion that
detection of CR SRCC always seems associated with a late
stage. Nevertheless, cases of early-stage CR SRCC are on
record [18–23].

A thorough histological analysis of early-stage carcino-
ma may provide important pieces of information that
contribute to our understanding of the morphogenesis of
CRC [17]. The general morphology of early-stage SRCC is
not well delineated [24] and the immunohistochemical
expression of important proteins, such as β-catenin and
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E-cadherin, as well as adenomatous polyposis coli (APC),
key markers of the Wingless–Wnt signaling pathway, has
not yet been explored in this rarely detected tumor. We
recently had the unique opportunity to expand current
knowledge on histological and immunophenotypical attrib-
utes of early-stage SRCC, based on two such synchronous
tumors, making comparative morphological analysis of
intramucosal and submucosal SRCC feasible, including
brief comments on the carcinogenesis. Additionally, data
extracted from previous studies, addressing such topics, are
provided. Where appropriate, parallels to SRCC of other
anatomic sites are drawn.

Case report

A 65-year-old hereditary nonpolyposis colorectal cancer
(HNPCC) male patient with a known disease-causing
mutation in MLH1 has since 1999 been monitored biannu-
ally by colonoscopic surveillance. At the endoscopy per-
formed in 2007, superficial biopsies of a polypoid lesion in
the cecum were obtained. The histological examination was
interpreted as adenoma with possible transition in carcinoma.
Subsequently, the patient was subjected to a right hemi-
colectomy, which comprised a 15-mm soft lesion of the
cecum, slightly elevated from the adjacent mucosa, observed
and sampled at the recent endoscopy, as well as a 12-mm
discrete concave, plaque-like lesion of the ascending colon,
localized approximately 11 cm from the ileocecal valve. This
linitis-plastica-like lesion was not visualized on colonoscopy.
There were no morphological signs of regional spread and no
clinical evidence of systemic dissemination. One year
postoperatively, there were no signs of recurrence. The
patient’s family history included 11 members operated for
CRC. Eight of these were coded as mucinous carcinoma.
Informed consent from the patient to publish this material was
obtained.

Material and methods

Five-micrometer-thick, formalin-fixed, and paraffin-
embedded sections of the specimens were stained with
hematoxylin–eosin (HE), periodic acid Schiff with
diastase (PASD), and van-Gieson-alcian blue (AB at pH
2.6). Immunohistochemical studies were performed using
standard immunoperoxidase procedures with diaminoben-
zidine as substrate. The primary antibody panel included
the cytokeratins (CK) 7 and 20, the proliferating marker
Ki-67, the components of the Wnt signaling pathway β-
catenin, E-cadherin, and APC proteins, the mismatch repair
proteins (MMRP) MLH1, MSH2, MSH6, and PMS2, and
the endocrine markers synaptophysin and chromogranin A.
Details regarding sources and dilutions are given in Table 1.

The expression characteristics of the markers CK7,
CK20, and APC for stained cytoplasm, Ki-67 and MMRP
for stained nuclei, and β-catenin and E-cadherin for stained
cell membranes, cytoplasm, and nuclei, respectively, were
carried out separately for the individual neoplastic compo-
nents in the cecal lesion and in the submucosal compart-
ment of the tumor of the ascending colon, respectively. For
CK7, CK20, APC, and Ki-67, as well as β-catenin and E-
cadherin (membranous and nuclear), the following semi-
quantitative scoring system was used: 0 all tumor cells
negative; 1 >0–10% positive cells; 2 >10–50% positive
cells; 3 >50% positive cells. The staining intensity was not
scored. Cytoplasmic β-catenin and E-cadherin were
recorded but not included in the scoring process. The
distribution pattern of cells with aberrant β-catenin and E-
cadherin expression was noticed. Expression for the endo-
crine markers was recorded as present or absent. The MMRP
staining was characterized as retained, provided nuclear
expression was identified, regardless the number of stained
nuclei, as lack of expression in cases of no staining.

Appropriate positive and negative controls were run
concurrently for all antibodies tested.

Table 1 Primary antibodies used in this study, their dilutions and commercial sources

Target antigen Clone Ig class Dilution Source

CK7 OV-TL 12/30 IgG1, k 1:2,000 DAKO A/S
CK20 Ks20.8 IgG2a, k 1:25 DAKO A/S
APC Poly IgG 1:100 Neomarkers
Ki-67 MIB-1 IgG1, k 1:50 DAKO A/S
β-catenin β-catenin-1 IgG1, k 1: 400 DAKO A/S
E-cadherin NCH-38 IgG1, k 1: 20 DAKO A/S
Chromogranin A Poly IgG 1:500 DAKO A/S
Synaptophysin Poly IgG 1:50 DAKO A/S
MLH1 G168-15 IgG1, k 1:40 BD PharMingen, California, USA
MSH2 25D12 IgG1, k 1:200 Novocastra Laboratories Ltd, Newcastle, Great Britain
MSH6 44 IgG1 1:200 BD Transduction Laboratories, Lexington, Kentucky, USA
PMS2 A16-4 IgG1, k 1:200 BD PharMingen, California, USA
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Results

Histology of the tumor of the ascending colon

Histologically, the lesion of the ascending colon (Fig. 1a,b)
featured a biphasic population of tumor cells (Fig. 1a)
comprising typical SRC intermingled with similarly sized
rounded cells with ovoid vesicular nuclei, often with one
central prominent nucleolus, failing to reach the cytomor-
phological threshold of classical SRC. A small amount of
mucin, usually neutral, less commonly acidic, occupied
limited areas of the cytoplasm of some of the latter cells,
resulting in minimal or no changes of the nuclear morphology
(Fig. 1a, inset). Other tumor cells were void of identifiable
mucin. For simplicity, we hereafter label tumor cells lacking
overt SRC traits on HE sections poorly differentiated cells
(PDC). The tumor cells infiltrated the superficial third of the
submucosa, including vascular involvement. The invasive
front was pushing in type, yet tumor budding cells invested
by a dense hyalinized fibrous stroma were noticed (Fig. 1b).

Histology of the cecal lesion

The cecal neoplasm (Fig. 1c,d) comprised a similar
constellation of SRC and PDC tumor cells, generally
occupying limited areas, focally extending from the most
superficial to the deepest compartments. This neoplastic
proliferation entailed a distortion of the normal architecture
with displacement of nonneoplastic crypts laterally, focally
abutting the muscularis mucosa (Fig. 1c). Splaying of
its fibers was, however, not a feature. Though areas of
predominant SRC alternating with PDC-predominant
zones were noticed, a layered pattern as previously described
and depicted in intramucosal gastric SRCC [25, 26] was not
convincingly demonstrated.

Further details on the general histology of the two
lesions are given in Table 2.

Immunoprofile of the two synchronous lesions

The scores of the markers CK7, CK20, APC, Ki-67, β-
catenin, and E-cadherin are summarized in Table 3. All
neoplastic elements were immunonegative for CK7 (not
shown) and extensively positive for Ki-67 (not shown). The
immunoprofiles for CK20 and APC (Fig. 2a–f) were
comparable, with high scores of SRC and low scores of
PDC, whether intramucosal (Fig. 2c,d) or submucosal
(Fig. 2e,f). For conventional tubular adenoma (CTA;
Fig. 2a,b), intermediate scores of these two markers were
obtained.

β-catenin and E-cadherin staining of the intramucosal
lesional cells consistently displayed a membranous expres-
sion and absence of aberrant cytoplasmic or nuclear staining

(Fig. 3a,c); (whereas intraepithelial SRC were readily
apparent, SRC in the lamina propria were not convincingly
demonstrated in the sections immunostained for β-catenin
and E-cadherin, despite the production of several additional
sections). Conversely, tumor cells infiltrating the submucosa
consistently displayed loss of membranous staining of both
markers as well as nuclear staining of β-catenin,
corresponding to a score 2 for the SRC and 3 for the PDC
(Fig. 3b). This aberration was demonstrated throughout this
tumor. Cytoplasmic expression of β-catenin, usually no-
ticed in association with nuclear reactivity, was consistently
of a lesser staining intensity compared with that of the
nuclei. There was no cytoplasmic or nuclear expression of
E-cadherin (Fig. 3d).

Both the lesion of the ascending colon and the cecal
lesions, including the intraepithelial components, disclosed
loss of MLH1 and PMS2 (not shown) expression and retained
nuclear expression for MSH2 and MSH6 (not shown).

Additionally, the distal lesion comprised a minor
scattering of endocrine cells, visualized immunohistochemi-
cally for synaptophysin and chromogranin A (not shown).
These cells did not manifest SRC attributes. Such cells
were unapparent in the cecal growth.

Discussion

Carcinomas detected during screening occasionally afford
us the opportunity to study their very early stages, as
demonstrated herein. The present case is particularly notable
for four reasons: (1) the synchronous presence of two early-
stage SRCC (to our knowledge not previously reported), one
of which was confined to the mucosa, the other invading the
superficial third of the submucosal space, providing us the
rare opportunity to perform comparative morphological
studies of early-stage SRCC relating to its level of growth,
(2) the coexistence of diverse precursor proliferations in
the cecal mucosa, including conventional tubular adeno-
matous tissue and SRC–PDC in an intraepithelial and
stromal location, (3) loss of normal membranous expres-
sion of β-catenin and E-cadherin and abundant nuclear
expression of β-catenin throughout the submucosal
growth and a normal membranous staining pattern of the
intramucosal neoplastic elements of these proteins, con-
trasting a universal silencing of MLH1–PMS2 of all
neoplastic elements, (4) the endoscopic detection of an
elevated intramucosal lesion, whereas the carcinoma of
the ascending colon, involving the submucosa, escaped
detection by the endoscopist.

The present example of SRCC, grossly featuring a
linitis-plastica-like growth pattern [27], is a rarely observed
subtype of CRC, as opposed to that of the gastric counterpart
[28], and its identification at an early stage is distinctly
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Fig. 1 Histology of the carcinoma of the ascending colon, demon-
strating transition from confluences of cells void of overt signet-ring
cell morphology (left) to an area dominated by signet-ring cells (right)
PASD (a). A close-up view of a cell population with a non-signet-ring
cell morphology features cells with centralized nuclei and occasional
miniscule cytoplasmic mucin droplets (colored arrows), unapparent
on hematoxylin–eosin-stained sections, though a subtle nuclear
indentation appear in relation to one of these minute droplets (at
green arrow). Additionally, a small round mucin-filled space is
marked by a black arrow, PASD (inset in a). The invasive front of
an area dominated by signet-ring cells set in a dense fibrous stroma as
well as a reticulated quality of the intracellular PASD-positive material

(arrowed) is demonstrated in b. Histology of the cecal lesion featuring
transition from intraepithelial carcinoma involving the superficial half
of the mucosa to zones of neoplastic cells focally infiltrating the
lamina propria (zone between arrows) displacing the nonneoplastic
crypts laterally and abutting the muscularis mucosa. The lesional cells
comprise a mixture of SRC and PDC (van-Gieson alcian blue; c). A
closer view of the superficial compartment demonstrated in c
pinpoints a prevalence of cells with cytomorphological traits of
PDC, lining the irregularly shaped and mucin-filled glands (left).
Conversely, SRC is the predominating cell, lining the narrow, closely
apposed tubules, right, hematoxylin–eosin (d)
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uncommon, as it appears from Table 4, with merely six
previous publications in English-language literature [18–23].

Though not meeting the strict quantitative criteria for
SRCC, frequently quoted [29] histological features of the
present lesions are shared with variants of SRCC [26, 30–
34]. Thus, in concert with the description of diverse cell
types noticed within the realm of gastric SRCC [31, 35], the
present lesions featured in addition to a component of
classical SRC, constituting less than 50% of the examined
tumor cell population, a predominance of lesional cells, sized
and shaped as SRC but void of its classical cytomorphology.
This predominant, “aberrant” cell, best corresponding to the
anaplastic subtype of the gastric counterpart [36], occasion-
ally featured minute cytoplasmic mucin droplets that failed
to significantly displace the nucleus or otherwise modify its
morphology and thereby readily passed unnoticed on HE-
stained sections. Such cells may provide a morphological
link between the classical SRC and its nonmucinous
counterpart, which is here perceived as a poorly differenti-
ated variant of SRC. The immunopattern of the β-catenin
and E-cadherin of the submucosal growing tumor could
support the latter contention. Such cell type seems insuffi-

ciently emphasized in the context of the CR lesions,
presumably due to a true infrequency combined with lack
of awareness of the cytomorphological variants of CR
SRCC.

The immunoreaction for the markers APC, CK7, CK20,
Ki-67, and MMRP recorded in the cecal lesion was
maintained in the submucosally expanding growth of the
ascending colon. Of note is the retained low expression of
APC, as well as of CK20 and the high Ki-67 score of the
PDC in both sites, regardless the level of involvement as
well as the conspicuous expression for these three markers
of the SRC intramucosally and submucosally.

The immunoprofile of β-catenin and E-cadherin proved,
on the other hand, primarily a function of the depth of
involvement. Thus, normal membranous expression char-
acterized the intramucosal lesion. Conversely, alterations in
the expression pattern of the two proteins characterized the
submucosal growth with universal loss of membranous
expression as well as aberrant nuclear reaction of β-catenin.

In addition to the central role in the carcinogenesis of
defective DNA replication error repair of this HNPCC
patient, a dysregulation of the Wnt signaling pathway

Table 2 Histopathological details of the lesions in the cecum and the ascending colon

Cecum (pTis) Ascending colon (pT1)

Predominate cell type PDC > SRC PDC > SRC
Arrangement of tumor cells Small aggregates, multifocally in lamina propria Rows, confluent solid sheets, rare

abortive glands
Mitotic activity High High
Necrosis None Focally present
Stromal mucin Absent Absent
Lymphocytic component Present, moderate Present, moderate
Transition in intraepithelial precursor
proliferation

Present (conventional tubular adenoma and intraepithelial
SRCC) (Fig. 1d)

Absent

PDC poorly differentiated cell, SRC signet-ring cell, SRCC signet-ring cell carcinoma

Table 3 Scores of immunoexpression in relation to type of neoplastic cells of the lesions in the cecum and the ascending colon

Markers Cecal lesion (pTis) Lesion of ascending colon (pT1)

CTA PDCm SRCm PDCs SRCs

CK7a 0 0 0 0 0
CK20a 2 1 3 1 3
APCa 2 1 3 1 3
Ki-67a 3 3 3 3 3
β-catenin, membranousa 3 3 ? 0 0
β-catenin, nucleara 0 0 ? 3 2
E-cadherin membranousa 3 3 ? 0 0
E-cadherin nucleara 0 0 ? 0 0

CTA conventional tubular adenoma, PDCm poorly differentiated, non-signet-ring cells of mucosa, intraepithelial or stromal, SRCm signet-ring
cells of the mucosa, intraepithelial or stromal, PDCS poorly differentiated, non-signet-ring cells of the submucosa, SRCS signet-ring cells of the
submucosa
a Scores: 0, all tumor cells negative; 1, >0–10% positive tumor cells; 2, >10–50% positive tumor cells; 3, >50% positive tumor cells. ?, SRC were
not convincingly present in the lamina propria of the sections immunostained for β-catenin or E-cadherin
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seems to contribute to the tumor progression at the pT1
stage, i.e., neither as an initiating nor as a late event.
Additionally, dysregulation of CK20 may be a contributory
factor.

Whereas the intramucosal β-catenin and E-cadherin
profile of CR SRCC, as presented herein, to our knowl-
edge, has not previously been addressed, few comparative
analysis of intramucosal gastric SRCC are at hand. In one
such study, lesional cells were recorded as β-catenin
negative, whereas immunostaining for E-cadherin was
retained, albeit reduced in intensity [35]. Tsukashita et al.
[37] demonstrated an absence of nuclear staining of β-
catenin in concert with our studies, pinpointing that the
β-catenin expression pattern does not always reflect

malignant transformation in early-stage carcinogenesis, thus
in line with our observations. Of further note is the dynamic
alteration of the E-cadherin immunoprofile, reported by
Nakamura et al. [38], implying its downregulation of the
intramucosal gastric SRCC in contrast to the reappearance
of E-cadherin staining in the submucosally growing lesion.
Conversely, complete loss of E-cadherin characterized the
submucosal component of SRCC in the present patient.
The use of diverse antibodies may in part explain this
observation.

The immunoexpression of β-catenin and E-cadherin in
CR SRCC growing beyond the mucosa has, to our
knowledge, been explored in two communications [39,
40]. Moon et al. [39] recorded nuclear shifting of β-catenin

Fig. 2 Corresponding areas of conventional tubular adenoma of the
cecum, immunostained for CK20 (a) and APC (b). The immunopat-
tern is variegated with positively and negatively reacting neoplastic
cells. Few remnants of native crypts surrounded by the adenoma are
arrowed. The goblet cells are intensely stained, especially for APC.

Tumor cells infiltrating the lamina propria feature CK20- and APC-
positive SRC, admixed with sparsely decorated to nonreactive PDC (c,
d). A similar immunoprofile characterizes tumor cells of the
submucosa (CK 20 (e), APC (f))
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Table 4 Available examples labeled early-stage colorectal signet-ring cell carcinoma (SRCC), based on English-language literature

Authors pTis,
n

pT1,
n

Age/
sex

Presenting symptoms/
mode of detection

Size/site Transition in precursor
proliferation

Additional
comments by authors

Nakamura et al. [21] 0 1 67/M Bleeding per rectum 26 mm/rectum TVA Four separate foci of
SRCC + four foci of
CRC, NOS

Tandon et al. [23] 0 1 59/M FOBT+ 15 mm/sigmoid TA
Mai et al. [20] 2 0 NS NS NS TA and IESRCC One of the cases p53+
Shimaoka et al. [22]a 0 1 72/F Abdominal fullness 7 mm/desc. colon Not present Ascites with SRC
Fu et al. [18]b 0 1 67/M Surveillance colonoscopy 7 mm/transv. colon Not present MLH1−, MSH2+
Lewin et al. [19] 3 0 NS Colonoscopy NS Present
Klarskov et al.,
present case

1c 65/M Surveillance colonoscopy 15 mm/cecum (pTis) TA + IESRCC MLH1−, PMS2−,
MSH2+, MSH6+1c 12mm/asc. colon (pT1) Not present

TVA tubulovillous adenoma, CRC colorectal carcinoma, NOS not otherwise specified, FOBT feces for occult blood test, TA tubular adenoma, NS
not stated, IESRCC intraepithelial signet-ring cell carcinoma, SRC signet-ring cell
a The authors collected additional 14 cases “with appearance of early-stage SRCC” from the literature, all Japanese contributions. Their definition
of early-stage SRCC did, however, deviate from that generally used, making interpretation difficult. Judging from their Table 1, two cases of
intramucosal and three cases of submucosa SRCC were identified
b The authors collected additional l9 pT1 cases (one of which was also included by Shimaoka et al. [22]) and six pTis cases from the literature, all
Japanese contributions
c Two synchronous cases

Fig. 3 β-catenin expression of the intramucosal (a) and submucosal
(b) growths. In a illustrating an intraepithelial neoplastic component,
including SRC, in inset a featuring PDC in the lamina propria,
membranous expression is a consistent attribute, similar to that of the
native crypts, having a chicken-wire appearance. A comparable
immunoprofile characterizes conventional tubular adenoma (not
shown). In the submucosa, membranous expression is universally
lost. Whereas a nuclear translocation is a predominant feature of PDC,
the score of such aberrant expression is lower for SRC. Some SRC

displaying nuclear shifting are indicated by green arrows; other SRC
displaying a lack of expression are marked by red arrows (b). E-
cadherin expression of the intramucosal (c) and submucosal (d)
growths. In c, membranous reaction characterizes PDC in the lamina
propria as well as the epithelium of the native crypts (two of which are
marked by asterisks). Expression of E-cadherin is uniformly lost in the
submucosal growth, in d illustrating infiltrating PDC (lower left
quadrant). Nor did SRC express this protein (not shown). Base of a
crypt, far right, displays normal membranous reaction
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and E-cadherin in nine out of ten and in seven out of ten
cases, respectively. Conversely, Wong et al. [40] found
aberrant β-catenin location in merely two of their 18
examples, leading to the conclusion that dysregulation in
the Wnt signaling pathway played no prominent role in the
oncogenesis in most CR SRCC. These divergent results
may relate to the predominate cytomorphology of the
tumor, its pTNM stage, and/or to the HNPCC status. Such
specific characteristics of the study populations were,
however, not given in these two communications. It is
possible that the β-catenin and E-cadherin expressions
visualized in the present case are modified by the HNPCC
status. Thus, mutations in the regulatory domain of β-
catenin are not uncommon in that setting, however,
particularly in cases of advanced stages (pN1–2 and pM1)
[41]. Such aberrating expression usually appears in a
heterogenous distribution, particularly at the invasive front
of the tumor [42, 43]. Despite the low stage (pT1, N0) of
the present lesion of the ascending colon, nuclear β-catenin
was a prominent finding throughout the tumor, including
the superficial regions, possibly in part, related to the small
size of this tumor.

Wong at al. [40] called attention to the aggressive
behavior of SRCC with aberrant expression of β-catenin.
In concert, studies of other types of neoplasms have
demonstrated correlation between increased invasiveness
and altered expression of the E-cadherin–β-catenin com-
plex [44]. Caution in translating such data to HNPCC-
associated SRCC should, however, be exercised. In the
same vein, Jass [11] has recently commented on our lack of
knowledge as to the course of patients with SRCC in the
context of MSI-H status. Indeed, nuclear β-catenin and
E-cadherin in this clinical setting have been previously
shown to play no role for survival [45]. It remains to be
determined whether the same applies to (1) the high Ki-67
index, approaching 100% of the neoplastic cells in our
patient, as well as to (2) the decrease in CK20 expression
of the predominate PDC. The latter staining profile
probably denotes immaturity [46] and poor differentiation
of the lesional cells. Again, extrapolation from MMR-
proficient CRC to CRC complicating the HNPCC syn-
drome may, however, not be appropriate.

The present case was a recent one, but, as of this writing,
some 12 months postoperatively, no evidence of recurrence
has appeared. The low stage of the present lesions coupled
with histological features of the submucosal growing
tumor, such as the pushing-type deep margin and the
morphological presence of a host immune response,
evidenced by a lymphocytic component, may favorably
influence the course; the budding quality of the tumor
cells as well as the altered immunoprofile of the E-
cadherin–β-catenin complex may, however, exert the
opposite effect.

As recently alluded to [24], the morphology of early
stages of SRCC is not well established and demonstration
of association with intraepithelial precursor neoplasms, as
observed in the present case, is uncommon [6]. This has led
to the claim of a de novo carcinogenesis [12, 14, 47].
Examples of spatial and probably functional relation
between early-stage SRCC and conventional adenoma are,
however, on record [19, 21, 23]. The identification of
intraepithelial signet-ring cell carcinoma (IESRCC) in
combination with CTA, characterizing the present cecal
lesion, has been previously described in only one commu-
nication [20]. The uncommonly observed IESRCC may be
a result of the rapidly growing quality of SRCC, obscuring
in situ components. Our case, featuring IESRCC, a most
likely precursor proliferation, in addition to CTA, robustly
argues against a de novo pathway as well as against the
possibility that the intramucosal cecal lesion represented a
metastasis from the submucosal SRCC of the ascending
colon.

Conclusion

In this study, prompted by an HNPCC-associated case of
two synchronous early-stage SRCC, a submucosal and an
intramucosal, an attempt has been made to contribute
morphological observations on early-stage SRCC of colonic
origin, including the histological spectrum and the immuno-
profile. Cytomorphologically, a spectrum of attributes
ranging from cells with overt SRC traits to similarly sized
and shaped cells with centralized nuclei, labeled PDC,
resulted in a biphasic pattern. The intramucosal tumor
featured transition from tumor cells in the lamina propria to
precursor proliferations (conventional tubular adenoma and
intraepithelial SRC). The immunoprofile of the E-cadher-
in–β-catenin complex suggested that disruption of the Wnt
signaling pathway was neither an initiating nor a late event,
becoming immunohistochemically apparent at the pT1-
stage, thus being preceded by inactivation of mismatch
repair genes, apparent already intramucosally. Additionally,
dysregulation of CK20 may play a role in the early
morphogenesis.
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Abstract Surgical margin status of the pancreaticoduode-
nectomy specimen is an independent predictor of survival in
patients with pancreatic head cancer. Although most surgical
pathologists are familiar with the protocols for grossing and
evaluation of the various margins of the specimen, the
currently prevailing definitions of the retroperitoneal surgi-
cal margin minimize the fact that this margin is actually a
combination of surfaces of different anatomical structures.
The unfamiliarity with its detailed anatomy often creates
communication gaps when the pathologic findings are
presented to other members of the multidisciplinary team.
The following discussion is the collective opinion of hepato-
pancreato-biliary pathologists in two tertiary care Canadian
medical centers in this field. It describes the authors’
proposed nomenclature and landmarks for anatomic map-
ping of the retroperitoneal margin of the pancreaticoduode-
nectomy resected specimen. Increasing familiarity with the
subtleties of the retroperitoneal margin is expected to
improve communication and sets the stage for future quality
improvement initiatives and translational research in the
multidisciplinary setting.

Keywords Surgical margins .Whipple’s specimen .

Pancreaticoduodenectomy . Anatomy. Pancreas

Introduction

Positive surgical margin or incomplete resection of pancre-
atic cancer by the pancreaticoduodenectomy (PD) procedure
is associated with early tumor recurrence and no survival
benefit compared to palliative therapy [1–4]. Surgical
margin status has been identified as an independent
predictor of survival [1, 5]. Typically surgical margins of
the PD specimen are luminal (proximal gastric and distal
duodenal/jejunal), pancreatic (also known as distal pancre-
atic or pancreatic transection margin and it results from
transecting the pancreatic neck) [5], bile duct, and what is
commonly referred to as retroperitoneal (also known as
posterior, radial, or circumferential margin). Assessment of
the bile duct and pancreatic surgical margins is a well-
established routine practice. It is usually a part of the
intraoperative consultation (IOC) and grossing protocols of
the PD specimen. Luminal margins of the specimen are
routinely submitted and examined on permanent sections.
Standardized protocols regarding the pathologic assessment
of the retroperitoneal margin of the PD specimen, however,
are not routinely applied, partly because of its unfamiliar
anatomy [6]. This endeavor may have also been hindered
by the notion that assessment of the retroperitoneal surgical
margin intraoperatively is irrelevant since the surgeon
cannot do much about it due to its anatomic barriers,
namely the superior mesenteric artery (SMA) and superior
mesenteric vein/portal vein (SMV/PV). However, the
extended radical operation for pancreatic head cancer which
includes the en block resection of the posteriorly located
great vessels is now becoming more common for advanced
disease [2, 7, 8]. As a result, pathologists are increasingly
involved in the more detailed assessment of the retroperi-
toneal margin intraoperatively as well as during their
routine grossing of the PD specimen. This article intends
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to review the literature and to elaborate on our approach in
defining and describing the retroperitoneal margin based on
the experience gathered in two high-volume, tertiary care
Canadian medical centers. It also aims at stimulating the
discussion of this topic among members of the hepato-
pancreato-biliary multidisciplinary community. It was not
written to propose a standardized approach to the handling or
assessment of this margin since we believe that an agreement
on the definition of its basic components is needed first.

The pancreas is a retroperitoneal organ. At one point in
the PD procedure, in order to mobilize the pancreas, the
surgeon has to cut the posterior wall of the lesser sac along
the superior and the inferior borders of the pancreas.
Accordingly, the anterior aspect of the pancreatic head in
the PD specimen forms the posterior wall of the lesser sac.
As it sits in the abdominal cavity, this surface is partly
covered by the gastric body and pylorus. Since the surgeon
does not have to resect or dissect it from any other
structure, it is not considered as a surgical margin, although
assessment and documentation of its involvement have
been advocated [9]. By contrast, the retroperitoneal margin
is a true surgical margin as it results from the surgeon’s
resection (using a sharp knife or blade) and dissection
(using the hand and scissors) of the pancreas from the
posterior abdominal wall.

Definition of the retroperitoneal margin

The retroperitoneal surgical margin of the PD specimen was
defined by some authors as “the soft tissue margin directly
adjacent to the proximal 3 to 4 cm of SMA” [2, 9–11].
Almost similarly, Varadhachary et al. [4] defined it as “the
tissue to the right of the proximal 3 to 4 cm of the SMA”
while Zamboni et al. [12] defined it as “the peripancreatic
adipose tissue behind the head of the pancreas that is
located dorsally and laterally to the SMA”. These defini-
tions, although all are accurate, do minimize the fact that
this margin is actually a combination of surfaces of different
anatomical structures. They do, however, emphasize certain
aspects about this margin such as it being in the vicinity of
SMA, dorsal (posterior), and often consisting of an adipose
tissue layer that covers the pancreatic parenchyma. Since
pathologists handle the PD specimen in vitro, defining the

retroperitoneal margin by its topographic relation to the
SMA, which is typically left in the body, is not particularly
informative. It has been noted in our practice that some
surgeons even use the terms “retroperitoneal margin”,
“posterior margin”, “radial margin”, and “uncinate margin”
interchangeably.

Verbeke [9] has recently offered a thorough discussion of
the concept of the circumferential resection margin (CRM)
of the pancreaticoduodenectomy specimen, which is
divided into three components: the anterior, posterior, and
medial surfaces. He further proposes a protocol for the gross
and microscopic evaluation of the CRM using multicolor
inking. A similar multicolor protocol has been described by
Esposito et al. [5] distinguishing the medial margin (referred
to in our proposed approach as “uncinate process”) from
the remains of the posterior margin. The purpose of our
proposed mapping is to further highlight the anatomy of
the posterior and medial surfaces, which have been collec-
tively referred to as the "retroperitoneal margin" (Table 1). It
is also hoped that the proposed mapping will inspire
practicing pathologists to work-up the entire retroperitoneal
margin clearly identifying each of its components. Malig-
nant cells present at this margin will categorize it as
“positive”. However, when the margin is free of malignan-
cy, it could be designated as “negative” while its distance
from the closest malignant cells is reported in millimeters
(Fig. 1).

The uncinate process and margin

The College of American Pathologists, in their pancreatic
cancer protocol and checklist, recommends reporting the
posterior retroperitoneal margin and the uncinate margin
separately [13]. The uncinate process is the elongation of
the head of the pancreas that wraps posterior to the SMV/
PV and extends as a tongue-like projection to touch the
right lateral aspect of the SMA. To pathologists, it is seen in
the PD specimen posteriorly as an elevation of the
pancreatic head, usually with a thin overlay of adipose
tissue that could be prominently vascular and it represents a
surgical dissection margin (Fig. 2). In some cases, this
surface could be covered by considerable adhesions which
could trigger for an intraoperative assessment. The posterior
surface of the uncinate process sits in the body directly

Table 1 Components of the retroperitoneal surgical margin

Component Nature Assessment Related structures

Uncinate process Dissection Permanent only Posterior wall fat
Uncinate margin Resection IOC and permanent SMA
Groove Dissection Permanent only SMV/PV
Medial aspect (when present) Dissection Permanent only Posterior wall fat
Superior and inferior Dissection Permanent only Abdominal fibroadipose tissue
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attached to the posterior abdominal wall and the surgeon
separates it from its underlying adipose tissue by gentle
dissection.

In order to deliver the specimen, the surgeon needs to
divide the soft tissue adjacent to the uncinate process as
close to the SMA as possible, creating what is known as the
uncinate resection margin. It is the only element of the
entire retroperitoneal margin that is truly a resection margin
(Fig. 2). This anatomic relationship to the SMA has led
some authors to rename the uncinate margin as the “SMA
margin” [14]. We define the uncinate resection margin as
the cut surface produced by the surgeon’s knife while
dissecting the uncinate process from the SMA, which tends
to be granular and irregular and is usually comprised of

adipose tissue, often densely innervated. This is different
from the remaining smooth and regular retroperitoneal
surface of the pancreatic head that is produced by dissection.
As indicated earlier, this surgical resection margin is referred
to as the “medial” margin by other authors [5, 9].

The surgeon’s goal is to resect the uncinate process from
SMA without damaging it or the autonomic nerve plexus
surrounding it. It is our experience that denuding the peri-
arterial nerve plexus often results in a prolonged postoper-
ative gastric ileus. Technically, this is a very challenging
step in the PD procedure since the uncinate process is very
well vascularized and tends to bleed. Also, the SMA is
quite adherent to the most distal aspect of the uncinate
process. As a result, there is a natural tendency on the part
of the surgeon to leave behind, in the patient, the bit of
uncinate tissue closest to the SMA. In cases of carcinoma
involving the uncinate process, as the surgeon dissects
away from the SMA (closer to the pancreatic tissue) he/she
may run the risk of producing a positive margin, leaving
behind extra-pancreatic malignant cells in the adipose tissue
around the SMA or even intra-pancreatic malignancy if a
portion of the uncinate process was left adherent to the
SMA. It is, therefore, important to assess the uncinate
resection margin intraoperatively [15]. We have described
our technique that enables the pathologist to provide an
accurate IOC on the uncinate resection margin [16, 17]. In
cases where excision of additional tissue from the imme-
diate vicinity of the SMA is still technically feasible, the
intraoperative reporting of a positive uncinate resection
margin may prompt its revision to ensure complete excision
of all cancerous tissue by complete removal of any adipose
tissue directly adjacent to the SMA.

Fig.2 Pancreaticoduodenectomy
specimen. a The retroperitoneal
surgical margin. b A diagram-
matic mapping of the same
specimen highlighting its various
elements; 1 posterior surface of
uncinate process, 2 uncinate
margin, 3 the medial part of the
vascular groove (the more lateral
part is obscured by the uncinate
process tip), 4 the medial aspect
(only in cases with extended
pancreatic resection), 5 a superior
mesenteric lymph node that is
not part of the retroperitoneal
margin but happened to be
excessively enlarged in this
particular case

Fig. 1 A photomicrograph depicting malignant, gland-forming cells
present within less than 1 mm from the inked retroperitoneal margin
(H&E×100)
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The groove (vascular bed)

The vascular groove is the anatomical term describing the
concavity where the SMV/PV comes in contact with
retroperitoneal surface of the pancreas (Fig. 3). It is also
used as a landmark which defines the uncinate process from
the rest of the pancreatic head. In the majority of cases,
pathologists recognize it as a concave depression with a
smooth, glistening surface immediately to the left of the
uncinate process. The vascular groove is another surgical
margin that the surgeon produces by gentle dissection of the
pancreas from the SMV/PV (dissection margin). As the
tumor of the pancreatic head increases in size and gets
closer to the vascular groove, the groove becomes more
prominent. On the other hand, when the tumor overlaps the
pancreatic head and uncinate process, it may flatten the
vascular groove making the vascular bed less recognizable.
The fact that the prominence of the vascular groove varies
from one case to the next depending on the exact location
of the tumor within the pancreatic head and its size
accounts, for the most part, for the perceived unfamiliarity
of pathologists with this landmark.

The medial aspect (not in every case)

It is important in this context to remember that the
pancreatic body is the part of the pancreas from the left
edge of the SMV/PV to the left border of the aorta. In most
cases, when the tumor is limited to the pancreatic head or
its uncinate process, the surgeon cuts the pancreas at its
neck (i.e. immediately after the vascular groove, at the left
edge of the SMV/PV) to separate the head from the body.
In these PD specimens, the posterior surface of the
pancreatic head will end immediately at the medial edge
of the vascular groove. However, in cases where a tumor in
the head overrides the pancreatic neck or even extends in
the body, the surgeon’s cut will be located more medially.
In these cases, the posterior surface of the pancreas will

have an additional area that could extend for a few
centimeters medial to the vascular groove to the level of
the pancreatic body resection margin (Fig. 2). Inside the
human body, this part of the pancreas is sitting directly on
the posterior abdominal wall, between the SMV/PV and the
aorta and is adherent to its adipose tissue. The surgeon
gently dissects the posterior aspect of the pancreatic head
and neck creating this margin, in order to free the PD
specimen from the posterior abdominal wall (dissection
margin). Again, this part of the retroperitoneal margin
might not be present in every PD specimen.

The superior and inferior surfaces

These two surfaces may need some gentle dissection in
order to free the specimen. Since in the strictly sagittal
section of the body these two surfaces exist posterior to the
visceral peritoneum and are not covered by mesothelium,
they can appropriately be considered as components of the
retroperitoneal margin of the PD specimen.

Benefits of mapping the retroperitoneal margin

Table 2 summarizes the terms used in our proposed
mapping as they relate to the descriptions used by other
authorities in the field. The suggested mapping of the
retroperitoneal margin is beneficial since involvement of its
different components by tumor may have different impli-
cations. We believe that its clinical relevance has not been
fully understood yet, mostly because the current collective
reporting of the “posterior” or “radial” margin has impeded
clinical–radiologic–pathologic correlative studies in this
regard. When the tumor is present at the uncinate process
surface (dissection margin) or in the medial aspect of the
retroperitoneal margin (when included in the specimen), it
is reasonable to assume that residual tumor would likely to
involve the posterior abdominal wall adipose tissue. To the

Fig. 3 A pancreatic postmortem
dissection specimen. a The
probed SMV/PV complex
(double arrows) is still in the
groove while uniting with the
probed splenic vein (single
arrow). b All the veins are
removed exposing the empty
vascular groove
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best of our knowledge, this assumption has not yet been
systematically validated by comparative sampling studies.
These two components of the retroperitoneal margin are
assessed on permanent sections only and we are not aware
of any protocol for their intraoperative evaluation.

The uncinate resection margin, as defined and described
earlier, is different, and in several institutions including ours,
is assessed intraoperatively. A positive uncinate margin on
IOC could be revised whenever feasible. A final positive
margin is a likely indicator of involvement of the SMA. The
vascular groove is not typically assessed intraoperatively and
when it is found positive for malignancy on permanent
sectioning, it may suggest, given the anatomic proximity,
that residual tumor is in the vicinity of the SMV/PV complex.
Vascular en block radical resection is becoming more
acceptable as a relatively safe procedure since involvement
of the SMV/PV or SMA doesn’t necessarily indicate a more
aggressive behavior or an association with histologic poor
prognosticators [2, 12, 18]. Involvement of the SMV/PV is
believed to be a function of tumor location rather than an
indicator of aggressive tumor biology [2]. Tumor adherence
to the posterolateral wall of the SMV/PV is often the only
barrier to complete tumor resection at the time of the PD [2].
Properly selected patients with pancreatic head cancer who
undergo en block vascular resection have a median survival
of approximately 2 years, which does not significantly differ
from that of patients who undergo standard PD, but is
superior to non-operative management, which is the tradi-
tional approach in this setting [2, 8].

Decisions about en block resection are usually made
preoperatively by the surgeon, in consultation with radiol-
ogists based on documenting the involvement of SMV/PV
by MRI or CT. Alternatively, the decision could be made
intraoperatively based on the in situ gross inspection, usually
in cases where preoperative imaging was non-conclusive. In
the latter case, the surgeon relies entirely on the macroscopic
impression during surgery and the feasibility of separating
the retroperitoneal surface of the pancreatic head from the
SMA and SMV/PV. Postoperative histological analysis of

en block resection cases with inconclusive preoperative
images showed that 37% of patients did not have true
invasion of the SMV [19, 20]. It is interesting that
pathologists are not typically involved in the decision
making in this situation; probably due to the common belief
that the intraoperative microscopic assessment is inaccurate
in defining the relationship between a pancreatic head
cancer and the adjacent vascular structures. We have
witnessed in our own institution an increasing trend for
requesting IOC on the uncinate resection margin in cases
where surgeons believed they could go back and excise
additional perivascular tissue in the pursuit of a negative
margin and we have been successful in answering this
question as it relates to the SMA [16, 17]. Again, we are
not aware of any literature describing protocols for the
intraoperative pathologic assessment of the status of the
vascular groove. Certainly, assessment of the vascular groove
margin is unlikely to become part of routine IOC for
pancreaticoduodenectomy specimens, but one could imagine
a limited role in situations where preoperative imaging has
suggested very close proximity of the tumor to the SMV/PV.

IOC and grossing protocols

It is relevant in this context to briefly address some hints
regarding the IOC and grossing of the retroperitoneal
surgical margin. The key to accurate assessment is a proper
orientation by careful inspection on mapping of its compo-
nents. A surgeon’s help to orient the specimen might be
needed, especially in cases with unusual operative scenarios
or unfamiliar anatomic variants. Our protocol for the intra-
operative assessment of the uncinate resection margin was
discussed in detail in earlier publications [15–17]. Following
the submission of the uncinate process margin as indicated,
the retroperitoneal margin could be inked in three different
colors, one for each of its components; the remaining
surface of the uncinate process, the vascular groove, and the
medial aspect (when present). Inking extends to cover the
superior and inferior surfaces. It has been suggested to

Table 2 Summary of the terms used in our proposed mapping

Terms used in our proposed mapping Corresponding terms used by others

Retroperitoneal margin ● Soft tissue margin directly adjacent to the proximal 3–4 cm of SMA [2, 4, 10, 11]
● Circumferential resection margin: posterior [9]
● Peripancreatic adipose tissue behind the head of the pancreas located dorsally and

laterally to the SMA [12]
Uncinate process margin ● Medial margin [5]

● Circumferential resection margin: medial [9]
Uncinate margin ● SMA margin [14]
The groove (vascular bed) ●Generally included in the “posterior/dorsal” margin
Medial aspect of the retroperitoneal margin (not in
every case)

● Generally included in the “posterior/dorsal” margin
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serially section (bread-loaf) the PD specimen at 3-mm
intervals, perpendicular to its retroperitoneal margin [21].
Sections of the retroperitoneal margin are submitted
entirely, including the superior and inferior surfaces. It is
believed that extensive sampling of the retroperitoneal
margin increases the frequency of its positivity [9, 22].
The College of American Pathologists recommends report-
ing of the status of the retroperitoneal and the uncinate
margins separately [13]. We are taking this concept even
further to open the door for future investigation regarding
the prognostic significance of tumor involvement of each
of the components discussed. Similar to what is already
implemented in other institutions, our final report indicates
the status of the uncinate process dissection margin, the
uncinate resection margin, the vascular groove, and the
remaining medial aspect of the retroperitoneal margin
separately. We are hoping that this detailed mapping and
reporting will provide the surgeon and the oncologist with
more specific information regarding the tissues or struc-
tures that could potentially harbor residual malignancy.
Correlation between the detailed pathologic findings and
the preoperative images, especially when the latter were
inconclusive, is hoped to help the surgeons improve on
their selection criteria for patients needing en block
resections. The detailed anatomic mapping of the various
components of the retroperitoneal margin could also serve
as a quality indicator for imaging and its results will be
available for research projects and quality improvement
initiatives. We would like to leave the door open at this
time for the future consideration of the value and feasibility
of the intraoperative assessment of the vascular groove in
order to help surgeons who currently rely solely on their
intraoperative macroscopic inspection in borderline cases.
At the present time, IOC of the vascular groove is not
advocated routinely. One would have to weigh the potential
benefit of identification of a positive margin intraopera-
tively versus the additional resources needed to properly
sample the margin and the surgeon’s ability to do further
resection in light of the confines of the procedure and
individual patient factors. In selected cases, however,
knowledge of the anatomy of this aspect of the retroper-
itoneal margin may allow for its meaningful intraoperative
assessment and thus factor in an intraoperative decision
regarding vascular resection.

Conclusion

The pancreaticoduodenectomy surgery is an operator-
dependent surgery and the same applies to the handling of
its resected specimen. It is our viewpoint that mapping the
retroperitoneal surgical margin and reporting its various
components separately has the potential to improve the

assessment of residual tumor status in resected pancreatic
cancer. We believe this is a good practice since it provides
more correlative parameters to the multidisciplinary care of
pancreatic head cancer patients. It is also hoped that this
article can initiate multidisciplinary discussion around
better defining the “radial” margin of the PD specimen.
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Abstract Acinar cell carcinoma (ACC) is a rare pancreatic
cancer which may be difficult to distinguish from other solid
nonadenocarcinoma tumors. The diagnosis depends on the
demonstration of acinar differentiation, obtained with anti-
bodies recognizing various pancreatic enzymes that, although
specific, show different sensitivity. The C-terminal portion of
the BCL10 protein shows homology with carboxyl ester
hydrolase (CEH), an enzyme produced by pancreatic acinar
cells. We investigated the usefulness of a C-terminal BCL10
monoclonal antibody in the diagnosis of ACCs. We examined
normal pancreases and different pancreatic tumors including
ACCs, mixed acinar–endocrine carcinomas, ductal adenocar-
cinomas, mucinous, serous, solid pseudopapillary, and endo-
crine neoplasms. In addition, various normal tissues and cases
of pancreatic metaplasia of the gastroesophageal mucosa,
cases of ectopic pancreas, gastrointestinal endocrine tumors,
salivary and breast acinic cell carcinomas, gastric adenocarci-

nomas with and without acinar differentiation, and hepatocel-
lular carcinomas were studied. BCL10 immunoreactivity
paralleled that of CEH and was restricted to acinar cells of
normal and ectopic pancreas, of pancreatic metaplasia, and of
ACCs. The anti-BCL10 antibody was more sensitive in
detecting ACCs and pancreatic metaplasia than antibodies
directed against other pancreatic enzymes. We suggest using
BCL10 antibody for diagnosing pancreatic tumors and
whenever an acinar differentiation is suspected in gastrointes-
tinal neoplastic and metaplastic lesions.

Keywords Pancreas . BCL10 . Acinar cell . Acinar cell
carcinoma

Introduction

Acinar cell carcinoma (ACC) is a rare pancreatic cancer
accounting for about 1–2% of all pancreatic neoplasms in
adults [1, 2]. Morphologically, ACC may be difficult to
distinguish from other pancreatic solid nonadenocarcinoma
neoplasms. Differential diagnostic difficulties are more
often encountered with pancreatic endocrine tumors (PETs),
solid pseudopapillary neoplasms, and pancreatoblastomas
than with common ductal adenocarcinomas. Tumors with
mixed morphological features may be especially problem-
atic, including mixed acinar–endocrine carcinomas [3–5]. It
is important to differentiate ACCs from well-differentiated
PETs because of the different prognosis of patients, which
is certainly better for PET patients [6]. Symptoms of ACCs
are generally nonspecific, related to tumor growth, and
include abdominal pain, anorexia, weight loss, nausea, and
vomiting. Only in rare cases lipase production by tumor
cells may cause polyarthralgia–polyarthritis and dissemi-
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nated subcutaneous fat necrosis [1, 2]. ACC may occur
anywhere in the pancreas and macroscopic aspects are not
typical. Histologically, ACCs are characterized by a
proliferation of cells producing zymogen granules which
contain pancreatic enzymes. Tumors generally show
marked cellularity with four main patterns of growth
(acinar, solid, glandular, and trabecular), sometimes com-
bined in the same tumor. The diagnosis of ACCs relies on
the detection of acinar differentiation, which includes
histopathologic, histochemical, immunohistochemical, and
ultrastructural features; among these, immunohistochemis-
try now has a relevant role in the diagnosis and helps in
identifying pancreatic enzymes such as lipase, trypsin,
chymotrypsin, and amylase [7]. However, the rarity of this
cancer, which implies only an occasional use of these
specific antibodies in most laboratories, may lead to
misdiagnosis of the tumor, which is mainly confused with
a well-differentiated PET [1, 8].

Carboxyl ester hydrolase (CEH) is an enzyme secreted
by acinar cells starting from the 16th week of pregnancy
[9], which is involved in digestive processes and which
represents about 4% of pancreatic juice proteins [10]. This
enzyme has been isolated from pancreases of different
species and has been differently named according to the
substrates used for the determination of its activity. For this
reason, different synonyms can be found in the literature
including carboxyl ester lipase, lysophospholipase (phos-
pholipase A1), nonspecific lipase, cholesterol ester hydro-
lase, and sterol ester hydrolase [11]. This enzyme is a
glycoprotein of 105-kDa molecular weight [12] which,
unlike lipase, hydrolyzes a wide variety of lipid substrates.
As well as in the pancreas, this protein enzyme has been
identified in other organs, where it has been differently
named. For example, the lactating mammary gland synthe-
sizes and secretes an enzyme named human milk bile salt-
stimulated lipase which is identical to pancreatic CEH [12–
14]. The mammary human milk bile salt-stimulated lipase,
after specific activation by primary bile salts, contributes to
the breast-fed infant’s endogenous capacity for intestinal fat
digestion [15]. In addition, an enzyme identical to CEH has
also been found in endothelial cells lining the vessel wall
where it is thought to be involved in mechanisms leading to
the accumulation of atherogenic lipoproteins [16, 17].

The C-terminal portion of CEH (blast accession number:
NP_001798.2), a region rich in proline, displays high
homology with the carboxyl-terminal part of the BCL10
molecule (blast accession number: NP_003912.1). BCL10
is a proapoptotic 233 amino acid protein expressed in
lymphoid tissues. BCL10 is detected in some extranodal
marginal zone B-cell lymphomas of mucosa-associated
lymphoid tissue (MALT), in which specific translocations
result in BCL10 overexpression with the loss of its
proapoptotic activity and an increase in functional activa-

tion of nuclear factor-kB, with enhancement of malignant
transformation [18]. There are several commercially avail-
able antibodies recognizing the C-terminal portion of
BCL10 which, in view of its homology with the C-terminal
portion of the CEH, could hypothetically be used as a
marker of acinar cells. The aim of the present study was to
investigate the immunohistochemical expression of the C-
terminal portion of the BCL10 protein in a series of
different pancreatic tumors and in cases of pancreatic
(acinar) metaplasia of gastric and esophageal mucosa to
verify its usefulness as an acinar cell marker.

Materials and methods

Cases

Twenty normal human pancreases from adult subjects and a
series of 114 pancreatic tumors including 14 ductal adeno-
carcinomas, two intraductal papillary mucinous neoplasms,
three mucinous cystic neoplasms (two mucinous cystadeno-
mas and one mucinous cystadenocarcinoma), three serous
microcystic adenomas, seven ACCs, one acinar cell cystade-
nocarcinoma, two intraductal ACCs [19], two mixed acinar–
endocrine carcinomas, 77 PETs, and three solid pseudopapil-
lary tumors were collected from the files of the Department
of Pathology of the Ospedale di Circolo in Varese. In
addition, a series of normal human tissues (including lymph
node, stomach, intestine, liver, salivary gland, thyroid,
parathyroid, adrenal gland, breast, lactating breast, brain,
prostate, placenta, heart, and aorta), four cases of pancreatic
acinar cell metaplasia of the gastric mucosa (three of them
associated with chronic atrophic autoimmune gastritis), three
case of pancreatic acinar cell metaplasia of the esophageal
mucosa (one associated with Barrett’s esophagus), five cases
of ectopic pancreatic tissue localized in the duodenal wall, 44
gastrointestinal endocrine tumors, five salivary and four
breast acinic carcinomas, 17 gastric adenocarcinomas, four
of which showed acinar differentiation, and six hepatocellu-
lar carcinomas were included in the study. All tissues were
fixed in buffered formalin (formaldehyde 4% w/v and acetate
buffer 0.05 M) and routinely processed to paraffin wax.
Five-micrometer-thick sections were stained with hematox-
ylin–eosin and Alcian-blue/periodic acid-Schiff for morpho-
logical evaluations.

Tissue microarray preparation

Tissue microarrays of 104 well-characterized gastroenter-
opancreatic (GEP) endocrine tumors (44 gastrointestinal
and 60 pancreatic) were prepared from formalin-fixed,
paraffin-embedded donor blocks. Representative areas of
each tumor were identified on hematoxylin–eosin stained

134 Virchows Arch (2009) 454:133–142



slides. At least two core tissue biopsy samples with a
diameter of 0.6 mm were taken from tissue blocks and
placed in a tissue microarray using a semiautomated tissue
array device. Four-micrometer-thick sections were cut after
incubating the constructed blocks for 10 h at 37°C.

Immunohistochemistry

For immunohistochemistry, paraffin sections were collected
on Superfrost Plus slides and completely processed auto-
matically with a BenchMark XT immunostainer (Ventana)
using the ultraView universal DAB detection kit (Ventana).
In particular, antigen retrieval was performed for 30 min
and the primary antibody was applied for 20 min at 42°C.

The monoclonal anti-BCL10 antibody (clone 331.3) was
raised against the 168–233 amino acid sequence of the
COOH terminal portion of the BCL10 protein. In addition,
an anti-BCL10 antibody (N-20) recognizing the terminal N-
portion of the BCL10 molecule was also used. The anti-
CEH antibody was raised against a peptide mapping within
the internal region of human CEH. The technical character-
istics of the other antibodies employed are listed in Table 1.

Specificity controls consisted of absorption of each
antiserum with 10–20 nM of its homologous antigen per
milliliter of diluted antiserum, omission of the first layer,
and use of control tissues with or without the pertinent
antigen. Unfortunately, Santa Cruz Company does not
provide the specific blocking peptide for the antibody

Table 1 Antibodies and antisera used

Antibodies/antisera P/M (clone) Dilution Source

BCL10 (C-terminal) M (331.3) 1:200 Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA
BCL10 (N-terminal) P 1:100 Santa Cruz Biotechnology Inc.
Carboxyl ester hydrolasea P 1:50 Santa Cruz Biotechnology Inc.
Pancreatic type amylase M (6103) 1:2,500 Biogenex Laboratories, San Ramon, CA, USA
Salivary type amylaseb P 1:2,000 Biogenesis, Bournemouth, UK
Trypsin P 1:1,500 Biodesign International, Saco, ME, USA
Lipase M (MAB1453) 1:1,000 Chemicon International inc, Temecula, CA, USA
Insulin M (AE9D6) 1:200 Biogenex Laboratories
Glucagon P 1:1,250 Milab, Malmo, Sweden
Pancreatic polypeptide M (CA08327) 1:4,000 Cambridge Research Biochemicals, Cambridge, UK
Somatostatin P 1:500 Dako, Carpinteria, CA, USA
Chromogranin A M (Phe5) 1:50 Enzo Diagnostics, New York, USA

a In the Santa Cruz catalog, the protein is named with the synonym carboxyl ester lipase
b This antibody was used to diagnose acinic carcinomas of the salivary glands and breast

Fig. 1 BCL10 immunoreactivity in normal pancreas. The stain is
intense and confined to the cytoplasm of acinar cells, while endocrine
islet cells and duct cells are completely negative

Fig. 2 Electron microscopy immunocytochemistry shows that the
staining for BCL10 is localized in zymogen granules of a pancreatic
acinar cell
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directed against the C-terminal portion of BCL10 employed;
for this reason, we performed a Western blotting analysis
(see below).

The intensity of immunoreactivity was scored as
follows: weak (1+) when the intensity of the reaction was
weak in the cytoplasm and frequently observed in less than
50% of tumor cells; intense (3+) when it was strong,
frequently with diffusion of the reaction, and generally
present in the majority of cells; and moderate (2+) when it
showed features between scores 1+ and 3+. The specificity
and sensitivity of BCL10, CEH, amylase, lipase, and
trypsin immunostainings in detecting pancreatic ACCs
was calculated as follows: specificity = true negatives/(true
negatives + false positives) and sensitivity = true positives/
(true positives + false negatives) [20]. False positives were
defined as pancreatic non-ACCs showing enzyme immu-
noreactivity while false negatives were pancreatic ACCs
lacking it. True positives were defined as ACCs positive for
enzyme immunohistochemistry while true negative pancre-
atic tumors, unlike ACCs, were negative for enzymes.

Electron microscopy immunocytochemistry

For ultrastructural immunocytochemistry, samples of nor-
mal pancreas were fixed for 2 h at 4°C in a mixture of 2%
paraformaldehyde and 0.5% glutaraldehyde in 0.05 M
pH 7.3 cacodylate buffer and embedded in London White
Resin. Thin sections, after pretreatment with ovoalbumin

1% in Tris-buffered saline 0.05 M pH 7.4 for 5 min at room
temperature, were incubated for 24 h at 4°C with the
primary monoclonal anti-BCL10 antibody (Santa Cruz),
then with a gold-tagged goat antimouse antibody (EY
Laboratories, San Mateo, CA, USA) for 1 h at room
temperature and finally counterstained with uranyl acetate
and lead citrate. Specificity controls consisted of omission
of the first layer and use of tissues with or without pertinent
antigens. Thin sections were examined with a Philips
(Morgagni 268 D) electron microscope.

Western blotting

For Western blotting analysis, normal pancreatic and lymph
node frozen tissues and human milk were used. A total
protein extract from tissues was prepared by homogenizing
∼0.5 g of tissue in 1 ml of ice-cold phosphate buffered
saline with 0.2 mM dithiothreitol and a protease inhibitor
cocktail (Roche). After centrifugation at 12,000×g for
15 min at 4°C, the supernatant was recovered and the
protein concentration was quantified by using the Bradford
(Biorad) method. Human milk was centrifuged to remove
fats and cells that could alter protein electrophoresis [21].
Thirty micrograms of tissue and human milk proteins were
separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis and blotted onto a nitrocellulose membrane
using a semidry apparatus (BioRad). After transfer, the
blots were stained with Ponceau S (Sigma Chemical Co.) to
verify the transfer. Protein band immunodetection was
performed with monoclonal anti-BCL10 (dilution 1:1,000,
Santa Cruz) as the primary antibody and horseradish
peroxidase-conjugated bovine antimouse IgG as the sec-
ondary antibody (dilution 1:15,000). Bands were visualized
by using enhanced chemiluminescence (ECL Advance
Western Blotting Detection Kit, GE) as specified by the
manufacturer.

Statistical analysis

The different percentages of BCL10-, CEH-, and trypsin-
positive cells in ACCs were statistically evaluated using the
Wilcoxon test.

Results

Using the anti-BCL10 antibody recognizing the C-terminal
part of the molecule (clone 331.3), we observed an intense
BCL10 immunoreactivity (IR) in acinar cells of normal
pancreases, while ductal and islet cells were completely
negative (Fig. 1). The pattern of IR was cytoplasmic and
granular and paralleled the distribution of zymogen gran-
ules. At the ultrastructural level, the gold immunolabeling

Table 2 BCL10 expression in normal tissues and in heterotopic
pancreatic tissue

Tissues BCL10 CEH BCL10
C-terminal N-terminal

Pancreas +a +a −
Heterotopic pancreas +a +a −
Lymph node + − +
Stomach − +c −
Intestine − − −
Liver − − −
Salivary gland − − −
Thyroid − − −
Parathyroid − − −
Adrenal − − −
Breast − − −
Lactating breast + (focal)b + (focal)b −
Brain − − −
Prostate − − −
Placenta − − −
Heart − − −
Aorta − − −

a Immunoreactivity was confined to acinar cells, while ductal and
endocrine cells were negative
bMilk was also strongly positive
c Immunoreactivity was confined to chief cells of the fundic mucosa
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was confined to spherical electron dense zymogen granules
(Fig. 2), while the other cytoplasmic organelles did not
show any labeling. This pattern of ultrastructural localiza-
tion suggested that the antibody identified at least one of
the pancreatic enzymes, which are typically stored in
zymogen granules. The other normal tissues investigated
did not show any BCL10-IR, with the exception of lymph
nodes and scattered cells in the lactating mammary gland
(Table 2). The seven foci pancreatic acinar cell metaplasia
of the gastric and esophageal mucosa were also intensely
BCL10 immunoreactive (Fig. 3), as were the acinar cells of
the five ectopic pancreatic tissues investigated. In all
tissues, normal lymphocytes were BCL10 positive although
the reaction was less intense than that observed in acinar
cells. The immunohistochemical expression of BCL10
overlapped that of CEH (Table 2), identified using a
specific anti-CEH antibody, but the intensity of the
BCL10 staining was stronger.

Western blotting analysis showed that in normal human
pancreatic and milk protein extracts, the monoclonal anti-
BCL10 antibody (clone 331.3), which recognizes the C-
terminal portion of the molecule homologous with the
CEH, detected a protein with a molecular weight of
105 kDa, which corresponds to the molecular weight of
CEH. By contrast, in the lymph node extract, the antibody
detected a protein with the molecular weight of BCL10
(Fig. 4). This result confirmed that the anti-BCL10
antibody used in this study, in addition to recognizing the
BCL10 protein typically expressed in lymphocytes, recog-
nized CEH. Moreover, as expected, a band of the molecular
weight of BCL10 was also observed in the lines of both
milk and pancreatic protein extracts.

Among pancreatic neoplasms, all ACCs (Fig. 5) as well
as mixed acinar–endocrine carcinomas were intensely
BCL10-IR, while the other tumor types including ductal
adenocarcinomas, serous, mucinous, solid pseudopapillary,

Fig. 3 Acinar cells in this focus of pancreatic metaplasia of the
esophageal mucosa (a) are strongly positive for BCL10 (b). They are
also immunoreactive for CEH (c) and trypsin (d). The intensity of

BCL10 immunoreaction is stronger than that obtained using the other
antibodies
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and endocrine tumors were all negative (Table 3). The
BCL10-IR was diffuse in the cytoplasm but in several
cases, a reinforcement at the apical portion of the
cytoplasm, in correspondence to the minute lumens
frequently present in acinar and glandular architectural
patterns, was observed. BCL10-IR was more sensitive in
detecting acinar differentiation than amylase, lipase, and
CEH (Table 4). We indeed observed BCL10-IR in all cases
of pancreatic ACCs, while amylase, lipase, and CEH
positivity was found in one of eight, five of 11, and nine
of ten cases, respectively. In addition, in lipase-, CEH-, and
amylase-positive tumors, BCL10-IR cells were more
numerous than lipase-, CEH-, and amylase-positive cells
(p<0.01). Trypsin-IR was identified in all cases of ACCs
but the number of positive cells was statistically (p<0.01)
lower than that of BCL10. In addition, the intensity of
BCL10 immunoreaction was stronger than that of trypsin
(Table 5).

Among the five salivary gland acinic cell carcinomas,
we found an intense BCL10-IR in only one case displaying
dedifferentiated features like cytologic pleomorphism, high
proliferative rate, and necrosis [22]. The other four well to
moderately differentiated acinic cell carcinomas of the
salivary glands were BCL10 negative. All breast acinic
cell carcinomas were negative for BCL10, which was
conversely found in groups of cells of gastric adenocarci-
nomas with acinar differentiation. The other gastric adeno-
carcinomas and all the hepatocellular carcinomas were

BCL10 negative. Among the 44 gastrointestinal endocrine
tumors investigated, only one gastric type 1 ECL-cell
carcinoid resulted BCL10 positive (Table 6). As in normal
tissues, in all positive neoplasms, BCL10-IR overlapped
that of CEH with the only difference that CEH (but not
BCL10) expression was observed in rare sparse cells of two
hepatocellular carcinomas (Table 3). Using the polyclonal
anti-BCL10 antibody (N-20), which identifies the N-
terminal part of the protein, we did not find any
immunoreactivity in the pancreas or pancreatic tumors,
nor in the other normal and neoplastic tissues investigated,
with the exception of lymph nodes (Table 2).

Discussion

As far as we are able to ascertain, the present study is the
first report indicating that normal pancreatic acinar cells,
metaplastic acinar cells, and pancreatic ACCs are immuno-
reactive with an anti-BCL10 antibody, suggesting that this
antibody can be used as a marker of acinar differentiation.
ACC is one of the rarest tumors of the pancreas, and for this
reason, most surgical pathology laboratories rarely have at
their disposal a panel of antibodies directed against various
pancreatic enzymes. Consequently, slides of suspected
ACCs are frequently sent to referral centers for specific
immunostainings. The anti-BCL10 antibody is frequently
included in the panel of antibodies used for the diagnosis of

Fig. 4 Western blotting analysis of protein extracts from normal
pancreas, human milk, and lymph node using the 331.3 anti-BCL10
antibody. Normal pancreas and milk, but not lymph node, showed the
band at 105 kDa, which corresponds to the molecular weight of CEH.
The band at about 33 kDa, which corresponds to BCL10, was evident

in all the lines. The result was expected because lymphocytes of the
lymph node express BCL10 and both milk and pancreas are known to
express BCL10 as suggested by expression profile databases (i.e.,
UNIGENE expression profile http://www.ncbi.nlm.nih.gov/UniGene/
ESTProfileViewer.cgi?uglist=Hs.193516)
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MALT lymphoma, a disease which is certainly more
frequent than ACC. As a consequence, the opportunity to
use BCL10 as a marker of both ACCs and MALT
lymphomas has the advantage that a single antibody can
be employed for diagnosing two different neoplasms.

In addition to these practical and economic consider-
ations, the results of our study have demonstrated that the
BCL10 immunostaining is better than immunostains per-
formed using antibodies directed against various pancreatic
enzymes in recognizing ACCs. In our series, BCL10
immunohistochemistry seemed to be more sensitive than
amylase and lipase immunohistochemistry in detecting
ACCs. In addition, it also appeared to be more sensitive
than CEH immunostaining, although antibodies directed
against this particular pancreatic enzyme, with some
exceptions [23], are not generally included in the panel
for diagnosing ACC. Although both trypsin and BCL10

immunoreactivities were found in all ACCs and in mixed
acinar–endocrine carcinomas, the BCL10 immunoreaction
was stronger than that of trypsin. Similarly, the intensity of
BCL10 immunoreaction was stronger than that observed
when the other antibodies directed against various pancre-
atic enzymes (CEH, amylase, and lipase) were employed.
The different sensitivity of such antibodies in identifying
ACC is well known. Among them, trypsin and chymotryp-
sin have been found to have the highest degree of
sensitivity [1, 24], although the latter one has been also
reported to be less sensitive than trypsin [25]. Lipase has
been found positive in about 80% of ACCs [24] while
amylase has been rarely identified, despite its strong
immunoreactivity in normal acinar cells [7, 26]. The
sensitivity of trypsin, lipase, and amylase in our series is
in line with the data reported in the literature (Table 4). Our
results suggest that BCL10 is highly sensitive, since it was

Fig. 5 Pancreatic acinar cell carcinoma characterized by proliferation
of neoplastic cells forming minute luminal spaces (a). The immuno-
reactivity for BCL10 was cytoplasmic, intense, and diffuse with a
reinforcement at the apical portion of the cytoplasm in correspondence

to the minute lumens (b). Tumor cells were also immunoreactive for
CEH (c) and trypsin (d), although the intensity of reactions and the
number of positive cells were less than that of BCL10
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immunohistochemically detected in 100% of our cases. In
addition, the fact that we did not find BCL10-IR in other
pancreatic tumors confirms that BCL10 immunohistochem-
istry is highly specific in detecting pancreatic acinar cell
differentiation. Moreover, the lack of CEH expression in
pancreatic tumors other than ACCs is in agreement with the
findings reported by Reuss et al. [27].

In addition to the diagnosis of pancreatic ACCs, our
results indicate the practical usefulness of BCL10 immu-
nohistochemistry in detecting pancreatic acinar cell meta-
plasia, which is relatively frequently found in gastric and

esophageal mucosa. Although morphology can suggest the
presence of metaplastic tissue, the immunohistochemical
detection of a specific pancreatic enzyme helps for the
correct diagnosis. The expression of BCL10 is highly
sensitive and specific for this purpose and we suggest using
it in any case of a suspected focus of pancreatic metaplasia.

Unlike the pancreas, where acinar cells were strongly
BCL10-positive, the majority of normal tissues investigated
were BCL10 negative, with the exception of the lactating
breast and human milk. Obviously, lymph nodes were also
BCL10 positive, a result which was expected since it is
well known that normal lymphocytes express BCL10.
Excluding lymph nodes, the distribution of BCL10 immu-
nostaining, identified with the monoclonal (331.3) anti-
body, among normal and ectopic pancreas, acinar
metaplasia, and ACCs well reflected that of CEH. Our
results on CEH distribution (Table 2) are in line with those
previously published, since CEH was found in the pancreas
and lactating breast, while neither CEH protein nor mRNA
were observed in other normal tissues, with the exception
of the gastric mucosa [9, 10, 12–14, 27–29].

The overlap between BCL10 and CEH immunohisto-
chemistry, together with the ultrastructural localization of

Table 4 Specificity and sensitivity of antibodies directed against
various pancreatic enzymes in detecting pancreatic ACCs

Antibody Specificity (%) Sensitivity (%)

BCL10 100 100
Trypsin 100 100
CEH 100 90
Lipase 100 45
Amylase 100 12

CEH carboxyl ester hydrolase

Table 3 BCL10 expression in tumors of the pancreas and of other sites

Tumor type BCL10 C-terminal Trypsin CEH Amylase Lipase

Pancreas
Ductal carcinomas 0/14 0/14 0/14 0/14 0/14
Acinar cell carcinomasa 10/10 10/10 8/9 1/8f 5/10
Mixed acinar–endocrine cancers 2/2 2/2 1/1 ne 0/1
Mucinous tumorsb 0/5 0/5 0/5 0/5 0/5
Serous tumors 0/3 0/3 0/3 0/3 0/3
Solid pseudopapillary tumors 0/3 0/3 0/3 0/3 0/3
Endocrine tumorsc 0/77 0/77 0/77 0/77 0/77
Salivary gland
Acinic cell carcinomas 1/5e 0/5 1/5 0/5g 0/5
Stomach
Adc with acinar differentiation 4/4f 3/4 2/4 0/3 1/3
Adenocarcinomasd 0/13 0/13 0/13 0/13 0/13
Liver
Hepatocellular carcinomas 0/6 0/6 2/6f 0/6 0/6
Breast
Acinic carcinomas 0/4 0/4 0/4 0/4g 0/4

CEH carboxyl ester hydrolase, Adc adenocarcinoma, ne not evaluated
a Seven ACCs, one acinar cell cystadenocarcinoma, and two intraductal ACCs
b Two intraductal papillary mucinous neoplasms and three mucinous cystic neoplasms (two mucinous cystadenomas and one mucinous
cystadenocarcinoma)
c This series included 76 well-differentiated tumors (nonfunctioning, insulinomas, gastrinomas, and vipomas) and one poorly differentiated
carcinoma. Sixty cases were included in the microarray slide
d Diffuse and glandular types of gastric adenocarcinomas were included
e The positive cancer was poorly differentiated
f The immunoreactivity was focal
g Tumors were negative for pancreatic amylase, while positive for salivary gland type amylase
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BCL10 in zymogen granules of acinar cells and the Western
blotting results, has demonstrated that the anti-BCL10
monoclonal (331.3) antibody also recognizes pancreatic
CEH. This fact is not surprising since the sequence between
amino acid 156 and 205 of the BCL10 protein (blast
accession number: NP_003912.1) shows high homology
with the sequence between amino acid 564 and 608 of CEH
(blast accession number: NP_001798.2).

Interestingly, using the anti-BCL10 polyclonal antibody
(N-20), which recognizes the N-terminal portion of the
BCL10 protein, we did not observe any immunoreactivity in
the normal pancreas, pancreatic tumors nor in the other
neoplasms and normal tissues investigated, with the exception
of lymph nodes and lymphocytes present in various tissues.
This finding supports the hypothesis that the BCL10
expression found in acinar cells using the 331.3 antibody is
due to the homology in sequence between CEH and BCL10
and not to the expression of the BCL10 peptide.

In conclusion, we have demonstrated that the antibody
directed against the C-terminal portion of the BCL10 is
useful in the diagnosis of pancreatic ACC. This finding
depends on the homology between the C-terminal portion
of BCL10 and CEH. Based on our experiments and our
experience, we suggest that this antibody should be
included in the panel used for diagnosing pancreatic
neoplasms, because it is highly specific and it is more
sensitive than antibodies directed against other pancreatic
enzymes in detecting acinar cell differentiation. In addition,
the opportunity to also use the anti-BCL10 antibody in theT
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Table 6 BCL10 expression in gastrointestinal endocrine tumors of
different sites

Type BCL10 C-terminal

Stomach
ECL-cell 1/7
PDEC 0/5

Duodenum
G-cell 0/2
D-cell 0/4
EC-cell 0/1
PDEC 0/2
Gangliocytic paraganglioma 0/1

Ileum
EC-cell 0/12

Appendix
EC-cell 0/11
Goblet cell carcinoid 0/1

Colon–rectum
L-cell 0/4
EC-cell 0/2
PDEC 0/9

PDEC poorly differentiated endocrine carcinoma
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diagnosis of lymphoid tumors has a practical and economic
advantage, especially for those laboratories in which
pancreatic surgical pathology is less frequent.
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Abstract Regional lymph nodemetastasis in gastric cancer is
a definitive indicator of the patient’s prognosis. The goal of
this study was to identify the predictors for lymph node
metastasis among all the possible histopathological parame-
ters, especially by conducting an objective discrimination of
the lymphatic and blood vessels. A total of 210 resected
primary gastric cancers with or without lymph nodemetastasis
were evaluated based on the conventional histopathological
parameters together with immunohistochemistry using anti-
sera-recognizing lymphatic endothelial hyaluronan receptor-1
(LYVE-1), von Willebrand factor, and lymphangiogenesis
promoter vascular endothelial growth factor-C (VEGF-C)
antibodies. A multivariate regression analyses of the results
indicated that only lymphatic invasion was a significant
independent predictor of lymph node metastasis at any stage
of cancer invasion. VEGF-C expression was partially related
to lymph node metastasis in early gastric cancer. The

identification of lymphatic invasion by LYVE-1 antibody is
therefore useful to predict regional lymph node metastasis in
gastric cancer.

Keywords Gastric cancer . Lymph node metastasis .

Lymphatic vessel endothelial hyaluronan receptor-1
(LYVE-1) antibody . Lymphatic invasion .

Vascular endothelial growth factor-C (VEGF-C)

Introduction

Regional lymph node metastasis is an independent prog-
nostic factor in patients with gastric cancer [1]. Among the
routes by which cancer cells metastasize to the regional
lymph nodes, metastasis through the lymphatics at the
primary site is a major candidate. Conventional histopath-
ological examinations reveal many small lymphatics and
blood capillaries at the primary site of gastric cancer;
however, the objective discrimination of these two types of
vessels is often difficult when using only hematoxylin and
eosin (HE) and Victoria blue staining. Recently, several
immunohistochemical markers that recognize the endothelium
of a lymphatic vessel have been successively developed,
including LYVE-l [2], D2-40 [3], podoplanin [4], and prox-1
[5]. These markers are practically useful to demonstrate the
relationship between cancer invasion and metastasis in early
gastric cancer [6]. In addition, an immunochemical analysis
with the lymphatic endothelial hyaluronan receptor-1
(LYVE-1) antibody in early gastric cancer reveals that
lymphatic invasion by cancer cells predicts regional lymph
node metastasis [7]. However, the relationship between the
lymphatic invasion and lymph node metastasis should be
universally explored at any stage of gastric cancer invasion
because the characteristics of the local anatomical structure
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of the gastric wall may influence the route of gastric cancer
metastasis.

Although angiogenesis as well as the dissemination of
malignant cells through blood vessels play major roles in
tumor growth [8, 9], lymphangiogenesis and the develop-
ment of lymphatic vessels are directly responsible for the
lymphatic spread of tumors [10, 11]. Various molecules
belonging to the vascular endothelial growth factor (VEGF)
family are thought to regulate the lymphatic vessel
development [12, 13]. Some studies have demonstrated
that VEGF factor C (VEGF-C) expression is closely
associated with the prognosis of breast [14], lung [15],
stomach [16], and colorectal [17] cancers. VEGF mediates
angiogenesis and vascular permeability [18]. On the other hand,
similar up-regulation of VEGF-C can lead to lymphangio-
genesis, intralymphatic tumor growth, and lymph node
metastasis [19]. However, in gastric cancer, there is no
evidence confirming the relationship between VEGF-C ex-
pression and lymphatic invasion using immunohistochemistry.

The present study attempted to explore the relationship
between lymphatic invasion and regional lymph node
metastasis in conjunction with several histopathological
parameters at any stage of gastric cancer invasion, focusing
on the discrimination of the lymphatics and blood vessels,
using immunohistochemistry. In addition, the possible role
of VEGF-C-mediated lymphangiogenesis and the spread of
gastric cancer were investigated.

Materials and methods

Materials

The surgically resected specimens of gastric cancer with the
regional lymph nodes were obtained from a total of 210
patients. The patients were diagnosed and treated with a
curative gastrectomy at Toho University Omori Medical
Center, Saiseikai Kanagawa-Ken Hospital and Hiratsuka
Municipal Hospital, Japan, between 1989 and 2005.

Curative surgery was defined as the removal of all gross
cancer and the microscopic evaluation of the tumor-
negative surgical margin. The patients underwent a lymph
node dissection of group 1 and group 2 according to the
Japanese Classification of Gastric Carcinoma [20], which
were located at the nearest and the second nearest area of
the primary cancer site. Lymph node metastasis was
considered to be present when at least one lymph node
invaded by cancer cells was observed. The patients were
free from other types or degrees of invasion, distant visceral
metastases, and complications due to other conditions.
None of the patients underwent either preoperative chemo-
therapy or radiotherapy. Written informed consent to use

the tissue specimens was provided by all patients at each
medical institute.

In this study, as we considered that the route of gastric
cancer metastasis may be influenced by the characteristics
of the local anatomical structure of the gastric wall, we
aimed to explore the relationship between the lymphatic
invasion and lymph node metastasis. The patients were
divided into six groups, including the following: cancer
invasion confined to within the mucosa or submucosa
(SM), with or without metastasis; tumor invasion up to the
external rim of the propriate muscle layer (MP), with or
without metastasis; and tumor invasion reaching subserosal
layers (SS) with or without metastasis. We assigned the
latest 35 consecutive cases that met the definition for each
group from that surgically resected specimens previously
described. We combined the cancer invasion confined
within the mucosa or submucosa invasion as a single group
according to the World Health Organization (WHO)
classification with the Japanese modification [21]. The
number of mucosal invasion cancers in the group with
lymph node metastasis was 5 out of 35, while for the group
without it, the number was 20 out of 35.

All of surgically resected stomachs were opened along
the greater curvature, pinned on a cork board, and fixed in
10% formalin. After a careful gross inspection of the
location of the primary cancer, the tumor size was measured
on the length of its major axis. Each tumor was cut into
4-mm slices parallel to the major axis of the specimen and
to the minor axis crossing the halfway point of the long
axis. The slices were embedded in paraffin, cut into 3-μm-
thick sections, and treated by double staining with Victoria
blue and HE dyes to aid the identification of elastic fibers in
the blood vessel structures, especially with regard to the
veins.

Immunohistochemistry

The primary antibodies for immunohistochemistry used in
this study were anti-LYVE-1, which was previously raised
against a LYVE-1 polypeptide fragment [2], anti-human
von Willebrand factor (vWF) antibody (Dako, Carpinteria,
CA, USA), and anti-VEGF-C (Zymed Lab. Inc., South San
Francisco, CA, USA). Immunohistochemistry with LYVE-1,
vWF, and VEGF-C antibodies were carried out after
deparaffinizing and dehydration of the thin-sectioned speci-
mens. For LYVE-1 and VEGF-C, the sections were pretreated
with 10 mM citrate buffer solution (pH 6.0) for 15 min at
95°C. They were then treated with 40 μg/ml proteinase K
(Dako) for 3 min at room temperature.

After washing in distilled water, the sections were
incubated with LYVE-1 (1:200 dilution) and VEGF-C
(1:200 dilution) antibody for 1.5 h at room temperature,
washed in Tris-buffered saline (TBS) containing Tween 20
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and treated with the Catalyzed Signal Amplification II kit
(Dako) according to the manufacturer’s instructions. For
vWF immunohistochemistry, the sections were pretreated
with 10 mM citrate buffer solution (pH 6.0) for 15 min at
95°C. After washing in TBS, they were treated with 3%
hydrogen peroxide for 10 min and then with 3% non-fat
dried milk in TBS containing Tween 20 for 30 min. The
sections were then incubated with vWF antibody (1:25
dilution) for 2 h at room temperature. A further wash in
TBS was followed by treatment with peroxidase-labeled
polymer conjugated to goat and anti-rabbit or anti-mouse
immunoglobulins (Envision+kit; Dako) for 30 min at room
temperature. The immunostaining was visualized with
diaminobenzidine tetrahydrochloride, followed by counter-
staining with hematoxylin.

Histopathological variables

Each case was evaluated for the histopathological classifi-
cation of primary cancer, the presence of vessel invasion,
vessel density, and VEGF-C expression in cancer cells. The
tumor type was assessed by examining sections that were
stained with H&E and VB. The histopathological classifi-
cation was determined according to the WHO classification
with the Japanese modification. To determine the grade of
differentiation, the major histopathological type showing at
the primary site was categorized as papillary adenocarcinoma,
well differentiated, moderately differentiated, poorly differen-
tiated adenocarcinoma, or signet ring cell carcinoma. For the
statistical analysis, the former three types were combined as a
low-grade malignancy group and the latter two types as a
high-grademalignancy group, according to the conventionally
accepted relationship between cancer typing and biological
behavior. All the histopathological specimens were separately
reviewed by the three pathologists (HM, YI, and IF), and the
results were finally determined after consensus readings when
they were different among them.

The location and number of vessel invasion was
examined under the view field at a magnification of ×200.
For this analysis, vascular invasion was defined as invasion
and adherence of cancer cells to the inner surface of the
lymphatic vessels determined by anti-LYVE-1 antibody or
blood vessels determined by anti-vWF antibody with the
use of Victoria blue-staining for the detection of the venous
structure. Lymphatic and blood vessel invasion was
considered to be present when at least one vessel invaded
by cancer cells was observed in a given case. The location
of the lymphatic and blood vessel invasion was also noted
throughout the observation of the primary tumor.

To examine the lymphatic vessel density (LVD) by light
microscopy, the immunostained sections were scanned along
the tumor front margin at a low magnification of ×40, and the
highly distinctive areas for lymphatic vessels with LYVE-1

antibody were selected. The number of lymphatic vessels
lumens in these areas was counted in five view fields under a
magnification of ×200. The average number of lymphatic
vessels at each area was designated as the LVD. Blood vessel
density (BVD) was determined with anti-vWF antibody, and
their density was determined by the same procedures used
for the LVD.

VEGF-C was evaluated according to the extent of
staining as described by Siironen et al. [22]. Briefly, under
the light microscope, when more than 10% of the primary
cancer cells expressed VEGF-C in the cytoplasm of the
cancer cells, they were recorded as positive.

Statistical analysis

Statistical analyses were performed using the chi-square
test, Fisher’s exact test, and the Mann–Whitney’s U test to
assess the significance of the impact of each subset of
histopathological parameters on the lymph node status.
Multivariate logistic regression analyses including these
variables selected by backward elimination were also
carried out to identify the independent predictors for lymph
node metastasis. Any differences in the P value of less than
0.05 were considered to be statistically significant. All of
the statistical analyses were examined using the StatView
software program (SAS Institute, Raleigh, NC, USA).

Results

Comparison of each parameter between the node-negative
and node-positive groups

A summary of the clinicopathologic characteristics of the
patients in this study is shown in Table 1. The differences in
the histopathological parameters between the node-negative
and node-positive groups were indicated by the invasion
depth in the gastric wall (Tables 2, 3, and 4). In all 15 cases
on the SM invasion group with lymphatic invasion, cancer
invasion reached the submucosa. The variables of age, sex,
and the location of tumor were not always significant in
conjunction with the lymph node status by the depth of
cancer invasion in the following statistical treatments (data
not shown). Therefore, those variables were omitted in the
tables of the present study.

A significant difference was recognized between tumor
size and regional lymph node metastasis in all the subsets
by invasion depth using Mann–Whitney’s U test. The two
varieties of vessel invasion were readily distinguished by
LYVE-1 (Fig. 1) and vWF (Fig. 2) immunostaining. The
frequency of lymphatic vessel invasion was significantly
greater in the node-positive groups than the node-negative
groups at any invasion depth, based on Fisher’s exact test.
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On the other hand, there was no significant relationship
between blood vessel invasion and regional lymph node
metastasis.

In all of the subsets of invasion depth, the low-grade
malignancy group was predominant in the node-negative
group, but there was no significant difference in cancer
differentiation between the node-positive and node-negative

groups as assessed by Fisher’s exact test. In addition, there
was no significant difference in LVD and BVD between the
node-positive and node-negative groups as assessed by
Mann–Whitney’sU test. Although the frequency of VEGF-C
expression in the node-positive groups tended to be greater
than the node-negative groups, there was no significant
difference for any invasion depth as assessed by Fisher’s
exact test.

Logistic regression analyses of histopathological
parameters for lymph node metastasis

The results of the multivariate analyses of the histopatho-
logical parameters for lymph node metastasis are shown in
Table 5. In the SM invasion group, the size of tumor (odds
ratio, 1.043; P=0.0192), lymphatic invasion, and positive
VEGF-C expression (odds ratio, 5.184;P=0.0225) were
significant independent predictors of lymph node metastasis
by the multivariable analyses. In the MP invasion group,
the size of the tumor and lymphatic invasion (odds ratio,
6.174; p=0.0032) were significant independent predictors
of lymph node metastasis by the multivariable analyses. In
the SS invasion group, lymphatic invasion (odds ratio,
3.036; p=0.0344) and LVD (odds ratio, 0.977; p=0.0429)
were significant independent predictors for lymph node
metastasis by the multivariable analyses. In all the cases,
the size of tumor (odds ratio, 1.044; p=0.0038) and
lymphatic invasion (odds ratio, 4.328; p=0.0092) were
significant independent predictors for lymph node metastasis
based on multivariable analyses. Only lymphatic invasion
was the consistent significant predictor for lymph node
metastasis in any depth of tumor invasion based on the
multivariate analysis.

Table 1 Clinicopathologic characteristics of patients in this study (n=210)

Node-negative group Node-positive group

Mean age 67.0 65.0
Sex
Men 82 (78.1%) 79 (75.2%)
Women 23 (21.9%) 26 (24.8%)
Mean size 33.0 44.9

Tumor location
U 28 (26.7%) 36 (34.3%)
M 52 (19.5%) 31 (29.5%)
L 25 (23.8%) 38 (36.2%)
Grade of cancer differentiation
Low-grade malignancy 61 (58.1%) 58 (55.2%)
High-grade malignancy 44 (41.9%) 47 (44.8%)
Lymphatic invasion
Negative 82 (78.1%) 50 (47.6%)
Positive 23 (21.9%) 55 (52.4%)
Mean LVD 11.7 10.7

Blood vessel invasion
Negative 66 (62.9%) 62 (59.0%)
Positive 39 (37.1%) 43 (41.0%)
Mean BVD 14.7 13.6

VEGF-C expression
Negative 72 (68.6%) 60 (57.1%)
Positive 33 (31.4%) 45 (42.9%)

M middle, U upper, L lower third of the gastric surface area

Table 2 Comparison of the histopathological parameters by the lymph node status in SM invasion group (n=70)

Parameter Node-negative Group Node-positive Group P-value

Size (mean), mm 22.0 31.5 0.0057a

Grade of cancer differentiation NSb

Low-grade malignancy 23 (66.0%) 19 (54.0%)
High-grade malignancy 12 (34.0%) 16 (46.0%)
Lymphatic invasion 0.0088b

Negative 32 (91.0%) 23 (66.0%)
Positive 3 (9.0%) 12 (34.0%)
LVD (mean) 13.7 14.7 NSa

Blood vessel invasion NSb

Negative 32 (91.0%) 31 (89.0%)
Positive 3 (9.0%) 4 (11.0%)
BVD (mean) 14.0 11.9 NSa

VEGF-C expression NSb

Negative 28 (80.0%) 22 (63.0%)
Positive 7 (20.0%) 13 (37.0%)

aMann–Whitney’s U test
b Fisher’s exact test
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Sites of lymphatic vessel invasion within the gastric wall
by the invasion depth of cancer

Although the lymphatic and blood vessels were readily
distinguished by LYVE-1 and vWF immunostaining in the
normal part of the resected stomach, they frequently
appeared to be affected and destroyed within the tumors.
The spatial distribution of lymphatic vessel invasion within
the gastric wall by the invasion depth of all the 78
lymphatic invasion-positive cases is indicated in Table 6.
For this analysis, the submucosal layer was arbitrarily
subdivided into two groups: SM1, in which cancer invaded

up to the upper half of the submucosa, and SM2, in which
cancer invaded the whole layer of the submucosa. In the
SM invasion group, lymphatic invasion was detected in
the mucosa (6.7%, 1/15), the SM1 (93.3%, 14/15), and the
SM2 (26.7%, 4/15). In the MP invasion group, lymphatic
invasion was detected in the SM1 (79.1%, 19/24), the SM2
(16.7%, 4/24), and the muscularis propria (8.3%, 2/24). In
the SS invasion group, lymphatic invasion was detected in
the mucosa (5.1%, 2/39), SM1 (66.7%, 26/39), SM2
(17.9%, 7/39), and the muscularis propria (41.0%, 16/39).
Accordingly, in any depth of cancer invasion, lymphatic
invasion was most frequently detected in the SM1 layer.

Table 4 Comparison of the histopathological parameters by the lymph node status in SS invasion group (n=70)

Parameter Node-negative Group Node-positive Group P value

Size (mean), mm 46.0 58.5 0.0053a

Grade of cancer differentiation NSb

Low-grade malignancy 18 (60.0%) 22 (63.0%)
High-grade malignancy 17 (40.0%) 13 (37.0%)
Lymphatic invasion 0.0303b

Negative 20 (57.0%) 11 (31.0%)
Positive 15 (43.0%) 24 (69.0%)
LVD (mean) 12.2 8.9 NSa

Blood vessel invasion NSb

Negative 13 (37.0%) 9 (26.0%)
Positive 22 (63.0%) 26 (74.0%)
BVD (mean) 13.3 14.6 NSa

VEGF-C expression NSb

Negative 23 (66.0%) 18 (51.0%)
Positive 12 (34.0%) 17 (49.0%)

aMann–Whitney’s U test
b Fisher’s exact test

Table 3 Comparison of the histopathological parameters by the lymph node status in MP invasion group (n=70)

Parameter Node-negative Group Node-positive Group P value

Size (mean), mm 31.0 44.7 0.0025a

Grade of cancer differentiation NSb

Low-grade malignancy 20 (57.0%) 17 (49.0%)
High-grade malignancy 15 (43.0%) 18 (51.0%)
Lymphatic invasion 0.0004b

Negative 30 (86.0%) 16 (46.0%)
Positive 5 (14.0%) 19 (54.0%)
LVD (mean) 9.2 8.6 NSa

Blood vessel invasion NSb

Negative 21 (60.0%) 22 (63.0%)
Positive 14 (40.0%) 13 (37.0%)
BVD (mean) 16.8 14.4 NSa

VEGF-C expression NSb

Negative 21 (60.0%) 20 (57.0%)
Positive 14 (40.0%) 15 (43.0%)

aMann–Whitney’s U test
b Fisher’s exact test

Virchows Arch (2009) 454:143–151 147



Comparison of each parameter with the expression
of VEGF-C

In the stomach, VEGF-C expression was mainly present at
the tumor front (Fig. 3) and usually detected as small
heterogeneous nodules in the cytoplasm of the cancer cells. In
addition, it was also weakly present in the cytoplasm of some
normal ductal cells. In the SM invasion group, the VEGF-C
expression was positive in 20 cases (28.6%, 20/70). As for the
PM invasion group, VEGF-C expression was detected in 29
cases (41.4%, 29/70). In the SS invasion group, it was
detected in 29 cases (41.4%, 29/70). Although the frequency
of the positive expression of VEGF-C in the node-positive
cases was higher than in node-negative groups in any group of
invasion depth, there was no statistical significance between
them.

A further comparison of histopathological variables, such
as the location of the primary cancer, the tumor size, grade of
cancer differentiation, blood vessel invasion, LVD, and
BVD, was made with the expression of VEGF-C. However,
none of the variables defined were significant. In addition,
the depth of cancer invasion was also not significantly
related to the frequency of VEGF-C expression.

Discussion

The present study demonstrated the significance of lym-
phatic vessel invasion on regional lymph node metastasis in
gastric cancer using LYVE-1 and vWF antibodies for the
objective discrimination of the lymphatic and blood vessels.
The results of a multivariate analysis indicated that only the
lymphatic invasion by cancer cells was consistently
recognized as an independent histopathological predictor
of regional lymph node metastasis at any depth of tumor
invasion. The macroscopic issue of tumor size and
microscopic VEGF-C expression in cancer cells were also
significant; however, their roles seemed to differ with
regard to the stage of cancer invasion. Since the lymphatic
vessels are a route to lymph node, it would be reasonable to

Fig. 1 A mass of a poorly differentiated adenocarcinoma invading the
lymphatic vessels, which is lined with LYVE-1-positive endothelial
cells just beneath the lamina muscularis mucosae (×400)

Table 5 Result of the histopathological parameters for node-positive
cancer by multivariate logistic analyses

Parameter Odds ratio 95%CI P value

All the cases (n=210)
Size 1.044 1.014–1.075 0.0038
Lymphatic invasion 4.328 1.436–13.043 0.0092
SM invasion group (n=70)
Size 1.043 1.010–1.084 0.0192
Lymphatic invasion 5.222 1.839–20.736 0.0242
VEGF-C expression 3.312 1.002–10.950 0.0497
MP invasion group (n=70)
Size 1.046 1.010–1.084 0.0118
Lymphatic invasion 6.174 1.839–20.736 0.0032
SS invasion group (n=70)
Lymphatic invasion 3.036 1.085–8.499 0.0344
LVD 0.977 0.955–0.999 0.0429

95%CI 95% confidence interval

Fig. 2 The blood capillary lumen positively stained with the vWF
antibody in the submucosal layer is almost completely occluded with a
large mass of a poorly-differentiated adenocarcinoma (×400)

Table 6 Site of lymphatic vessel invasion by invasion depth of cancer

Site of lymphatic invasion Invasion depth of cancer (%)

SM MP SS

Mucosa 1/15 (6.7) 0/24 (0.0) 2/39 (5.1)
SM1 14/15 (93.3) 19/24 (79.1) 26/39 (66.7)
SM2 4/15 (26.7) 4/24 (16.7) 7/39 (17.9)
MP – 2/24 (8.3) 16/39 (41.0)
SS – – 0/39 (0.0)
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conclude that only lymphatic invasion is a notable predictor
for lymph node metastasis. In the tumor, node, metastasis
system, the extent of lymph node metastasis is one of the
essential factors for assessing the extent of disease,
determining prognosis, and establishing the therapy strategies
in gastric cancer patients.

Recently, several immunohistochemical markers recogniz-
ing the lymphatic vessel endothelium have been successively
identified, including LYVE-l [2], D2-40 [3], podoplanin [4],
prox-1[5], desmoplakin [23], and D6 [24]. In addition, a
more specific LYVE-1 antibody has been raised from the
epitope that is a part of the polypeptide-fragment of the
original LYVE-1 [2]. This antibody has enabled the objective
detection of lymphatics in studies of the normal prostate
[25], atherosclerosis [26], early-stage gastric cancer [7], and
early-stage colorectal cancer [27]. In this study, it also
enabled the distinctive discrimination of the lymphatic
vessels from the blood vessels at any stage of gastric cancer.

The lymphatic spread of cancer is assumed to occur
through the permeating of cancer cells into the peritumorous
lymphatics, eventually reaching the regional lymph nodes.
The close contact between tumor cells and lymphatics is
thought to be an initial step in lymphatic metastasis. It is
reasonable that cancer cells invading the submucosal layer
easily penetrate the lymphatic lumen because most of the
lymphatics are present just beneath the lamina muscularis
mucosae in the normal stomach. The depth and total volume
of submucosal invasion by the gastric cancer are closely
correlated with lymph node metastasis [28–30]. In the
current study, lymphatic invasion by cancer cells was most
frequently found in the submucosal layer, and its frequency
was highest in gastric cancer invading within the submu-
cosal layer. The current results suggest that lymphatic
vessels in the submucosal layer provide the main entry

source for lymph node metastasis through lymphatic
invasion even in advanced gastric cancers.

The lymphatic vessels at the tumor margin probably play
a functional role in the drainage to the lymph nodes [31].
Therefore, in this study, the number of lumens in the
lymphatic vessels was counted at the peripheral part of the
tumor. The results, however, indicated no significant
difference in the LVD between the node-positive and
node-negative groups in the SM and MP invasion groups.
On the other hand, in the SS invasion group, the results of a
multivariate analysis demonstrated the LVD to be a
significant independent predictor for lymph node metastasis.
One reason why there are some differences between the
current results and those in the previous studies [32–34] is
due to the fact that the number of lymphatic vessels tend to
decrease in the central portion of the primary cancer. The
cancer cells may invade or destroy vessels in the central
portion, while newly proliferating lymphatic vessel may
provide the entry to cancer invasion at the peripheral area of
the tumor, especially in the submucosal layer. Such differ-
ences in the decrease or increase of the number of the
lymphatic vessels at each site may collectively result in the
determination of the value.

In conjunction with the LVD, vascular or lymphatic
metastasis may also be regulated through angiogenesis and
lymphangiogenesis mediated by the growth factors
expressed by the cancer cells. Among these, VEGF-C has
been recently examined with regard to the relationship of
the lymphatic vessels with cancer cell invasion. VEGF-C
expression from cancer cells promotes lymphangiogenesis
[35], which may provide the route for cancer invasion.
Despite a significant correlation between lymph node
metastasis and VEGF-C expression in esophageal [36],
gastric, and colorectal cancers [37], such a relationship was
not evident in the present study under the objective
definitions of the location and estimation for VEGF-C
expression. This indicates that VEGF-C expression from
cancer cells does not seem to always promote lymphangio-
genesis in the stroma, while cancer cells actively invade
and damage the stroma.

Apart from the potentiality of lymphatic invasion
through lymphangiogenesis, VEGF-C expression from
cancer cells has been directly considered in conjunction
with positive lymph node metastasis in cancers of the breast
[38], thyroid [39], lung [40], and prostate [41]. In gastric
cancer, based on a similar correlation of VEGF-C with
lymph node metastasis, patients with high expression of
VEGF-C show a poor prognosis [42, 43]. The present
results indicated that significant up-regulation of VEGF-C
from cancer cells was recognized in the patients with
regional lymph node metastasis, but only in early gastric
cancer. This finding is in agreement in part with that
described in a previous report [44], thus suggesting the

Fig. 3 VEGF-C expression is positive in gastric cancer. VEGF-C is
mainly present in the cytoplasm of cancer cells in the peripheral part
of the tumor (×200)
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possibility that VEGF-C up-regulation may promote lymph
node metastasis via lymphatic vessels in patients with
gastric cancer.

In the present study, as lymphatic invasion is usually
found in the submucosal layer at any stage of gastric
cancer, such detection therefore considered to be essential
to predict regional lymph node metastasis in gastric cancer.
It is especially important for the detection of lymphatic
invasion to observe the submucosa around the primary
tumor in patients with gastric cancer. The application of an
endoscopic resection for early gastric cancer has been
extended to the larger and more deeply invaded cases on
the basis of guideline criteria [45]. Even in such cases, we
cannot rule out the possibility of regional lymph node
metastasis when we encounter the lymphatic invasion in the
gastric mucosa or submucosa. Apart form these situations,
when lymphatic invasion by gastric cancer is demonstrated
in the gastrectomied cases of PM and SS invasions without
any regional lymph node metastasis, we will carefully
follow the possibility of any regional lymph node metas-
tasis in those patients. If we can predict metastasis to the
lymph node from a lymphatic vessel invasion in the
primary site, it may be an important tool for choosing
the optimal treatment protocol for cancer recurrence.
Furthermore, the early identification of patients who is
such at high risk and the appropriate treatment may
significantly improve the survival rate.

In this study, LYVE-1 immunohistochemistry is there-
fore considered to be useful in predicting lymph node
metastasis from gastric cancer with various depths of
invasion.
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Abstract We estimated the prevalence of Helicobacter
pylori infection, chronic gastritis, atrophy, and intestinal
metaplasia in dyspeptic patients from Maputo Central
Hospital, Mozambique and evaluated the relationship
between infection and histopathological features of chronic
gastritis. Biopsies from 109 consecutive patients observed
in 2005–2006 were collected from antrum, incisura angu-
laris, and corpus for histopathological study according to
the Modified Sydney system. H. pylori infection was
assessed by histology and polymerase chain reaction. H.
pylori prevalence was 94.5%. Chronic gastritis was the
most frequent diagnosis (90.8%). Degenerative surface
epithelial damage was associated with higher H. pylori
density. Glandular atrophy (8.3%) and intestinal metaplasia
(8.3%) were infrequent. Our results confirm previous
observations in African countries with high prevalence of
H. pylori infection and low rates of gastric cancer: high

frequency of chronic H. pylori-associated gastritis with very
low frequency of gastric atrophy and intestinal metaplasia.

Keywords Helicobacter pylori infection . Chronic
gastritis . Intestinal metaplasia .Mozambique .

African enigma

Introduction

Helicobacter pylori infection affects more than 50% of the
world adult population, with two thirds of all cases of
stomach cancer being attributed to it [1], but many
countries with high prevalence of H. pylori infection have
low rates of gastric cancer [2], which is known as the
“African enigma” [3]. The lack of correspondence between
the prevalence of infection and the gastric cancer frequency,
however, is surely overestimated due to the scarcity of high
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quality data on cancer incidence and mortality for most
African countries and has been labeled as a myth [4].

H. pylori has also been implicated in the development of
other gastric diseases such as chronic gastritis, peptic ulcer,
and gastric MALT lymphoma [5–7]. The diversity of
clinicopathological presentation of Helicobacter-associated
diseases is related to the interaction of many factors,
namely host genetic susceptibility [8], bacterial virulence
[9], and environmental factors, mainly smoking [10] and
diet [11–13]. Ecological [2, 14] and individual level [15]
studies support the hypothesis of a synergistic effect of H.
pylori and smoking, suggesting that the low cigarette
consumption found in most countries in Africa contributes
to the low gastric cancer frequency in the region, despite
the high prevalence of infection. Similar evidence has been
produced for precancerous lesions [16, 17], but data from
African countries are scarce.

Several studies regarding histopathological changes of
gastric mucosa and H. pylori infection have been published
in Africa [18–21]. However, the publication of these
investigations spanned over many years and relied in different
methods and criteria for classification of gastric lesions.
Moreover, caution is required when comparing results from
independent studies conducted in different parts of the world
due to less than optimal inter-observer agreement [22]. Robust
data from the African setting, particularly in sub-Saharan
Africa, may contribute to clarify the role of H. pylori in the
web of gastric cancer causation, from gastritis to cancer, and
to understand the so-called African enigma.

Data from Mozambique are practically inexistent. The
first estimates of cancer frequency, based on a cancer
survey conducted in Lourenço Marques (now Maputo)
more than three decades ago [23], showed a low gastric
cancer incidence (0.9/100,000 inhabitants in women and
1.1/100,000 inhabitants in men). The only population-based
cancer registry in the country was recently set up in Beira city,
in the center of the country, but no gastric cancer cases were
observed among the 377 cases of cancer registered in 2006
(Ferro et al., unpublished data). Among 4,934 cancer cases
diagnosed at Maputo Central Hospital between 1992 and
1999, 18 were gastric cancers, representing 0.4% of all malig-
nancies registered (Ferro et al., unpublished data). Maputo
Central Hospital is the only hospital in the south of the country
that has anatomical pathology facilities. All gastric endos-
copies in the south of the country are done in three places:
Maputo Central Hospital (approximately 95% of all endos-
copies) and in other two private clinics. All samples are sent to
the Department of Pathology of Maputo Central Hospital.

Regarding H. pylori infection, a previous study on H.
pylori in dyspeptic patients at Maputo Central Hospital with
a very small series (n=69 dyspeptic patients) showed the
presence of this bacteria, in histological sections, in 61% of
the cases (Prassad et al., unpublished data).

The aim of this study is to estimate the prevalence of
chronic gastritis, atrophy, and intestinal metaplasia among
dyspeptic patients from Maputo Central Hospital using the
Modified Sydney system and to evaluate the relationship
between different histopathological features of chronic
gastritis and H. pylori infection.

Materials and methods

Study area

This prospective descriptive study was conducted at the
Maputo Central Hospital (MCH) between August 2005 and
May 2006. The MCH is a public hospital with tertiary level
care, which serves as the referral center for other hospitals
in Southern Mozambique.

Study population and evaluation of participants

Among the patients observed in the Outpatient Department
of Gastroenterology at MCH, those having dyspeptic
symptoms and clinical criteria for upper digestive endos-
copy were consecutively invited for this study. The present
series includes 109 patients (median age, 37 years; percen-
tile 25–percentile 75, 28–46 years; 67.9% female; 93.5%
black). The protocol included the collection of four biopsy
specimens—one from the greater curvature of the antrum,
two from the incisura angularis, and one from the anterior
wall of the corpus—for the histopathological study in the
Department of Pathology at the MCH. From the 109
patients involved in the study, only the biopsies with
adequate size were considered for histopathological study,
which corresponded to 107 samples collected from the
incisura angularis, 106 from the antrum, and 67 from the
corpus. The lower number of biopsies from the corpus is
due to a high frequency of erroneous labeling as corpus of
samples collected from antrum or incisura.

Histopathological study

Biopsy specimens were fixed in 10% formalin, embedded
in paraffin, and cut into 4-μm sections. Hematoxylin–eosin
and modified Giemsa-stained sections were used to classify
the lesions and to identify the presence/absence of H.
pylori, respectively. Alcian blue/PAS stain was performed
to demonstrate intestinal metaplasia.

Histological evaluation was performed according to the
Modified Sydney system [24] by two experienced pathol-
ogists (CC and LD) using a semi-quantitative scoring (0 =
absent; 1 = mild; 2 = moderate; 3 = marked) for chronic
inflammation, polimorphonuclear neutrophil activity, glan-
dular atrophy, and density of H. pylori. Moreover, we also
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evaluated surface epithelial damage, lymphoid follicles, and
intestinal metaplasia as present or absent. Intestinal metapla-
sia was classified as complete or incomplete, using mucin
(MUC1, MUC2, and MUC5AC) immunohistochemistry as
previously described [25]. Complete intestinal metaplasia
was defined by expression of MUC2 (intestinal mucin) and
absence of expression of MUC1 and MUC5AC (gastric
mucins), and incomplete intestinal metaplasia was character-
ized by co-expression of MUC2, MUC1, and MUC5AC [25].
Dysplasia and gastric cancer was also recorded if present.

The global histopathological diagnosis was characterized
as: normal mucosa, chronic gastritis, gastric dysplasia, and
gastric cancer. In the gastritis group, we considered antral
gastritis, gastritis of antrum and incisura, gastritis of corpus,
pangastritis, pangastritis predominantly from the antrum,
and pangastritis predominantly from the corpus.

Assessment of H. pylori infection by polymerase chain
reaction (PCR)

Total DNA was extracted from antral biopsy specimens after
digestion with ProteinaseK for at least 12 h at 55°C. Proteinase
K was inactivated by incubation at 95°C for 10 min. Ten
microliters of the lysate was used for PCR for detection of H.
pylori with primers previously described [26], amplifying the
s and m regions of the vacA gene. Amplified products were
visualized after electrophoresis in 2% agarose gels.

Statistical analysis

Statistical analysis was performed using the Chi-square test
with Yates correction or the Fisher’s exact test, as appropri-
ate. A significance level of 5% was used in all analyses.

Ethics

The study protocol was approved by the National Mozam-
bican Ethics Committee, and written informed consent was
obtained from all participants.

Results

H. pylori colonization and histopathological diagnosis

H. pylori was identified in 68 out of 109 cases (62.4%)
based on histological assessment and in 100 out of 108
cases (92.6%) when assessed by PCR. PCR was not
performed in one H. pylori-positive case by histology due
to insufficient material remaining in the paraffin block. In
three cases, H. pylori was positive by histology and
negative by PCR. Infection was considered present when
the results where positive for at least one of the two

detection methods. The overall prevalence of infection was
94.5%. Ten cases had normal mucosa. Chronic gastritis,
irrespective of topography, was the most frequent diagnosis,
accounting for 99 cases (90.8%). Pangastritis was observed
in 54 cases (Table 1). One case (0.9%) with chronic gastritis
had a concomitant gastric adenocarcinoma.

Histopathological scoring of lesions and of H. pylori
colonization

The results from the histopathological scoring of the lesions
are shown in Table 2 and Fig. 1. Chronic inflammation,
presence of lymphoid follicles, and neutrophilic activity
were more frequent in the antrum and incisura than in the
corpus. Chronic inflammation in the antrum and incisura
was more frequently moderate to abundant, whereas in the
corpus, a mild infiltrate was predominant. Neutrophilic
activity was mostly in the mild/moderate range in all gastric
locations. Glandular atrophy was accessed in 81 samples of
the antrum, 97 of incisura angularis, and in 67 of corpus.

Glandular atrophy was identified in two cases (2.5%), six
cases (6.2%), and one case (1.5%), respectively, in the
antrum, incisura angularis, and corpus, all with intestinal
metaplasia. Intestinal metaplasia was detected in nine cases,
six of the complete and three of the incomplete type (Fig. 2).
From those nine cases, two had intestinal metaplasia in
more than one location, namely in antrum and incisura
angularis, totalizing 11 samples and corresponding to 3.8%
of the samples (four of 106) in antrum and 6.5% (seven of
107) in incisura angularis. Samples from the cases with two
intestinal metaplasia foci in different locations had the same
sub-type of intestinal metaplasia in the two foci (one of the
complete and one of the incomplete types).

To compute an overall prevalence estimate, both
glandular atrophy and intestinal metaplasia were considered
to be present if there was detection in any of the biopsy
specimens (antrum, corpus, or incisura), even if participants
had only biopsies from one location, resulting in a
prevalence of 8.3% for atrophy and 8.3% for intestinal
metaplasia, though not in overlaping cases: Six cases had

Table 1 Histopathological diagnosis in gastric biopsies (n=109)

Histology No. of
cases

Percentage

Normal mucosa 10 9.2
Pangastritis, NOS 45 41.3
Pangastritis, antral predominant 9 8.3
Chronic gastritis of antrum and incisura
angularis

43 39.4

Antral chronic gastritis 2 1.8
Total 109 100

NOS Not otherwise specified

Virchows Arch (2009) 454:153–160 155



intestinal metaplasia without atrophy, and six cases had
atrophy without intestinal metaplasia.

The frequency of H. pylori colonization was similar in
all gastric locations, with a lower frequency of marked
colonization in the corpus than in the antrum and incisura.

Relationship between H. pylori colonization and chronic
inflammation, presence of lymphoid follicles,
and neutrophilic activity

The presence of H. pylori was significantly more frequent
when chronic inflammatory infiltrate and neutrophilic

activity were observed, regardless of the anatomic locali-
zation. A similar association was observed for the presence
of lymphoid follicles, but significant differences were
observed only in the incisura angularis (Table 3).

Relationship between H. pylori density and degenerative
surface epithelial damage

The presence of degenerative surface epithelial damage
was significantly associated with higher density of
H. pylori, both in antrum, incisura angularis, and corpus
(Table 4).

Fig. 1 Plot representing the
number of cases—size of the
circles—according to the scor-
ing of gastric lesions and H.
pylori presence/density in the
different gastric locations

Table 2 Histopathological
scoring of lesions in the antrum
(n=106), incisura angularis
(n=107), and corpus (n=67)
according to the modified
Sydney system and scoring of
H. pylori colonization detected
by histology

a From the 109 participants,
there were no biopsy samples
available from the antrum,
incisura angularis, and corpus,
respectively, for three, two, and
42 subjects
b From the 109 participants, the
available biopsies did not allow
a reliable evaluation of atrophy
in the samples from the antrum
and incisura angularis, respec-
tively, for 25 and ten subjects

Antruma, n (%) Incisura angularisa, n (%) Corpusa, n (%)

Chronic inflammation score
0 (absent) 6 (5.6) 8 (7.5) 10 (14.9)
1 (mild) 43 (40.6) 33 (30.8) 41 (61.2)
2 (moderate) 46 (43.4) 51 (47.7) 14 (20.9)
3 (marked) 11 (10.4) 15 (14.0) 2 (3.0)
Lymphoid follicles
Absent 57 (53.8) 46 (43.0) 49 (73.1)
Present 49 (46.2) 61 (57.0) 18 (26.9)
Neutrophil activity score
0 (absent) 49 (46.2) 49 (45.8) 46 (68.7)
1 (mild) 22 (20.8) 32 (29.9) 12 (17.9)
2 (moderate) 27 (25.5) 17 (15.9) 8 (11.9)
3 (marked) 8 (7.5) 9 (8.4) 1 (1.5)
Glandular atrophy scoreb

0 (absent) 79 (97.5) 91 (93.8) 66 (98.5)
1 (mild) 2 (2.5) 3 (3.1) 0 (0.0)
2 (moderate) 0 (0.0) 2 (2.1) 1 (1.5)
3 (marked) 0 (0.0) 1 (1.0) 0 (0.0)
Intestinal metaplasia
Absent 102 (96.2) 100 (93.5) 67 (100.0)
Present 4 (3.8) 7 (6.5) 0 (0.0)
H. pylori presence/density score
0 (absent) 43 (40.6) 45 (42.0) 28 (41.8)
1 (mild) 15 (14.1) 20 (18.7) 19 (28.4)
2 (moderate) 27 (25.5) 20 (18.7) 15 (22.4)
3 (marked) 21 (19.8) 22 (20.6) 5 (7.4)
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Table 3 Relationship between H. pylori detected by histology and inflammatory indicators in the different gastric localizations

Antrum (n=106) Incisura angularis (n=107) Corpus (n=67)

H. pylori, n (%) H. pylori, n (%) H. pylori, n (%)

Absent Present p Absent Present p Absent Present p

Chronic inflammationa

Absent 5 (83.3) 1 (16.6) 0.013 8 (100.0) 0 (0.0) <0.001 10 (100.0) 0 (0.0) <0.001
Present 33 (33.0) 67 (67.0) 32 (32.3) 67 (67.7) 16 (28.1) 41 (71.9)
Lymphoid folliclesa

Absent 25 (43.9) 32 (56.1) 0.064 30 (65.2) 16 (34.8) <0.001 21 (42.9) 28 (57.1) 0.262
Present 13 (29.5) 36 (73.5) 10 (16.4) 51 (83.6) 5 (27.8) 13 (72.2)
Neutrophilic activitya

Absent 33 (67.4) 16 (32.6) <0.001 34 (69.4) 15 (30.6) <0.001 24 (52.2) 22 (47.8) 0.001
Present 5 (8.8) 52 (91.2) 6 (10.3) 52 (89.7) 2 (9.5) 19 (90.5)

a The histopathological parameters were classified as absent (grade 0) or present (grades 1–3), according to the modified Sydney system

Fig. 2 Lesions of chronic atrophic gastritis and intestinal metaplasia
(IM). H&E-stained sections from a case with pangastritis in the
antrum (a), corpus (b), and incisura (c); in the incisura, neutrophilic
activity was identified. In the same case, Giemsa-stained sections
showed numerous H. pylori (d). Complete IM (H&E—e), expressing

MUC2 (PMH1—f) and without expression of MUC5AC (CLH2—g)
or MUC1 (HMFG2—h); adjacent non-metaplastic mucosa expressing
MUC5AC (g) and MUC1 (h). MUC5AC very clearly separates
complete IM, without expression in the metaplastic foci (i), and
incomplete IM, with MUC5AC expression in the metaplastic foci (j)
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Relationship between H. pylori infection and glandular
atrophy and intestinal metaplasia

No statistically significant differences were observed for the
presence of intestinal metaplasia and glandular atrophy
according to H. pylori colonization. H. pylori infection
(histologically assessed) was present in 50.0% of the cases
with intestinal metaplasia or glandular atrophy and in
64.1% of the subjects without any of these lesions (p=
0.282). H. pylori infection (assessed by PCR) was present
in 87.5% of the cases with intestinal metaplasia or glandular
atrophy and in 93.4% of the subjects without any of these
lesions (p=0.407), but all the subjects with intestinal
metaplasia were infected.

Discussion

This study was conducted in dyspeptic patients attending
the outpatient clinic of the Gastroenterology Department of
the MCH, which performs 95% of the endoscopies
performed in the south of the country. In this Mozambican
population, 8.3% of the patients had chronic atrophic
gastritis, and 8.3% had intestinal metaplasia, despite the
high prevalence of H. pylori infection (94.5%) and chronic
gastritis (90.8%).

The prevalence of H. pylori, reported in studies
conducted in dyspeptic patients from different African
populations, was approximately 72%, in a review by Kidd
et al. [18], varying from 25% in Uganda and 97% in Ghana.
More recent reports also show a wide range of infection
rates, with a seroprevalence of anti-H. pylori IgG antibodies
of 85.6% in 215 dyspeptic individuals from Ethiopia [27]
and an unexpectedly low prevalence—17.5%—in pregnant
women from Zanzibar [28, 29]. In our series, the
prevalence of H. pylori infection was in the upper range
of previous reports, and, noteworthy, the proportion of
infected subjects changed from 65% to nearly 100% when
PCR was used for assessment of infection status. Also, in
most infected subjects, the density of colonization was mild
or moderate, as defined by histological evaluation. These
results contribute to explain the heterogeneity in prevalence
estimates across African countries, for which a high
prevalence of infection is expected given the strong
association between infection and low socioeconomic
status.

Detection of H. pylori was higher by PCR than by
histology, which indicates low sensitivity of histology for
H. pylori detection in routine sections, mostly in cases with
low scores for H. pylori. On the other hand, three cases of
our series were H. pylori positive by histology and negative
by PCR. All these three cases had very few identifiable
bacteria in the sections, and possibly, the serial sectionsT
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used for DNA extraction did not have H. pylori. Taken
together, our data reinforce the usefulness of using more
than one methodology for H. pylori detection. The low
level of histological detection in this population may be due
to the frequent use of antibiotics, as documented in a survey
conducted in Mozambican university students [30] and may
contribute to the presence of very low numbers of bacteria,
which for that reason escape detection under microscopic
screening and also by PCR. Another possible explanation
could be a high socioeconomic status of the subjects from
this series. However, this does not seem to be the case, as a
large proportion of subjects (20.6%) had less than 5 years
education, and 53.7% had no electricity or running water at
home. Furthermore, gastric atrophy and intestinal metapla-
sia lead to a pH increase in the stomach, which can create
an unfavorable environment for H. pylori survival, thus
contributing to lower prevalence of the bacteria in these
settings [20]. However, in our study, approximately 14% of
the patients had chronic atrophic gastritis or intestinal
metaplasia, and therefore, it could not be the main reason
for the low prevalence of infection, detected by histology.
Regarding the frequency of precancerous lesions, our
results are in accordance with the observations in other
African populations [18, 19, 21, 31].

Chronic inflammatory infiltrate, presence of lymphoid
follicles, neutrophilic activity, presence and high density of
H. pylori colonization, atrophy, and intestinal metaplasia
were more frequently observed in the antrum and incisura.
These observations are in agreement with the profile of H.
pylori-associated gastritis in other countries [18, 21, 31].
The same holds true for the association we observed
between the density of H. pylori colonization and the
presence of degenerative alterations in the surface epithe-
lium [32–34].

Pangastritis was the most frequent diagnosis in our
series, corresponding to 49.6% of the cases. The relatively
low percentage of pangastritis can be partly attributed to the
small number of corpus samples available for histopathol-
ogy analysis. Isolated corpus gastritis was not identified in
our series of 67 cases with samples from the corpus.

Noteworthy, the frequency of pangastritis (49.6%) as
well as the high frequency of detection of H. pylori in the
corpus (58.2%) follows the profile described for countries
with a high rate of H. pylori infection, that usually also
have a high frequency of atrophy, intestinal metaplasia, and
carcinoma [6]. What is exceptional in our series, in the
aforementioned context of a high rate of H. pylori infection
and gastritis (including pangastritis), is the low frequency
of atrophy and intestinal metaplasia. Looking at the profile
of infection and of associated gastric lesions, we are
tempted to assume that there is, in Mozambique, an
interruption of the natural history of gastric carcinogenesis
that does not proceed from inflammatory lesions to atrophy

and intestinal metaplasia. Regarding this issue, concomitant
intestinal infection with helmints, which is virtually always
present from early life in Mozambique, can contribute for low
prevalence of atrophic gastritis. Helmintic infection has been
suggested to reduce gastric H. pylori-associated atrophy by
down-regulation of host immunologic response [35], al-
though such infections tend to be also frequent in South
American countries with high prevalence of infection.

The lack of a significant association between atrophy
and intestinal metaplasia and H. pylori infection observed
in our study reflects the high prevalence of infection and
probably the lack of exposure to factors that may modulate
the progression to the severest lesions. Furthermore, we
also identified cases with intestinal metaplasia and no
atrophy, corresponding to focal metaplastic change in the
foveolar epithelium, not involving the glands, suggesting
the presence of minor lesions with low potential for
progression.

Data from the literature indirectly supports the afore-
mentioned hypothesis. In fact, a review of African studies
[18] shows that atrophic gastritis was observed in 28%,
whereas intestinal metaplasia was identified in only 14% of
the patients, with H. pylori infection present in 78% of
them in both cases. The authors of this review recognize
that neither gastritis nor intestinal metaplasia were ade-
quately graded in the studies reviewed but it would
indicate, in this case and if atrophy was correctly evaluated,
a lack of progression to intestinal metaplasia, as we
observed. More recently, a study [19] in Gambian adults
and children found that gastric atrophy and intestinal
metaplasia were uncommon in this population—each was
observed respectively, in two and four of 45 adults;
furthermore, intestinal metaplasia was observed in 18.6%
of 102 infected subjects in the Ivory Coast [36].

In a follow-up endoscopic series of 51 H. pylori-positive
patients in Kenya [37], 61% had atrophic gastritis, and 24%
had both atrophic gastritis and intestinal metaplasia,
following the profile identified in high-risk populations of
Western, South American world and Japan. After a 1-year
follow-up, the progression from moderate to severe atrophy
was 1.8% (95%CI, −0.9% to 4.4%), suggesting that
progression of H. pylori gastritis in this African setting is
similar to what is observed in other parts of the world, with
environmental and genetic factors being important in the
progression of H. pylori-initiated gastritis to more serious
outcomes [38].

In conclusion, our results are similar to the ones obtained
in countries with high prevalence of H. pylori and low rates
of gastric cancer: high frequency of chronic gastritis, antral
predominant, with very low prevalence of gastric atrophy,
and intestinal metaplasia. Further studies are needed to
identify determinants of gastric precancerous lesions, such
as genetic host factors or environmental factors that could
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contribute to the interruption of progression or even lead to
regression of intestinal metaplasia in chronic H. pylori-
associated gastritis in African settings.
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Abstract Vascular lesions of bone are rare and their
terminology is not standardized. Herein, we report 77
patients with such lesions in order to characterize their
morphologic spectrum and the applicability of the Interna-
tional Society for the Study of Vascular Anomalies (ISSVA)
classification. In this system, malformations are structural
anomalies distinguishable from tumors, which are prolifer-
ative. The radiologic images/reports and pathologic materi-
als from all patients were reviewed. All lesions were either
restricted to bone or had minimal contiguous soft tissue
involvement with the exception of some multifocal lym-
phatic lesions that extensively affected soft tissue and/or
viscera. We found that certain lesions of bone often

regarded as tumors should be classified as malformations.
Malformations (n=46) were more common than tumors
(n=31); lymphatic and venous malformations were equally
frequent. In the tumor category, hemangioendothelioma and
epithelioid hemangioma were the most common. We also
describe new vascular entities that arise in or involve bone.
Utilizing the ISSVA approach, the diverse and often
contradictory terminology of vascular lesions of bone can
be largely eliminated. Standardized nomenclature is critical
for scientific communication and patient management, and
we hereby recommend the ISSVA classification be applied
to vascular lesions of bone, just as for skin, soft tissue, and
viscera.
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Introduction

Primary vascular lesions of bone are rare in surgical
pathology [1, 2]. Their uncommon occurrence is exempli-
fied by the Mayo Clinic experience with 11,087 bony
lesions of which only 201 (1.8%) were vascular and, of
these, only 32 (14.5%) occurred during the first two
decades of life [3]. However, the most common vascular
lesion of bone, the vertebral “hemangioma,” was inciden-
tally found in 10.7% of individuals in a careful study of the
spine at autopsy [4]. The histopathology of vascular lesions
of bone in young individuals has not been as thoroughly
described and categorized as it has been in adults.

Vascular lesions, in general, have been notoriously
difficult for pathologists to diagnose and classify because
of the large number of entities and their variants, the
frequently overlapping clinical and histopathologic fea-
tures, and, until recently, the lack of markers distinguishing
blood vascular from lymphatic endothelium. This problem
has been compounded by imprecise terminology with
various names referring to the same lesion or, conversely,
a particular term denoting different entities. For example,
“hemangioma” has often been used in a generic and
indiscriminate manner resulting in the inclusion of lesions
with different biology under one rubric. In this regard, we
have encountered patients with malformative lesions that
had been previously diagnosed at other institutions as
“hemangioma” or “lymphangioma” or some other desig-
nations ending in “oma” and regarded as being neoplastic
lesions, and therefore treated inappropriately with anti-
angiogenic agents, sometimes resulting in morbidity and
rarely fatality. Our experience is that precise terminology of
vascular lesions is essential for their proper treatment.

For these reasons, the International Society for the Study
of Vascular Anomalies (ISSVA), an organization comprised
of specialists in various disciplines interested in vascular
anomalies, approved a classification of vascular lesions that
distinguishes malformations from tumors and provides an
easily understood and concise nomenclature [5]. This
classification has proven invaluable in improving scientific
communication and the management of patients with
vascular anomalies involving skin, soft tissue, viscera, and
bone. The ISSVA nomenclature has not been widely
applied to the categorization of osseous vascular lesions.
A brief introduction to this concept was recently published
by us in the German literature [6].

We present, herein, our experience with osseous vascular
lesions applying the ISSVA classification, from two

institutions—the Bone Tumor Reference Center at the
University Hospital in Basel, Switzerland, serving as a registry
for osseous tumors in Switzerland andmajor parts of Germany
and Austria, and the Vascular Anomalies Center and Depart-
ment of Pathology at Children’s Hospital Boston that regularly
evaluates a large number of patients with vascular lesions,
particularly those that are difficult to diagnose or manage. This
work is primarily a histopathological study of vascular lesions
of bone and the application of the ISSVA classification system.
Treatment and follow-up are beyond the scope of this study.
The natural history of the classical entities we describe is well
documented in the literature.

Materials and methods

All vascular lesions of bone were retrieved from the files of
the Basel Bone Tumor Reference Center (from 1978 to 2007)
and the Department of Pathology at Children’s Hospital
Boston (from 1975 to 2006) that included patients evaluated
at its Vascular Anomalies Center. The lesions selected for the
study were either restricted to bone or had minimal
contiguous soft tissue involvement, with the exception of
some multifocal lymphatic malformations (LMs) and kaposi-
form lymphangiomatosis that also extensively affected soft
tissue and/or viscera. All patients had biopsy or resection of
the osseous lesion except for four with multifocal lymphatic
and one with arteriovenous malformation (AVM) who had
only the soft tissue component biopsied.

This study includes only patients 25 years or younger since
termination of skeletal maturation with closure of all epiphy-
seal growth plates and apophyses occurs by this age [7, 8].
Patients with predominantly soft tissue lesions and only
minor cortical bony involvement, such as those that can occur
with venous or lymphatic malformations, kaposiform heman-
gioendothelioma, Klippel-Trenaunay syndrome, and PTEN-
associated vascular anomaly were excluded from the study.

A total of 77 patients (44 from Children’s Hospital
Boston and 33 from the Basel Bone Tumor Reference
Center) constitute this report. The clinical and imaging data
as well as the pathological material including reports,
slides, and photographs were reviewed. Immunohistochem-
istry was performed in 33 selected cases, largely deter-
mined by the availability of paraffin blocks. These cases
included eight venous malformations, four lymphatic mal-
formations, four epithelioid hemangiomas, seven epithelioid
hemangioendotheliomas, three kaposiform hemangioendo-
theliomas, four kaposiform lymphangiomatoses, five angio-
sarcomas, and three unclassifiable tumors. Antibodies
utilized were those against CD31 (DAKOCytomation,
Glostrup, Denmark), CD34 (DAKOCytomation, Glostrup,
Denmark), and factor-VIII-related antigen (Medite, Nunnin-
gen, Switzerland) for identifying hemovascular endothelium,
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D2-40 (DAKOCytomation, Glostrup, Denmark) and LYVE-
1 (Reliatech, Braunschweig, Germany) for lymphatic endo-
thelium, smooth muscle actin (DAKOCytomation, Zug,
Switzerland) and caldesmon (DAKOCytomation, Zug, Swit-
zerland) for smooth muscle, GLUT-1 (NeoMarkers, Fre-
mont, CA, USA) for infantile hemangioma, CD68
(DAKOCytomation, Zug, Switzerland) for histiocytes,
MIB1 (DAKOCytomation, Zug, Switzerland) for cellular
proliferation, and WT1 (used in seven venous malforma-
tions, two epithelioid hemangiomas, two hemangioendothe-
liomas, one angiosarcoma; DAKOCytomation, Zug,
Switzerland) a transcription factor expressed in endothelium
of hemangiomas and absent in malformations [9].

This study was approved by the Children’s Hospital
Boston Committee on Clinical Investigation and the Basel
Ethics Committee.

Results

We used the ISSVA classification [5] (Table 1) to categorize
77 vascular lesions of bone as shown in Table 2. The age of
the patients ranged from 3 months to 25 years (median
15 years, average 13.1 years). The sex ratio was nearly
equal with 41 males and 36 females.

To help differentiate between malformations and tumors, the
following were taken into consideration: clinical history,
imaging, histopathology, and proliferative activity including
immunohistochemistry applying a proliferation marker. Mal-
formations often presented at or shortly after birth, did not
usually show disproportionate expansion in relation to child’s
growth, and morphologically were lined by flattened endothe-
lium without mitoses and had a negligible proliferative index.

Forty-six lesions were classified as malformations and
31 as tumors. Lymphatic and venous malformations were
equally common (22 of each type). Lymphatic malforma-
tions were localized (monostotic) in nine patients and
multifocal (polyostotic) in 13. Only three venous malfor-
mations were multifocal (polyostotic). In the tumor catego-
ry, there were seven epithelioid hemangiomas, eight
hemangioendotheliomas (seven epithelioid and one NOS),
three kaposiform hemangioendotheliomas (vide infra), four
provisionally designated as kaposiform lymphangiomato-
ses, five angiosarcomas, and three were unclassifiable.

Malformations

Venous malformations

VMs were most often located in craniofacial bones, followed
by vertebra, appendicular skeleton, and pelvis. The radio-
graphic features varied according to the skeletal region. The
cranial lesions typically showed expansion of the bone with

extensive sunburst-like new bone formation (Fig. 1). In
contrast, those in the vertebral body, for example, usually
showed preservation of bony contours, osteolysis, and
coarse vertical striations. In the long bones, there was minor
expansion and osteolysis with peripheral sclerosis.

Histopathology showed thin-walled, irregularly round or
elongated, sometimes focally anastomosing channels, rang-
ing from approximately 20 μm to 4 mm in diameter and
lined by flat or occasionally slightly plump endothelium
(Fig. 2). In some lesions, there was a minor small vessel
component (vessel diameter around 20 μm). No atypia or
mitoses were present. The stroma was loosely collagenous
and usually scant, but areas with back-to-back channels
were sometimes present, and some lesions had solid foci
with slit-like lumens. Pericytes were present, but smooth
muscle investiture was absent except in occasional large
channels. The channels contained blood and occasionally
organizing thrombi or were empty. Organizing thrombi with
Masson papillary endothelial hyperplasia were occasionally
observed. In most calvarial lesions, bone formation was
prominent, in contrast to vertebral VM, where bone resorp-
tion predominated. Endothelial positivity was strong for

Table 1 Classification of vascular anomalies according to the
International Society for the Study of Vascular Anomalies (ISSVA)

Vascular anomalies

Tumors
Hemangiomaa

Infantile hemangioma
Epithelioid hemangioma
Spindle cell hemangioma
Other

Hemangioendothelioma
Hemangioendothelioma NOS
Epithelioid hemangioendothelioma

Angiosarcoma
Other tumors

Malformations
Simple
Capillary
Lymphatic
Venous
Arterial

Combined
Arteriovenous malformation
Capillary–venous malformation
Capillary–lymphatic–venous malformation
Lymphatic–venous malformation
Capillary–arteriovenous malformation
Capillary–lymphatic–arteriovenous malformation

Modified from Enjolras and Mulliken [5]
a “Hemangioma” refers to a benign neoplastic endothelial prolifera-
tion; the term should include an appropriate qualifier, e.g., “infantile,”
“spindle cell,” “epithelioid”
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CD34 and moderate to strong for CD31 and FVIII whereas
immunoreactivity for GLUT1 or D2-40 was consistently
absent. Smooth muscle actin immunoreactivity was present
in pericytes and smooth muscle. Immunoreactivity for WT1
was either absent or present in rare endothelial cells. The
MIB1 proliferative index was low (far less than 1%).

Lymphatic malformations

LMs affected most commonly the craniofacial bones, fol-
lowed by the appendicular skeleton (Table 2). Radiographs
demonstrated confluent geographic osteolysis with faint
marginal sclerosis (Figs. 3 and 4). Histopathology showed
elongated, anastomosing tubular, and stag-horned or grape-
like thin-walled vessels, generally ranging from approxi-
mately 20 μm to 2 mm in caliber without an obvious smooth
muscle coat and lined usually by flattened endothelial cells.
Rarely, the lesions appeared as solitary spaces up to 2 cm in
diameter. Lumina were empty or contained lacy proteina-
ceous material, lymphocytes, or a few macrophages, some
containing hemosiderin. The lining cells expressed D2-40,
but reactivity in the larger channels tended to be focal and
faint. A discontinuous thin periendothelial layer of pericyte-
like cells was immunoreactive for smooth muscle actin.
There was no discernible endothelial labeling for MIB1.

Multifocal LMs affected one or more skeletal regions
with variable involvement of individual osseous elements.
The bones of the spine, thorax, and shoulder girdle were
most often involved, followed by femur and pelvis
(Table 2). Radiographs showed poorly circumscribed
confluent osteolysis of cortical and cancellous bone with
moderately coarse striations and focal minor expansion.
Massive bone loss (Gorham-Stout disease) was seen in six
patients with subtotal or total destruction of individual or
contiguous skeletal elements. Both cortex and medulla were
affected with loss of bony contours and slight sclerosis of
residual cancellous bone resulting in a coarsely striated
trabeculated pattern. Remaining skeletal elements showed
tapering ends. Soft tissue and visceral involvement were
almost always present (Table 2). Histopathology was
similar to the localized form, but the lesions tended to be
more permeative with smaller channels and a more
prominent anastomotic pattern. Areas of massive osteolysis
showed prominent osteoclast-mediated bony resorption and
fibrous replacement. Endothelial cells were either negative
or showed rare immunopositivity for MIB1.

Arteriovenous malformations

One arteriovenous malformation (AVM) involved the
maxilla, another the mandible, and the third affected
multiple bones of an upper extremity (Table 2). Radio-
graphs showed multiple osteolytic foci with cortical thinning

and disruption, minimal perilesional sclerosis, variable bone
expansion, and coarse trabeculation of residual bone. Angio-
graphically, the lesions were fast-flow with large tortuous
arteries entering convoluted vascular aggregates and early
venous filling. Histopathologically, AVM consisted of an
assortment of variably sized arteries and veins and some
vessels of indeterminate morphology separated by loose
stroma (Fig. 5). Some channels showed thick muscular walls
and/or intimal myofibroblastic proliferation. Focal organiz-
ing thrombi were observed. Adjacent bone showed osteo-
clast-mediated osteolysis and minimal sclerosis.

Tumors

Epithelioid hemangioma

The predominant site for epithelioid hemangioma was the
distal lower extremity followed by the craniofacial skeleton
(Table 2). Radiographs showed solitary or multifocal
excentric geographic osteolysis with minimal marginal
sclerosis, cortical erosion, and expansion (Fig. 6). Three
lesions extended into adjacent soft tissue. Histopathology
typically showed lobular architecture; solid sheets and cords
were also present (Fig. 7). Small or inconspicuous lumens
were lined by large epithelioid cells resulting in a cobble-
stoned or brick-like appearance. The cells had abundant
eosinophilic to amphophilic cytoplasm with an occasional
large vacuole. The nuclei were small without significant
pleomorphism. Mitoses were inconspicuous and necrosis was
absent. The intervening loose to moderately dense fibrous
stroma contained occasional eosinophils. Basophilic carti-
lage-like matrix and stromal hyalinization were not observed.

Four tumors also had a spindled cell component, which
comprised up to half of the tumor, and were regarded as
epithelioid and spindle cell hemangioma, a variant of
epithelioid hemangioma (Andrew Rosenberg, personal
communication). Spindled cells were bland and monomor-
phous with moderately prominent nucleoli and occasional
mitoses. Small foci of necrosis were accompanied by
hemosiderin and neutrophils.

The surrounding medullary and cortical bone showed
moderate osteoclastic resorption and minimal new bone.
Immunohistochemistry revealed expression of CD31, CD34,
and factor VIII in tumoral endothelium but not GLUT1, D2-
40, caldesmon, or CD68. WT1 was strongly positive in
lesional endothelial cells. MIB1 was positive in approximate-
ly 3% of lesional cells. Endothelial aggregates and channels
were surrounded by smooth-muscle-actin-positive cells.

Hemangioendothelioma

Multiple skeletal elements and/or viscera were involved in
more than half of the patients (Table 2). Radiographically,
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they typically exhibited partly permeative osteolysis with
variable peripheral sclerosis, cortical destruction, and
periosteal new bone.

Seven tumors had characteristics typical of epithelioid
hemangioendothelioma with densely cellular sheets lacking

a lobular architecture or obvious lumen formation (Fig. 8).
The tumor cells were epithelioid with abundant eosinophilic
or amphophilic cytoplasm, often with a solitary vacuole
which sometimes contained erythrocytes. Nuclei were
moderately pleomorphic with prominent nucleoli and
mitoses were few without atypical forms. Focal necrosis
was present. Tumor cells were dispersed in a pale or
myxoid matrix that was focally calcified when adjacent to
residual bone. Perilesional bone showed active osteoclastic
resorption and seams of woven bone. WT1 immunoreac-
tivity was strongly and diffusely positive and MIB1
proliferative index up to 50%.

One hemangioendothelioma consisted of small monoto-
nous mildly pleomorphic epithelioid cells with prominent
lumen formation but also with solid zones. Cytoplasmic
vacuoles were absent and areas of pale myxoid/chondroid

Fig. 1 Venous malformation. a Cranial geographic osteolysis on
lateral plain film (arrows; 17-year-old male). b–d Specimen radio-
graph, gross and whole mount section showing spongy appearance
and expansion of the skull. Large abnormal channels contain blood
(same patient as in a). e–g Coarsely trabeculated osteolytic lesion of
the third lumbar vertebra (22-year-old female). The hemisected
vertebral body and whole mount section show central collapse, loss
of bone and abnormal channels of varying size. The vertebra was
removed because of compression fracture following sclerotherapy. h–j
Multiple lucent areas with coarse trabeculations involving distal femur
on radiographs and spongy appearance with massive channels on
whole mount section (22-year-old male)

R

Fig. 2 Venous malformation. a
Mostly large thin-walled chan-
nels, some containing blood (22-
year-old female). b Back-to-back,
small-to-large, irregularly round
channels have flat endothelium
and are devoid of muscle (same
patient as in a). c Anastomosing
elongated channels have bland
endothelium (same patient as in
a). d Focus of small round
channels with a more prominent
endothelium protrudes into large
channel (13-year-old female). e–f
Interspersed with large channels
are more solid areas with stromal
collagen (4-year-old male)
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matrix were minimal. The biopsy was small and although
epithelioid hemangioendothelioma was a distinct possibil-
ity, because of the lack of some of the typical features, we
chose to designate this lesion hemangioendothelioma NOS.

Kaposiform hemangioendothelioma

These tumors showed a histopathologic resemblance to
kaposiform hemangioendothelioma of soft tissue (Fig. 9).
They were in the humerus, ulna, femur, and tibia and
radiographically showed irregular osteolysis with minor
soft tissue extension in two patients. One patient had
involvement of two bones. Histopathology showed ill-
defined coalescing nodules of spindled moderately plump
cells forming strands and fascicles with slit-like lumina
containing erythrocytes. Foci of round cells with larger

nuclei and clear cytoplasm were also seen. Cytoplasmic
hemosiderin and cytoplasmic hyaline globules were present
and one lesion had microthrombi. Dilated lymphatic
channels were not conspicuous. Immunohistochemistry
showed the lesional cells to be positive for CD31 and
CD34, focally positive for D2-40, and negative for GLUT1.

Kaposiform lymphangiomatosis (provisional term)

These lesions were multifocal and involved soft tissue,
viscera, and bone in all patients. The affected bones were
rib, clavicle, scapula, vertebra, sacrum, ilium, femur, radius,
ulna, and those of the wrist. Radiographs showed osteolysis
as in multifocal LM. Histopathologically, the soft tissue and
visceral lesions were that of multifocal LM, but were also
accompanied by isolated areas that mimicked kaposiform

Fig. 3 Lymphatic malforma-
tion. a Frontal plain film of the
knee shows multiple coalescing
radiolucent foci in the metaphy-
sis of the distal femur. There is
incomplete sclerosis of the mar-
gins and cortical thinning and
elevation (18-year-old male). b
Lymphatic malformation with
massive osteolysis of left ninth
rib (Gorham-Stout disease; 16-
year-old female). c Large man-
dibular osteolytic lesion without
marginal sclerosis; there is loss
of alveolar bone and teeth (24-
year-old male)
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hemangioendothelioma with densely cellular small sheets
of irregularly ovoid to spindled cells with slit-like lumina
containing erythrocytes. These areas had minimal or absent
nuclear pleomorphism and rare mitoses, and the cytoplasm
was frequently hemosiderotic. The biopsied skeletal lesions
had the histopathology of multifocal LM, but in three
patients the kaposiform component was also present
(Fig. 10). The lesional cells were immunopositive for
CD31 and CD34 and focally for D2-40. The surrounding
bone showed osteoclastic resorption.

Angiosarcoma

These tumors were localized (monostotic) in three patients
and multifocal (polyostotic) in two. The affected bones were
mastoid, humerus, radius, ulna, femur, and tibia. Multicentric
tumor involving a single skeletal element was present in two
patients, one with monostotic (tibia) and another with
polyostotic disease (radius). Radiographs showed areas of
irregular osteolysis involving cortex and medulla, absent
perilesional sclerosis, and minimal periosteal reaction.

Fig. 4 Lymphatic malformation. a Multiple geographic osteolyses of
pelvic bones, femoral metaphyses and left femoral head. Lymphan-
giogram shows ectatic channels in skin and soft tissue (11-year-old
male). b Hemisectioned proximal femur at autopsy shows single
epiphyseal cavity and multiple spaces in the metaphysis and diaphysis
(arrows; same patient as in a). c Whole mount section of femoral head
of same specimen depicted in b shows a large irregular space rimmed
by trabecular bone and lined by a flat endothelium (inset; same patient

as in b). d Cortical resorption and extension of thin-walled channels
into periosteum. Contiguous soft tissue also shows lymphatic
malformation (4-year-old male). e–f Anastomosing network of
lymphatic channels permeating medulla and cortex. Extensive reactive
medullary bone is present (17-year-old female). g Lymphatic channels
have thin walls and flattened endothelium immunoreactive to D2-40
(inset; 18-year-old male)
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Histopathology varied among the tumors as well as within
individual tumors (Fig. 11). Tumor cells were arranged in
cords, strands, and sheets with infiltrative margins. Vaso-
formation was variable and cytoplasmic vacuoles were rare.
The channels were generally small, round, elongated, or
irregular with complex anastomotic patterns. Significant
cellular atypia with nuclear pleomorphism, hyperchromasia,
and mitoses were present in all lesions. In two cases, there
was a prominent epithelioid component with cells having
abundant eosinophilic cytoplasm and large nucleoli. Cellular
spindled cell areas were observed in one tumor. The

surrounding bone showed osteoclastic resorption with
minimal new bone; there was invasion of the soft tissue in
all. WT1 was strongly and diffusely expressed in tumor cells
and MIB1 proliferative index was high.

Unclassifiable

Three vascular tumors had unusual histopathologic features
and could not be classified. A large congenital tumor of the
maxilla had variably sized and shaped thin-walled vascular
channels lined by bland flat-to-cuboidal endothelium within

Fig. 5 Arteriovenous malformation. a Extensive lytic changes in
humerus, ulna, and radius with cortical thinning and disruption and
minimal reactive bone (1-year-old female). b Venous phase of an
arteriographic study demonstrates filling of ectatic and tortuous veins
communicating with the osseous malformations (arrows; same patient
as in a). c–d Arteriovenous malformation involving maxilla with thin-

walled venous structures and a large vessel of indeterminate type with
irregular muscular wall and intimal hyperplasia (6-year-old female; in
this patient, the maxillectomy specimen was extensively involved, but
because of a dominant soft tissue component, she was excluded from
the study)
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a densely fibrous stroma. A morphologically similar small
mass was identified within the liver. They had some
resemblance to polymorphous hemangioendothelioma of
soft tissue [10]. A mandibular lesion in an 18-year-old
consisted of clusters of large thin-walled vascular structures
with grape-like and glomeruloid tufts and an endothelium
that was focally hobnailed. The tumor had some similarities
to non-involuting congenital hemangioma [11]. A tibial
tumor in an 11-year-old was comprised of an irregular
network of small vessels with plump and focally epithelioid
endothelium and bore some resemblance to epithelioid
hemangioma; however, cytoplasmic vacuoles were not
present and a loose fibrous stroma was prominent.

Discussion

The nomenclature of vascular anomalies has been confus-
ing, hindering communication and contributing to errors in
diagnosis, treatment, and research. Therefore, in 1996, the
ISSVA issued a multidisciplinary consensus on a binary
classification of vascular lesions: tumors that arise by
endothelial proliferation and malformations that are struc-
tural abnormalities exhibiting slow (normal) endothelial
turnover [5]. They stated that the suffix “oma” should refer
only to neoplastic growths. Therefore, terms such as
“lymphangioma,” “venous hemangioma,” or “arteriovenous
hemangioma” are inappropriate since these are malforma-

Fig. 6 Epithelioid hemangioma.
a Excentric, well-defined lucen-
cies in distal tibia with thinning
of cortex (17-year-old female). b
CT shows multifocal osteolyses
and rarefaction of distal tibia
and tarsal bones with focal
cortical loss (17-year-old male).
c Expansile osteolytic lesion of
the angulus and ramus mandi-
bulae (16-year-old female). d
Partial mandibulectomy, hemi-
sectioned specimen after fixa-
tion from patient depicted in c,
shows dark-brown solid tumor
destroying bone and extending
into adjacent soft tissue. Two
teeth are displaced (arrows)
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tions that do not exhibit disproportionate growth in relation
to the child. Furthermore, they indicated that the term
“hemangioma” has been used indiscriminately to designate
various tumors and malformations. It was recommended
that hemangioma refer only to a benign lesion that arises by
endothelial proliferation and that it should be accompanied
by the appropriate qualifier, e.g., “infantile,” “spindle cell,”
and “epithelioid,”

Besides ISSVA, others are in agreement with our
concept that certain lesions often regarded as tumors are
in fact malformations. For example, in the WHO Classifi-
cation of Tumours of Soft Tissue and Bone [12] the
following statements are made: “The clinical evolution
and clinicopathological features (of ‘venous haeman-
gioma’) suggest that these lesions represent vascular
malformations”; “Arteriovenous haemangioma (AVH) is a

non-neoplastic vascular lesion…”; “Early or even congen-
ital appearance in life and lesional architecture (of ‘lym-
phangioma’) are in favour of developmental malformations,
with genetic abnormalities playing an additional role”; and
finally, “angiomatosis probably represents congenital mal-
formations (rather than neoplasms) which make their
appearance during childhood”. Consequently, none of the
lesions that we consider malformative are regarded by the
WHO as tumors.

We were able to apply the ISSVA nomenclature to the
categorization of osseous vascular lesions in our study. All
bony vascular lesions, except the unclassifiable ones, had
histopathologic features that are similar to their counterparts
in skin, soft tissue, and viscera. Therefore, just as in
extraskeletal sites, it was possible to classify the bony
lesions as malformations or tumors. Table 3 depicts the

Fig. 7 Epithelioid hemangioma.
a Nodular masses of tumor have
destroyed cortex and extend into
soft tissue (16-year-old female).
b Vascular channels lined by
large epithelioid cells with eo-
sinophilic cytoplasm (16-year-
old female). c Epithelioid cells
have large rounded nuclei with
minor variation in size and
shape, open chromatin, and
small distinct nucleoli. The eo-
sinophilic cytoplasm has occa-
sional vacuoles (same patient as
in a). d Well-formed vascular
channels in a background con-
taining lymphocytes and eosi-
nophils (same patient as in a).
e–f Spindled cell component
with numerous interspersed red
blood cells, nascent canaliza-
tion, occasional cytoplasmic
vacuoles, and absence of hemo-
siderin (same patient as in a)
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equivalent terminology for the various entities listed in the
WHO classification of vascular tumors of bone [12] and
those in the ISSVA schema as applied to our series.

Localized osseous VM in the literature is generally
called “hemangioma of bone,” whereas multiple VM is
variously termed “hemangiomatosis” or “angiomatosis”
when regional and “cystic angiomatosis” when general-
ized [2, 13]. These designations with the suffixes “oma”
or “omatosis” imply neoplasia; however, the clinical and
histopathological features are more those of a vascular
malformation. Clinically, in soft tissue and visceral VM,
there is usually no disproportionate growth, except some
expansion during puberty or over time, a phenomenon
attributed to hormonal or rheologic factors, respectively
[14]. Also, in osseous VM, there is no disproportionate
growth except occasionally in some lesions, particularly
calvarial. Histopathologically, the lesions are composed

mostly of large, thin-walled channels lined by flattened
cells without mitoses, indicating a relatively inert endo-
thelium. As in extraskeletal VM, there can be foci of small
channels, cuboidal endothelium, or organizing thrombi,
which mimic a proliferative lesion. Evidence of prolifer-
ative activity reflected by MIB1 expression has been
observed in some cutaneous, soft tissue, and cerebral
vascular malformations [15–17]. We have also found
evidence of proliferative activity in some venous malfor-
mations, but the proliferative index was low. Several
explanations for this finding are possible including growth
of the lesion (commensurate with that of the child), slow
expansion because of rheologic mechanisms facilitated by
the diminished muscle in the malformed veins (LaPlace’s
law), and reparative changes due to organizing thrombi or
hemorrhage, which may be subtle or resolved and
therefore not always evident in the sections. Furthermore,

Fig. 8 Epithelioid hemangioen-
dothelioma. a Well-circumscribed
excentric osteolysis of the distal
ulna with cortical destruction
(19-year-old female). b Tumor
cells are dispersed in ample
extracellular matrix. Cortical
destruction is present (10-year-
old female). c Mostly single
epithelioid and spindled tumor
cells with variable nuclear
pleomorphism and cytoplasmic
vacuoles are immersed in pale
extracellular matrix. A thinned
bony trabecula is surrounded by
tumor (same patient as in b). d
Cellular area with focal ana-
plasia. Nascent canalization is
present (same patient as in b. e
Cytoplasmic vacuoles contain-
ing erythrocytes and other he-
matogenous cells (same patient
as in a). f Mucopolysaccharide-
rich matrix is stained with
alcian blue (19-year-old fe-
male). Tumor cells are
immunoreactive for factor-VIII-
related antigen (inset; same pa-
tient as in A)
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WT1 immunoreactivity, which is observed in tumors but
not in malformations, in our study, was absent or rare in
the VMs [9].

The concept of so-called vertebral “hemangioma” as a
malformation was proposed by Jaffe nearly 50 years ago;

he observed that “these asymptomatic vertebral vascular
lesions probably represent, for the most part, mere focal
varicosities rather than true hemangiomas” [18]. In addition
to the WHO, others have also stated that most or all
“hemangiomas of bone” are developmental or hamartoma-

Fig. 9 Kaposiform heman-
gioendothelioma. a Axial CT
image of proximal tibia demon-
strates confluent heterogeneous
osteolysis, cortical thinning and
destruction, and faint reactive
sclerosis (7-year-old female). b
Irregular islands of tumor with
sclerotic stroma infiltrating and
destroying bone (7-year-old fe-
male). c Coalescent nodules of
tumor with spindling at their
periphery (same patient as in b).
d Nodule of plump tumor cells
with peripheral spindling, vari-
able canalization and thrombus
(arrow; same patient as in c).
Some channels are immunore-
active for D2-40 (inset; 7-year-
old female)

Fig. 10 Kaposiform lymphan-
giomatosis (provisional term).
a Multiple confluent lucencies
of cortex and medulla of proxi-
mal humeral metadiaphysis (14-
year-old male). b Biopsy of fifth
metacarpal lesion showing coa-
lescent cellular nodules and
aggregates of abnormal vessels
(same patient as in a). c Hemo-
siderotic spindled cells with in-
terspersed erythrocytes (same
patient as in a)
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tous rather than true neoplasms [2, 3, 13, 19, 20]. With the
increasing appreciation that these lesions are malformative
rather than neoplastic, sclerotherapy is growing in popular-
ity, thereby avoiding the morbidity of an operation,
antiangiogenic therapy, or radiation.[21–25]. In one study,
the authors describe their experience in treating a series of
vascular malformations of the mandible and advocate that
terms such as “intraosseous central or peripheral angioma”
and “tumoral angioma” should not be used so as to avoid
tumor therapies such as radiation [23].

Localized VMs were more common than multiple VMs.
No patient had cutaneous involvement as has been reported
in patients with multiple mucocutaneous VMs and Maf-
fucci, or blue rubber bleb nevus syndromes [26, 27]. The
majority of VMs, particularly those in the vertebrae, are
discovered incidentally, have characteristic imaging, and do
not require biopsy. Histopathologically, VM often suggests
a differential diagnosis that includes, in particular, LM.
LMs generally have thinner walls without pericytes or
smooth muscle and their lumens may be empty or contain a

Fig. 11 Angiosarcoma. a Plain
film of the proximal femur
demonstrates osteolytic areas in
the metadiaphysis with cortical
destruction and lack of sclerosis
(25-year-old male). b Hemi-
sected femur shows multiple
dark-red–brown osteolytic foci
in the diaphyseal cortex and
medulla. Periosteal elevation is
present laterally and there is
extensive soft tissue infiltration
(the pale yellow areas in the
femoral head, metaphysis, and
greater trochanter are fatty
marrow; same patient as in a).
c Soft tissue component
showing highly cellular area of
spindled endothelial cells with
moderate nuclear pleomorphism
and slit-like lumina containing
red blood cells (same patient as
in a). d Epithelioid angiosar-
coma. Moderately anaplastic
tumor cells have abundant pink
cytoplasm and prominent eosin-
ophilic nucleoli (25-year-old
male). e Discohesive growth of
epithelioid anaplastic cells
forming irregular channels
(same patient as in d)
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proteinaceous lacy network, macrophages, and lympho-
cytes. Luminal blood may be present but is usually related
to surgical trauma. Immunoreactivity of the endothelial
cells for D2-40 is characteristic of LM and discriminates
between these two lesions. The somewhat polymorphic
appearance of VM and its small vessel component may
mimic a neoplasm, but the proliferative index is low except
in areas of organizing thrombi. Some venous malformations
have organizing thrombi or organizing hemorrhage further
mimicking a neoplastic proliferation. In small biopsies,
AVM may also mimic VM when only dilated venous
channels are seen and channels of indeterminate type or
with thick muscular walls and/or intimal myofibroblastic
proliferation have not been sampled. While some aspects of
VM may suggest infantile hemangioma, diagnostic features
are absent, including Glut-1 immunoreactivity [28]. It is
intriguing that, to the best of our knowledge, infantile
hemangioma, the most common vascular tumor in children,
has not been convincingly shown to originate in bone. A
congenital cranial hemangioma that regressed with time has
been reported but the histopathology was not illustrated [29].

Mutations in the genes for TIE1 and TIE2, Glomulin,
and KRIT1 have been described in various extraskeletal
VMs [30]. It is unknown if the molecular mechanisms
underlying osseous VMs are similar.

In the literature, LM is most often designated “lymphan-
gioma” when localized and “lymphangiomatosis” or “cystic
angiomatosis” when multifocal. These terms with the

suffixes “oma” or “omatosis” imply neoplasia. We believe
that LMs are malformations; there is no disproportionate
growth except if they are expanded by lymph, become
infected, or bleed. The diagnosis of osseous LM is usually
possible by imaging, as with VM. In contrast to VM,
multifocal lesions were more common than localized lesions.
In multifocal LM, extraskeletal extensive involvement of
skin, soft tissue, and viscera is almost always present.

The most common histopathological mimicker of LM is
VM. Although there are histopathological differences (vide
supra), the distinction is greatly facilitated by endothelial
immunopositivity for D2-40 and LYVE-1 in LM [31].
Although, in our experience, decalcification impairs LYVE-
1 immunoreactivity, that of D2-40 is preserved. The
histopathology of multifocal LM is similar to that of
localized LM, except that, in the former, there is a tendency
for the channels to be smaller, more numerous, and to have
more complex anastomoses.

LM can be associated with chromosomal abnormalities
such as Down, Turner, and Noonan syndromes and
mutations in FLT4, FOXC2, and SOX18 have been reported
in various types of congenital lymphedema [32]. Neverthe-
less, genetic alterations in primary osseous lymphatic
malformations have not been described.

The terms massive osteolysis, disappearing bone disease,
phantom bone disease, or Gorham-Stout disease refer to a
gradual and often complete resorption of one or multiple
skeletal elements with the vertebrae, scapulae, clavicles,

Table 3 Comparison of the WHO classification with the ISSVA classification (as applied to our series)

NOS not otherwise specified
a Currently considered synonymous with epithelioid hemangioma
bNot encountered in our series
c Sclerosing hemangioma is not discussed in standard textbooks describing vascular tumors of bone
d Currently considered a secondary process in organizing thrombi or hematomas
e Angiolymphoid hyperplasia with eosinophilia is currently considered a synonym for epithelioid hemangioma and unrelated to Kimura disease
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ribs, proximal humeri, ilia, and proximal femora being the
sites of predilection [33–35]. Gorham and colleagues [34,
35] used the term “angiomatosis” (or “hemangiomatosis”)
of blood vessels and rarely of lymphatic vessels to describe
the histopathology. It has been stated that “the vascular
changes in Gorham disease represent hemangiomas, lym-
phangiomas, or a combination” [2]. Our experience is that
massive osteolysis is associated only with LM.

Although the pathogenesis of Gorham-Stout disease is not
entirely elucidated, it is thought that the monocyte-derived
precursors of osteoclasts play a crucial role [36]. Circulating
osteoclastic precursors with increased sensitivity to interleu-
kin (IL)-6, IL-1β, and tumor necrosis factor alpha and
elevated serum levels of IL-6 have been reported [37].

AVM was the least common malformation encountered in
our series and, as in the literature, the craniofacial bones were
most commonly affected. The involvement of the skeletal
element(s) is usually extensive and there may be an adjacent
soft tissue component. Hypertrophy of the skeletal element(s)
may ensue. Lesional change in size associated with micro-
vascular proliferation, attributed to rheologic factors, may
occur, particularly in areas with substantial shunting [15]. The
molecular basis for AVMs is an area of active investigation.
Mutations in the RASA1 gene cause the capillary malforma-
tion–arteriovenous malformation phenotype, but primary
osseous involvement in this condition has not been reported
[30]. The lesions in hereditary hemorrhagic telangiectasia
caused by mutations in activin and endoglin may include
large AVMs of lung, liver, and brain but not bone.

In the tumor category, benign neoplasms outnumbered
malignant ones. The most commonly encountered benign
tumor was epithelioid hemangioma. This tumor has been
delineated from other epithelioid vascular tumors such as
epithelioid hemangioendothelioma and epithelioid angio-
sarcoma [38]. Nevertheless, some investigators have ques-
tioned the ability to distinguish epithelioid hemangioma
from epithelioid hemangioendothelioma [39]. Although
epithelioid hemangioendothelioma is often multicentric or
polyostotic, in our series, 25% of epithelioid hemangiomas
were similarly so, indicating that these features do not
necessarily imply malignancy. The histopathology of
epithelioid hemangioma is usually characteristic, but, when
solid growth predominates and/or nuclear pleomorphism is
present, epithelioid hemangioendothelioma and epithelioid
angiosarcoma should be considered in the differential
diagnosis. Cytologic atypia in epithelioid hemangioma, if
present, is minor and solid growth is always accompanied
by more typical areas. The stromal hyalinization or
basophilic chondroid ground substance characteristic of
epithelioid hemangioendothelioma and necrosis are not
present [40]. Absence of significant cellular atypia and
frequent mitoses, including abnormal forms, helps to
exclude epithelioid angiosarcoma.

Epithelioid and spindle cell hemangioma, originally
delineated as a separate entity [41], is now regarded as a
variant of epithelioid hemangioma (Andrew Rosenberg,
personal communication). Our experience with four
patients is in accordance with published data that this
lesion is benign and a variant of epithelioid hemangioma.

The term hemangioendothelioma has been applied to
tumors of indeterminate behavior, with the prototype being
epithelioid hemangioendothelioma. Currently, in the WHO
soft tissue section, it is stated that “the behaviour of
epithelioid hemangioendothelioma is intermediate between
haemangiomas and conventional (high grade) angiosarco-
mas…” whereas, in the bone section, it is classified as an
angiosarcoma [12]. With one exception, epithelioid heman-
gioendothelioma was the only type of hemangioendothe-
lioma encountered in our series. It has a tendency to be
multicentric within an individual osseous element or
multifocal (polyostotic), particularly in the same skeletal
region. Synchronous involvement of paired bones is
common, further confounding the issue of multifocality
versus metastasis. Visceral involvement, particularly hepat-
ic and/or pulmonary, may also be present, as noted in our
study. Radiographically, they are lytic lesions which may
include cortical destruction and extension into soft tissue
and joints, but the features are not specific. We observed a
hemangioendothelioma that was difficult to characterize,
which we designated hemangioendothelioma NOS. The
major differential diagnosis is epithelioid hemangioma and
epithelioid angiosarcoma. The histopathological features
helpful in distinguishing it from epithelioid hemangioma
are described above. Epithelioid angiosarcoma has more
nuclear pleomorphism, hyperchromasia, and a higher
mitotic rate.

The molecular pathogenesis of epithelioid hemangioen-
dothelioma is gradually being unraveled. A t(1;3)(p36.3;
q25) translocation has been reported in two epithelioid
hemangioendotheliomas [42]. Overexpression of TP53,
murine double minute protein, and vascular endothelial
growth factor and decrease of caveolin 1 have been
observed in one patient with a progressive tumor [43].

Pediatric angiosarcoma of bone has only rarely been
reported [44]. It is typically a localized lesion, but, in our
series, more than half of the lesions were multicentric
within an individual osseous element and/or multifocal
(polyostotic). Radiographically, they are destructive lytic
lesions with poorly defined borders and may extend into
soft tissue. The diagnosis can be challenging given the great
variability in their histopathology. The malignant nature of
the tumor is usually evident with disorganized architecture,
marked cytologic atypia, and frequent mitoses. While
vasoformation is usually present, immunopositivity for
endothelial markers is helpful or sometimes essential to
reach a diagnosis. Angiosarcoma often expresses immuno-
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phenotypic markers associated with both blood vascular
and lymphatic endothelium [45].

The prognosis of pediatric angiosarcoma is poor, as it is
in adults. Our limited follow-up does not permit a definitive
statement in this regard: only one patient, who had an
intermediate-grade angiosarcoma treated with chemothera-
py and radical resection, is a long-term survivor.

Kaposiform lymphangiomatosis has been recently de-
scribed in an abstract as a provisional entity that mostly affects
older children and frequently involves bone, retroperitoneum,
mediastinum, lungs, and spleen [46]. Recurrent pleural
effusions, progressive multifocal osteolytic lesions, and minor
thrombocytopenia dominate the clinical course. Mediastinal,
pleural, pericardial, or abdominal hemorrhage can occur and
be fatal. Imaging shows a multifocal LM (lymphangioma-
tosis). The histopathology is also that of multifocal LM with a
minor component of small sheets of closely apposed spindled
cells with poorly formed or slit-like lumina containing
erythrocytes and occasional microthrombi, prominent cyto-
plasmic and interstitial hemosiderosis, and focal cytoplasmic
eosinophilic globules. Kaposiform lymphangiomatosis has a
superficial similarity to kaposiform hemangioendothelioma.
However, unlike kaposiform hemangioendothelioma, kaposi-
form lymphangiomatosis is not a single mass; the dominant
component is a multifocal LM; the kaposiform component is
minimal, is intimately admixed with the lymphatic compo-
nent, and generally lacks solid growth, lobular architecture,
glomeruloid structures, and intersecting fascicles [46]. Addi-
tionally, in contrast to kaposiform hemangioendothelioma,
older children or adolescents are affected; thrombocytopenia
is absent or minor, and a diffuse splenic sinusoidal
involvement is characteristic.

Our understanding of kaposiform lymphangiomatosis is
incomplete, but the lesion could be provisionally viewed as
either an “ab initio” disorder or as a multifocal LM that has
undergone focal transformation to low-grade neoplasia. It
should be emphasized that this is simply a provisional
descriptive term for a lesion that needs to be further
investigated.

Kaposiform hemangioendothelioma arising in bone has
not been reported, although it can secondarily involve bone
[47]. A 39-year-old woman with a recently diagnosed
cutaneous KHE had a long history of osteolytic lesions in
the humerus and radius, but the original diagnosis of the
osseous lesions was not stated and the pathology slides were
not retrievable for review [48]. Three tumors in our series
had histopathologic features similar to kaposiform heman-
gioendothelioma. Unlike the typical child with kaposiform
hemangioendothelioma, these patients were older and only
one had thrombocytopenia, albeit minor. Histopathologically,
the lobularity in these tumors was minimal and there were no
vicinal dilated or malformed lymphatics. It is possible that
these morphologic differences are related to the particular

milieu of the site of origin. The lesions had features that
prompted one to consider spindle cell hemangioma, epithe-
lioid and spindle cell hemangioma, Kaposi sarcoma, and
kaposiform lymphangiomatosis in the differential diagnosis.
Nevertheless, the clinical findings and the constellation of
the histopathological features, including focal immunoposi-
tivity for D2-40, are those that characterize kaposiform
hemangioendothelioma. Additional studies of similar tumors
should help resolve whether these lesions are bona fide
kaposiform hemangioendothelioma.

Although most osseous lesions in this study were similar
to their extraskeletal counterparts, there remained a small
heterogeneous group which could not be classified. Some
may be known entities with a modified appearance because
of the site of origin, while others may be lesions yet to be
described.

In summation, a multidisciplinary approach to diagnosis
and management of vascular anomalies of bone is crucial,
as it is in all bony lesions. Particularly important is
radiologic imaging, and, in most malformations, it is
characteristic if interpreted by radiologists with experience
in this area. Biopsy is usually not required. If there is
uncertainty about the nature of the lesion, biopsy might be
necessary. Malformations outnumbered tumors with LM
and VM being the most common. In the tumor category,
hemangioendothelioma and epithelioid hemangioma were
the most frequent. We describe kaposiform hemangioendo-
thelioma which has not been reported arising in bone, and
expand upon our experience with a lesion that we
provisionally termed kaposiform lymphangiomatosis. We
also conclude that the standardization of the nomenclature
of vascular lesions of bone could be achieved by employing
the ISSVA system and its use will facilitate scientific
communication and patient management.
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Abstract An elastofibroma is a benign and rare fibrous
lesion that most commonly occurs in the periscapular
region. A gastrointestinal elastofibroma is extremely rare.
In the present study, six cases of elastofibromas including a
case in the stomach were evaluated. The gastric case
revealed widely distributed lesions in the submucosal layer
with perivascular fibrotic lesions (PVFLs) and some PVFLs
were distributed to the skip lesions of elastofibroma. These
PVFLs were also observed in all five periscapular cases and
invariably contained elastic fibers which showed various
degree of maturation. CD34-positive stromal cells were
observed not only in elastofibromas but also in PVFLs in
each case. These findings suggested the possibility of the
PVFLs were the primary lesions of elastofibroma and their
vascular-centric development. The percentage of the
CD105-positive vessels in elastofibroma group was signifi-
cantly higher than in the control group. This result indicates
active neovascularization in elastofibromas.

Keywords Elastofibroma . Stomach . Amyloidosis .

CD34 . CD105 . Quantitative double-fluorescence
immunohistochemistry (qDFIHC)

Introduction

An elastofibroma is a benign and rare lesion first described
by Järvi and Saxén [1] as “Elastofibroma dorsi” in 1961.
The abnormal elastic fibers display a beaded, globular, or
serrated appearance with a large amount of collagen and
usually arise in the periscapular region of elderly individ-
uals [2]. These elastinophilic fibers are immunohistochemi-
cally [3] and biochemically different from normal elastic
fibers [4]. This lesion was thought to arise from the
elastotic degeneration of collagen fibers or a degenerative
change of elastic fibers themselves in the past [5, 6].
However, there is the evidence, such as familial history [7],
multiple cases [8], clonal chromosomal aberrations, and
chromosome instability [9–11], suggesting a neoplastic
process. Ultrastructural studies show that stromal spindle
cells appear to synthesize the collagen and elastic fibers
[12–14] and these cells are frequently CD34 positive [3, 10,
15]. No conclusive evidence has been presented to define
the histogenesis of this lesion.

A gastrointestinal elastofibroma is extremely rare. Only
two stomach cases [16, 17] and several colorectal cases
[18–20] have been reported. Interestingly, some of these
lesions were associated with perivascular pseudo-amyloidosis
[17, 18, 20]. Bilateral subscapular elastofibromas were lately
found in one gastric case [16].

In the present study, an extremely rare case of gastric
elastofibroma with perivascular fibrotic lesions (PVFLs) was
documented. To pursue the histogenesis of elastofibromas,
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an additional five cases of periscapular elastofibroma and
control cases were analyzed pathologically.

Transforming growth factor beta 1 (TGFβ-1) activates
the mitogen-activated protein kinase kinase 3 (MKK3)-p38
mitogen-activated protein kinase signaling cascade, thus
leading to the induction of type I collagen synthesis [21,
22]. To elucidate the fibrotic process of elastofibromas, the
expression of TGFβ-1 and transforming growth factor beta
receptor 2 (TGFβR-2) in stromal cells were assessed by
quantitative double-fluorescence immunohistochemistry
(qDFIHC) [23].

Endoglin (CD105) is a receptor for TGFβ-1 which
modulates TGFβ signaling by interacting with TGFβR-2.
CD105 is predominantly expressed on cellular lineages
within the vascular system and is overexpressed on
proliferating endothelial cells. Therefore, CD105 is consid-
ered to be a powerful marker of neovascularization [24–27].
To examine the neovascularization status in elastofibromas,
the ratio of CD105-positive vessels was assessed by immu-
nohistochemistry and the expression of CD105 in stromal
cells was also assessed by qDFIHC.

Material and methods

Sample collection and preparation

Five cases of subscapular elastofibroma, including three
bilateral cases, surgically treated and pathologically diag-
nosed at the Saga University and one case of gastric
elastofibromas surgically treated at Karatsu Red Cross
Hospital and pathologically diagnosed at Saga University
were included in this study. The control skin specimens
were obtained from three cases of resected breast cancer
samples without skin invasion. Formalin-fixed and paraffin-
embedded specimens were prepared and 4-μm sections

were cut for hematoxylin and eosin (HE) staining, Weigert’s
elastic stain counterstained with van Giessen technique
(EVG), Congo red stain, and immunohistochemical
staining.

Immunohistochemical staining

The primary antibodies used and antigen retrieval con-
ditions are summarized in Table 1. The Envision+® System
(Dako Cytomation) was used as the second antibody. The
slides were visualized by diaminobenzidine tetrahydrochlo-
ride and the nuclei were counterstained with hematoxylin.
To contrast the elastic fibers, some slides were double-
counterstained with hematoxylin and Victoria blue.

The results were judged by the rate of positively stained
stromal cells. When the rate of positive cells were less than
10%, more than 10%, more than 50%, and more than 80%,
the result was judged as negative (−), weak (+), moderate
(++), and strong (+++), respectively. If the immunoreactiv-
ity was too weak to evaluate, then the sample was judged to
be faintly positive (+/−). The CD105-positive vessel rate
was evaluated by judging 100 vessels in each stained
sample.

Electron microscopy

An ultrastructural study was performed only in the stomach
case. The elastic fiber was stained by tannic acid. For
electron microscopy, samples were fixed with 2.5%
glutaraldehyde in phosphate-buffered saline. Samples were
postfixed in 1% osmium tetroxide in cacodylate buffer
(pH 7.4) for 2 h at 4°C and embedded in Epon 812.
Ultrathin sections were stained with uranyl acetate and
tannic acid and then stained by lead citrate. The samples
were examined by transmission electron microscopy (JEM
1210, Japan Electron Optics Laboratory, Tokyo, Japan).

Table 1 The primary antibodies and antigen retrieval conditions

Antibody Dilution Clone Pretreatment Company

Vimentin 1:30 Mono MW-CB Dako Cytomation
S-100 Prediluted Poly None Dako Cytomation
α-SMA 1:200 Mono MW-EDTA Dako Cytomation
Desmin 1:50 Mono MW-EDTA Dako Cytomation
Ki-67 1:50 Mono MW-EDTA Beckman coulter
CD34 1:50 Mono MW-EDTA Novocastra
c-KIT 1:30 Poly None Dako Cytomation
TGFβ-1 1:50 Poly MW-EDTA Santa Cruz
TGFβR-2 1:100 Poly MW-EDTA Santa Cruz
CD105 1:50 Mono MW-EDTA Novocastra
CD31 1:30 Mono Proteinase K Dako Cytomation

MW-EDTA microwave in ethylenediaminetetraacetic acid, MW-CB microwave in citrate buffer
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Quantitative double-fluorescence Immunohistochemistry

Each sample was triple-stained for target proteins (TGFβ-1,
TGFβR-2, and CD105), β-actin, and vimentin. The
staining of vimentin was added to recognize the stromal

cells. The primary antibodies and staining conditions
against TGFβ-1, TGFβR-2, CD105, and vimentin were
the same of immunohistochemistry staining. The secondary
antibodies used were fluorescein isothiocyanate isomer 1
(FITC)-conjugated anti-rabbit IgG (Dako Cytomation,

Fig. 2 a Low magnification
shows a dense fibrotic lesion in
the submucosal layer of the
antrum and this lesion skipped
discontinuously. The letters
above each panel correspond to
the following figures. The de-
pressed area is a cancerous
lesion (asterisks). Bar=5 mm. b
The thickened submucosa con-
sisted of connective tissue with
scattered spindle cells, collagen
bundles, and numerous eosino-
philic serpiginous fibers (HE,
original magnification ×100). c
EVG staining of b. Numerous
mature elastic fibers with dense
cores and serrated edges or line-
arly arranged globules are ob-
served (original magnification ×
100). d The characteristic struc-
tures of an elastofibroma are also
observed in the skipped lesions
(EVG staining, original magnifi-
cation ×40). e The PVFLs with
hyalinization are observed on the
surrounding vessels (HE, original
magnification ×40)

Fig. 1 The serial sections of the
gastric lesion. The submucosa
is widely thickened with yel-
lowish and rubbery changes.
Bar=5 cm
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dilution 1:100) for TGFβ-1 and TGFβR-2, the FITC-
conjugated anti-mouse IgG (ZYMED, dilution 1:100) for
CD105, and the Cy5-conjugated anti-mouse IgG
(CHEMICON, dilution 1:100) for vimentin.

The Cy3-conjugated anti-mouse IgG (CHEMICON,
dilution 1:100) and the Cy3-conjugated anti-rabbit IgG
(CHEMICON, dilution 1:100) were used as the second
antibodies for mouse monoclonal anti-β-actin antibody
(SIGMA, dilution 1:500) for TGFβ-1 and TGFβR-2 and
rabbit polyclonal anti-β-actin antibody (Gene Tex, predi-
luted) for CD105, respectively. Each primary and second
antibody reaction was carried out at room temperature for
2 h and for 30 min, respectively.

The digital images were acquired on a confocal Laser
Scanning Microscope LSM5 Pascal (Carl Zeiss Micro-
imaging, Jena Germany) at ×600 magnification. To quan-
tify the stromal-cell-specific expression, original image was
cut to contain only the stromal cells. The fluorescent signals
of cut images were analyzed with “LSM Image Examiner”
attached software in the LSM system as previously
described [23]. The ratio of the total fluorescence intensity
of the target proteins to β-actin (target protein/β-actin) was
determined. The 30 stromal cells in each sample were
analyzed and the average score of target protein/β-actin
was determined to quantify the expression.

Statistical analysis

A statistical analysis was performed using the JMP software
program version 5.1 (SAS Institute, Cary, NC, USA). The
Kruskal–Wallis test was used to compare the elastofibroma
and control groups. A p value of less than 0.05 indicated a
statistically significant difference.

Results

Clinical summary of the gastric elastofibroma

A 77-year-old Japanese female was admitted to the Karatsu
Red Cross Hospital for the treatment of early gastric cancer
found by screening gastroscopy. She had no symptoms and
a biopsy specimen showed tubular adenocarcinoma. The
physical examination on admission revealed no subcutane-
ous mass lesion including the periscapular area. A partial
gastrectomy with lymph node dissection was performed.

Macroscopic findings of the gastric elastofibroma

An irregular-edged depressed lesion that measured 8×8 mm
in diameter was found in the lesser curvature of the antrum. A
thickening of the submucosa with yellowish and rubbery
changes was widely found in the serial tissue sections (Fig. 1).

Microscopic findings of the gastric elastofibroma

At low magnification, the specimen appeared to contain a
dense fibrotic lesion in the submucosal layer of the antrum
with skipped lesions (Fig. 2a). A tubular adenocarcinoma
was found in the mucosa. The thickened submucosa
contained scattered spindle cells, collagen bundles, and
numerous eosinophilic, deeply stained, serpiginous fibers
(Fig. 2b). EVG outlined these fibers to have a dense core
and the margins were serrated or linearly arranged globules,
resembling beads on a string (Fig. 2c) and these findings
led the diagnosis of a gastric elastofibroma. Elastofibroma-
like structures were also observed in the skipped lesions
(Fig. 2d). Amyloid-like fibrotic lesions were observed on
surrounding vessels (Fig. 2e), but these lesions were not
stained by Congo red. These unique lesions were termed

Fig. 3 a The PVFLs were distributed to the skip lesions of an
elastofibroma. Immature and mature elastic fibers are observed (EVG
staining, original magnification ×100). b The tiny PVFLs which are
isolated from the main lesion of elastofibroma (arrow; original
magnification ×40). Inset is EVG staining (original magnification ×100)
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PVFLs. The PVFLs sometimes showed hyalinization. The
PVFLs were observed at vessel walls and they were more
dominant in veins than in arteries. Some PVFLs were
distributed to the skip lesions of the elastofibroma and
showed a composite of immature and mature elastic fibers
(Fig. 3a), thus suggesting the skipped elastofibromatous
lesions to have arisen from PVFLs. The abnormal elastic
fibers were observed by EVG staining even in the tiny
PVFLs which were completely isolated from the elastofi-
broma and could not be recognized macroscopically
(Fig. 3b).

The evaluation of CD34-positive stromal cells
and the ultrastructural findings of gastric elastofibroma

The elastofibroma lesion contained many CD34-positive
stromal cells. These CD34-positive cells sometimes ex-
hibited elastic-fiber-mediated synapse-like structures with
other cells (Fig. 4a). CD34-positive cells were also observed
in the PVFLs (Fig. 4b).

Transmission electron microscopy revealed that both the
elastin and collagen fibers were closely associated with the
spindle-shaped stromal cells (Fig. 4c). The small clusters of
elastin and globules of collagen fibers were closely attached
to the plasma membrane. The stromal spindle cells had a
long tail and sometimes formed elastic-fiber-mediated
synapse-like structure with other cells (Fig. 4d).

The microscopic findings and the evaluation
of CD34-positive stromal cells of the periscapular
elastofibromas

The other five specimens were from subscapular lesions
including three bilateral lesions. The abnormal granular
elastic fibers characteristic of elastofibromas were observed
in each specimen by HE and EVG. Interestingly, PVFLs
and perivascular hyalinization were observed either contin-
uously or discontinuously to the elastofibromas in all cases.
Abnormal elastic fibers showing various degrees of
maturation were observed in each PVFL (Fig. 5a). Inter-
spread spindle or stellate-shaped CD34-positive stromal
cells were observed in all cases. These CD34-positive cells
and synapse-like structures were also observed in PVFLs of
the periscapular elastofibromas (Fig. 5b).

Immunohistochemical comparison
between the elastofibromas and controls

The immunohistochemical analysis of the stromal cells in-
cluded vimentin, S-100, alpha smooth muscle actin, desmin,
Ki-67, CD34, c-KIT, TGFβ-1, TGFβR-2, CD105, and
CD31. Elastofibromas were compared to controls. These
data are summarized in Table 2. There was no remarkable
difference between the two groups except for a slight
difference in the S-100 expression. The TGFβ-1 and

Fig. 4 a Immunohistochemistry
of CD34, double-counterstained
with hematoxylin and Victoria
blue (a, b). CD34-positive cells
sometimes reveal elastic-fiber-
mediated synapse-like structures
with other cells (original mag-
nification ×1,000). b The
PVFLs containing relatively
mature elastic fibers. CD34-
positive spindle cells are also
observed (original magnification ×
200). c Transmission electron
microscopy (c, d). Both the
elastin and collagen fibers were
closely associated with the
spindle-shaped stromal cells
(original magnification ×4,000,
bar=10 μm). d The tail end of
some spindle cells formed elas-
tic-fiber-mediated synapse-like
structures with other cells (orig-
inal magnification ×10,000,
bar=5 μm)
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TGFβR-2 expression in the elastofibroma group appeared
to be higher than in the control group, but the difference
was not significant.

The TGFβ-1, TGFβR-2, and CD105 expression evaluated
by qDFIHC between elastofibromas and controls

To make a definite comparison of TGFβ-1, TGFβR-2, and
CD105 between the elastofibromas and the controls, a
qDFIHC analysis was performed. The triple-stained picture,
the cut picture by vimentin-positive spindle cell, and the
analyzing status are demonstrated in Fig. 6a, b, respective-
ly. The evaluated mean ± standard deviation (SD) of
TGFβ-1/β-actin was 1.09±0.14 in elastofibromas and
1.02±0.09 in controls. The TGFβR-2/β-actin was 1.57±

0.15 in elastofibromas and 1.58±0.04 in controls. There
was no difference in the mean values for TGFβ-1 and
TGFβR-2 between elastofibromas and controls (P=0.605
and P=0.518, respectively). The CD105/β-actin ratios were
1.82±0.27 in elastofibromas and 1.46±0.04 in controls.
The mean value of the elastofibroma group was higher than
the control group, but there was no statistically significant
difference (P=0.12).

The proportion of CD105-positive vessels in elastofibromas
and controls

CD105-positive vessels were predominant in elastofibro-
mas (Fig. 7a) whereas they were a minority in control
cases. The proportion of positive (mean ± SD) vessels was
78.7±6.6% in the elastofibroma group and 13.3±6.8% in
control group (Fig. 7b). There was a significant difference
between the two groups (P=0.02). The positive proportion
of positive vessels of the control skin was almost the same
as previously described by Minhajat et al. [25].

Discussion

The gastric elastofibroma revealed a widely distributed
lesion in the submucosal layer. The notable features of this
case were the presence of skip lesions and PVFLs. Most of
the elastic fibers in main lesion were mature showing an
organized structure whereas the elastic fibers in PVFLs
showed various degrees of maturation. Some PVFLs were
distributed to the skip lesions of the elastofibroma and
showed a composite of immature and mature elastic fibers.
The PVFLs were also found in all the cases of periscapular
elastofibroma. Some of them were isolated from the main
lesion and the elastic fibers also revealed various degree of
maturation. These findings suggest the possibility that the
PVFLs are the primary lesions of elastofibromas and that
possibility is supported by the vascular-centric development
of elastofibromas.

The stromal spindle cells seem to synthesize both the
elastic and collagen fibers as described in several previous
reports [10, 12–15]. Some of the stromal cells showed a
synapse-like structure as if they communicate using the
elastic material as a mediator. This is the characteristic
morphology, but there is insufficient evidence to explain
this phenomenon.

It therefore appears to be difficult to explain the ex-
istence of PVFLs and skip lesions based on the neoplastic
development theory alone. In addition, neither mitosis
nor Ki-67-positive stromal cells were observed in either
the present study or previously reported investigations
[15]. We therefore hypothesized that some types of
elastofibroma-specific differentiation of the stromal cells

Fig. 5 a The PVFLs in case 2 of Table 2. Abnormal elastic fibers
without organized structure are observed (EVG staining, original
magnification ×200). b Immunohistochemistry of CD34, double-
counterstained with hematoxylin and Victoria blue of the case 6 on
Table 2. The PVFLs contain both the CD34-positive stromal cells and
abnormal elastic fibers and a synapse-like structure (arrow) can be
observed (original magnification ×200)
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Table 2 The pathologic and immunohistochemical features of the elastofibromas and controls

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Cont. 1 Cont. 2 Cont. 3

Location Stomach Unilateral SSL Bilateral SSL Bilateral SSL Bilateral SSL Unilateral SSL Lt. breast Rt. breast Rt. breast
Presence of PVFL Yes Yes Yes Yes Yes Yes No No No
AEF in PVFL Present Present Present Present Present Present NA NA NA
IHC
Vimentin +++ +++ +++ +++ +++ +++ +++ +++ +++
S-100 − − − − − − − + +
α-SMA − − − − − − − − −
Desmin + + + +/− + + + + +
Ki-67 − − − − − − − − −
CD34 ++ +++ ++ ++ ++ ++ +++ +++ +++
c-KIT − + + + ++ + + + +
TGFβ-1 + ++ + + ++ ++ + + +
TGFβR-2 + +++ + + +++ ++ + + +
CD105 +/− +/− +/− +/− +/− +/− +/− +/− +/−
CD31 − − − − − − − − −

PVFL perivascular fibrotic lesion, SSL subscapular lesion, AEF abnormal elastic fiber, IHC immunohistochemistry, α-SMA alpha smooth muscle
actin, NA not available, − negative, +/− faint, + weak, ++ moderate, +++ strong

Fig. 7 a The immunohistochemical staining of CD105 in an
elastofibroma (case2 of Table 2). The majority of vessels are
positively stained by CD105. b The CD105-positive rate (mean ±
SD) of the vessels. The positive rate is 78.7±6.6% in elastofibromas
whereas 13.3±6.8% in controls (P=0.02)

Fig. 6 a Merged image of triple staining with TGFβ-1 (green), β-actin
(red), and vimentin (blue) for qDFIHC. b Right side; the cut picture (a)
by vimentin-positive spindle-shaped stromal cell. Left side; analyzing
status of the fluorescent signals. The ratio of the total fluorescence
intensity of the target proteins to β-actin is the quantification value
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might play an important role in the development of such
elastofibromas.

To elucidate such elastofibroma-specific differentiation
of the stromal cells, first, an immunohistochemical analysis
of myogenic and neurogenic markers was performed, but
there was no remarkable difference except for a slight
difference in the S-100 expression, as observed in other
reports [10, 18, 28]. Second, to assess the collagen
production ability of stromal cells, TGFβ-1, TGFβR-2,
and CD105 expression were analyzed by qDFIHC. Both
the TGFβ-1 and TGFβR-2 expression level in the stromal
cell were identical between the elastofibroma group and the
control group. Although the CD105 expression in the
stromal cells of the elastofibroma group was higher than
that in the control group, there was no statistical signifi-
cance. This result indicates that the fibrotic process of
elastofibromas does not depend on the TGFβ signaling
cascade. Third, to investigate the neovascularization status,
the CD105 expression in the blood vessels was analyzed.
The percentage of CD105-positive blood vessels in the
elastofibroma group was significantly higher than that in
the control group. This result indicates the presence of
active neovascularization in elastofibromas.

In conclusion, a rare case of a gastric elastofibroma was
observed. The results of this study suggest the vascular-
centric development and active neovascularization of an
elastofibroma.
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Abstract While focal myxoid areas are occasionally ob-
served in solitary fibrous tumors, neoplasms of this type
exhibiting extensive myxoid change are considered exceed-
ingly uncommon. Due to their rarity, the biologic behavior of
myxoid solitary fibrous tumor has not been determined.
Three cases of myxoid solitary fibrous tumor are described
in order to better characterize the clinical and pathologic
features of this uncommon variant of solitary fibrous tumor.
The tumors occurred in one man and two women, with ages
of 37, 47, and 58 years, respectively. Sites of involvement
included the retroperitoneum, pelvis, and soft tissue of the
neck. Histologically, all cases were characterized predomi-
nantly by the presence of myxoid stroma comprising 70% to
100% of the tumor. The tumor cells were predominantly
spindled in all cases, and arranged randomly, in loose
fascicles, or in anastomosing strands imparting a micro-
cystic/reticular appearance. The lesional cells had a bland
cytologic appearance and low mitotic count. All tumors
lacked necrosis and areas of increased cellularity. By
immunohistochemistry, all cases were positive for CD34,
CD99, and bcl-2, and negative for keratin, epithelial
membrane antigen, desmin, actin, smooth muscle actin, and
S-100 protein. To date, all cases have followed a benign
course without evidence of recurrence or metastasis with a
follow-up duration ranging from 50 to 87 months. The data
suggest that myxoid solitary fibrous tumors are associated
with an indolent clinical course and favorable prognosis.

Keywords Myxoid . Solitary fibrous tumor . Soft tissue

Introduction

Solitary fibrous tumor is a relatively rare mesenchymal
neoplasm comprised of spindle cells exhibiting fibroblastic
differentiation. Although initially described as a pleura-
based lesion, solitary fibrous tumor has been subsequently
recognized as a ubiquitous neoplasm which may occur in a
wide range of anatomic sites [1, 2]. Typical histologic
features of solitary fibrous tumor include haphazardly
arranged spindle cells, alternating hypocellular and hyper-
cellular areas, collagenous stroma, and thin-walled branch-
ing blood vessels [1, 2]. While focal myxoid change is a not
an uncommon finding in solitary fibrous tumor [3–5],
solitary fibrous tumors characterized by a prominent
myxoid stroma are quite rare. To date, less than 15 cases
of myxoid solitary fibrous tumor have been reported in the
literature [6–13].

The clinical course of morphologically typical solitary
fibrous tumor is considered unpredictable; most demon-
strate benign behavior, though approximately 10–15%
exhibit recurrence or metastasis [2]. In contrast, the biologic
behavior of myxoid solitary fibrous tumor has not been
determined due to the limited number of reported cases of
this entity and relatively short duration of follow-up [6–13].
In order to expand on the clinical, morphologic, and
immunophenotypic characterization of this uncommon
variant of solitary fibrous tumor, three additional cases of
myxoid solitary fibrous tumor with long-term clinical
follow-up are reported herein.

Materials and methods

Cases were identified from the files of the Department of
Pathology, City of Hope National Medical Center, Duarte,
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California. Sampling of each tumor consisted of a minimum
of one section for each centimeter of greatest tumor
dimension, with the exception of case 2 which had been
entirely submitted for microscopic examination. In all cases,
myxoid stroma comprised at least 50% of the total tumor in
the sections examined histologically, as defined by de Saint
Aubain Somerhausen et al. [6]. The resected specimens from
each case were fixed in 10% neutral buffered formalin.
Paraffin sections were stained with hematoxylin and eosin for
routine histology. Immunohistochemical studies were per-
formed on paraffin-embedded tissue sections using an
automated immunostainer (Dako, Carpinteria, CA, USA),
followed by antibody detection using the Dako EnVision+
System and 3,3′-diaminobenzidine as a chromogen. The
primary antibodies, sources, and dilutions used in this study
are listed in Table 1. Appropriate positive and negative tissue
controls were used throughout.

Results

Clinical findings

The clinical features of the three cases are summarized in
Table 2. The patients included two women and one man,
with ages ranging from 37 to 58 years. One tumor arose in
the soft tissue of the neck, one in the retroperitoneum, and
one in the pelvis adjacent to the rectum. All lesions were
treated by surgical resection alone, without adjuvant
chemotherapy or radiation. Clinical follow-up data were
available for all cases. None of the patients developed local
recurrence or distant metastases, and all are currently alive
with no evidence of disease.

Pathologic findings

Grossly, the tumors were described as solid masses with
white to tan, firm, fibrous cut surfaces with softer areas of

gelatinous appearing myxoid change. No areas of necrosis
were noted. Microscopically, all three tumors showed
similar histologic features. The tumors were characterized
by a proliferation of cytologically bland spindle cells in a
loose myxoid stroma. The neoplastic cells had oval to
elongated nuclei, with evenly distributed chromatin, incon-
spicuous nucleoli, and scant amounts of pale eosinophilic
cytoplasm. In general, the cells were arranged randomly
(Fig. 1a) or in loose fascicles (Fig. 1b). In case 1, the tumor
cells formed interconnecting strands, resulting in a micro-
cystic/reticular appearance (Fig. 1c). Frequent small thin-
walled vessels were present in the myxoid stroma (Fig. 1d).
Cases 1 and 2 showed foci of morphologically typical
solitary fibrous tumor with areas of alternating cellularity
and haphazardly arranged spindle cells in a collagenized
stroma (Fig. 1e). Mitotic activity was low in all tumors; one
mitotic figure per ten high power fields was observed in
case 1, two mitotic figures per ten high power fields were
seen in case 2, and no mitotic figures were identified in
case 3. Mitoses were present exclusively in non-myxoid
areas of the tumors. No atypical mitotic figures or necrosis
were seen in any of the cases.

Immunohistochemical findings

The tumor cells in all cases showed strong and diffuse
immunoreactivity for CD34 (Fig. 1f), CD99, and bcl-2 in
both myxoid and non-myxoid areas. All tumors lacked
expression of keratin, epithelial membrane antigen (EMA),
desmin, actin, smooth muscle actin (SMA), and S-100
protein.

Discussion

Myxoid change is a common, though generally focal
finding in solitary fibrous tumors. In contrast, solitary
fibrous tumors exhibiting a predominantly myxoid stroma
are rarely encountered. Since the initial series of myxoid
solitary fibrous tumors described by de Saint Aubain
Somerhausen et al. [6], only seven additional cases of this
entity have been reported (Table 3) [7–13]. The histologic
features of myxoid solitary fibrous tumor are relatively non-
specific and include the presence of abundant, pale myxoid
matrix, thin-walled stromal blood vessels, and haphazardly
arranged, cytologically bland spindle cells. Focal areas of
morphologically typical solitary fibrous tumor are present
in some cases, and can aid in diagnosis [6, 11]. Similar to
conventional solitary fibrous tumor, by immunohistochem-
istry, the myxoid variant commonly expresses CD34,
CD99, and bcl-2, and is typically negative for keratin,
EMA, S-100 protein, and muscle-associated antigens [3–5,
14, 19, 22, 25, 26].

Table 1 Immunohistochemical reagents

Antigen Clone Dilution Source

Keratin OSCAR 1:100 Covance, Berkley, CA
EMA E29 1:800 DakoCytomation,

Carpinteria, CA
Actin HHF35 1:75 Accurate Chemical & Scientific

Corporation, Westbury, NY
Desmin D33 1:300 DakoCytomation
SMA 1A4 1:500 DakoCytomation
S-100 Polyclonal 1:3,000 DakoCytomation
CD34 QBEnd10 1:100 DakoCytomation
CD99 O13 1:100 Covance
Bcl-2 124 1:50 DakoCytomation
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The differential diagnosis of myxoid solitary fibrous
tumor is quite broad, as a variety of tumors may demonstrate
a histologic appearance characterized by a predominant
myxoid morphology [14]. Important entities to consider in

the differential diagnosis include low grade fibromyxoid
sarcoma, myxofibrosarcoma, and myxoid variants of syno-
vial sarcoma, dermatofibrosarcoma protuberans, leiomyosar-
coma, liposarcoma, and nerve sheath tumors.

Fig. 1 Histologic features of
myxoid solitary fibrous tumor.
The tumors were characterized
by a prominent myxoid stroma
and cytologically bland spindle
cells exhibiting haphazard (a)
and loose fascicular (b) growth
patterns. One case showed a
microcystic/reticular morpholo-
gy (c). The presence of thin-
walled blood vessels was also a
consistent finding (d). Focal
areas of conventional, non-
myxoid solitary fibrous tumor
(left) were present in two cases
(e). All tumor exhibited positive
immunoreactivity for CD34 (f)

Table 2 Clinicopathologic data in three cases of myxoid solitary fibrous tumor

Case
no.

Gender Age
(years)

Clinical presentation Tumor location Size
(cm)

%
myxoid

Follow-up

1 F 58 Asymptomatic, mass palpated on bimanual
pelvic exam

Retroperitoneum 15.0 70 NED,
87 months

2 F 47 Neck mass×7 years Soft tissue, neck 1.3 90 NED,
84 months

3 M 37 Constipation, palpable pararectal mass Pelvis 9.5 100 NED,
50 months

F female, M male, NED no evidence of disease
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Low grade fibromyxoid sarcoma contains myxoid areas
and cytologically bland spindle cells which may be
confused with myxoid solitary fibrous tumor. The constit-
uent spindle cells of the former tumor, however, typically
adopt a characteristic whorled or swirling growth pattern
not seen in myxoid solitary fibrous tumor [15]. By
immunohistochemistry, low grade fibromyxoid sarcoma,
unlike myxoid solitary fibrous tumor, is generally negative
for CD34, and can express EMA in a subset of cases [16].

Myxofibrosarcomas of low histologic grade may super-
ficially resemble myxoid solitary fibrous tumor, though the
presence of multinodular growth with fibrous septa, cells
with atypical hyperchromatic nuclei, and mucin containing
pseudolipoblasts are features which are unique to myxofi-
brosarcoma [17]. Myxoid synovial sarcoma may exhibit
reticular and loose fascicular growth patterns similar to
myxoid solitary fibrous tumor, but can be distinguished
from the latter by positive immunoreactivity for keratin or
EMA [18].

Myxoid solitary fibrous tumor involving the subcutis
may be particularly difficult to differentiate from myxoid
dermatofibrosarcoma protuberans, as both are characterized
by a proliferation of bland spindle cells in a richly vascular
myxoid stroma and immunohistochemical expression of
CD34 [19, 20]. As myxoid solitary fibrous tumors are
generally well-circumscribed lesions, the presence of an
infiltrative growth pattern with entrapment of fat in a
honeycomb pattern would favor a diagnosis of myxoid
dermatofibrosarcoma protuberans.

Myxoid leiomyosarcoma is a rare variant of leiomyo-
sarcoma which can be distinguished from myxoid solitary
fibrous tumor morphologically by the presence of spindle
cells with comparatively more eosinophilic cytoplasm and
cigar-shaped nuclei [21]. By immunohistochemistry, myx-

oid leiomyosarcomas are positive for desmin, actin, and
SMA, which are generally not detected in myxoid solitary
fibrous tumor [21]. Myxoid liposarcoma is separable from
myxoid solitary fibrous tumor by the presence of lipoblasts,
an arborizing capillary vasculature, and pools of stromal
mucin [22].

Nerve sheath tumors, in particular neurofibroma and
malignant peripheral nerve sheath tumor, may on occasion
show extensive myxoid change, which may impart a
histologic appearance similar to myxoid solitary fibrous
tumor [14]. The presence of cells with wavy or buckled
nuclei would favor a diagnosis of a myxoid nerve sheath
tumor, though such cells may be seen focally in solitary
fibrous tumor [6]. S-100 protein expression, when present,
would support a diagnosis of a myxoid neurofibroma or
malignant peripheral nerve sheath tumor, as myxoid solitary
fibrous tumor is negative for this marker. A negative result
is however non-contributory in the context of resolving this
particular differential diagnosis, as only approximately half
of cases of malignant peripheral nerve sheath tumor are S-
100 protein positive.

Solitary fibrous tumors are generally considered indolent
neoplasms with a low but definite potential for recurrence
and metastasis. In the context of conventional non-myxoid
solitary fibrous tumors, pathologic parameters associated
with unfavorable clinical outcome have included the
presence of areas of increased cellularity, nuclear pleomor-
phism, necrosis, greater than four mitoses per ten high
power fields, and size exceeding 10 cm [4, 23, 24]. The
relationship between these pathologic variables and biolog-
ic behavior is imperfect, however, as some solitary fibrous
tumors exhibiting the aforementioned atypical features have
pursued a benign course, while others lacking such features
have behaved aggressively [4, 5, 23–26].

Table 3 Reported cases of myxoid solitary fibrous tumor

Reference Gender Age (years) Tumor location Tumor size (cm) Follow-up

de Saint Aubain Somerhausen et al. [6] F 45 Abdominal wall 14 NA
M 50 Thigh 11 NED, 27 months
M 42 Chest wall 4.9 NED, 25 months
F 64 Pleura 3.5 NED, 13 months
M 68 Orbit 3.0 NED, 10 months
M 44 Parotid region NA None
F 35 Abdominal wall 11.5 None

Chang et al. [7] F 42 Skin, thigh 1.0 NED, 24 months
Yap et al. [8] M 41 Ischiorectal fossa 6.0 None
Pakasa et al. (case 3) [9] M 27 Spinal cord 2.5 Recurrence,

168 months
Cheng et al. [10] M 42 Axilla 8.0 NED, 18 months
Wei et al. [11] M 65 Seminal vesicle 9.0 NED, 14 months
Kosem et al. [12] F 27 Meninges 3.8 None
Shin et al. [13] M 56 Retroperitoneum NA None

F female, M male, NA not available, NED no evidence of disease
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There is considerably less information available concerning
the clinical behavior of the myxoid variant of solitary fibrous
tumor, which is largely attributable to the rarity of this
neoplasm, and the relative absence of extended clinical
follow-up in reported cases of this entity [6–13]. Among three
cases of myxoid solitary fibrous tumor comprising the present
series, none were associated with local or distant relapse, with
follow-up ranging from 50 to 87 months. All cases lacked
atypical pathologic features associated with malignant behav-
ior as described for conventional non-myxoid solitary fibrous
tumors including nuclear pleomorphism, hypercellularity,
necrosis, and mitotic figures exceeding four per ten high
power fields, though in one case, the size of the tumor was
greater than 10 cm.

Cases of myxoid solitary fibrous tumor described to date
have been similarly largely devoid of features of biologic
aggressiveness [7–13], with the exception of three tumors in
one series which were more than 10 cm in size [6]. No
follow-up information was available in two cases, while in
the third, the patient showed no evidence of recurrent disease
at 27 months follow-up. As has been demonstrated in
conventional solitary fibrous tumors [24], large size alone
in the absence of other atypical histologic features thus does
not appear to necessarily portend an unfavorable clinical
course in the context of myxoid solitary fibrous tumors.

Among the previously documented cases of myxoid
solitary fibrous tumor, all have behaved in a benign fashion,
with no reports of distant metastases or tumor-related
deaths and only a single instance of tumor relapse (Table 3)
[6–13]. This particular tumor involved the spinal cord of a
27-year-old male and measured 2.5 cm [9]. The tumor was
characterized histologically by a myxoid component com-
prising 50–70% of the lesion, bland spindle cells, “occa-
sional mitoses,” and an absence of tumor necrosis.
Following incomplete resection, the patient developed a
histologically identical appearing lesion in the spinal cord
distant from the site of the original tumor 14 years later [9].
In this particular case, it is difficult to determine whether
tumor relapse was attributable to an inability to obtain a
clear surgical margin or a function of the inherent biology
of the tumor.

Observations in the current and previous reports of
myxoid solitary fibrous tumor suggest that pathologic
features predictive of malignant clinical behavior in
conventional non-myxoid solitary fibrous tumors are
generally lacking in the myxoid variant. Myxoid solitary
fibrous tumor appears to carry a favorable prognosis with a
very low potential for recurrence, though clearly more
experience with additional cases is required to validate the
biologic behavior of this variant of solitary fibrous tumor.
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Abstract Sarcomagenesis, in contrast to carcinogenesis, is
poorly understood. Microsatellite instability has been impli-
cated in the development of many cancers, in particular
those associated with chronic inflammatory conditions. In
an experimental animal model, rats developed not only a
peri-implantational chronic inflammatory reaction, but also
malignant mesenchymal tumors in response to different
biomaterials. Therefore, it was the aim of our study to test if
the development of biomaterial-induced sarcomas is charac-
terized by a mutator phenotype. A multiplex-PCR approach
was designed to screen biomaterial-induced sarcomas for the
presence of microsatellite instability. Seven different micro-
satellite loci were tested in ten tumors for microsatellite
instability using a fluorochrome-labelled multiplex-PCR
and subsequent fragment analysis. All tumors provided a
microsatellite-stable phenotype at all loci tested. Our data
suggest that microsatellite instability is rarely or not at
all a feature of malignant transformation of biomaterial-
induced soft tissue tumors. Thus, there is no evidence that a
mutator phenotype is a hallmark of biomaterial-induced
sarcomagenesis.

Keywords Biomaterials . Sarcoma .Microsatellite
instability .Mutator phenotype

Introduction

Tumorigenesis is now widely accepted as resulting from
a stepwise accumulation of genetic instability [1]. The
biological and molecular mechanisms involved in the
development of carcinomas in humans and mammals have
been extensively investigated. In contrast, the molecular
steps in the development of sarcomas and other soft tissue
tumors are less well understood. A progression from a
benign precursor lesion to malignant tumor, characterisitic
of many epithelial tumors, is exceptional for soft tissue
tumors. However, a biological continuum of benign and
malignant soft tissue tumors has been postulated for
example in the case of lipomatous [2] and nerve sheath
tumors [3, 4].

In a previous study, we had established an animal model
for the tumorigenesis of soft tissue tumors [5]. Malignant
mesenchymal tumors were induced around subcutaneously
implanted biomaterial disks. In addition to fully developed
tumors, implantation sites showed lymphocyte and macro-
phage infiltrates reflecting an inflammatory reaction, as a
characteristic response to the implantation of foreign
materials [6, 7] as well as hyper-proliferative lesions,
reflecting precursor lesions. This animal model allowed a
detailed investigation of sarcoma tumorigenesis, especially
because a spectrum of preneoplastic lesions could be
identified.

Several mechanisms are known to result in genetic
instability and consequent malignant transformation of
cells. One pathway is the development of chromosomal
instability with numerical and structural chromosomal
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changes and aneuploidy of tumor cells. Another pathway is
the development of a “mutator phenotype” with changes at
the nucleotide level. These alterations may result in the
accumulation of multiple mutations in genes relevant to cell
growth and homeostasis, eventually leading to growth
advantage and transformation of cells. Multiple short
tandem repetitive DNA-sequences, also known as micro-
satellites, are present throughout the genome of humans and
other mammals [8]. A mutator phenotype is frequently
reflected by widespread sequence length alterations of these
microsatellites, designated as microsatellite instability [9,
10]. Besides inherited deficiencies of mismatch repair
(MMR) genes and inactivation by methylation, an under-
lying impairment of repair enzymes in association with
chronic inflammation [11, 12] has been demonstrated, most
likely due to oxidative stress [13].

While there is a clear association of specific or typical
chromosomal translocations or translocation of gene fusion
products with many soft tissue tumors, microsatellite
instability has also been reported for some entities [14–
17]. Since a chronic inflammatory condition is associated
with microstallite-associated carcinogenesis, we sought to
investigate if the tumorigenesis of biomaterial-induced
sarcomas is based on the development of a mutator pheno-
type. Using the above-mentioned rat model, biomaterial-
induced sarcomas were screened for microsatellite instability.

Materials and methods

Animal model

Ten formalin-fixed, paraffin-embedded tumor samples
(Table 1) were retrieved from the previously published rat
sarcoma collective [5]. Briefly, in this study a total of 490
Fischer rats had been implanted with nine different standard
medical grade biomaterials. In about one quarter of implan-
tations, animals developed (mostly malignant) mesenchymal
tumors of different histological type, including fibrosarcomas,

leimyosarcomas, and rhabdomyosarcomas, around the
implantation sites.

Laser capture microdissection

Sections of normal and transformed tissues (either tumors
or precursor lesions) from the above mentioned paraffin
blocks were prepared on membrane mounted-slides
(PALM MembraneSlides, P.A.L.M., Bernried, Germany)
and de-paraffinized. Microdissection was performed using a
PALM MicroBeam system with a pulsed UV-A nitrogen
laser (337 nm). The selected areas were marked, cut out,
and pulsed into a 0.5-ml microfuge tube with adhesive
filling (PALM AdhesiveCaps, P.A.L.M.), taking care to
keep the normal and tumor tissues separate. “Normal
tissue” was prepared so distant from the implantation site
that it was morphologically not affected by the implants and
corresponding tissue reactions.

Multiplex PCR and fragment analysis

Since (in contrast to human and mouse) no well-established
and characterized panels of markers for the analysis of
microsatellite instability was described in rat, sequence
information of rat microsatellite loci was taken from several
studies [18–20]. In order to compensate for a potentially
low sensitivity of these markers in detecting MSI, seven
markers instead of the more common panel of five markers
was used (Table 2). DNA was isolated by proteinase K
digestion, followed by phenol-chloroform extraction and
ethanol/salt precipitation using standard protocols [21].
Two multiplex PCR-reactions were performed using
two different primer mixtures with fluorochrome-labelled
oligonucleotide primers. In each case, either the forward or
the reverse primer was fluorochrome-labelled. Primermix A
contained oligonucleotide primers of the loci GH, NGFR,
SECR, and UCP; primermix B contained oligonucleotide
primers of the loci ANF, PPY, and SMST (Table 2). Non-
fluorescent oligonucleotide primers were purchased from

Table 1 Biomaterial-induced
soft tissue tumors

The study included a total of
ten different biomaterial-
induced soft tissue tumors.
Every rat was given an identi-
fication code describing the
implanted material. The result-
ing tumor was histologically
diagnosed

Code Implanted biomaterial Tumor

46 PU 101 Aliphatic polyurethane Pleomorphic rhabdomyosarcoma
11 PMMA 84 Polymethylmethacrylate Osteosarcoma
1 PMMA 86 Polymethylmethacrylate Sarcoma, NOS
16 Si 80 Silicone Pre-neoplastic lesion
2 Si 90 Silicone Sarcoma, NOS
4 PVC 105 Polyvinyl chloride Fibrosarcoma
5 NiCr 107 Nickel chromium Dedifferentiated liposarcoma
25 NiCr 107 Nickel chromium Pleomorphic sarcoma
24 Alu 103 Aluminum Spindle cell sarcoma
1 Si 87 Silicone Sarcoma, NOS
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biomers.net, Ulm, Germany and the fluorescent oligonu-
cleotide primers from Sigma-Aldrich, Germany.

The final 25-μl multiplex reaction mix consisted of the
following: 12.5 μl Qiagen-Multiplex-Mastermix (Qiagen,
Hilden, Germany), 2.5 μl 10× primer-mix, 7.5 μl H2O, and
2.5 μl template. The 10× primer-mix was composed by
mixing 50 μM fluorescent primers and 100 μM non-
fluorescent primers at a concentration of 2 μM each in H2O.

PCR was performed using a GeneAmp 9700 thermocycler
(Applied Biosystems, Foster City, CA, USA) under the
following conditions: initial denaturation at 95° for 15 min,
followed by 45 cycles of: 30 s at 94°, 90 s at 54°, and 1 min at
72° with a final 30-min extension period at 60°. The resulting
PCR-product was then analyzed by gel-electrophoresis on a
2% agarose gel and subsequent fragment analysis of the
fluorescently labelled PCR products was performed using a
Beckman Coulter CEQ 8000 Sequencer (Beckman Coulter,
Krefeld, Germany) with the corresponding CEQ System
software. The detected fragments of normal and malignant
tissue were compared to determine the stability for each locus.

Results

Tissue selection and isolation of tumor and normal DNA

Histology of the samples was re-evaluated in order to
define suitable areas of tumor and non-neoplastic tissue,
respectively. In all cases studied, a clear identification of

tumors and non-tumorous areas was possible, providing the
basis for the laser-capture analysis and tissue preparation
(Fig. 1). Following laser-capture (P.A.L.M.)-based tissue
preparation and standard nucleic acid extraction, a suffi-
cient amount and quality of DNA could be isolated from all
samples analyzed.

Development of a multiplex-PCR assay for microsatellite
instability testing

PCR conditions were first optimized, and all samples were
initially tested in a single PCR setting. In the case of the
GH and PPY locus, respectively, significantly lower
amplification sizes were observed when compared to
information from either the gene bank (see Table 2) and/
or the literature [18]. In the case of the PPY locus, higher
amplification sizes were observed. The SECR locus
revealed rather a single peak instead of the characteristic
stuttering pattern in all samples tested. However, all loci
displayed a constant size comparing different animals (due
to the same genetic background of animals).

After successfully testing each pair of oligonucleotide
primers in a single-PCR, a multiplex-PCR-assay was
designed by dividing the seven different primers into two
groups of three or four primer pairs, respectively. Using this
multiplex-PCR approach, all loci test were successfully
amplified and analyzed by fluorescence-based fragment
analysis. No difference between single PCR fragment
analysis patterns and the multiplex approach was observed,

Table 2 Microsatellite loci and oligonuceotide primer sets

Locus Acc. No. Oligo nucleotide sequence Sizea Dye Ref.

Mix A
GH X12967 F 5′-ATGGGAGGGAACAAGTCTTC-3′ 135 D4 [18, 19]

R 5′-GAGGGAGAGAGAAAGAGAGACAG-3′
NGFR X05137 F 5′-ACCCCACAATCCAACACTATAC-3′ 126 D3 [18, 19]

R 5′-GCAGGATCTAGTCTCAGCCC-3′
SECR M64033 F 5′-ACCATGGAGCCTCTACTGC-3′ 194 D4 [18, 20]

R 5′-GTCCCGTCCGAGTGTCTT-3′
UCP X12925 F 5′-TGCCCGTCTCTGTTACTCAT-3′ 111 D4 [18, 19]

R 5′-CAAGAACCCTGAGGCAATAA-3′
Mix B
SMST K02248 F 5′-TTTCCAGGTGCCAAATGTAG-3′ 154 D4 [18, 20]

R 5′-TATATTGTGACAAAAGAAAGGCAC-3′
ANF K02062 F 5′-TCCACAACCTTGATCTTTCG-3′ 160 D2 [18, 20]

R 5′-GTTGAGGGCCATAGTGTGAC-3′
PPY M27450 F 5′-CACACTGACCAGGCCTAGG-3′ 153 D3 [18, 20]

R 5′-TGTCAGCTCAGCTGCTTTG-3′

Microsatellite loci and oligonucletide primer sequences information
GH growth hormone, NGFR nerve growth factor receptor, SECR secretin, UCP uncoupling protein, SMST somatostatin, ANF atrial natriuretic
factor, PPY pancreatic polypeptide
a Sizes are indicated as expected according to NCBI database information and differed significantly from the fragment sizes observed in this study
in case of the GH, UCP, and PPY loci, respectively
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indicating that the multiplex assay used was a valid method
for the simultaneous testing of several microsatellite loci
(Fig. 2).

All microsatellite loci showed a stable phenotype

A total of 140 microsatellites was analyzed, with 70
microsatellites displaying microsatellites of neoplastic or
preneoplastic tissue, and the other 70 reflecting the corre-
sponding normal tissue, respectively. Nearly all micro-
satellites were informative with the exception of three cases
(PND locus of animals: one PMMA 86, two Si90, and four

PVC 105). In these cases, the fragment analysis revealed
signals which were too low or unspecific to be readable, so
that a definite statement about the stability of the micro-
satellite loci for these particular samples could not be made.

For all other microsatellite loci tested, no size or frame
shifts were observed on comparing normal and the tumor/
precursor lesion tissue (see examples in Fig. 3). Thus, even
assuming that the PND locus in case of the three tumors, in
which this particular locus was not amplified, had shown a
change in microstatellite pattern, the overall diagnostic
criteria for microsatellite instability would not have been
fulfilled. Therefore, all loci provided stable microsatellites.

Fig. 1 Examples of a biomaterial-induced sarcoma (pleomorphic
rhabdomyosarcoma from animal 46 PU 101). a Histology revealed a
pleomorphic tumor with rhabdomyoblastic differentiation (upper left)
and a rather well-defined border surrounded by a fibrous connective
tissue capsule with proliferative lesions, possibly pre-neoplastic.
(Tissue for DNA isolation was prepared by laser-microdissection

from tumors, capsule tissue, and surrounding non-neoplastic tissue,
respectively). b Higher magnification of the tumor shows atypical
tumor cells with vacuoles similar to lipoblasts and a mitotic figure
(arrow). c Tumor cells show a widespread positive cytoplasmic
immunoreactivity for desmin, d as well as a strong nuclear positivity
for myogenin
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Discussion

The etiology of most benign and malignant soft tissue
tumors is unknown. The vast majority of soft tissue tumors
seem to arise without an apparent causative factor. Among
suspected or proven causative factors are genetic and
environmental factors, viral infections, immune deficien-
cies, local environmental factors like scars or implants as
well as chronic inflammatory conditions. In contrast to
many epithelial tumors, a clear multistage tumorigenesis or
a clear precursor-sarcoma-sequence so far has rarely been
identified in soft tissue tumors. However, the demonstration
of common genetic alterations in the case of benign and
malignant lipomatous tumors [2, 22] as well as benign and

malignant nerve sheath tumors [3, 4] makes it reasonable
that a stepwise development in soft tissues tumors is
relevant for at least some entities.

In a previous study, an experimental animal model has
been presented in which a high incidence of malignant soft
tissue tumors arose around implanted biomaterials [5].
Sarcoma induction by biomaterials required direct contact
with the respective substances. Remarkably, a broad
spectrum of soft tissue tumors developed, obviously
independent of the specific kind of agent implanted and
lacking any consistent correlation between biomaterial
groups and specific histological type of tumor. This
observation suggested that it is not a specific genetic
damage, interfering with a defined pathway, which is

Fig. 2 Comparison of micro-
satellite profiles in single versus
multiplex amplification show no
changes in microsatellite pat-
terns. In each pair, the micro-
satellite pattern from the single
PCR amplification is shown in
the upper row and the profile of
the multiplex amplification is
shown in the lower row. (In case
of NGRF and PPY, respectively,
only one locus is shown while
the fluorochromes of further loci
are not displayed). Amplificates
result from tumor DNA of ani-
mal 5 NiCr 107 showing loci
UCP and GH and NGFR loci
(primer mix A) and locus PPY
(primer mix B)
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induced. In this case, one would expect a less heterogenous
spectrum of histologic entities, as are described for several
specific carcinogenic substances resulting in defined tumor
entities, e.g. mesotheliomas following asbestos exposure
[23]. The heterogenous spectrum of lesions observed in this
study rather argues for a (or several) more or less random
insult(s). What might be the nature of this insult?

A characteristic hallmark of tumors developing in this
model was the reaction of the peri-tumorous tissue,
characterized by a chronic inflammation and hyperpro-
liferative changes at peri-implantational sites, known as a
typical response to foreign materials for a long time [6].
Chronic inflammation, characterized by free radical stress,
can be a significant contributor to carcinogenesis [13, 24].
One could easily imagine that the microenvironment
around the implants, probably through inflammation-
mediated factors, might interfere with replication repair
enzymes in this proliferation. Such a defect is expected to
be reflected by microsatellite instability. There are several
observations providing evidence that chronic inflammation
indeed can result in an impaired mismatch-repair capacity,
even in the absence of any genetic inactivation of the
mismatch repair system [11–13]. Although rare, micro-

satellite instability has been observed in sarcomas of
different histogenetic type [14, 16]. This prompted us to
search for microsatellite instability in biomaterial-induced
sarcomas. However, in the present study we have not
observed a single microsatellite instability, neither in fully
developed tumors nor in preneoplastic lesions. Based on
this observation, we found no evidence that a replication-
repair-associated defect is crucial for biomaterial-induced
sarcomagenesis.

If this is not the case, what could be the responsible
factor? As stated above, with respect to the heterogenous
spectrum of tumor entities, it seems unlikely that a specific
genetic insult underlies biomaterial-induced sarcomagenesis.
Although the diversity of different physical compounds able
to induce soft tissue tumors argues against a direct toxic
effect of substances released, there is obviously the possi-
bility of a genotoxic effect with subsequent genetic or
epigenetic changes. Alternatively, sarcomagenesis is proba-
bly associated with genetic instabilty on the chromosomal
(cytogenetic) level, for example induced by interference with
cell check points. Carcinogen-induced sarcomagenesis in
Trp53+/− mice suggests that loss of p53 function is, at least
in part, an important mechanism in the development of

Fig. 3 No difference in microsatellite profiles comparing tumor and
normal tissue in all tumor and all seven loci tested. In each pair, the
microsatellite pattern from the normal tissue (N) is shown in the upper

row and the pattern of the tumor (T) is shown in the lower row. Loci
UCP, GH, NGFR, SECR, and PPY are shown from animal 11 PMMA
84, loci SMST, and ANF from animal 25 NiCr 107
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sarcomas at the implantation site [24, 25]. Since the
hypothesis that a mutator phenotype could be responsible
for the development of biomaterial-induced sarcomas is not
supported by our data, further investigation should test the
latter possibilities.
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Abstract Sentinel lymph node (SN) biopsy is part of the
staging procedure in breast cancer patients. In this study, we
compared an intraoperative tool named one-step nucleic
acid amplification (OSNA) to our routine histological
investigation. OSNA consists of a short homogenization
step followed by amplification of cytokeratin (CK) 19
mRNA directly from the lysate. To evaluate the performance
of OSNA in comparison to histology, analysis of 343 axillary
lymph nodes (ALN) from 93 breast cancer patients was
performed with both methods. Discordant samples were
subjected to other methods. If these tests supported the
OSNA results, these samples were excluded from the study.
The concordance rate was 91.8%, sensitivity 98.1%, and
specificity 90.8% before and 95.5%, 100%, and 95.6%,
respectively, after discordant case investigation. Our results

show that OSNA is an excellent method for the detection of
metastases in lymph nodes and can be applied as an
intraoperative diagnostic approach.

Keywords OSNA . Breast cancer . Intraoperative diagnosis .

CK19 . Sentinel lymph node

Introduction

The sentinel lymph node (SN) is the first lymph node to
receive lymph drainage from the tumor area and is highly
predictive for the status of the remaining axillary lymph
nodes (ALN) [1]. Since SN biopsy is a minimally invasive
technique, it spares the patient from the unpleasant side
effects as well as morbidity associated with axillary
clearance [2] and has readily evolved into the up-to-date
standard staging procedure in clinically node-negative
breast cancer patients [3–6].

Intraoperative detection of tumor deposits in SN is
conventionally achieved by frozen sections, touch imprints,
and cytological smears. In case tumor deposits are detected
in the SN, adjuvant ALN dissection (ALND) is directly
performed. Unfortunately, these techniques suffer from a
rather low sensitivity, and the degree of tumor spread into
the lymph nodes is often underestimated [7–10]. If
postoperative in-depth histological examination [11] proves
to be positive, the patient is subjected to ALND in a second
surgery. Besides additional costs and discomfort for the
patient associated with a second surgical intervention, the
investigation of permanent sections is subject to a variety of
protocols with regard to the degree of SN sectioning,
staining procedure, and antibody used [12]. In addition, the
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evaluation of tissue sections by the pathologist might be
influenced by a subjective interpretation [13]. As a
consequence, there is a need for a standardized and
reproducible method with a high predictive value which
can be applied intraoperatively.

Molecular methods based on reverse-transcriptase poly-
merase chain reaction (RT-PCR) were employed for the
detection of metastatic deposits in lymph nodes of breast
cancer patients [14–16] and indicated usefulness as a
molecular staging tool [17] and prognostic factor [18].
Despite these promising investigations, on the condition
that nucleic acids have to be isolated beforehand, these
assays are too time-consuming for routine diagnosis within
a defined time frame.

An intraoperative molecular test system for the detection
of metastases in the SN of breast cancer patients was
provided and showed a sensitivity of 87.6% and specificity
of 94.2%. Discordant results were thought to be partly due
to the fact that different tissue sections were used for this
molecular assay and histology [19].

A different commercially available, molecular method
for intraoperative diagnosis of lymph node metastases in breast
cancer patients called one-step nucleic acid amplification
(OSNA) was previously presented [20, 21]. The semiauto-
mated OSNA assay (Sysmex, Kobe, Japan) consists of a short
sample preparation step and real-time amplification of CK19
mRNA directly from the homogenate, without any RNA
purification steps. The time to perform the assay takes 30–
40 min for 3–4 LN. This quantitative molecular assessment
allows the distinction of the size of the metastasis [20]. Also,
in patients with colorectal cancer, the OSNA method with
CK19 as a marker in tandem with frozen section histology
increased intraoperative sensitivity when compared to frozen
sections alone [22].

The aim of this study was to find out whether the
performance of the OSNA assay was comparable to
extensive histologic work-up: staining with hematoxylin
and eosin (H&E) as well as a pan-cytokeratin antibody.
Accordingly, 343 ALN from 93 German breast cancer
patients were investigated with both approaches.

Material and methods

Patient samples

ALN samples, 343, from 93 breast cancer patients were
included in this study. Patient characteristics are presented
in Table 1. They were derived from complete axillary
dissection which had been performed due to a previously
positive SN or a clinically positive lymph node. The
specimens were collected at the two participating German
institutes in this study, University Clinic of Schleswig-

Holstein in Kiel, and the Albertinen Hospital in Hamburg,
Germany. The 93 patients were fully informed about the
study and had given written consent before surgery in
compliance with the regulations of the local ethical
committees of the University of Kiel and Albertinen
Hospital.

Study design

The 343 lymph node samples were longitudinally cut into
four nearly equal slices (a, b, c, d) with a special cutting
tool consisting of three blades being either 1 or 2 mm apart,
as depicted elsewhere [20]. ALN were categorized into
groups according to their size: ALN with a minor axis
smaller than 0.4 cm were excluded from the study; lymph
nodes with a minor axis between 0.4 and 0.6 cm (group 1)
were centrally cut into four slices with the 1–mm cutting
tool; ALN between 0.6 and 1.0 cm (group 2) were centrally
cut into four slices with a 2-mm cutting tool. Lymph nodes
with a minor axis larger than 1.0 cm (group 3) were either
halved or cut into several pieces, and each piece, depending
on its size, was treated in a similar fashion as described for
groups 1 and 2. Alternate slices were allocated to the
OSNA method (a&c) and to histological work-up (b&d) at
five levels. The slices used for OSNA (a&c) were shock
frozen in liquid nitrogen and stored at −80°C before the
analysis. Histological analysis was performed for slices
b&d as outlined in a different section. Concordance and
sensitivity were determined based on the comparison of
these two methods in 343 ALN samples. All histological
investigations were done without knowing the results of the
OSNA method and vice versa. The first 120 histologically

Number of
patients

Primary tumor
1a 6
1b 11
1c 29
2 36
3 4
4a 1
4b 6

Nodal status
0 46
1a 27
2a 13
3a 7

Ductal invasive: 68
Lobular invasive: 21
Mixed (duct/lob.): 4

Table 1 Clinical characteristics
of 93 breast cancer patients
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negative out of the 343 lymph node samples, as determined
by five-level histology, were cut into further levels until no
remnants remained. Specificity was calculated based on the
extended investigation of these 120 samples in order to
avoid sampling errors caused by uninvestigated material.

If discordant results between the OSNA assay and five-
level histological examination occurred, the histological
work-up of these cases was also extended until no tissue
remained in the paraffin blocks. In addition, the homogenates
of these discordant cases were also analysed by Western Blot
and quantitative RT-PCR (QRT-PCR) as depicted in a
different section. Provided that these supplemental analyses
gave the same result as the OSNA assay, these samples were
excluded from the study cohort because an uneven distribu-
tion of the metastases within pieces a, b, c, and d (tissue
allocation bias) was likely to be the case.

One-step nucleic acid amplification

OSNA with CK19 mRNA as the marker was previously
described in-depth [20]. In short, the lymph node slices a&c
were homogenized together in 4 ml of homogenizing buffer
Lynorhag, pH 3.5, (Sysmex, Kobe, Japan) on ice. Twenty
microliters of this homogenate were further used for
automated amplification of CK19 mRNA via reverse
transcription loop-mediated isothermal amplification (RT-
LAMP) [23]. Real-time amplification was accomplished
with the Lynoamp Kit (Sysmex, Kobe, Japan) on the RD-
100i (Sysmex, Kobe, Japan). Four lymph nodes can be
analyzed in one run. The degree of amplification was
detected via a by-product of the reaction, pyrophosphate
[24]. The resulting change in turbidity, upon precipitation
of magnesium pyrophosphate, was in turn correlated to
CK19 mRNA copy number/μL of the original lysate via a
standard curve which was established beforehand with three
calibrators containing different CK19 mRNA copy numbers.
Since no isolation or purification of RNA was required for
OSNA, results were available after a total of 30–40 min. The
lymph node lysates were stored at −80°C until further use.

If the CK19 mRNA copy number/μL lysate was less
than 250 copies/μL, the result was regarded as (−); copy
numbers between 250 and 5,000/μL were regarded as (+),
and copy numbers larger than 5,000/μL as (++).

Histologic work-up

Lymph node slices b&d were fixed with neutral buffered
formaldehyde and embedded in the same paraffin block.
Each slice was identified by color coding.

Two initial H&E sections (representing frozen sections
of SN), one initial level, and four additional levels with a
0.1-mm skip space were cut from the 343 blocks. Each
level consisted of four 4 μm sections: one was used for

H&E staining, one for immunohistochemistry (IHC) with
the pan anticytokeratin antibody LU5 (T-1302, Dianova,
Germany), one for CK19 IHC (M0888, clone RCK 108,
DAKO, Germany), and one spare section. For the specificity
study, the paraffin blocks of 120 histologically negative
samples, as judged by five-level histological work-up, were
cut into further levels until no remnants remained. IHC was
performed according to a standard protocol. Shortly, depar-
affinised sections were cooked in a pressure cooker in Tris–
ethylenediaminetetraacetic acid–sodium citrate buffer, pH 7.8,
for 4 min. After blocking, incubation with the primary
antibody was performed for 40 min and with the secondary
antibody for 30 min. Visualization was done with diamino-
benzidine tetrahydrochloride (Vector, Burlingame, CA, USA).
Staining with the LU5 antibody was done using the NEXES
staining automat and the I-View-Kit (Ventana, Illkirch,
France).

Metastatic deposits were recorded, according to the
TNM classification of UICC 6th and AJCC 6th edition
[25, 26] as isolated tumor cells (ITC) if their largest
diameter was smaller than 0.2 mm, as micrometastases if
they were larger than 0.2 mm but not larger than 2 mm in
diameter, and as macrometastases if they were larger than
2 mm in diameter. In concordance with the TNM
designation of ITC as pN0(i+), lymph node samples were
only regarded as positive if at least one micrometastasis or
macrometastasis was found. Consequently, lymph nodes
with ITC were considered as negative in this study.

Western Blot as part of discordant case investigation

Twenty microliters of the homogenate of discordant speci-
mens were analyzed by Western Blot for CK19. The
procedure was recently described in detail [20]. In short,
the lysate was mixed with 10 μL loading buffer containing
150 mM Tris–HCl, 300 mM dithiothreitol, 6% sodium
dodecyl sulfate (SDS), 0.3% bromophenol blue, and 30%
glycerol. The solution was boiled and subjected to
electrophoresis on a 7% (w/v) polyacrylamide gel in the
presence of SDS (PAG Mini; Daiichi Pure Chemicals,
Tokyo, Japan). Proteins were transferred to an Immobilon-
FL polyvinylidene fluoride (PVDF) membrane (Millipore,
Billierica, MA, USA). After the blocking procedure, the
blot was incubated with the primary anticytokeratin 19
antibody A53-B/A2 (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and developed with the ECL-Advance
detection kit (GE Healthcare, Chalfont St. Giles, UK).
CK19 protein concentrations of the lysate, as expressed in
nanograms per microliter of the original lysate, were
determined on the basis of a previously performed standard
curve created with four calibrators of known CK19 protein
concentration (Biodesign, Saco, ME). The cutoff value for
CK19 protein expression of 0.13 ng/μL (mean + 3 standard
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deviations = SD) was assigned as previously presented
[20].

QRT-PCR as part of DCI

Total RNA was extracted with the RNeasy Mini Kit
(QIAGEN, Valencia, CA, USA) from 200 μL of each
discordant sample lysate. The quality of the isolated RNA
was controlled by performing QRT-PCR of the housekeeping
gene beta-actin. QRT-PCR was carried out with CK19 and
two breast cancer-specific markers, SPDEF (SAM pointed
domain containing ETS transcription factor), and FOXA1
(forkhead box A1).

QRT-PCR was performed on the ABI Prism 7700
detector in duplicates (Applied Biosystems, Foster City,
CA, USA). Two microliters of RNA was subjected to one-
step QRT-PCR with QuantiTest SYBR Green (QIAGEN,
Hilden, Germany) as described by the manufacturer. Primer
sequences for CK19, SPDEF, FOXA1, and beta-actin
amplification are listed elsewhere [20, 21].

The cutoff levels for each marker as expressed in
threshold cycles (ct) were assigned in reference to data
obtained with several histologically negative and positive
lymph nodes, respectively. The cutoff levels were as
follows: 24 for beta-actin, 31.5 for CK19, 33.8 for FOXA1,
and 31.6 for SPDEF.

Results

OSNA versus histology

In this study, 343 ALN samples from 93 breast cancer
patients were investigated by both OSNA and histological
methods (Table 2). Two hundred eleven samples were
negative with both methods, including two samples with
ITC. One hundred four samples gave positive results with

both assays. Samples, 97 out of 104, contained a macro-
metastasis, with 90 of them expressing more than 5,000
CK19 mRNA copies/μL (++) (Fig. 1) and seven between
250 and 5,000 CK19 mRNA copies/μL (+). Seven lymph
node specimens with a histologically detectable micrometa-
stasis displayed a (++) OSNA result; however, a direct
correlation between metastasis size and copy number is not
possible since different tissue slices were investigated by
each method. H&E staining and immunostaining exhibited
concordant results except in three cases which contained a
H&E positive micrometastasis or a macrometastasis of 7 or
8 mm, and only weak or no LU5 /CK19 IHC. Remarkably,
all these samples gave (++) results in OSNA.

In one sample containing a 2-mm micrometastasis and
one sample with a micrometastasis present in only one
level, negative values in the slices used for OSNA were
observed. On the other hand, 26 histology negative
samples, including one with ITC, yielded a positive result
in the OSNA assay. Eleven of these 26 samples had rather
low CK19 mRNA copy numbers/μL (250–750 copies/μL;
Table 3).

These findings, without taking any data from additional
discordant case investigation (DCI) into account, resulted in
a concordance rate of 91.8% and sensitivity of 98.1%. The
specificity rate of 91.7% was based on the investigation of
120 histologically negative samples, in which the usual five
levels plus all additional levels available were analyzed by
histology.

Discordant case investigation

RNA and proteins were extracted from the lysates of the 28
discordant cases, followed by QRT-PCR for beta-actin,
CK19, FOXA1, and SPDEF as well as Western Blotting for
CK19. If the data obtained by those additional analyses
were consistent with the results obtained by OSNA, it was
concluded that tumor deposits were either only present in
slices b or d used for histology or in slices a or c used for
OSNA. As a consequence, these samples were excluded
from the sample cohort because, in all likelihood, a tissue
allocation bias (TAB) had occurred (Table 3).

The two histology positive/OSNA negative samples
gave negative results in both QRT-PCR and Western blot
(Table 3). In 11 of the 26 histology negative/OSNA positive
samples, the outcome of additional analyses indicated the
presence of tumor deposits in the slices a or c used for
OSNA. When these 13 samples with discordant results
between histology and OSNA were not taken into account
anymore, the concordance rate changed to 95.5% (315 out
of 330) and sensitivity to 100% (104 out of 104). The
specificity accounted for 96.5% (109 out of 114) because
discordant samples 2, 8, 10, 15, 18, and 25 were part of the
specificity study.

Table 2 Analyses results of 343 lymph nodes as indicated by OSNA
and histological investigation

OSNA Histological investigation

Macrometastases Micrometastases Isolated
tumor cells

Negative

++ 90 7 – 9
+ 7 – 1a 16
– 0 2b 2c,d 209

a In level 1–3
b Only micrometastasis in level 4
c Only in level 2
d In levels 1 and 2
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Interestingly, more than one OSNA positive/histology
negative sample originated from the same patient: samples
1 and 15; samples 7, 13, and 17; samples 22–24; as well as
samples 18 and 20 came from one patient, respectively,
suggesting the presence of tumor cells in the lymph nodes
of these patients.

Discussion

Recently, several studies have addressed the intraoperative
use of molecular methods to detect metastatic deposits in
SN of breast cancer patients, with varying degree of
success. The GeneSearch breast lymph node (BLN) assay
which uses CK19 in combination with mammaglobin as
targets for RT-PCR gave concordance rates of 92.3% [19,
27] with an inferior performance at detecting micrometa-
stases, as 57% sensitivity were reported. The concordance
rates of the OSNA method as determined in two studies
were 98.2% [20] and 94.8% [21]. Whereas the BLN assay

gave negative or positive results based on ct, the results of
OSNA were categorized into (++), (+), as well as (−), and
further described by a display of CK19 mRNA copy
number as a quantitative information.

In this study, the OSNA performance versus five-level
histology (H&E staining, IHC with LU5) was evaluated in
343 ALN from 93 German breast cancer patients. The
concordance rate was 91.7%, sensitivity 98.1%, and
specificity 90.8%. Since alternate slices of the LN were
used for OSNA and histology, it is self-evident that in some
events, tumor deposits might be confined to the slices
analyzed by OSNA or to the slices used for histology
(TAB). In fact, it was recently shown that most discrep-
ancies obtained from analysis of SN by histological and
molecular approaches arise from the use of alternate slices
for each method [28]. In order to clarify if some of the
discordant results obtained in this study occurred as a
consequence of this TAB, the homogenates of these lymph
node samples were subjected to DCI by RT-PCR and
Western blotting. In both of the OSNA negative/histology

Fig. 1 Histologically negative samples (a), micrometastases (b), and
macrometastases (c; top) are correlated to CK19 mRNA copy number/
μL (bottom). The rise time, which is defined as the time point when

the turbidity reached 0.1, is related to CK19 mRNA copy number via
a standard curve which was performed beforehand with three
calibrators
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positive and 11 out of 26 OSNA positive/histology negative
samples, DCI revealed equivalent results to the ones seen in
the OSNA assay. When these specimens were removed
from the sample cohort, the concordance rate was 95.5%,
sensitivity 100%, and specificity 95.6%. It cannot be fully
excluded that even a higher proportion of discordant results
were due to TAB because the homogenates were exposed to
long storage and transport conditions which might have
lowered the concentration and quality of RNA and proteins.
This is especially true for OSNA samples with copy
numbers close to the cutoff level as QRT-PCR, and Western
blot investigation is then also likely to be close to the
detection limit.

By taking the study design into consideration, it is quite
apparent that in the OSNA assay, the whole of slices a&c
was analyzed, whereas multiple 100 μm skip ribbons of the
slices used for histology were left uninvestigated, a concept
which is inherently indicative of OSNA positive/histology
negative results. At the same time, since this protocol
reflects the real situation in its best-case scenario with

regard to routine histological investigation of sentinel
nodes, the advantage of OSNA is at hand. Even more
small metastases might have been missed if the lymph
nodes had been cut in 500 μm intervals because the
German guidelines recommend two to three sections
between 100 and 500 μm [29]. Eleven out of the 26 OSNA
positive/histology negative had CK19 mRNA copy numbers/
μL below 1,000. With 250 copies/μL as the cutoff level,
these positive OSNA results very likely indicate a low tumor
burden in the lymph nodes which was probably absent in the
tissue sections used for histological investigation.

It was reported that almost all (98.2%) breast cancer
tumors express CK19 [30]. The results obtained in the
present study support this notion, since OSNA based on
CK19 mRNA expression detected all metastases which
were reported by histology, after correcting the results for
TAB. One must keep in mind that these numbers dealing
with CK19 expression in breast cancer tumors are based on
protein but not mRNA expression. In one OSNA-positive
specimen, H&E staining revealed a macrometastases (8 mm

Table 3 Discordant case investigation

No. Histology OSNA QRT-PCR Western Blot Conclusion

Copies/μL (++/+/−) Beta-actin +/− CK19 +/− FOXA1 +/− SPDEF+/− CK19 +/−

1 – 250 (+) + − − − − Discordant
2 280 (+) + + + + + Sampling bias
3 – 320 (+) + + − − − Sampling bias
4 – 320 (+) + − − − − Discordant
5 – 330 (+) + − − − − Discordant
6 – 470 (+) Could not be performed Discordant
7 – 540 (+) + − − − − Discordant
8 – 690 (+) + + − + + Sampling bias
9 – 730 (+) + − − − − Discordant
10 – 750 (+) + + + + + Sampling bias
11 – 820 (+) + − + − − Sampling bias
12 – 1,000 (+) + −a − − − discordant
13 – 1,300 (+) + − − − − Discordant
14 – 1,500 (+) + + − − − Sampling bias
15 ITC 1,800 (+) + + + + + Sampling bias
16 – 2,100 (+) + − − − − Discordant
17 – 1,900 (+) + − − − − Discordant
18 – 12,000 (++) + + + + + Sampling bias
19 – 16,000 (++) + − − − − Discordant
20 – 18,000 (++) + − − − − Discordant
21 – 20,000 (++) + − − − − Discordant
22 – 20,000 (++) + − − − − Discordant
23 – 45,000 (++) + + − − + Sampling bias
24 – 90,000 (++) + + − + + Sampling bias
25 – 360,000 (++) + + + + + Sampling bias
26 – 52,000 (++) + − − − − Discordant
27 Micrometastasis in level 4- NDa + − − − − Sampling bias
28 Micrometastasis ND + − − − − Sampling bias

a Gave some nonspecific bands upon electrophoresis
b ND not detected
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in diameter). This metastasis exhibited a very weak reaction
with LU5 and no reaction with the CK19 antibody. This
example shows that low CK19 protein expression is no
compelling evidence for low CK19 mRNA expression.
Except this one case, all H&E-positive samples were also
positive with CK19 IHC.

In summary, the OSNA assay based on CK19 mRNA
expression proved to be a reliable and standardized tool for
the intraoperative detection of lymph node metastases in
breast cancer patients. Since OSNA showed a similar
performance to in-depth histological analyses routinely
performed in SN of German breast cancer patients, its
adoption as a clinical approach could lead to a benefit for
the patients in that unnecessary second surgeries are
avoided, and diagnosis is improved.
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Abstract Granular cell tumor is generally benign, but rare
malignant cases have been documented. Features of
malignancy include necrosis, cellular spindling, vesicular
nuclei with large nucleoli, increased mitotic activity, high
nuclear to cytoplasmic ratio, and pleomorphism, but not
vascular invasion. Venous invasion was incidentally iden-
tified with the orcein elastic stain in an otherwise benign
granular cell tumor (propositus case). Four further benign
granular cell tumors were also analyzed; venous invasion
was discovered in three. It is suggested that vascular
invasion is not uncommon in granular cell tumors and
should not lead to the classification of the tumor as
malignant or atypical. It is likely that in most cases there
is only invasion of the vascular wall. It is also suggested
that some cases of vascular invasion identified by elastic
stains in tumors such as colorectal carcinomas (where these
stains are recommended for routine use) may also represent
invasion of vascular structures without the propensity of
metastasis.

Keywords Granular cell tumor . Vascular invasion .

Venous invasion . Orcein . Elastic stain

Introduction

Granular cell tumor is a well-described tumor recognized as of
probable Schwannian origin but distinct from Schwannomas
[1]. It is typically a benign tumor, most commonly occurring

in dermal, subcutaneous, or submucosal locations, but has
been described in a multitude of other sites of the body. Very
rare cases with metastases have also been reported, and
malignant behavior has been approached on the basis of
histological features too, namely the presence of necrosis,
cellular spindling, vesicular nuclei with large nucleoli,
increased mitotic activity (>2/10 ×200 magnification field),
high nuclear to cytoplasmic ratio, and pleomorphism.
Tumors with at least three out of the six listed morphologic
characteristics have been classified as malignant, whereas
those having only one or two of these features are termed as
atypical [2, 3]. The rest, the vast majority of the tumors,
remain in the benign category.

The incidental finding of vascular invasion in an
otherwise conventional granular cell tumor that would have
been categorized as benign on the basis of the Fanburg-
Smith criteria [2] listed above resulted in a diagnostic
challenge that could not be easily solved on the basis of
published cases and major textbooks [3–5]. There seems to
be no documentation of this feature in this type of tumor.

The identification of venous invasion in an otherwise
benign granular cell tumor (the propositus case) made us
look for this feature in a few other unselected cases of this
specific tumor.

Materials and methods

Besides the propositus case, we collected two further cases
of typical granular cell tumors from our prospective
surgical excision specimens and two from our recent
archives to check whether blood vessel invasion could be
demonstrated in them.

Orcein, a simple monochromatic elastic stain, was
employed to demonstrate the presence of an elastic lamina
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of blood vessels, and this was also used to identify vascular
invasion within the tumor, the same way as it is routinely
used in our department for colorectal cancer specimens
(Fig. 1). Briefly, following deparaffination, the staining is
carried out overnight in a solution of 0.1 g of orcein
(Reanal, Budapest, Hungary) in 100 ml 70% ethanol and
2 ml concentrated hydrochloric acid. This is followed by
differentiation in 70% ethanol, dehydration, clearing in
xylene, and mounting.

For immunohistochemistry, the following antibodies
were used: S100 (DakoCytomation, Glostrup, Denmark,
N1573—ready to use), CD31 (DakoCytomation, N1596—
ready to use), and CD34 (DakoCytomation, N1632—ready
to use).

Results

The relevant features of the five studied tumors are reported
in Table 1. Tumors removed in toto were relatively
circumscribed, nodular, firm, rubbery with homogeneous
gray-white cut surface.

Microscopically, the tumors consisted of small groups
and cords of cells with characteristic round to polygonal
shape and obvious eosinophilic cytoplasmic granularity or
similar individual cells. The nuclei lacked atypia and were
generally uniform in size with a homogeneous chromatin
pattern and occasional small nucleoli. Typical mitotic
figures ranged from 0 to 1 per 10 ×400 high power fields.
No necrosis was present. The neoplasms had infiltrative
borders which at minute foci interfered with the inked

resection margins (Table 1). The cells were typically S-100
and PAS positive. In the propositus case, intraneuronal
growth was suspected in one slide, and an orcein stain was
requested for differentiation from vascular invasion. Close
to the focus of intraneuronal growth, this demonstrated a
circular elastic lamina characteristic of small veins encir-
cling granular cells of the tumor. Despite the fact that none
of the Fanburg-Smith criteria for malignancy were met,
vascular invasion was perceived as a worrying feature, and
the tumor was labeled as atypical. As the inked margins
contained minor expansions of the tumor, which was
therefore considered to be incompletely excised, a careful
clinical follow-up was recommended instead of reexcision
after discussion with the patient, a surgeon himself. As
shown in Table 1, vascular invasion, when searched for by
means of the elastic stain, was present in three further cases.
In case 4, one instance of vascular invasion could be
detected, with granular cells within the boundaries of the
elastic lamina, but the endothelium-lined lumen being free
(Table 1; Fig. 2).

The identification of venous invasion by elastic stain
prompted us to look for endothelial markers (CD31 and
CD34) with immunohistochemistry, but neither of the
areas identified with orcein and lacking a lumen on this
stain demonstrated an endothelial lining; therefore, the
intraluminal presence of tumor cells could not be
documented. An exception to this was one vessel in
case 3, where at the deeper level taken for immunohis-
tochemistry an intact endothelial lining and a narrowed
empty lumen could be seen, despite the invasion of the
vascular wall (Fig. 3).

Fig. 1 Venous invasion noticed
on orcein stain in case 1. The
granular tumor cells destroy the
structure of the vein, especially
on the left side, but the circular
arrangement of the elastic fibers
makes it easy to recognize the
vascular structure. Inset shows
the same circumscribed area
immunostained for S100 protein
(orcein ×400, inset S100 ×400)
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Discussion

Vascular invasion is generally a sign of malignancy and is
associated with metastasis formation and disease recur-
rence. Lymphatic vessel invasion is associated with lymph
node metastases and blood vessel invasion with systemic
metastases. At the capillary level, conventional histological
stains do not allow the differentiation between lymphatic
and blood vessels, and immunostains for lymphatic
endothelium-specific markers are not part of the standard
assessment of tumors. As a consequence, some authorities
have suggested to use the non-committed term of “(lym-
pho-)vascular invasion” or simply vascular invasion instead
of lymphatic or blood vessel invasion [6]. At the larger
vessel level, the vascular channels which are invaded
generally represent smaller veins. Elastic stains such as
the elastic van-Gieson or orcein (used in the present work)
have been employed to enhance the demonstration of
venous invasion in colorectal carcinoma [7, 8], and we
have successfully used orcein for this purpose in gastric
carcinomas and carcinoids as well.

Although angioinvasion is identified by visualization of
tumor cells in vessels, pathologists are well aware of artificial
displacement of tumor cells into vascular channels, resulting
in nearly identical morphology, but most probably a
substantially different meaning. This phenomenon of cellular
displacement occurring at different sites of the body is
sometimes referred to as pseudo-invasion [9–13]. However,
tumor cells breaking through the elastic lamina of a vessel
are not artifactual and represent a worrisome feature, since
blood vessel invasion is generally associated with malignant
behavior and distant metastases [14].

Nevertheless, some benign conditions showing lymphatic
or blood vessel invasion have been reported previously andT
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Fig. 2 Involvement of a venous wall in the fourth tumor. Granular
tumor cells are seen at 7–8 o’clock position beyond the elastic lamina
(arrowheads). The vascular lumen (arrow) remained patent and
uninvolved
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these include cutaneous nevi [15], sclerosing adenosis of the
breast [16], and vasitis nodosa [17]. It might be supposed
that looking for vascular invasion with elastic stains may not
only increase the detection rate of vascular invasion but may
highlight its presence in previously unsuspected conditions
as suggested by Eusebi and Azzopardi [16].

A search in Pubmed showed no mention of “vascular
invasion” in relation with granular cell tumors, and no
guidance relating to this feature could be found in major
textbooks either [3–5]. The largest available series dealing

with the criteria of malignancy is that of Fanburg-Smith et
al. [2], and vascular invasion is not listed as a criterion for
malignancy. Furthermore, the cases deemed malignant on
the basis of histological features lacked vascular invasion.
Seeking for an external opinion in the first case was obvious,
and this reinforced the view that, on the sole basis of vascular
invasion, a tumor with the morphological features of a
benign granular cell tumor should not be categorized as
malignant, but because of the lack of reports on the
importance of this worrying finding, a careful follow-up
was advised for this “atypical” granular cell tumor.

We are aware of only one case of granular cell tumor
located on the penis, where vascular invasion was docu-
mented on hematoxylin and eosin slides, and the tumor
behaved in a benign fashion [18]. The small series of penile
granular cell tumors including the case with invasion of a
vessel (more precisely the vascular wall as depicted in
Figure 1B of the publication) also suggested that minor
involvement of the surgical margins did not obviously result
in local recurrences, and, given the problematic nature of
reexcision at that anatomic location, follow-up could also be
a reasonable first choice as clinical decision [18].

Our few cases cannot give an estimate of the incidence of
venous invasion that can be detected by using elastic stains,
but suggest that the invasion of blood vessel walls is much
more common in granular cell tumors than previously
thought. It seems likely that the instances of vascular invasion
are related to the invasive growth pattern of granular cell
tumors. Similarly to small nerve invasion [3, 18, 19], the

Fig. 3 Deeper level of the vessel seen in top left position of Fig. 4.
The narrowed central lumen devoid of tumor cells is highlighted by
the stained endothelial cells. The position of the elastic lamina is
shown by arrowheads (CD34 ×400)

Fig. 4 Four different examples
of vascular invasion seen in case
3. Granular tumor cells occupy
most of the area inside the
vascular elastic lamina, except
the example on the right upper
part, where only three adjacent
cells are seen at 12–1 o’clock
position (orcein ×400)
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tumor cells may simply grow through the vessel wall as
well, without a real propensity to metastasize.

In two instances of venous invasion from this small
series, the intact endothelial lining of the involved vessel
could be visualized either in the orcein stained slide (Fig. 2)
or at a deeper level immunostained with endothelial
markers; the lumen contained no tumor cells (Fig. 3).
Therefore, it is likely that at least some (and probably most)
examples of venous invasion demonstrated by elastic stains
do not correspond to intravascular tumor cells with the
ability to be taken away by the blood flow to distant
metastatic sites but are merely the result of infiltration of
the subendothelial layers of the vessels. The partial
infiltration of the vascular wall depicted in Fig. 4 (upper
right) also supports this notion. Our observation must be
true for other anatomic sites (e.g., the colon and the rectum)
too, where elastic stains have been recommended as a
routine to identify venous invasion [7, 8]. Indeed, elastic
stains have been found to be sensitive but of questionable
specificity to detect real vascular invasion [20].

Serial sectioning of the blocks in search of a central
lumen was not thought to be necessary in all instances of
vascular invasion detected by elastic stains, as it was felt
that areas such as the one shown in Figure 3 could have
been localized in the part already cut away. It was also felt
that tangential sectioning, as a random event, could not
explain all instances of vascular invasion visualized, and at
least some of them could represent the total destruction of
the vessels by the ingrowth of benign granular tumor cells.
Free-floating malignant tumor cells and tumor cells filling
the veins have been reported to be more often associated
with liver metastases in colorectal carcinomas than the so
called obliterative type of venous invasion [14]. All the
vascular invasions detected by the elastic stains would have
belonged to this latter variant according to the classification
by Ouchi et al. [14], so even if the cells would have been
those of a malignant tumor, the association with metastatic
potential would have been expected to be less than in the
case of free-floating or filling types of venous invasion.

As granular cell tumors are generally benign and
metastasizing or histologically malignant cases are ex-
tremely rare, the common demonstration of venous (wall)
invasion by elastic stains should not be considered a sign of
malignancy and probably should not even require the tumor
to be labeled as atypical. The lack of recurrences or signs of
metastasis supports the benign and typical overall appear-
ance of the granular cells tumors, but the follow-up of our
patients is short. Larger series with longer follow-up are
needed to clarify the impact of identifying vascular
invasion on the diagnosis and behavior of these tumors.

Acknowledgments The authors thank Prof. Thomas Krausz from
the University of Chicago Department of Pathology for his opinion on

our initial case and Drs. Csaba Olah, Kornel Vajda, Laszlo Marko,
Karoly Szajki, and Ferenc Oberna for the clinical follow-up data.

Conflict of interest statement We declare that we have no conflict
of interest.

References

1. Ordonez NG (1999) Granular cell tumor: a review and update.
Adv Anat Pathol 6:186–203

2. Fanburg-Smith JC, Meis-Kindblom JM, Fante R et al (1998)
Malignant granular cell tumor of soft tissue: diagnostic criteria
and clinicopathologic correlation. Am J Surg Pathol 22:779–794

3. Weiss SW, Goldblum JR (2001) Benign tumors of peripheral
nerves. In Weiss SW, Goldblum JR (eds) Enzinger and Weiss’s
soft tissue tumors, 4th edn. Mosby, St Louis, pp 1111–1207

4. Fletcher CDM (2007) Peripheral neuroectodermal tumors. In:
Fletcher CDM (ed) Diagnostic histopathology of tumors, 3rd edn.
Churchill-Livingstone-Elsevier, Philadelphia, pp 1731–1761

5. Rosai J (2004) Soft tissues. In: Rosai J (ed) Rosai and Ackerman’s
surgical pathology, 9th edn. Mosby, St Louis, pp 2237–2371

6. Ellis IO, Pinder SE, Bobrow L et al (2005) Pathology reporting of
breast disease. Available via http://www.cancerscreening.nhs.uk/
breastscreen/publications/nhsbsp58-low-resolution.pdf. Accessed
15 September 2008

7. Vass DG, Ainsworth R, Anderson JH et al (2004) The value of an
elastic tissue stain in detecting venous invasion in colorectal
cancer. J Clin Pathol 57:769–772

8. Abdulkader M, Abdulla K, Rakha E et al (2006) Routine elastic
staining assists detection of vascular invasion in colorectal cancer.
Histopathology 49:487–492

9. McLachlin CM, Devine P, Muto M et al (1994) Pseudoinvasion of
vascular spaces: report of an artifact caused by cervical lidocaine
injection prior to loop diathermy. Hum Pathol 25:208–211

10. Diaz LK, Wiley EL, Venta LA (1999) Are malignant cells
displaced by large-gauge needle core biopsy of the breast. Am J
Roentgenol 173:1303–1313

11. Nagi C, Bleiweiss I, Jaffer S (2005) Epithelial displacement in
breast lesions: a papillary phenomenon. Arch Pathol Lab Med
129:1465–1469

12. Rosai J, Kuhn E, Carcangiu ML (2006) Pitfalls in thyroid tumour
pathology. Histopathology 49:107–120

13. Logani S, Herdman AV, Little JV et al (2008) Vascular “pseudo
invasion” in laparoscopic hysterectomy specimens: a diagnostic
pitfall. Am J Surg Pathol 32:560–565

14. Ouchi K, Sugawara T, Ono H et al (1996) Histologic features and
clinical significance of venous invasion in colorectal carcinoma
with hepatic metastasis. Cancer 78:2313–2317

15. Howat AJ, Variend S (1985) Lymphatic invasion in Spitz nevi.
Am J Surg Pathol 9:125–128

16. Eusebi V, Azzopardi JG (1976) Vascular invasion in benign breast
disease. J Pathol 118:9–16

17. Balogh K, Travis WD (1985) Benign vascular invasion in vasitis
nodosa. Am J Clin Pathol 83:426–430

18. Laskin WB, Fetsch JF, Davis CJ Jr et al (2005) Granular cell
tumor of the penis: clinicopathologic evaluation of 9 cases. Hum
Pathol 36:291–298

19. Angiero F, Crippa R, Stefani M (2006) Granular cells tumour in
the oral cavity: report of eleven cases treated with laser surgery.
Minerva Stomatol 55:423–430

20. Kingston EF, Goulding H, Bateman AC (2007) Vascular invasion
is underrecognized in colorectal cancer using conventional
hematoxylin and eosin staining. Dis Colon Rectum 50:1867–
1872

Virchows Arch (2009) 454:211–215 215

http://www.cancerscreening.nhs.uk/breastscreen/publications/nhsbsp58-low-resolution.pdf
http://www.cancerscreening.nhs.uk/breastscreen/publications/nhsbsp58-low-resolution.pdf


ORIGINAL ARTICLE

Sphingosine-1-phosphate receptor 1 is a useful adjunct
for distinguishing vascular neoplasms from morphological
mimics

Takashi Akiyama & Shuji Hamazaki &
Yasumasa Monobe & Hirotake Nishimura & Isao Irei &
Yoshito Sadahira

Received: 15 August 2008 /Revised: 22 October 2008 /Accepted: 24 October 2008 / Published online: 13 November 2008
# Springer-Verlag 2008

Abstract Sphingosine-1-phosphate receptor 1 (S1P1) has
been shown to play an important role in the migration,
proliferation, and survival of endothelial cells. S1P1 of
vascular and lymphatic endothelial cells can be detected by
immunostaining of paraffin-embedded sections using a
rabbit anti-S1P1 antibody. In this study, to distinguish
vascular tumors from histologic mimics using immunohis-
tochemical means, we evaluated the expression of S1P1 in a
range of vascular tumors. S1P1 expression was observed in
eight of eight hemangiomas, four of four lymphangiomas,
four of four epithelioid hemangioendotheliomas, three of
three Kaposi’s sarcomas, and 15 of 15 angiosarcomas with
vasoformative, spindle, epithelioid, and undifferentiated
features. Conventional analysis and use of a tissue micro-
array of soft tissue tumors revealed three of 21 lip-
osarcomas to have weak cytoplasmic staining and one of
five squamous cell carcinomas to have membranous
staining in a very limited area among 115 nonvascular
tumors including histological mimics of angiosarcoma such
as undifferentiated carcinoma, melanoma, and epithelioid
sarcoma. The sensitivity with regards to the angiosarcoma
cases was equal to, or even exceeded in undifferentiated
angiosarcoma, that of CD31. Based on this study, S1P1 may
be a useful adjunct to CD31 in cases where a vascular
neoplasm requires a differential diagnosis.

Keywords Sphingosine-1-phosphate receptor 1 .

Endothelial cells . Angiosarcoma . Immunohistochemistry

Introduction

Surgical pathologists infrequently encounter difficult cases of
vascular tumors that need to be distinguished from histolog-
ical mimics. Immunohistochemical markers of endothelial
differentiation such as von Willebrand factor (factor-VIII-
related antigen) [1], CD31 [2], and CD34 [3] and more
recently reported markers such as thrombomodulin [4], Fli-1
[5], podoplanin [6], and angiostatin receptor annexin II [7]
are used for elucidating the endothelial nature of tumors. In
the case of angiosarcoma, von Willebrand factor and CD31
are considered the most specific markers [8, 9]. No marker
superior to CD31 has been reported which allows the
sensitive detection of undifferentiated angiosarcomas [10].

Sphingosine-1-phosphate (S1P), a potent lipid mediator,
is produced by the metabolism of sphingolipids in cells
[11]. It transduces intracellular signals involved in diverse
cellular effects through the activation of S1P receptors
including S1P receptor 1 (S1P1), S1P2, S1P3, S1P4, and
S1P5 [12]. These S1P receptors are seven-truncated plasma
membrane receptors expressed ubiquitously in different
tissues and coupled to different intracellular second
messenger systems, including adenylate cyclase, phospho-
lipase C, phosphatidylinositol 3-kinase/protein kinase Akt,
and mitogen-activated protein kinases, as well as Rho- and
Ras-dependent pathways. As a consequence, S1P influen-
ces different biological processes depending on the relative
expression of S1P receptors [12, 13].

S1P1 is the major S1P receptor subtype in the cardiovas-
cular system. The S1P1 gene was initially isolated as
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endothelial differentiation gene-1 (Edg-1) from human
endothelial cells [14]. S1P binds to S1P1, which induces en-
dothelial cell migration, proliferation, survival, and morpho-
genesis into capillary-like structures [15]. S1P1 knockout
mice died in the uterus between embryonic days 13.5 and
14.5 due to impairment to the maturation of blood vessels
[16]. S1P1 was strongly expressed in tumor vessels and the
injection of S1P1 siRNA into tumors suppressed angiogen-
esis, which resulted in suppression of the tumors’ growth
[17]. However, little is not known about the in vivo
expression and function of S1P1 in human tissues.

We have recently characterized the tissue expression of
S1P1 in paraffin-embedded sections using a commercial
rabbit anti-S1P1 antibody against the C-terminal portion of
human S1P1. S1P1 expression was restricted to normal
vascular and lymphatic endothelial cells in all tissues
examined and lymphocytes including thymic medullary
lymphocytes and mantle cells in the secondary lymphoid
follicles [18]. In this study, we have investigated the
usefulness of S1P1 as a diagnostic immunohistochemical
marker for distinguishing vascular tumors, especially
angiosarcomas, from their histological mimics.

Materials and methods

Antibodies

A rabbit polyclonal antibody against amino acids 322–381
of S1P1 of human origin (Santa Cruz Biotechnology, Santa
Cruz EDG-1 (H60): sc-25489) was used. This antibody can
react with S1P1 of human, mouse, and rat tissues and had
been thoroughly checked for specificity by comparing
immunostaining results of the vasculature in paraffin-
embedded sections of S1P1

−/− and S1P1
+/− mouse embryos

and an angiosarcoma cell line expressing a considerable
quantity of S1P1 mRNA [18]. Monoclonal antibodies to
D2-40 (a relatively specific marker for lymphatic endothe-
lium, Cosmo Bio, Tokyo, Japan) [19] and CD31 (Dako,
Kyoto, Japan) were also used.

Tissue specimens

Case materials were obtained from the Kawasaki Medical
School Hospital and Kawasaki Hospital. Specimens of one
case of angiosarcoma with lung metastasis were sampled at
autopsy. All autopsy samples were obtained within 3 h after
death. Surgical specimens were from five cases of breast
carcinoma, five cases of colon carcinoma, three cases of
renal cell carcinoma, five cases of squamous cell carcinoma
including acantholytic squamous cell carcinoma, one case
of anaplastic carcinoma of thyroid, two cases of undiffer-
entiated carcinoma (pancreas and stomach), two cases of

carcinosarcoma (esophagus and lung), five cases of
malignant melanoma, one case of clear cell sarcoma, four
cases of lipoma, one case of glomus tumor, two cases of
vascular leiomyoma, three cases of malignant fibrous
histiocytoma (MFH), one case of hemangiopericytoma,
eight cases of hemangioma, four cases of lymphangioma,
four cases of epithelioid hemangioendothelioma, 15 cases
of angiosarcoma from ten patients, three cases of Kaposi’s
sarcoma, one case of epithelioid sarcoma, two cases of
chondrosarcoma, one case of alveolar soft part sarcoma,
three cases of synovial sarcoma, five cases of liposarcoma,
two cases of rhabdomyosarcoma, two cases of malignant
peripheral nerve sheath tumor (MPNST), two cases of
Ewing sarcoma–primitive neuroectodermal tumor (PNET),
and five cases of gastrointestinal stromal tumor (GIST).

A tissue microarray was also studied, being composed of
one case of hemangiopericytoma, one case of angiosar-
coma, one case of osteosarcoma, two cases of alveolar soft
part sarcoma, six cases of MPNST, four cases of synovial
sarcoma, eight cases of leiomyosarcoma, four cases of
rhabdomyosarcoma, 16 cases of liposarcoma, and ten cases
of MFH.

Immunohistochemistry

For whole tissue section immunohistochemistry, tissues
were fixed in 4% buffered formaldehyde, embedded in
paraffin and sectioned at 4 μm. Whole-tissue and tissue
microarray sections were stained with a fully automatic
immunohistochemical system (Ventana XT system Discov-
ery; Ventana Medical System, Tucson, AZ, USA) using the
polyclonal rabbit anti-S1P1 antibody (1/20 dilution) accord-
ing to instructions. The immunostaining was performed
with an avidin–biotin detection system. The incubation time
for the first antibody was 15 min. A diaminobenzidine
hydrochloride solution with hydrogen peroxide was the
chromogen. The experiments had both a positive control
and a negative control.

The expression of S1P1 and CD31 in angiosarcoma
cases was evaluated semiquantitatively using four scores,
according to the percentage of positive cells in individual
lesions: 0, less than 1% of tumor cells reactive; 1+, 1% to
30% of tumor cells reactive; 2+, 31–70% of tumor cells
reactive; 3+, more than 70% of tumor cells reactive.

Results

Immunohistochemical expression of S1P1 in vascular
tumors

In surgical specimens, tumor cells of all vascular lesions
including hemangiomas (Fig. 1a), lymphangiomas (Fig. 1b),
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Kaposi’s sarcomas, epithelioid hemangioendotheliomas
(Fig. 2a, b), and angiosarcomas were positive for S1P1.

Lipomas, glomus tumors, vascular leiomyomas, clear
cell sarcomas, MFHs, chondrosarcomas, alveolar soft part
tumors, synovial sarcomas, MPNSTs, Ewing sarcoma–
PNETs, and GISTs were negative for S1P1 except the
interstitial vascular and lymphatic elements. In liposarcoma
cases, S1P1 was expressed on many capillaries. In one case,
lipoblasts and spindle cells showed weak cytoplasmic
staining.

A tissue microarray composed of soft tissue tumors
including hemangiopericytomas, osteosarcomas, alveolar
soft part sarcomas, MPNSTs, synovial sarcomas, leiomyo-
sarcomas, rhabdomyosarcomas, liposarcomas, and MFHs
was screened for S1P1 expression. As a result, no
membranous staining was observed in any cases while
two of 16 liposarcoma cases showed cytoplasmic staining
for S1P1.

Utility of S1P1 as a diagnostic marker for angiosarcoma

Focusing on the diagnostic utility of anti-S1P1 in cases of
angiosarcoma, we next stained 15 sections from ten

patients with angiosarcoma using the anti-S1P1 antibody
and compared the results with those obtained with anti-
CD31 antibody (Table 1). Overall, all the angiosarcoma
samples screened exhibited immunostaining for S1P1 as
well as CD31. The neoplastic cells showed strong S1P1
immunoreactivity with membranous and, in some areas,
cytoplasmic staining in angiosarcomas with vasoforma-
tive, spindle, and epithelioid features (Fig. 3a–c). The lung
tumor of patient 8 had obvious vasoformative areas but
focally exhibited a more solid and compact growth
pattern. In the undifferentiated area where sheets and
nests of spindle cells displaying cytologic atypia and faint
CD31 expression were seen (Fig. 3d), S1P1 was strongly
expressed (Fig. 3e). The diagnosis of patient 9 was
initially difficult because the tumor from the chest wall
exhibited a poorly differentiated solid growth pattern and
increased mitotic activity. While CD31 was hardly
expressed in neoplastic cells (Fig. 3f), S1P1 was visibly
though weakly expressed in neoplastic cells (Fig. 3g).
Autopsy revealed a tumor with a clear vasoformative
pattern in the lung of this patient and a diagnosis of
angiosarcoma was established. In a very rare case of
ovarian angiosarcoma (patient 10), S1P1 immunostaining
was as helpful as CD31 in distinguishing the angiosar-

Fig. 2 Epithelioid hemangioendothelioma of the upper arm (42-year-
old male). a H–E stain. b S1P1 immunostaining displays membranous
staining of neoplastic cells

Fig. 1 Expression of S1P1 in benign vascular tumors. Hemangioma
of the intestine (77-year-old male, a). S1P1 was expressed in the
endothelium of dilated vessels. Lymphangioma of the intestine (63-
year-old male, b). Dilated lymphatic vessels were stained with anti-
S1P1 antibody
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comatous component from ovarian stroma. In the case of
the immunostaining of cell blocks prepared from perito-
neal effusion of the ovarian angiosarcoma patient, S1P1
was expressed on cohesive groups of atypical epithelioid
cells but CD31 was expressed on not only the atypical
cells but also reactive macrophages [20].

We also investigated a spectrum of non-mesenchymal-
related entities, especially the morphological mimics that
form sheets of epithelioid cells and enter the differential
diagnosis of epithelioid angiosarcoma. Epithelioid sarcoma,
malignant melanoma, anaplastic carcinoma of thyroid, and
undifferentiated carcinoma showed no significant S1P1
expression while tumor-associated blood vessels showed
clear positive staining (Fig. 3h).

Breast carcinoma, colon carcinoma, and renal cell
carcinoma were negative, but one of five squamous cell
carcinomas showed weak membranous staining of atypical
squamous cells in a very limited area.

Discussion

In this study, we have clearly demonstrated that S1P1 is
strongly expressed in neoplasms showing vascular and
lymphatic endothelial differentiation. In cases of malig-
nant vascular tumors where morphological endothelial

differentiation is not apparent [21], it may be necessary to
confirm the endothelial nature of the tumor by immuno-
histochemistry using antibodies against endothelial anti-
gens such as von Willebrand factor (factor-VIII-related
antigen), CD31, CD34, and Fli-1 [22]. Among these
antigens, CD31 is generally regarded as the single best
marker of endothelial cell differentiation because it is
expressed in approximately 90% of vascular tumors but
only very rarely in carcinomas, lymphomas, and mesothe-
liomas. In this regard, the most intriguing finding of this
study was visible staining for S1P1 in an undifferentiated
angiosarcoma where immunostaining for CD31 was
uninformative. In addition, S1P1 was not expressed in
putative morphological mimics of angiosarcoma such as
epithelioid sarcoma [23], melanoma [24], spindle cell
variant of anaplastic carcinoma of thyroid [25], and
undifferentiated carcinoma [21], suggesting that the anti-
S1P1 antibody provides a robust means of distinguishing
angiosarcoma from its morphological mimics when com-
bined with standard antibodies against endothelial anti-
gens.

The S1P1 in hemangioma and lymphangioma was
mainly located in the luminal surface membrane of the
neoplastic vascular space. This subcellular distribution was
the same as that seen in normal endothelial cells [18]. In the
angiosarcoma cases, however, cytoplasmic staining was
frequently observed as well. Because this pattern of staining
was obtained even with an Envision kit (Dako), this
cytoplasmic staining may not represent a false-positive
result.

Three of 21 liposarcoma cases were positive for S1P1. In
such cases, however, the expression was weak and occurred
in the cytoplasm of neoplastic cells. In contrast, strong
expression was observed in the neovasculature of all tumors
examined. It is of particular interest that the microcapilla-
ries were very clearly stained with anti-S1P1. This finding
is consistent with the report that S1P1 was required for
tumor angiogenesis [17, 26].

In summary, S1P1 can be used as an immunohistochem-
ical marker for vascular neoplasms including angiosarcoma
and this antigen may be particularly valuable as an adjunct
to CD31 in cases where a vascular neoplasm requires a
differential diagnosis.
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Table 1 Clinical and pathologic features of 15 cases of angiosarcoma

Patient’s
no.

Age (year)/
sex

Site of disease Immunoreactivitya

CD31 S1P1

1 77/F Skin head 3+ 3+
2 51/M Skin 2+ 2+
3 76/F Skin upper arm 2+ 3+
4 64/M Skin 2+ 3+
5 65/M Skin 2+ 2+
6 26/F Breast 2+ 2+

Breast,
recurrence

2+ 2+

Breast, 2nd
recurrence

3+ 3+

7 69/F Liver 1+ 2+
8 61/M Pericardium 2+ 3+

Lung (autopsy) 3+ 3+
9 65/M Chest wall 0 1+

Lung (autopsy) 1+ 2+
10 38/F Ovary 3+ 3+

Ascites 2+ 3+

a 0, less than 1% of tumor cells reactive; 1+, 1% to 30% of tumor cells
reactive; 2+, 31–70% of tumor cells reactive; 3+, more than 70% of
tumor cells reactive
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Fig. 3 Expression of S1P1 in
cases of angiosarcoma. a Ex-
pression of S1P1 in an angio-
sarcoma showing obvious
vasoformative growth with
complex anastomosing channels
(patient 3). b Expression of
S1P1 in an angiosarcoma show-
ing a spindle growth pattern
(patient 1). c Expression of S1P1
in an angiosarcoma showing an
epithelioid cytomorphology (pa-
tient 4). d An angiosarcoma
showing an undifferentiated area
around a medium-sized artery
(patient 8). CD31 is faintly
expressed in the undifferentiated
area. e Sequential section of d.
S1P1 is strongly expressed in the
undifferentiated area and in en-
dothelial cells of the artery. f An
undifferentiated angiosarcoma
(patient 9). No definitive stain-
ing of CD31 is seen while
staining is clearly evident in a
nonneoplastic vein. g Sequential
section of f. Neoplastic cells are
positive for S1P1 although the
staining is weaker than that of
nonneoplastic vessels. h Undif-
ferentiated carcinoma. Large
neoplastic cells are negative
while intratumoral blood capil-
lary vessels are clearly stained
for S1P1
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CASE REPORT

Microcystic urothelial cell carcinoma with neuroendocrine
differentiation arising in renal pelvis. Report of a case
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Abstract Microcystic urothelial cell carcinoma is a rare
variant of urothelial cell carcinoma which occurs in the
bladder and, rarely, in the renal pelvis. Neuroendocrine
differentiation is uncommon in pure urothelial carcinoma
and is more frequently found in neoplasms with glandular
differentiation. We report a case of microcystic urothelial
cell carcinoma arising in renal pelvis and showing focal
neuroendocrine differentiation. A 55-year-old man with a
history of non-small cell cancer of the lung presented with
abdominal pain and hematuria. Imaging studies and gross

examination revealed a partially cystic mass in the left
kidney. Microscopic examination disclosed invasive carci-
noma with prominent microcystic features, with microcysts
lined by low columnar and flat cells. Immunohistochemical
analysis confirmed the urothelial histotype (positive for
thrombomodulin, p63 and high-molecular-weight cytoker-
atins) and disclosed focal neuroendocrine differentiation.

Keywords Urothelial cell carcinoma .Microcystic variant .

Neuroendocrine differentiation

Introduction

High-grade urothelial neoplasm may present with unusual
morphologic features which can cause diagnostic difficulties.
These variants include micropapillary, lymphoepithelioma-
like, sarcomatoid carcinoma, squamous, glandular or tropho-
blastic differentiation, or presence of cell of rhabdoid, clear,
signet-ring, or plasmacytoid type [1]. In 1991, Young
described an unusual form of urothelial carcinoma of the
bladder characterized by microcystic architecture with cysts
lined by multiple layers of low-grade cuboidal or flattened
cells [2]. In the last two decades, other reports contributed to
the clinical and pathological characterization of this urothe-
lial neoplasm [3–5].

Neuroendocrine differentiation of bladder tumors other
than small cell carcinoma has been rarely described in
primary adenocarcinoma, urachal carcinoma and urothelial
neoplasm with glandular differentiation [6] but not in
urothelial cell carcinoma.

Here, we report a unique case of microcystic urothelial
cell carcinoma arising in renal pelvis and showing focal
neuroendocrine differentiation.
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Clinical history

A 55-year-old man with a past diagnosis of lung adenocar-
cinoma surgically removed in 1998 presented at medical
attention with macrohematuria and abdominal pain. Cys-
toscopy revealed no tumor in the bladder. Abdominal
computed tomographic scan and ultrasound studies showed
a 17×14 cm, partially cystic mass in the left kidney.
Thoracic computed tomographic scan revealed multiple
bilateral pulmonary nodules. A ureteronephrectomy and
transthoracic fine-needle biopsy of the biggest pulmonary
nodule were performed. Fifteen months after the nephrec-
tomy, the patient developed local recurrence of the renal
neoplasm.

Materials and methods

Immunohistochemical staining was performed using an
automated immunostainer (Benchmark XT, Ventana). The
following monoclonal antibodies were used: p63 (clone
4A4, Dako); p53 (clone D0-7, Ventana); ki-67 (clone
MIB1, Dako); chromogranin A (clone LK2H10, Ventana);
thrombomodulin (clone 1009, Dako); high-molecular-
weight cytokeratins (HMW-CKs; clone AE3, Biogenex);
neuron-specific enolase (NSE; clone E27, Ventana); syn-
aptophisin (polyclonal, Ventana); thyroid transcription
factor-1 (TTF1; clone 8G7G3/1, Ventana); neural-cell
adhesion molecule (N-CAM, CD56; clone SCLC, Zymed);
cytokeratin 20 (clone KS20.8, Dako).

The presence of chromogranin A (CG-A), chromogranin
B (CG-B) and chromogranin C (CG-C) mRNA was
investigated in formalin-fixed, paraffin-embedded material
by means of reverse transcriptase polymerase chain reaction
(RT-PCR; Applera, Foster City, Ca, USA) with the
following targets and amplicon dimensions: CG-A: exon
4–5, 115 bp; CG-B: exon 1–2, 133 bp; CG-C: exon 1-2,
69 bp. To exclude contamination by peripheral nervous
structures, areas exclusively occupied by neoplastic tissue
were microscopically identified and sampled by means of
tissue-array sampler.

Pathological findings

Renal mass Gross examination showed a gray-whitish
mass, measuring 10 cm in the largest dimension and
deforming almost the entire renal surface. On section, the
lesion was predominantly cystic, with walls composed by
whitish, friable tissue with papillary features and large
necrotic areas which occupied the renal pyelocaliceal
cavities and the proximal tract of the urethra and infiltrated
renal parenchyma and peripelvic fat.

Microscopic examination showed an invasive neoplasm
mainly displaying a micro cystic arrangement which deeply
infiltrated the wall of the renal pelvis, perinephric fat, and
renal parenchyma (Fig. 1). Abundant necrosis was present.
The microcystic structures were variable in size and shape
and lined by small cuboidal or flattened cells arranged in
one to several layers. Neoplastic cell had a high nucleo-
cytoplasmic ratio, a lightly eosinophylic, non-granulated
cytoplasm and round, hyperchromatic nuclei with small
nucleoli (Fig. 2). Mitotic activity was low (four mitotic
figures per ten high-power fields). Eosinophylic or blue
secretions stainable with PAS were frequently seen in the
lumen of the microcysts. Some cystic structures had a
central squamous differentiation with comedonecrosis.
Squamous metaplasia was also seen in the non-neoplastic

Fig. 1 The neoplasm displayed mainly a microcystic architecture with
deep infiltration of renal parenchyma

Fig. 2 The microcystic structures were variable in size and shape and
lined by small cuboidal or flattened cells arranged in one to several
layers. Neoplastic cell had an high nucleo-cytoplasmic ratio and
round, hyperchromatic nuclei with small nucleoli
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urothelium on the pelvis. Identification of better differen-
tiated areas of urothelial carcinoma as well as demonstra-
tion of transition with in situ urothelial carcinoma was
possible in the proximal tract of the ureter (Fig. 3a). The

diffuse expression by the neoplasm of thrombomodulin,
HMW-CKs and p63 (Fig. 3b,c) supported the urothelial
nature of the neoplasm [7, 8]. Immunohistochemical
analysis also identified focal neuroendocrine differentiation:
expression of CG-A and CD56 (N-CAM) was detected in
8% and 20% of the neoplastic cells, respectively, while
synaptophysin was negative (Fig. 4a,b). This finding was

Fig. 3 An area of transition between in situ urothelial carcinoma and
invasive microcystic neoplasm was evident in the proximal tract of the
ureter (a). Diffuse expression of p63 (b) and HMW-CK (c) was
evident in the neoplasm and in the surrounding normal urothelium

Fig. 4 The neoplasm displayed focal expression of CG-A (a) and
CD56 (b)

Fig. 5 Detection of CG-A, CG-B and CG-C mRNAs by means of RT-
PCR. (T: tumor samples; C−: negative controls)
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confirmed by identification of mRNA for CG-A, CG-B and
CG-C by means of RT-PCR (Fig. 5).

Lung nodule Fine-needle aspiration biopsy under computed
tomographic guide of the biggest pulmonary lung nodule
showed few, small fragments of fibrous tissue containing
small, atypical cells with eosinophylic cytoplasm, round,
hyperchromatic nuclei with inconspicuous nucleoli ar-
ranged in small clusters and microcysts. The atypical cells
were TTF-1 negative and thombomodulin-positive. There-
fore, the pulmonary lesion resembled the renal neoplasm at
both the morphological and immunohistochemical level.

Discussion

Urothelial carcinomas arising in the renal pelvis are
relatively rare tumors accounting for approximately 7% of
all renal neoplasm, are more frequently high-grade tumors
and are often at higher stage than bladder urothelial cancer.

Morphologic variation due to aberrant differentiation is a
well-recognized phenomenon in urothelial carcinoma of the
bladder and includes focal squamous, glandular, or tropho-
blastic differentiation or micropapillary, lymphoepithelioma-
like, nested, sarcomatoid, lymphoma-like, plamocytoid, clear
cell, or rhabdoid features [9]. Divergent differentiation of
urothelial cancer has also been described in the renal pelvis
neoplasms and seems to be relatively common in high-grade
neoplasms [1]. Recently, a variant of urothelial carcinoma
characterized by microcystic pattern unrelated to primary
bladder adenocarcinoma has been described. In this variant,
the neoplastic cells are arranged in round or oval cysts
ranging to microscopic to 2 mm in diameter. The cysts may
contain necrotic material or secretions and are lined by
urothelial, flattened, or cuboidal cells which can display
mucinous differentiation [2]. The differential diagnosis of
this variant of urothelial carcinoma includes cystitis/urether-
itis glandularis or cystica, nephrogenic metaplasia, and
primitive adenocarcinoma of the urothelial tract. The most
similar tumor is, however, the nested-type urothelial carci-
noma [10] which has been only once described in the pelvis
[11]. This type of urothelial carcinoma is a rather aggressive
neoplasm with innocuous appearing histology.

The histopathological features displayed by our case are
those of the microcystic variant of urothelial carcinoma.
Although the invasive component of the neoplasm did not
contain areas typical of urothelial carcinoma and the
microcyst were not lined by cells with urothelial appear-
ance, the urothelial nature of the neoplasm was supported
by the presence of high-grade urothelial carcinoma at the
boundaries between invasive carcinoma and normal uro-
thelium and by its immunohistochemical features, which

included focal positivity for thrombomodulin, HMW-CKs,
cytokeratin 20, and p63 [7, 8].

An unusual feature of this neoplasm is its localization in
the renal pelvis. Only two other cases of microcystic variant
of urothelial carcinoma arising in the renal pelvis have been
reported in literature so far [4]; in particular, no case of this
variant is reported in the recent work by Perez-Montiel et
al. about divergent differentiation in a large series of
urothelial renal pelvis neoplasms [1].

The microcystic variant of urothelial carcinoma is
associated with high-stage and high-grade bladder tumors
and with other primary tumors [3]. Interestingly, this patient
has a past history of a moderately differentiated lung
adenocarcinoma.

An unusual feature displayed by this neoplasm is the
presence of focal neuroendocrine differentiation, as showed
by immunohistochemical and molecular analysis. This
phenomenon, which is absent in urothelial carcinoma of
conventional type, is relatively common in adenocarcinoma
of the urothelial tract and in urothelial carcinoma with
glandular differentiation [6] but it has not been reported for
the microcystic variant of urothelial carcinoma so far. Since
the microcystic variant of urothelial carcinoma commonly
displays some grade of glandular differentiation of the cell
lining of the cysts, presence of neuroendocrine differenti-
ation in this neoplasm should not be a completely
unexpected finding.

The previously unreported clinical and diagnostic sig-
nificance of focal neuroendocrine differentiation in urothe-
lial cancer remains to be defined.
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Abstract A 56-year-old female, originally from Suriname,
with an otherwise unremarkable previous medical history
was found to have a renal mass highly suspicious for renal
cancer for which a nephrectomy was performed. Within the
kidney, a tumourous mass was found which, on histological
examination, showed an inflammatory pseudotumour
caused by Histoplasma capsulatum. Further investigations
revealed an idiopathic CD4+ lymphopenia. Mass lesions
mimicking a malignant tumour caused by infection with
Histoplasma have rarely been described. To the best of our
knowledge, this is the first report of a Histoplasma-
associated inflammatory pseudotumour mimicking cancer
occurring in the kidney

Keywords Histoplasma capsulatum . Inflammatory
pseudotumour . Immunodeficiency . Kidney neoplasms

Introduction

Infection by Histoplasma capsulatum, a dimorphic fungus
endemic in North and South America, Africa and Asia, may
go unnoticed in otherwise healthy individuals or may cause
symptoms in a number of ways. Histoplasmosis diagnosed
in patients outside of endemic areas invariably results from
prior infection during stay or residence in an endemic area
[1]. Although most infections with H. capsulatum remain
subclinical or are self-limited, severe disease may occur in
debilitated and immunodeficient individuals. In immuno-
suppressed individuals, primary infection or reactivation of
an old infection may lead to disseminated histoplasmosis
[1]. Mass lesions resulting from Histoplasma infection have
rarely been described, usually involving the lungs, central
nervous system, adrenal glands and rarely the colon. These
mass lesions may, on occasion, simulate a malignant
tumour. In this case report, we describe a renal fibro-
inflammatory pseudotumour closely mimicking a malignant
tumour caused by H. capsulatum. A diagnosis of idiopathic
CD4+ lymphopenia was established after laboratory inves-
tigation and the occurrence of additional lesions caused by
H. capsulatum. To the best of our knowledge, Histoplasma-
associated pseudotumour mimicking renal cancer has not
been previously reported in the literature.

Clinical history

A 56-year-old female from the Dutch West Indies
domiciled in The Netherlands for 35 years presented with
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malaise and severe weight loss over a period of several
months without fever or night sweats. She did not smoke or
use alcohol. She had previously been diagnosed with type 2
diabetes and hypertension. Laboratory investigations
revealed a mild normocytic anaemia. Further investigations
revealed a mass in the left kidney clinically and radiologically
consistent with a malignant tumour (Fig. 1). Because of the
high index of suspicion, a biopsy was not obtained and a
nephrectomy was performed. The nephrectomy specimen
revealed a 7-cm pink homogenous mass in the upper pole,
bulging out of the surface of the kidney but not extending
through the capsule (Fig. 2).

Materials and methods

The resected specimen was processed routinely. HE
sections and special stains [PAS and silver stains (Grocott)]
were ordered for selected slides.

Results

Histology of the mass revealed a circumscribed non-
encapsulated lesion composed of fibro-histiocytic inflamma-
tory tissue composed of plump fibroblasts and histiocytes
admixed with lymphocytes and plasma cells (Fig. 3a). On
high magnification, microorganisms, measuring approxi-
mately 3–5 μm, were identified which were predominantly
intracellular in location. The organisms were more easily
identified in the PAS and silver (Grocott) stains (Fig. 3b, c).
Based on the size of the organisms and the tinctorial
properties, a diagnosis of H. capsulatum-associated inflam-
matory pseudotumour was established. An ulcerated oral
lesion was found at repeated physical examination, in
addition to several skin lesions. The oral lesion was biopsied

and histology again revealed H. capsulatum, which subse-
quently was confirmed by culture; the skin lesions showed
granulomatous inflammation consistent with Histoplasma
infection. Imaging revealed an adrenal lesion consistent with
a Histoplasma abscess in the right adrenal gland. H.
capsulatum polysaccharide antigen was detected in urine
(1.23 ng/ml; positive, low). A diagnosis of disseminated
histoplasmosis was established. Further tests aimed at
establishing an underlying immunodeficiency syndrome
revealed a low CD4 count (total T cell count 0.22×109/L,
CD-4 count 0.06×109/L, CD-8 count 0.15×109/L). Results
of serological tests for antibodies to HIV-1 and HIV-2 were
negative. Idiopathic CD4+ lymphopenia was considered the

Fig. 1 CT image at the level of the kidneys showing a mass (arrows)
bulging out of the upper pole of the left kidney

Fig. 2 Nephrectomy specimen. A pink circumscribed mass is seen
bulging into, but not penetrating, the renal capsule

Fig. 3 Histology of the renal mass. a A cellular histiocytic infiltrate is
seen, admixed with lymphocytes. The cytoplasm has a granular aspect
caused by numerous intracellular Histoplasma organisms. PAS
diastase (b) and Grocott (c) stains
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cause of the immunodeficiency leading to disseminated
histoplasmosis.

The patient was treated with itraconazole. Her condition
improved and oral and skin lesions completely resolved. After
9weeks, the patient was placed onmaintenance therapy. Repeat
laboratory analysis showed persistent low CD4 counts.

Discussion

H. capsulatum infection usually remains asymptomatic in
the majority of people. If disease develops in immunocom-
petent individuals, it is commonly a self-limited flu-like
illness. Heavy exposure may result in pneumonic disease and
may be associated with rheumatic disease. Involved sites in
Histoplasma infection may include lungs, lymph nodes,
bone marrow, heart, spleen, liver, adrenal gland, central
nervous system, gastrointestinal tract, genitourinary tract
and the skin [2]. Occasionally, infection by Histoplasma
may lead to the formation of mass lesions which may be
confused with malignant disease. In the lung, Histoplasma
nodules are known as “histoplasmomas” and are commonly
found in a sub-pleural location. Radiologically, histoplas-
momas are described as coin lesions, and similar lesions are
caused by Mycobacteria (tuberculoma) and Coccidioides
immitis (coccidioidoma). However, in areas where Histo-
plasma is endemic, these lesions are generally well
recognised and are unlikely to be confused with malignancy,
particularly when tell-tale calcifications are present [3].
Mass lesions caused by Histoplasma infection may also
occur in the central nervous system, including the spinal
cord, and here can radiologically simulate a neoplasm [4–
7]. Diffuse enlargement of the adrenal glands without a
definable mass is not uncommon in Histoplasma infection
[8]. Mass lesions or strictures simulating cancer caused by
Histoplasma infection have been described as one of four
patterns of colonic disease and appear particularly common
in AIDS [9, 10]. In these cases, the diagnosis is often
delayed until surgical resection and pathological examina-
tion. The more common ulcerating lesions caused by
Histoplasma may also lead to an erroneous diagnosis of
malignancy as has been described in the larynx [11, 12].
The histology of Histoplasma infection, be it as ulcero-
inflammatory lesions or as pseudotumours, is similar. A
mixed inflammatory infiltrate develops, mainly composed
of histiocytes and lymphocytes, admixed with neutrophils,
eosinophils and lymphocytes. The microorganisms are
predominantly observed intracellularly in macrophages
[10, 13]. An exaggerated form of pseudotumour which
may be caused by Histoplasma is mediastinal fibrosis.
Although organisms are often not demonstrated in tissue, a
relentless fibrosing reaction develops, encasing vital medi-
astinal structures ultimately with a fatal outcome [14–16].

Immunodeficiency predisposes to Histoplasma infection
or reactivation, which, as evidenced in the case described,
here may occur decades after residing in an endemic area.
Although, low CD4 counts predisposing to symptomatic and
disseminated histoplasmosis may result from HIV infection
or may be idiopathic. It has also been demonstrated that CD4
depletion may result from Histoplasma infection; anti-fungal
treatment of a patient with disseminated histoplasmosis
resulted in restoration of CD4 counts [17].

Although renal involvement by Histoplasma is a recog-
nised complication in renal transplant patients, as an
interstitial nephritis or rarely as (necrotising) papillitis, renal
mass lesions have not been previously described [18]. In the
case described here, the preoperative suspicion of malignancy
was sufficient to opt for nephrectomy. It is uncertain whether
the renal mass would have resolved on antifungal treatment
had the diagnosis been established by biopsy.

In conclusion, the case presented here of a renal fibro-
histiocytic Histoplasma-associated pseudotumour expands
the spectrum of mass lesions caused by this organism in
immunosuppressed individuals.
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Fig. 2 Role of KRAS mutations in oncogenic activation of intracel-
lular signaling. The human KRAS gene, located on chromosome 12,
encodes a small G-protein that functions downstream of EGFR-
induced cell signaling. This G-protein belongs to the family of RAS
proteins involved in signal transduction pathways that regulate cell
development and function. RAS proteins normally cycle between
active (RAS-GTP) and inactive (RAS-GDP) conformations. Somatic
missense mutations in codon 12 of the KRAS gene, leading to single
amino acid substitutions such as p.Gly12Val, are the most common

alterations found in colorectal tumors. These KRAS mutations result in
RAS proteins that are constitutively in the active RAS-GTP
conformation. Unlike wild-type RAS proteins which are deactivated
after a short time, the mutated RAS proteins cause continuous
activation of RAS signaling pathways in the absence of upstream
stimulation of EGFR/HER receptors. This oncogenic activation of
RAS signaling pathways leads to abnormal cell growth, proliferation
and differentiation



Fig. 3 Proposed framework for a European quality assurance (QA)
program for KRAS mutation testing in colorectal cancer. The European
QA program, under the direction of a QA council, will be organized
by the European Society of Pathology in close collaboration with
existing regional and/or national QA programs. The QA program,

together with a designated coordinator, will be responsible for
establishing QA guidelines and testing criteria, implementing the
QA program and performing laboratory accreditation. Participating
laboratories can attain accreditation at the regional or centralized level
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Fig. 1 a “Blind monks examin-
ing an elephant” by Itcho Hana-
busa (1652-1724 [17]) and b a
modern scientist’s concept of the
“Epidermal growth factor re-
ceptor pathway map” [18].
Is there really a fundamental
difference between the (re-)
searchers at the top and those at
the bottom regarding the “ob-
jective truth” of the systems?
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Abstract Overexpression of Her-2/neu-oncoprotein is used
as marker for Herceptin® therapy. To investigate the
sensitivity and specificity of automatic immunohistochem-
istry (Benchmark, Ventana), we compared the results to the
manual testing (Dako) in 130 breast carcinomas and
validated the results by fluorescence in situ hybridization
(FISH). Manual and automatic immunohistochemistry of
Her-2/neu-oncoprotein using two different antibodies
(HercepTest™, Her-2/neuTest 4B5) was analyzed. FISH
was performed in all cases with uncertain or strong
overexpression in either immunohistochemical stainings or
with different immunohistochemical results. Same immu-
nohistochemical results were seen in 73.8%. Two cases
with overexpression, detected with Her-2/neuTest 4B5 and
confirmed by FISH, showed no overexpression using
HercepTest™. From 21 cases with 2+ by Her-2/neuTest
4B5, 15 cases had no gene amplification (two of them with
3+ HercepTest™); three cases showed a gene amplification
(one of them with failing overexpression by HercepTest™);
two other cases were polysomic; one could not be analyzed.

Ventana immunohistochemistry seems to be of same
reliability like Dako with a little better concordance to
FISH in our study.

Keywords Breast cancer .

Her-2/neu-immunohistochemistry . BenchMark . FISH

Introduction

Her-2/neu (c-erb-B2) oncogene encodes a transmembrane
receptor protein which is structurally related to the epidermal
growth factor receptor. Her-2/neu oncogene amplification/
overexpression has been observed in several types of
carcinomas [1–3] and can be demonstrated in about 20–
30% of invasive carcinomas of the breast, in more than 90%
caused by amplification. Protein overexpression without
oncogene amplification occurs infrequently; in these cases,
patients’ outcome is similar to that without amplification.
Her-2/neu amplification has been associated with poor
prognosis with shorter disease-free and overall survival in
lymph node-positive and lymph node-negative breast cancer
and, moreover, has been a predictive factor for response to
chemotherapy, antiestrogens, and Herceptin® [4–7]. Because
of these therapeutical consequences, an accurate and reliable
determination of Her-2/neu status is indispensable.

Previous molecular analyses indicate that oncogene
amplification is closely associated with protein overexpres-
sion, but reports by clinical laboratories show a different
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number of detected cases in their immunohistochemical
(ICH) results. Most discrepancies are seen between local
and central testing and because of using nonstandardized
test kits [8–10].

The aim of this study was to compare the fully automatic
staining system (Ventana BenchMark) and the manual
testing system (Dako) for immunohistochemical detecting
of Her-2/neu overexpression in 130 formalin-fixed and

paraffin-embedded invasive breast carcinomas, using two
different antibodies (HercepTest™ and Her-2/neuTest 4B5)
and validated the results by applying fluorescence in situ
hybridization (FISH).

Fig. 1 a Score “0”: negative case, no staining. b Score 1+: weak
staining of the incomplete membrane in more than 10% of the tumor
cells. c Score 2+: weak to moderate staining of the entire membrane in

more than 10% of the tumor cells. d Score 3+: strong staining of the
entire membrane in more than 30% of the tumor cells

Table 1 Frequencies of staining intensity for Her2-/neu expression
with Dako and Ventana antibody

Staining Dako Ventana

Score 0 33 (25.4%) 20 (15.4%)
Score 1+ 31 (23.8%) 28 (21.5%)
Score 2+ 40 (30.8%) 50 (38.5%)
Score 3+ 26 (20.0%) 32 (24.6%)
All 130 130

Table 2 Correlation between Dako and Ventana immunohistochemistry

Ventana 0 Ventana 1+ Ventana 2+ Ventana 3+ All

All cases
Dako 0 14 13 6 0 33
Dako 1+ 6 12 11 2 31
Dako 2+ 0 3 29 8 40
Dako 3+ 0 0 4 22 26
All 20 28 50 32 130
Core biopsies cases
Dako 0 6 6 4 0 16
Dako 1+ 6 7 4 1 18
Dako 2+ 0 2 14 1 17
Dako 3+ 0 0 3 10 13
All 12 15 25 12 64
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Materials and methods

Paraffin-embedded material of 130 patients with breast
cancer was available, including 111 invasive ductal, 13
invasive lobular, and four mucinous carcinomas and one
case of tubular and one of papillary subtype. Tumor grade I
was seen in seven cases, grade II in 63 cases, and grade III
in 60 cases.

All 130 patients were treated at the Department of
Obstetrics and Gynaecology, Ludwig Maximilians Univer-
sity of Munich and diagnosed at the Department of
Pathology, Ludwig Maximilians University of Munich
between 2006 and 2007. In 64 cases (49.2%), the material
came from core biopsies, in 66 (50.8%) excision biopsies.
All samples were fixed in 4% neutral buffered formalin and
paraffin-embedded.

Immunohistochemistry

Immunohistochemical analyses of Her-2/neu oncoprotein
were performed, using two different antibodies: the Her-
cepTest™ (DakoCytomation, Glostrup, Denmark) and the
Her-2/neuTest 4B5 (Ventana Medical Systems, S.A., Ill-
kirch, France). For both immunohistochemistries, all
paraffin-embedded specimens were cut at 2–3 μm, using
conventional histological techniques and transferred to
slides (Super Frost Plus, Menzel, Germany).

Dako

Immunohistochemical evaluation of HER-2 overexpression
was done by standard methods using the Dako HercepTest™.

Ventana

The immunohistochemical staining was performed auto-
matically with Ventanas Benchmark® XT, using the Her-2/
neuTest 4B5.

Scoring system

For interpretation, only the membrane staining intensity and
pattern was evaluated, using the Dako scoring system [11]
in consideration of the new recommendations of the
American Society of Clinical Oncology/College of Amer-
ican Pathologists [12]: No staining at all or membrane
staining in less than 10% of the tumor cells resulted in a
score of “0”. A faint or barely perceptible incomplete
membrane staining in more than 10% of the tumor cells
was scored “1+”. A weak to moderate staining of the entire
membrane in more than 10% of the tumor cells was scored
“2+” and a strong staining of the entire membrane in more
than 30% of the tumor cells resulted a score of “3+”. Strong
staining only in areas of tissue borders was ignored. Prior to
this, positive and a negative control slides had been
examined. The evaluation of both immunohistochemical
results was carried out blindly.

Fluorescence in situ hybridization

FISH was performed as described previously [13], using
DNA-specific probes from PathVision™ (Abbott/Vysis:
LSI® HER2 SpectrumOrange™ and CEP 17 Spectrum-
Green™). This validation was performed in all cases with
uncertain or strong overexpression (23+) and in all cases
with different results by immunohistochemistry.

Hybridization signals were counted in 50 nuclei per
sample. All overlapping nuclei were excluded; only nuclei
with a distinct nuclear border were evaluated. The interpre-
tation followed the criteria of Pauletti and coworkers [14] in
consideration of the new recommendations of the American
Society of Clinical Oncology/College of American Patholo-
gists [12]. Negativity for Her-2/neu gene amplification is
existing when FISH ratio is <1.8 or Her-2/neu gene copy is

Table 3 FISH results of 85 cases

FISH result Number of cases

Negative 38
Amplification 43
Polysomy 3
Not evaluable 1
All 85

Table 4 Correlation between IHC and FISH

FISH IHC (Dako) IHC (Ventana)

0 1 2 3 All 0 1 2 3 All

Negative 6 9 21 2 38 0 3 35 0 38
Amplification 0 3 16 24 43 0 0 11 32 43
Polysomy 0 0 3 0 3 0 0 3 0 3
Not evaluable 0 1 0 0 1 0 0 1 0 1
Not performed 27 18 0 0 45 21 24 0 0 45
All 33 31 40 26 130 20 28 50 32 130
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<4.0. Positivity for Her-2/neu gene amplification is existing
when FISH ratio is >2.2 or Her-2/neu gene copy is >6. Cases
with FISH ratio between 1.8 and 2.2 or Her-2/neu gene copy
between 4.0 and 6.0 are evaluated as equivocal. As in our
laboratory, a dual color fluorescence in situ hybridization for
Her-2/neu gene amplification has been performed; in all
cases, the ratio of Her-2/neu gene signal to centromere 17
signal was calculated and used as single criterion for
amplification or nonamplification.

Statistical analysis

For all statistical calculations, Superior Performance Soft-
ware System 16 (SPSS for Windows, Microsoft USA) was
used. The various parameters were compared by using chi
square tests. p values<0.05 were considered statistically
significant.

Results

Immunohistochemistry

All 130 cases could be analyzed in both immunohisto-
chemical procedures. The quality of automatic staining with
Ventana was equivalent to the staining used so far (see
Fig. 1). The frequencies of staining intensity are demon-
strated in Table 1.

Correlation between Dako and Ventana immunohisto-
chemistry was excellent (p<0.005), even when we analyzed

only cases sampled by core biopsies as shown in Table 2.
Same immunohistochemical results were seen in 96/130
(73.8%) cases (22 cases with strong expression=3+, 29
with uncertain overexpression=2+, and 45 with no over-
expression=0 or 1+).

Discrepant results were seen in 34/130 (26.2%) cases,
including 12 cases (10.8%) with a difference between score
2+ and score 3+. Three cases (2.3%) were 1+ by Ventana
and 2+ by Dako, 17 cases (13%) were assessed as 2+ by
Ventana and as negative by Dako (0 or 1+), and two cases
(1.5%) showed a strong reaction (3+), detected by Ventana,
but no overexpression (1+) by Dako.

For core biopsies cases same immunohistochemical results
were seen in 49/64 (76.6%) cases (ten cases with strong
expression=3+, 14 with uncertain overexpression=2+, and
25 with no overexpression=0 or 1+). In 15 cases (23.4%),
discrepant results were seen: four cases (26.6%) with score 2+
or 3+, eight cases (53.3%) with Dako 0/1+ and Ventana 2+,
one case (6.6%) with a negative result (1+) by Dako and a
strong reaction (3+) by Ventana, and two cases (13.3%)
assessed as 2+ by Dako and negative (1+) by Ventana.

No differences could be demonstrated by using the
previous scoring system standard (3+: strong staining of the
entire membrane in more than 10% of the tumor cells).
Neither the staining with Dako nor with Ventana demon-
strated a case with strong reaction in only a small part
(<30%) of the tumor cells.

Table 5 Correlation between amplified, nonamplified, and polysomic
cases to IHC

FISH IHC

0/1+ 2+ 3+ All

Amplification 3a 16a 24a 43
0b 11b 32b

Negative 15a 21a 2a 38
3b 35b 0b

Polysomy 0a 3a 0a 3
0b 3b 0b

a Dako
b Ventana

Table 6 p value for IHC Dako and IHC Ventana and for IHC and
FISH

Correlation of p value

IHC Dako to IHC Ventana <0.005
IHC Dako to FISH <0.005
IHC Ventana to FISH <0.005

Table 7 Correlation between 2+ cases by Dako or by Ventana and
FISH

IHC FISH

Negative Amplification Polysomy No
evaluation

All

Dako 2+ 21 16 3 0 40
Ventana 2+ 35 11 3 1 50

Table 8 Correlation between Dako IHC and Ventana IHC to FISH for
the 34 immunohistochemical discordant cases

Number of cases Dako Ventana FISH

6 0 2+ All negative
11 1+ 2+ 9× negative

1× amplified
1× no evaluation

2 1+ 3+ All amplified
4 3+ 2+ 2× negative

2× amplified
3 2+ 1+ All negative
8 2+ 3+ All amplified
34
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FISH

FISH was performed in all cases with 2+ or 3+ by Dako
and/or by Ventana immunohistochemistry (n=85). Results
of all performed FISH analyses are demonstrated in Table 3.
The correlation between IHC results (Dako and Ventana)
and FISH and between amplified and nonamplified cases
by FISH and IHC results (Dako versus Ventana) were each
of high significance (see Tables 4, 5, and 6).

All cases (n=22) with an immunohistochemical equiv-
ocal result 3+ by Dako and by Ventana were amplified (p<
0.005). From all cases (n=29) with an equivocal immuno-
histochemical result 2+ by Dako and by Ventana, 18 cases
(62.1%) were negative by FISH, eight cases (27.5%) were

amplified, and three cases (10.3%) were polysomic. From
40 cases with an immunohistochemical result 2+ by Dako,
21 cases (52.5%) showed no Her-2/neu oncogen amplifi-
cation, 16 cases (40%) were amplified, and three cases
(7.5%) were polysomic, all detected by FISH. From 50
cases with an immunohistochemical result 2+ by Ventana,
35 cases (70%) had no amplification, 11 cases (22%) were
amplified, three cases (6%) were polysomic, and one case
(2%) could not be evaluated by FISH (see Table 7). None
of the polysomic cases by FISH showed a strong expression
(3+) by immunohistochemistry (Dako or Ventana).

In 34 cases (26.2%), discordant results (0/1+ versus 2+
or 3+ and 2+ versus 3+) were seen (see Table 8). Examples
are given in Fig. 2a–h.

Fig. 2 Immunohistochemical
discrepant cases. a, b Her-2/neu
immunohistochemical staining,
score 0 by Dako, 1+ by Ventana
with weak staining of the in-
complete membrane. c, d Her-2/
neu immunohistochemical
staining, score 1+ by Dako with
weak staining of the incomplete
membrane, 2+ by Ventana with
moderate staining of the entire
membrane. e, f Her-2/neu im-
munohistochemical staining,
score 2+ by Dako with moderate
staining of the entire membrane,
1+ by Ventana with weak stain-
ing of the incomplete mem-
brane. g, h Her-2/neu
immunohistochemical staining,
score 3+ by Dako with strong
staining of the entire membrane
in more than 30%, 2+ by Ven-
tana with moderate staining of
the entire membrane
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From 19 cases negative by Dako (0 or 1+) with moderate
or strong expression by Ventana (2+ or 3+), three cases
were amplified (10.5%). Four cases showed a high
expression by Dako (3+) and moderate expression by
Ventana (2+), two of them with amplification (FISH). All
three cases with 2+ by Dako and 1+ by Ventana were
negative by FISH, but all eight cases 2+ by Dako and 3+ by
Ventana were amplified. To prove predictive values,
sensitivity, and specificity of IHC for these 34 cases, a
binary classification had to be established. In one case, the
IHC 2+ cases had to be treated as positive, in the other case
as negative. The starting points and different possibilities
are summarized in Tables 9 and 10.

Discussion

Her-2/neu oncogene amplification and/or protein over-
expression in breast carcinomas are of high importance,
because of their correlation to prognosis and to prediction
of responsiveness to treatment. Several different laboratory
methods exist to identify women with a Her-2/neu
amplification or overexpression. Some authors prefer the
more reproducible in situ hybridizations with fluorescence,
chromogen, or silver to prove the oncogene amplification
[15–17]; others depend on immunohistochemistry to prove
the protein overexpression [9, 18] and, if required, applying
FISH in addition. As is known, there is a big spectrum of

Fig. 2 (continued)
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used antibodies for immunohistochemistry which could
direct to concordance of results and IHC is still discussed
contrary for reproducibility, susceptibility, sensitivity, and
specificity [19–21].

In Germany, most pathologists first examine the Her-2/
neu protein overexpression, followed by FISH in failed or
doubtful cases (immunohistochemical result 2+). This
procedure is preferred in order to save time and money:
time because immunohistochemistry is quicker to perform
and money because common material for immunohisto-
chemistry (antibody) is less costly than the DNA-specific
probes for (F)-ISH. Moreover, immunohistochemistry can be
performed as integral part of a routine diagnostic in nearly
any laboratory, included as, however, in situ hybridization
requires specific knowledge and specific devices.

We initiated this study testing two different antibodies:
first HercepTest™ (Dako), which has to be performed
manually and second Her-2/neuTest 4B5 (Ventana), which
can be used automatically with Ventanas Benchmark® XT.
We analyzed 130 cases of invasive breast carcinomas, using
the new standard of 30% strong positivity (Wolff et al.) and
correlated these results to the results of the FISH.

In nearly three of four cases (73.8%), an identical result
could be obtained with immunohistochemistry (p<0.005).
The remaining cases (26.2%) showed discrepant evalua-
tions. Comparison to other studies, reasons for this relative
high discrepancy could be laboratory variability, tumor
heterogeneity, or artifacts and our focus on immunohisto-

chemical unclear cases. However, in all our cases, the
whole slide was evaluated and neither the staining with
Dako nor with Ventana demonstrated a case with strong
reaction in only a very small part (<30%) of the tumor cells.
Differences in excision or core biopsies could not be
noticed. Staining and evaluation was of similar quality;
significance for correlation between Dako and Ventana
immunohistochemistry in core biopsies cases was as high
as for excision biopsies.

Retrospectively performed evaluation with the previous
scoring system could not demonstrate any difference. These
results are in contradictory to the results of Brunelli et al.
[22], who noticed a shift from 3+ to 2+ by using the new
scoring system with a better concordance to Her-2/neu
amplification. In summary, we agree the findings of
Moeder et al. [23] who suggest that a tumor with uniform
positive staining pattern is driven by that pathway, unlike to
a tumor with missing staining in a significant portion.

In 10.8% of the discordant cases, the deviation was seen
between the score 2+ and 3+, all cases with 3+ by Ventana
were amplified by FISH, but two of four cases (one
excision biopsy, one core biopsy) with 3+ by Dako and 2
+ by Ventana did not show any amplification. These
patients had received Herceptin® therapy without an
oncogene amplification. From 19 additional cases with a
negative immunohistochemical result by Dako (0 or 1+),
three cases were amplified (two excision biopsies, one core
biopsy). These three patients did not receive Herceptin®,
although a Her2-/neu oncogene amplification have been
validated by FISH. The remaining case could not be
examined by FISH. Two cases with an immunohistochem-
ical score of 2+ by Ventana and negative by Dako did not
show an oncogene amplification; same is true for three
cases with 2+ by Dako and 1+ by Ventana.

In conclusion, the results of Her-2/neu testing by
Ventana differ little from those by Dako (correlation p<
0.005), no woman received Herceptin® without a Her-2/neu
oncogene amplification, and no woman missed out the
therapy with Herceptin® because of the immunohistochem-
ical results by Ventana. Regrettably, the incorrect immuno-
histochemical results by Dako in five cases (3.8%)—two
times false positive and three times false negative—
validated with FISH, caused wrong therapies. As a
consequence, two times patients were exposed to an

Table 10 Predictive values, including positive and negative values, sensitivity, and specificity of immunohistochemistry

Binary classification Positive predictive value Negative predictive value Predictive value Sensitivity Specificity

Dako 0/1+ versus 2+/3+ and FISH +/− 0.67 0.83 0.76 0.77 0.75
Dako 0/1+/2+ versus 3+ and FISH +/− 0.50 0.62 0.60 0.15 0.90
Ventana 0/1+ versus 2+/3+ and FISH +/− 0.43 1 0.48 1 0.15
Ventana 0/1+/2+ versus 3+ and FISH +/− 1 0.86 0.91 0.91 0.76

Table 9 Starting point for Dako and Ventana IHC

FISH amplification FISH negative All

Dako 3+ 2 2 4
2+ 8 3 11
1+a 3 9 12
0 0 6 6
All 13 20 33

Ventana 3+ 2 2 4
2+b 8 3 11
1+ 3 9 12
0 0 6 6
All 13 20 33

a One time no evaluation possible
b One time no evaluation possible
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expensive and pretty harmful therapy and three patients
would have substantially benefited from Herceptin®, but
did not get this therapy.

In summary, the automatically performed and hence
time-efficient and standardized Her-2/neu immunohisto-
chemistry by Ventana offers the same excellent quality
and reliability like Dako and demonstrates a little better
concordance to fluorescence in situ hybridization in our
study.
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Histological grading in a large series of advanced stage
ovarian carcinomas by three widely used grading systems:
consistent lack of prognostic significance. A translational
research subprotocol of a prospective randomized phase III
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Abstract While there is no doubt that histologic grading is
applicable in early stage ovarian carcinoma, it is still in
controversial discussion concerning advanced stage ovarian
carcinoma. It was the aim of this study to assess the three
most widely used grading systems for ovarian carcinoma in
terms of prognostic significance, concordance rates, and
reproducibility in a large number of advanced stage ovarian
carcinomas of all types after standardized chemotherapy.
Representative hematoxylin and eosin slides from 334
cases of stage IIB–IV ovarian carcinoma (prospective
randomized, multi-center, phase III study) were used. The
first round was grading of all cases according to FIGO,
GOG, and Silverberg by one author. The second round
(after 1 year) was 30 randomly selected cases graded by
three authors. None of the three grading systems was

prognostically significant (FIGO p=0.38; GOG p=0.70;
Silverberg p=0.92). The concordance rates between the
three systems were as follows: FIGO/GOG 95.5%,
κ=0.929; Silverberg/FIGO 69.9%, κ=0.533; Silverberg/
GOG 66.8%, κ=0,481. Grading of advanced stage ovarian
carcinomas was of no value for estimation of prognosis in this
homogeneously treated patient group. Alternative methods
should be defined, which might help to separate patients with
high risk of tumor progression from others with low risk.

Keywords Grading . Ovarian carcinoma . Prognosis .

FIGO . GOG . Silverberg

Introduction

Histologic grading has been shown to be of prognostic
significance in a variety of tumor entities. Grading is an
integral and universally accepted part of clinical decision
making in breast and endometrium cancer [1, 2]. While
grading of tumor differentiation has been shown to be of
prognostic significance in early stage ovarian carcinoma
[3], it is still in controversial discussion concerning
advanced stage ovarian carcinoma. One reason might be
that there is as yet no universally accepted grading system
such as have been established for breast and endometrial
carcinoma [1, 2]. There are several grading systems that are
used in different institutions all qualifying for prognostic
significance in some tumor series [4–9], but lacking general
acceptance and reproducibility among pathologists as
described by several authors [10–13].
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One of the most widely used grading systems is the
FIGO grading system, mainly based on architectural
features [6]. Another well-established grading system, at
least in the United States, is that of the Gynecologic
Oncology Group [4]. Recently, Silverberg et al. reported a
new grading system, which is based on a modification of
the Nottingham grading system for breast cancer and can be
used for all types of ovarian carcinoma [9]. Several authors
reported the Silverberg grading system to provide indepen-
dent prognostic information with levels of significance
comparable to [14–16] or even to be superior to the FIGO
grading system [17].

It was the aim of the present retrospective study to assess
the three most widely used grading systems for ovarian
carcinoma in terms of prognostic significance, concordance
rates, and reproducibility from a large homogeneous
collection of patients with primary advanced stage ovarian
carcinoma treated with platinum and paclitaxel-containing
standardized chemotherapy [18].

Materials and methods

Study material After completion of a prospective random-
ized, multi-center, phase III study of a total of 798 patients
with ovarian cancer, FIGO stages IIB–IV, comparing
cisplatin 75 mg/m2 plus paclitaxel 185 mg/m2 (PT) with
paclitaxel 185 mg/m2 plus carboplatin (TC) [18], tissue
blocks were requested from participating centers for
scientific analysis. Between one and 53 paraffin blocks
per case were received from a total of 334 study cases.
Selection of these patients did not follow any rule but was
mainly based on both availability of material and willing-
ness to cooperate. An explorative comparison of patient
characteristics between patients with or without available
paraffin blocks was performed and did not show a selection
bias. Paraffin sections were cut from all blocks and stained
with hematoxylin and eosin. After review of all slides and
exclusion of material, which contained no tumor tissues or
was insufficient for adequate histopathological analysis (32
cases), between one and nine stained sections each from a
total of 302 cases of primary invasive epithelial ovarian
carcinomas were available for further study. All slides were
reviewed by two gynecopathologists (FK, DS) who were
blinded for the outside diagnoses. All ovarian carcinomas
were typed according to the current WHO criteria and
classified as either serous, mucinous, endometrioid, clear
cell, transitional cell, or undifferentiated carcinoma [19–21].
A diagnostic consensus was reached in each case.

Grading All tumors were graded applying the criteria of
the three grading systems by an experienced gynecopa-
thologist (FK). The FIGO grading system is based on

architectural features. Grade 1 is assigned to tumors
showing <5% solid growth, grade 2 tumors show between
5% and 50% solid growth, and grade 3 tumors are
characterized by <50% solid growth [6] (Fig. 1a–c).
GOG grading depends on the histologic type of the tumor.
Specific rules are proposed for the grading of each
carcinoma type; however, clear cell carcinomas are not
graded by this system [4] (Fig. 1d–f). The Silverberg
grading system consists of three parameters: architectural
pattern, nuclear grade, and mitotic activity. Each of these
parameters is assigned a score from 1 to 3. Final grade is
derived from summation of the latter scores [9] (Fig. 1g–i).
The ocular diameter of the microscope was taken into
account as previously described by Mayr and Diebold
[15].

Intra-/interobserver variability To evaluate the initial
results as well as to assess the reproducibility of the
grading systems, 30 randomly chosen slides were reviewed
by the same pathologist after 1 year as well as indepen-
dently by two other observers. All reviewers were blinded
for each other’s results, as well as for initial diagnosis,
including FIGO stage, clinical outcome, and initial grading
or typing.

Statistical analysis The exploratory analysis of possible
selection bias of the study population was performed by the
Chi-square test [22]. Survival analyses were performed
according to the method of Kaplan and Meier [23]; survival
times were compared using the log rank test [24] applying
SSPS13 software [25]. Agreement of grading by the same
or other observer was expressed by the kappa coefficient
[26].

Results

The analyzed patient cohort was treated within a randomized
prospective trial comparing cisplatin or carboplatin plus
paclitaxel as postoperative chemotherapy after radical surgery.
Three hundred two cases of primary invasive epithelial
ovarian carcinomas were selected without following any rule,
other than being dependent on availability of material and
willingness to cooperate. No significant selection bias was
found after explorative analysis of patient characteristics
(patient age, ECOG clinical performance, FIGO stage,
preoperative extraovarian tumor, postoperative residual
tumor) comparing patients with and without available paraffin
blocks by Chi-square analysis (data not shown). The
distribution of FIGO stage, age, postoperative residual tumor,
and histological types of ovarian carcinomas according to
current WHO criteria after central review of hematoxylin and
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eosin stained recuts from all available paraffin blocks is shown
in Table 1.

The results of tumor grading according to the several
grading systems were as follows. G1: FIGO n=60/302
(19.9%), GOG n=53/265 (20.0%), Silverberg n=67/302

(22.2%); G2: FIGO n=114/302 (37.7%), GOG n=111/265
(41.9%), Silverberg n=127/302 (42.1%); G3: FIGO
n=128/302 (42.4%), GOG n=101/265 (38.1%), Silverberg
n=108/302 (35.7%; Table 2).

Survival analyses were performed for all patients, as well
as for cohorts separated by histological types and postop-
erative residual tumor being the most important clinical
prognostic factor. Median follow-up time of all patients was
36.6 months; patients without event had a median follow-
up time of 57.3 months. Established prognostic factors were
proven to be of prognostic significance in this study (FIGO
IIB–IIA vs. IIIB–IV: p=0.0006; postoperative residual
tumor 0 mm vs. >0 mm: p<0.0001; ECOG performance
status 0 vs. >0: p=0.002; Age <65 vs. >65 years: p=0.03).
The 5-year survival rates and median survival time in relation
to tumor grading were as follows: FIGO (p=0.38): G1 37.4%
(35.5 months), G2 28.5% (39.0 months), G3 33.7%
(45.5 months); GOG (p=0.70): G1 31.9% (35.5months),
G2 33.1% (39.1 months), G3 33.0% (45.5 months);
Silverberg (p=0.92): G1 36.7% (39.0 months), G2 31.9%
(40.2 months), G3 29.7% (41.2 months; Table 2). Life table
curves are shown in Fig. 2a–c. Similarly, there was no
prognostically significant correlation between tumor grad-
ing and relapse-free survival (data not shown). A therapy-

Table 1 Distribution of histological type, postoperative residual
tumor, age, and FIGO stage

Histological type Serous 135 (44.7%) 302 (100%)
Mucinous 24 (7.9%)
Endometrioid 58 (19.2%)
Clear cell 37 (12.3%)
Transitional cell 16 (5.3%)
Undifferentiated 32 (10.6%)

Postoperative residual
tumor

0 mm 82 (27.2%) 302 (100%)
1–10 mm 94 (31.2%)
11+ mm 126 (41.6%)

Age <65 years 219 (72.5%) 302 (100%)
>65 years 83 (27.5%)

FIGO stage IIB 7 (2.3%) 302 (100%)
IIC 12 (4.0%)
IIIA 16 (5.3%)
IIIB 35 (11.6%)
IIIC 186 (61.6%)
IV 46 (15.2%)

Fig. 1 FIGO grading system G1 (a), G2 (b), G3 (c); GOG grading system G1 (d), G2 (e), G3(f); Silverberg grading system G1 (g), G2 (h), G3 (i)
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based bias was excluded by stratification by therapy arm.
Survival analyses were adjusted for grouped grading data
(G1 vs. G2-3) and FIGO stage (IIB–IIIa vs. IIIb–IV;
Table 2).

There was a similar distribution of patient characteristics
age, ECOG performance status, and postoperative residual
tumor among all tumor grades irrespective of the grading
system applied. Tumor grades determined by the FIGO
grading system were significantly associated with tumor
stage (p=0.039) and preoperative tumor size (p=0.017;
Table 3). The same trend was shown by the GOG grading
system for preoperative tumor size (p=0.013, data not
shown). Tumor grades as defined by the Silverberg grading
system showed no statistically significant associations with
any of the above-mentioned patient or tumor characteristics.

Concordance rates between the three grading systems
were as follows: FIGO/GOG 95.5% (κ=0.929), Silverberg/
FIGO 69.9% (κ=0.553), Silverberg/GOG 66.8%
(κ=0.481). Agreement in tumor grading by the same
observer after 1 year varied between 80% and 100% (FIGO

100%, GOG 96.7%, Silverberg 80%). Interobserver repro-
ducibility after grading by three independent investigators
showed slightly lower agreement rates: FIGO 80%, GOG
80%, Silverberg 77.8% (Table 4).

Discussion

In this retrospective study, grading was of no prognostic
significance in patients with advanced stage ovarian
carcinomas after radical cytoreductive surgery and stan-
dardized chemotherapy with platinum and paclitaxel.
Rather unexpectedly, a trend toward better survival in
patients with high-grade carcinomas was observed. Our
results may seem to contradict published studies in which
histologic grade has been shown to be an important
prognostic factor in advanced stage ovarian carcinoma
[8, 9, 14–17, 27, 28].

Like in our present series (n=302), Ozols et al. (n=82)
studied the correlation of histologic grade and survival in

Fig. 2 Kaplan Meier survival
estimates showed no prognostic
significance after grading by
a FIGO (p=0.38), b GOG
(p=0.70), and c Silverberg
grading system (p=0.92)
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advanced stage ovarian carcinomas, but tumors of border-
line malignancy (n=6) were also included in the study [27].
Since benign ovarian tumors and most borderline tumors
usually do not significantly affect patient prognosis, it seems
likely that the prognostic benefit of tumors with well-
differentiated pattern grade in the latter study was influenced
by the a priori better prognosis of borderline tumors; of note,
no difference between grade 2 and 3 tumors was found in this
series. Other authors reporting tumor differentiation grade to
be of prognostic significance studied tumor series compris-
ing ovarian carcinomas of all FIGO stages. Given the
established prognostic significance of tumor grading in early
stage ovarian carcinomas [3], it has to be taken into account
that statistically significant results in a subgroup of tumors
(early stage carcinomas) may influence significance of
tumor grading in a series with both early and advanced
stage tumors if the prognostic effect in that subgroup is
strong enough. This statistical effect is exemplified in the
subgroup of endometrioid carcinomas in a series of 461
epithelial ovarian cancers published by Shimizu et al. [8].
While grading was a significant prognosticator in FIGO
stage I–II tumors (p=0.0042), the opposite was true for

FIGO stage III–IV tumors (p=0.1148). Analysis of endo-
metrioid carcinoma of all stages together resulted in a still
significant impact of grading in endometrioid type of
ovarian carcinoma irrespective of tumor stage (p<0.0001)
[8]. Taking all these considerations together, we conclude
from our findings that histopathologic tumor grading of
ovarian carcinomas as well as the study of other biological
parameters should be done separately for early and advanced
stage disease.

From a clinical as well as biological point of view, early
stage ovarian epithelial carcinoma may be a different entity
as compared to advanced stage ovarian carcinoma. Early
stage disease may start as a localized lesion, in many cases
intracystic, among which only the less well-differentiated
tumors may acquire the potential to spread leading to
progressive disease. On the other hand, advanced stage
ovarian carcinoma may represent a neoplasm with a potential
for intraperitoneal spread from very early on, irrespective of
histologic tumor grade. These clinical observations are
reflected by a new model of ovarian tumorigenesis, which
has been proposed recently and is based on morphology as
well as molecular evidence [29]. In contrast to the
established view assuming that ovarian carcinomas arise
as lesions limited to the ovary then undergo progressive
dedifferentiation associated with increasing intraperitoneal
spread, the new model divides ovarian carcinomas into two
different types of tumors. Type I tumors are slow-growing,
indolent tumors that develop from precursor lesions in a
stepwise fashion. In contrast, type II tumors are rapidly
growing, aggressive tumors arising de novo. Current
grading systems like the FIGO, GOG, or Silverberg grading
systems imply a stepwise progression from a well to a
poorly differentiated growth pattern. That concept obvious-
ly does no longer reflect the current understanding of the
tumor biology of ovarian carcinoma [30].

Table 3 Patient characteristics in ovarian carcinomas graded by the FIGO grading system

Parameters FIGO G1 FIGO G2 FIGO G3 Total Chi-square test

n % n % n % n %

Tumor postop <1 cm 39 66.1 66 58.4 71 55.5 176 58.7 p=0.389
>1 cm 20 33.9 47 41.6 57 44.5 124 41.3

Tumor preop <1 cm 16 27.1 11 10.1 21 16.7 48 16.3 p=0.017
>1 cm 43 72.9 98 89.9 105 83.3 246 83.7

Age <65 46 76.7 88 77.2 85 66.4 219 72.5 p=0.124
>65 14 23.3 26 22.8 43 33.6 83 27.5

FIGO stage IIb–IIIa 12 20.0 8 7.0 15 11.7 35 11.6 p=0.039
IIIb–IV 48 80.0 106 93.0 113 88.3 267 88.4

ECOG 0 27 45.0 48 42.1 58 45.3 133 44.0 p=0.869
>0 33 55.0 66 57.9 70 54.7 169 56.0

FIGO International Federation of Gynecology & Obstetrics, ECOG Eastern Cooperative Oncology Group

Table 4 Intra-/ Interobserver agreement in histological grading of
ovarian carcinomas

Intraobserver Interobserver

FIGO 100% (κ=1.000) 80% (κ=0.691)
GOG 96.67% (κ=0.953) 80% (κ=0.716)
Silverberg 80% (κ=0.692) 77.78% (κ=0.651)
Silverberg: nucleus 86.66% (κ=0.767) 66.55% (κ=0.381)
Silverberg: architecture 93.33% (κ=0.874) 82.22% (κ=0.690)
Silverberg: count of mitosis 76.66% (κ=0.624) 80% (κ=0.646)
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Furthermore, according to current therapy guidelines,
all advanced stage ovarian carcinomas are treated by
combination chemotherapy. In a previously published
study of the current tumor series, the authors have shown
that high proliferative activity was significantly associated
with better outcome [31]. In addition, there is a statistically
significant correlation between high proliferative activity
and high tumor grade. In the current study, a trend toward
better survival of high-grade carcinomas was observed by
grading with all three grading systems without reaching
statistical significance. Median survival of G3 tumors as
defined by FIGO and GOG grading was 45 months as
compared to G1 carcinomas with only 35 months. If one
assumes that G3 carcinomas may respond better to
antiproliferative treatment because of their high prolifer-
ative activity, it is well conceivable that accurate
chemotherapy may eliminate a potential prognostic
disadvantage of chemonaive G3 cancers. Since postop-
erative chemotherapy is currently an integral part of
treatment for patients with ovarian carcinoma, it must
remain a matter of speculation if untreated high-grade
ovarian carcinomas might indeed have a worse prognosis
in comparison to others as the above assumption might
imply.

In our study, the most complex system (Silverberg)
proved to be the least reproducible. Among the parameters
which have to be assessed in this grading system,
assessment of the nuclear features, showing a kappa value
of only 0.381, seemed to be extremely variable, highly
dependent on the observers’ individual judgment. While
evaluation of mitotic activity and tumor growth pattern
involves assessment of only one parameter, one of which
can even be measured quantitatively, assessment of the cell
nucleus comprises judgment of up to six parameters, which
are measured subjectively to a much greater extent. This
complexity may add up to a worse intra- and interobserver
variability of nuclear grading. In view of the current
findings in this homogeneously treated patient group and
in consideration of the new model of ovarian carcinogen-
esis [29], it seems to be obvious that grading of advanced
stage ovarian carcinomas by “conventional” grading sys-
tems can no longer be recommended for estimation of
prognosis. New methods should be defined, which might
provide meaningful prognostic information and could help
to separate patients with high risk of tumor progression
from others with low risk.

We suggest a switch from the traditional three-tier
grading systems to a two-tier grading system of invasive
ovarian carcinomas separating low-grade tumors from high-
grade lesions only [7]. Superior reproducibility and prog-
nostic value of the two-tier grading system have been
reported [32]. The new two-tier system should ideally
incorporate aspects of type-specific grading, which has

recently been shown to be of importance in ovarian
carcinomas [33].
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Abstract Training future pathologists is an important
mission of many hospital anatomic pathology departments.
Apprenticeship—a process in which learning and teaching
tightly intertwine with daily work, is one of the main
educational methods in use in postgraduate medical
training. However, patient care, including pathological
diagnosis, often comes first, diagnostic priorities prevailing
over educational ones. Recognition of the unique educa-
tional opportunities is a prerequisite for enhancing the
postgraduate learning experience. The aim of this paper is
to draw attention of senior pathologists with a role as
supervisor in postgraduate training on the potential educa-
tional value of a multihead microscope, a common setting
in pathology departments. After reporting on an informal
observation of senior and junior pathologists’ meetings
around the multihead microscope in our department, we
review the literature on current theories of learning to
provide support to the high potential educational value of
these meetings for postgraduate training in pathology. We
also draw from the literature on learner-centered teaching
some recommendations to better support learning in this
particular context. Finally, we propose clues for further
studies and effective instruction during meetings around a
multihead microscope.

Keywords Pathology training . Postgraduate training .

Microscope .Workplace learning . Apprenticeship .

Socialization

Introduction

The quality of future pathologists training is paramount for
quality of patient care. The competencies to be acquired
include knowledge—a complex repertoire of images, con-
cepts, and terminology, skills, and attitudes. Postgraduate
training is part of the mission of hospital anatomic pathology
departments. The educational approach in use in most
programs includes, like for other medical specialties, “learning
by doing,” and specifically doing together with senior
pathologists, an approach defined as companionship. As
pointed out by Swanwick ‘(…) the bulk of learning is
expected to take place at, through or from work’ [1–3].

Though apprenticeship is highly valued as a method for
various kinds of learning, the tight intrication of training and
daily work in pathology departments may hamper an
adequate recognition of the educational process embedded
in diagnostic tasks [4]. Paying attention to quality of training
in this context requires first to recognize educational
opportunities and to understand how learning occurs and
can be supported. A few reports have addressed this issue, so
far, in the specific context of pathology postgraduate training
[5, 6].

In our institution, the Lausanne University Pathology
Institute, like in a multitude of similar institutes, a multihead
microscope (MHM) is used for daily meetings to discuss and
share problematic cases but also for other kinds of collabo-
rative work involving also technicians, clinicians, and
researchers [7]. This tool is used in complement of other
practices, around individual or double-headed microscopes
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and use of digital images on computers or projection screens.
While observing pathologists’ meetings around the MHM,
numerous and an old tradition in our institution, we realized
that this setting in which a small group of professionals with
various levels of expertise, interactively discuss authentic
cases, presented several of the characteristics of effective
learning as defined in current medical education conceptions.
This was the starting point of the observations and reflections
presented in this paper. Our aim is to draw the attention of
postgraduate training supervisors on the educational potential
of the multihead microscope, which can be optimized once
its educational potential is recognized.

Methods

Two authors (DS, MF) first shared the observations they
had gathered as participants in meetings around the MHM
at the Lausanne University Pathology Department, during,
respectively, 15 and 6 years of daily attendance. This
informal observation was pursued prospectively during one
more year by one author (MF), with a focus on trainers and
trainees’ roles and interactions. The findings were con-
firmed by a third observer (FB), also a frequent attender of
these meetings for more than 15 years. We then reviewed
the literature on effective learning and teaching in order to
explain why, and under which conditions, and require-
ments, the meetings around the MHM provide a high
educational value for postgraduate pathology training.

The multihead microscope: a venue for learning
and socialization

The MHM, for multihead microscope, is a central tool at
the University Institute of Pathology of the Lausanne
University, in Switzerland. A lot of people come around
it, looking at microscopic preparations through its 13
appendiceal eyes which make it look like an octopus

[Fig. 1]. All day long, different groups successively sit
around the MHM, either for fixed appointments or for more
spontaneous and informal ones [7]. From its permanent
though silent and central position, the MHM witnesses the
daily life of the Pathology Institute as a privileged observer
of an important process going on in the institution: the
perpetual renewal of newcomers and their progressive
transformation into “old-timers” [4].

Four days a week, at 8:15 A.M., about 15 pathologists,
senior, residents, and clerks, meet around the MHM for
about 45 min—just like in a clinical morning round. Some
junior or senior pathologists present current typical or
challenging diagnostic cases from different subspecialty
domains (gastrointestinal tract, pediatrics, soft tissues, and
the like) to the whole medical staff. After a brief clinical
history and a microscopic description, a differential
diagnosis is exposed, and the clues for the diagnosis are
debated. Most of the time, presented cases trigger ques-
tions, discussions, and different understandings are con-
fronted. If present, a specialist of the domain will usually
provide elements of evidence or new insights to clarify the
debate, or someone will pick a textbook. Friday morning
meetings are dedicated to reviewing systematically the
frozen section diagnosis of the previous week, and two
Thursday meetings per month to discussing ten challenging
cases sent from one of the nine other institutes participating
in the “Kansas” international seminar series initiated by
Ivan Damjanov from Kansas City (Kansas, USA). What-
ever the level of pathology knowledge, each participant can
improve his diagnostic experience through these meetings.
However, older voices are heard more often than younger
ones. Some immediately venture a diagnosis, while others
tend to seek opinions in asking questions. Many junior
attendees are rather silent; though, they do come everyday
and seem to appreciate these meetings.

The end of these morning meetings around the MHM
offers a frequently used opportunity to make announce-
ments and discuss domestic topics, organizational deci-
sions, or various other issues. Resulting discussions

Fig. 1 Senior and junior
pathologists working around
the multihead microscope
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represent an opportunity for socialization of trainees in all
aspects of the life of a histopathology department.

Other types of meetings are also held on a regular basis.
Weekly, one pathologist and two cytologists meet for 1 h to
confront cytology and histology results for the same
patients, for the purposes of the internal quality control
process, often with the participation of one or more
residents. Some diagnoses are revised, and the basis for
revision is clarified. A common culture of learning from
mistakes is progressively built. Once a week too, a formal
teaching session for pathology trainees takes place. Within
a program elaborated on a yearly basis by trainees and
supervisors together, senior pathologists prepare, in turn, a
set of didactic sections on a given theme. The residents try
to elaborate a diagnosis before the meeting, using their
prior knowledge as well as textbooks, articles, or estab-
lished guidelines. Then, around the MHM and with the aid
of faculty and peers, the cases are reviewed, diagnostic
hypotheses and relevant ancillary techniques are debated.

Once a month, a clinicopathologic correlation meeting in
general surgery is held around the MHM. Clinicians select
difficult cases, while the responsible pathologist presents
the related histopathology. These meetings aim at bringing
light to the interpretation of the whole clinical history and
emphasize the role pathology plays in clinical management.
By joining around the microscope, clinicians and residents
progressively understand the pitfalls and limitations of
morphology, whereas a detailed clinical history helps the
pathologist interpreting difficult lesions. The dialogue
between clinicians and pathologists is enhanced, and the
reciprocal trust grows. During these meetings too, the
MHM observes different types of participation: older
attendees tend to more often ask questions, raise objections,
while younger participants are more silent. A similar
clinicopathological meeting around patients’ biopsies sec-
tions is also held weekly for renal transplants biopsies.

By these meetings, pathologists are repeatedly exposed
to a variety of microscopic images presented in their
clinical context, and to peer discussion in small groups
and in an informal atmosphere, characteristics which meet
several of the conditions for effective learning.

Learning around the MHM

What do trainees learn around the MHM?

As presenters, they will get experience in exposing a case in
a clear and understandable voice and a logical sequence.
They will read prior to the session to collect additional
information on the disease they present. As nonpresenters,
they will increase their repertoire of images and associated
vocabulary. The set of competencies they will build through

repeated attendance also includes professional skills like
framing a diagnostic problem, reaching a consensus
through peer discussion, searching information, acknowl-
edging new data, or changing concepts. They will progres-
sively acquire a relevant idea of areas of diagnostic
uncertainty and of pitfalls and hopefully an attitude toward
best diagnostic accuracy.

How does learning occur?

The MHM presents, as an educational tool and context,
several characteristics expected, according to sociocogni-
tive theories of learning, to support its efficiency for
professional training.

First, learning around the MHM fulfils the conditions for
situated learning in the meaning attributed to this term by
Lave and Wenger in their work entitled “Situated learning
and peripheral participation” [4]. Around the MHM,
participants learn from real cases, discussed by physicians
with the responsibility to reach a diagnosis and sign a
report. Within Lave and Wenger’s theory, this staff around
the MHM represents a “community of practice” sharing
common professional constraints, rules, and language.
Included in this concept is peripheral participation: as in
traditional forms of apprenticeship, newcomers first partic-
ipate by observing the process—the type of cases shown,
presenters’ behaviors, how discussions are led [4]. Later on,
as their knowledge and level of responsibility in the
diagnostic workload grows, they progressively move to a
more central participation, as presenters and active dis-
cussants. Learning under such conditions is considered as
highly efficient [4].

The way residents learn around the MHM is expected to
be efficient also according to the perspective of cognitive
psychology [8–11]. Within cognitive psychology, learners
actively build their knowledge, in a cumulative process, on
the basis of what they already know. Memory is crucial to
the process and divided into short-term and long-term parts,
with limited and unlimited capacity, respectively [8–11].
The way knowledge is acquired and organized for storage
in long-term memory is of highest importance for future
recall and application. From this perspective, learning
around the MHM offers at least three favorable conditions
for efficient learning. First, and close to the concept of
situated learning, knowledge is acquired in a relevant
context, like current cases representative of future relevant
professional problems. Thus, it is stored in the learner’s
memory in association with other pieces of the context,
which enhances the chances of adequate retention and
further recall in similar contexts. Second, deliberation on
knowledge, as it takes place during discussions around
images and concepts, is considered to favor deep learning,
at higher levels [10]. This happens when, through questions
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and comments, learners elucidate links between prior and
new knowledge, and overcome partial or misunderstand-
ings. Deliberation on knowledge contributes to the building
of a robust basis of images, vocabulary, concepts, older and
new insights, adequately structured around relevant prob-
lems, similar to the ones these trainees will face in their
future practice. Finally, as demonstrated by sustained
residents’ attendance, trainees view meetings around the
MHM as interesting moments that sustain their motivation,
another essential element of efficient learning according to
cognitive psychology [8–11].

Finally, and most importantly, the MHM is a venue for
reflective practice and education of reflective physicians,
according to the concept developed by Schön [12].
According to Schön, professional competence is a partic-
ular and complex type of knowledge which can be best
developed through the process of reflection, including
critical retrospective examination of one’s practice, with
its positive or negative outcomes, confrontation to some
sort of reference framework, and peer discussion [12].
Around the MHM, trainees can observe how seniors
model the skills and attitudes of reflection in and on
action and thus learn an important dimension of profes-
sional practice. This process is especially at work during
quality control sessions around the MHM, during which
ancient cases are reviewed, sometimes in confrontation
with further documentation such as additional specimen or
clinical outcome.

Teachers around the MHM

What do senior pathologists do around the MHM?

They attend, present cases, or encourage residents to do so;
some of them enrich the institution’s caseload with their
external consultation cases; they bring their experience and
medical knowledge to the discussion, reorient a debate,
redress misunderstandings and false diagnosis; by the manner
they intervene in the discussion, they hopefully contribute to
create a challenging and nonthreatening learning climate.

Is that teaching?

Though few senior physicians do consider that they teach in
this context (personal observations), it is quite clear that
they support residents’ learning around the MHM, even in
meetings which are not part of a structured instructional
program. MHM meetings are generally viewed primarily as
part of the diagnostic work and reaching the right diagnosis
is a main concern for the group. Demonstration of content
expertise, including image recognition, is the contribution
expected from the more experienced participants in this
perspective. On the basis of what we have described above,
however, MHM sessions do also have an important
educational potential, in line with the educational mission
of pathology departments in academic hospitals within the
companionship framework [1–4]. The common accom-
plishment, by trainees and supervisors, of daily tasks
related to patient care represents the major teaching
responsibility of pathology faculty, be it ill defined and
insufficiently recognized, much more important than formal
teaching sessions in terms of amount of time spent. The
growing attention paid to the quality of postgraduate
training should include recognition of the educational
importance of physicians as postgraduate educators and
the need for explicit training for and evaluation and
rewarding of this role [13–15]. Recognizing potential
learning and teaching moments within daily activities of a
Pathology Institute, and fostering attitude and behavior for
their optimal use is one of the challenges of companionship
[1–3]. However, acknowledging MHM sessions as no
longer diagnostic-only but also educational moments,
certainly does not imply turning these sessions into lectures!

Improving teaching around the MHM

The following suggestions, derived from authors’ infor-
mal observations as well as from the literature on
effective learning and teaching in medical education,
would have to be supported by further studies. We
expect, however, that they could serve as a starting guide
for faculty willing to improve their participation as
educators around a MHM.

In a student-centered perspective, teachers should care
about what learners do (16, 17). Trainees learn more and
better when they are exposed to numerous cases, selected
for their level of training, be they common—but archetyp-
ical, or more exceptional; when they actively engage in the
diagnostic and bibliographic research, for a case in which
they have a responsibility; when they take the opportunity
to present a case and receive constructive feedback adapted
to their level, in a nonthreatening climate and respectful
manner [13, 18]. Trainees benefit from senior pathologists
appropriately demonstrating well-structured, clinically rele-

Unique educational advantages of the multihead microscope
The multihead microscope allows trainees to learn from:
Broadened exposition to microscopic images with peer discussion
Accumulated experience in real-life daily cases
Active involvement in cases search and presentation
Observation of senior pathologists’ practice in image analysis,
diagnostic reasoning, and consensus building

Development of a reflective attitude and an awareness of pitfalls, risks
of errors, and difficult diagnostic areas
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vant and up-to-date pathology knowledge, as well as
modeling rigorous and methodical reasoning, enthusiasm,
curiosity, and constructive peer-discussion skills [13, 19].
Their knowledge basis is reinforced by interventions address-
ing the structure of knowledge, rather than the accumulation
of isolated detailed facts, as well as those recalling important
basic diagnostic processes, which they can re-use in their
future practice. They benefit from seniors triggering a debate
(“why?”), broadening the discussion, or closing it by a short
synthesis in due time [13–16]. Teachers should also be aware
of who they are and why they sit around the MHM.

Trainees get frustrated when discussions start from
implicit diagnostic hypotheses, understood only by a few
senior physicians, when the right diagnosis is given away
without time for discussion. They do not necessarily learn
from seniors exposing very specialized knowledge nor do
they value inter-senior fights.

Perspectives for further work

This paper presents an observation of the use of a MHM
in a hospital pathology department, and a literature
review supporting the analysis of its potential role as
an educational format, with some resulting requirements
for effective teaching in this context. In summary, the
MHM is a venue for situated learning and reflective
practice. Meetings around the MHM may represent
fruitful learning and teaching moments within the context
of apprenticeship, the dominant educational strategy for
postgraduate pathology training. Clarifying the theoreti-
cal background of this approach is important to better
understand, behind a traditional practice in the many
institutions equipped with a MHM, an educational

activity with specific requirements for effectiveness.
Though knowledgeable senior pathologists are essential
around the MHM, knowledge and seniority do not
guarantee optimal educational approaches. These should
be explicitly favored in managing MHM sessions.
Further studies should address trainee perception of the
actual contribution of meetings around the MHM to their
training and explore how supervisors’ effectiveness could
be improved in this context.
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Teacher around the MHM
Dos Don’ts
Provide cases Neglect to come
Think of learners first Forget novices in the audience
Select didactic cases Go straight to the diagnosis
Respect the discovery process
in novices

Jump into inter-experts
discussion

Model explicit and systematic
presentation

Assume everyone already
knows

Encourage (and allow time for)
reasoning

Forget the big picture

Favor structure, general rules Overvalue details against
the big picture

Ask or trigger relevant questions Injure other participants
Reformulate and summarize
difficult points

Despise not knowing (just
not learning)

Care for the climate
Be happy of everyone’s learning
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Abstract Matrix Gla protein (MGP) and fetuin-A are
inhibitors of arterial calcifications. In blood of rats,
calcium–phosphate–fetuin–MGP complexes, produced in
bone, have been identified. Indeed, an association between
bone resorption, release of such complexes, and arterial
calcifications has been reported. We have investigated the
synthesis and localization of fetuin-A and MGP in bone of
hemodialysis patients and the possible contribution of bone
cells in arterial calcifications. Bone biopsies from 11
hemodialysis patients were used for histology, in situ
hybridization of fetuin-A and MGP messenger RNA
(mRNA), immunohistochemistry of fetuin-A, and total,
carboxylated, and non-carboxylated MGP proteins. Patients

showed various types of renal osteodystrophy, or normal
bone. MGP was synthesized and expressed (total and
carboxylated) by osteoblasts, osteocytes, and most osteo-
clasts, while fetuin-A by osteoblasts and osteocytes. Fetuin-
A and carboxylated MGP proteins were positive in the
calcified matrix, while total MGP was negative. Osteoid
seams were negative to fetuin-A, lightly positive to
carboxylated MGP, and occasionally positive to total
MGP. Undercarboxylated MGP was mostly undetectable.
In adult humans, fetuin-A is produced also by osteoblasts,
and not only by hepatocytes, as previously believed. MGP,
essentially carboxylated, is synthesized by osteoblasts and
most osteoclasts. Increased bone turnover can be an
important contributor to arterial calcifications.

Keywords Vascular calcification . Bone biopsy .

Renal osteodystrophy .Matrix Gla protein . Fetuin-A

Introduction

Vascular calcifications are of frequent occurrence in uremic
subjects, and it is assumed that they greatly contribute to
the increased cardiovascular mortality both in conservative
and hemodialysis (HD) stages of uremia [1, 2]. Several risk
factors of vascular calcifications have been identified. Age
and hemodialysis vintage are among the most important.
Also serum calcium, phosphate, CaxP product [3], as well
as the rates of hyperparathyroidism [4] and of bone
turnover [5] are considered of great importance. In addition,
inflammation and malnutrition may play a role, directly
and/or through the reduction of fetuin-A, an important
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calcium–phosphate solubilizing agent [6]. It has been
shown that fetuin-A-deficient mice develop diffuse extra-
skeletal calcifications when administered a mineral and
vitamin D-rich diet [7]. Cross-sectional analyses of patients
with end-stage renal disease have shown that lower fetuin-A
concentrations in serum are associated with more extensive
vascular and heart valve calcifications, and with increased
cardiovascular events and all-cause mortality in longitudinal
studies [8]. Fetuin-A is known to be synthesized by the liver
of adult humans, and it is found in high concentrations in
serum and bone.

Another important protein capable of controlling extra-
skeletal calcifications in experimental animal models is the
matrix Gla protein (MGP). MGP-deficient mice die in the first
weeks of life due to extensive calcifications of the vascular
tree, with consequent rigidity and rupture of the aorta [9].
MGP is a protein mainly found in bone, dentine, and
cartilage, which contains five vitamin-K-dependent γ-
carboxyglutamic acid (Gla) residues that confer it a high
affinity for calcium and phosphate ions, and for hydroxyap-
atite crystals. The presence of Gla residues, therefore, is
regarded as critical for the function of MGP, while under-
carboxylated MGP, which may result from poor vitamin K
status, is considered inactive [10, 11]. Therefore, fetuin-A
and MGP can inhibit extraosseous and specifically arterial
calcifications, as well as bone mineralization [2, 12].

However, the origin of these proteins is not entirely
known. There are reasons to believe that the bone cells may
give a contribution to the production of these substances.
Biochemical studies have demonstrated that, in the serum
of rats, fetuin and MGP form a complex with calcium and
phosphate which maintains in solution these minerals,
otherwise considered in a state of supersaturation, thus able
to mineralize extraskeletal tissues [13]. This complex, very
probably identical with the calciprotein particles detected
by using electron microscopy and dynamic light scattering
[14], is convincingly produced in the bone-remodeling
compartment (BRC) [13]. In rats, however, the administra-
tion of bisphosphonates, inhibitors of osteoclast resorption,
was found to prevent the arterial calcifications induced by
warfarin or warfarin plus vitamin D, by reducing the release
of the calcium–phosphate–fetuin–MGP complex from the
BRC [10]. Further experimental studies have shown a
direct association between increase of bone resorption,
release of the calcium-phosphate–fetuin–MGP complex,
and arterial calcifications [12]. Thus, the fetuin-A and MGP
inhibition of extraosseous and, specifically, arterial calcifi-
cations is probably exerted locally in the soft tissues and
can be somehow impaired in cases of high bone turnover
and consequent increase of the mineral-containing com-
plexes in the blood [2, 12].

The present study was carried out to evaluate the
synthesis and localization of fetuin-A and MGP directly in

bone tissue of uremic HD patients with a wide range of
bone turnover by immunohistochemistry (IHC) and in situ
hybridization (ISH). The total, carboxylated, and non-
carboxylated forms of MGP were examined. The possible
mechanism of how bone tissue, and specifically osteoclast
resorption, could be implicated in the calcium–phosphate–
fetuin–MGP complex formation is discussed.

Materials and methods

A total of 11 patients (seven men and four women;
49.45±12.26 years) with chronic renal failure in HD
treatment were considered. Each patient underwent
transiliac bone biopsy with a Bordier trocar following
a double cycle of per os administration of tetracycline
with 12 days interval. The biopsies were taken 4 to
5 days after the last dose administration. Biopsies were
fixed in 4% paraformaldehyde in 0.1 M phosphate
buffer at pH 7.2. They were then cut longitudinally
into two halves with a razor blade and washed in buffer
solution.

One half was dehydrated in acetone and processed
for glycolmethacrylate embedding without decalcifica-
tion. Sections, 1–2 μm thick, were stained with
methylene blue-azure II for histology. Sections, about
5 μm thick, were prepared unstained for the analysis of
tetracycline fluorescent labels under UV light. Other
sections, about 3–4 μm thick, were stained with the
aluminon method. Renal osteodystrophy was diagnosed
on the basis of morphologic criteria [15, 16]. Moreover,
histomorphometric descriptors were obtained in corre-
spondence of the trabecular bone, by using an interactive
color video-based image analysis system [15], and
expressed in agreement with the American Society for
Bone and Mineral Research [17]. The variable bone
formation rate (BFR/BS, μm3/μm2/day; the volumetric
amount of new mineralized bone per unit of trabecular
bone surface per day) was considered for the evaluation of
bone turnover [18]; mineralization was examined by
osteoid volume (OV/BV, %; percent of trabecular bone
volume consisting of osteoid), osteoid thickness (O.Th,
μm; thickness of osteoid seams), and mineralization lag-
time (Mlt, days; the mean time interval between deposition
of osteoid matrix and its mineralization) results [19];
the volume of trabecular bone was given by the measure
of bone volume (BV/TV, %; percent of whole trabecular
bone volume occupied by calcified and uncalcified
bone tissue). Then, the recently proposed turnover/
mineralization/volume (TMV) classification system [16]
was applied by considering the standard deviation scores
(SDS) of the measured variables [20] in relation to our
normal control values [15].
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IHC and ISH

The other half of bone biopsy was decalcified in 10%
disodium EDTA in 0.1 M phosphate buffer at pH 7.0 and
processed for paraffin embedding. Serial sections (about 2
to 5 μm thick) were deparaffinized and treated for 10 min
with 3% H2O2 in methanol.

Slides for IHC were washed for 20 min in phosphate-
buffered saline (PBS) containing 0.1% Tween 20. For MGP
detection, sections were incubated for 10 min in the
blocking reagent of the Vectastain Universal Quick kit
(Vector Laboratories, Inc; Burlingame, CA, USA). Serial
sections were stained with monoclonal antibodies against
total (amino acids 3–15; Biodesign International®, Saco,
ME, USA; dilution 1:200), fully carboxylated (amino acids
35–54; ALEXIS® Biochemicals, Lausen, Switzerland;
dilution 1:800), and non-carboxylated (amino acids 35–
49; ALEXIS® Biochemicals, Lausen, Switzerland; dilution
1:250) MGP by overnight incubation at 4°C. Immunode-
tection with secondary biotinylated antibody and the
streptavidin–peroxidase conjugate complex was performed
by the Vectastain Universal Quick kit. The Liquid DAB+
Substrate Chromogen System (DakoCytomation, Inc.;
Carpinteria, CA, USA) was then applied, followed by a
counterstain with 1:15 diluted Mayer’s hemalum solution.

For fetuin-A IHC, sections were treated with the
Superblock reagent (Scytek Laboratories, Inc; Logan,
UT, USA). Then, the goat anti-human fetuin-A/AHSG
polyclonal antibody (R&D Systems, Inc; Minneapolis,
MN, USA) was applied (1:500 dilution) for 1 h. Immuno-
detection was performed using the LSAB2 System-HRP kit
(DakoCytomation, Inc., Carpinteria, CA, USA). The
substrate-chromagen diaminobenzidine and counterstain
with Mayer’s hemalum were utilized, as already described
for MGP IHC.

Negative controls were obtained by omitting the primary
antibodies. Positive controls for MGP and fetuin-A were
tested by using samples of arteries with atherosclerotic
disease. Moreover, samples of fetal liver were tested for
fetuin-A. For each antibody, the optimal working dilution
was chosen after testing different concentrations.

For ISH, dewaxed sections were permeabilized for 15 min
at 37°C with 75 μg/ml proteinase K (Sigma Chemical Co; St.
Louis, MO, USA) and post-fixed in paraformaldehyde 4% in
PBS-DEPC. The double FITC human MGP and the double
FITC human fetuin-A HybriProbe™ kits provided by
Biognostick® (Göttingen, Germany) were used in separate
slides, respectively. The oligonucleotide sequences of MGP
and fetuin-AHybriProbes were based on the NM_000900 and
the NM_001622 GenBank Accession number, respectively.
The specific probes were hybridized (1.5 μl HybriProbes in
25 μl HybriBuffer-ISH) overnight at 35°C. After washing in
TRIS/HCl buffer at pH 7.55 containing 5% BSA and 0.1%

Tween 20, immunodetection was performed with peroxidase
anti-FITC goat antibody (whole molecule) diluted 1:750.
Diaminobenzidine (Liquid DAB+) was used as chromogen.
Sections were counterstained with 1:15 diluted Mayer’s
hemalum solution. Positive and negative control probes
included in the HibriProbe kits were tested. Moreover,
negative controls were achieved by omitting incubation with
MGP or fetuin-A probes.

Results

The following diagnoses were assigned: four patients were
affected by osteodystrophy with predominant hyperpara-
thyroidism, showing a general increase in bone turnover,
increased numbers of osteoclasts within wide Howship’s
lacunae, and many plump osteoblasts along numerous
osteoid seams, together with areas of woven bone and
endosteal fibrosis; three patients were affected by osteodys-
trophy with predominant osteomalacia, characterized by a
decrease of bone turnover and a mineralization defect, in
which the increased osteoid seams were mostly in contact
with flat osteoblasts, while Howship’s lacunae with
osteoclasts were rarely found: two of these patients had
fully developed osteomalacia, being all three osteoid
indices (surface extent, volume, and thickness) increased,
while one of them showed the so-called atypical osteoma-
lacia, since osteoid seams were increased in surface and
volume but not in thickness [19]; one patient was affected
by mixed osteodystrophy, which includes signs of both
hyperparathyroidism and osteomalacia; one patient had
features of adynamic osteodystrophy, characterized by
reduced bone turnover, thin osteoid seams almost com-
pletely lined by flat osteoblasts, and very few osteoclasts;
two patients were free of pathologic bone lesions. The
histomorphometric TMV classification of the patients is
shown in Table 1. The aluminum staining was negative in
all patients.

MGP

In all bioptical samples, the IHC for total MGP was
negative in correspondence of the calcified bone matrix.
Moreover, no staining was found in the osteoid seams,
except for one case with advanced hyperparathyroidism and
one with severe osteomalacia in which some occasional
seams showed a lightly brownish staining. In all cases,
some positive osteocytes were found. Immunolabeling
consisted of brown aggregates inside the osteocyte cyto-
plasm. Positive cells were mainly found in correspondence
and in proximity to the osteoid seams, or within the
calcified matrix next to the quiescent endosteal surfaces.
Less frequently, some positive osteocytes were found more

Virchows Arch (2009) 454:263–271 265



inside the calcified matrix. In adjacent sections, the ISH
messenger RNA (mRNA) labeling was mainly localized in
the cytoplasm of some osteocytes, with a similar pattern of
distribution (Fig. 1).

Apart from the case with adynamic bone disease, in
which plump osteoblasts could not be found, these cells
resulted positive to the IHC reaction both along the
trabeculae and in correspondence of cortical bone, and
independently of the type of bone alteration. These same
cells were intensely stained by ISH for mRNA (Fig. 1).

Cells of endosteal fibrosis, which could be detected in
the bone biopsies of patients with high turnover bone
disease (hyperparathyroidism and mixed type of renal
osteodystrophy), were positive to both IHC and ISH
reactions (Fig. 1).

Multinucleated osteoclasts could not be detected in one
case with severe osteomalacia. In all the other cases, most
of these cells were variably positive to total MGP IHC in
trabecular and cortical bone; however, some negative
osteoclasts were found, with no apparent difference in
frequency between the types of bone alterations. In
agreement with these findings, osteoclasts showed either
variably diffused ISH mRNA labeling in the cytoplasm or
no signal at all (Fig. 2).

In all samples, the results described above for total MGP
IHC coincided with those found by the antibody specifi-
cally recognizing the carboxylated form of the protein, in
osteocytes, osteoblasts, osteoclasts, and cells of endosteal
fibrosis (Fig. 3). For both types of IHC reaction, cell
positivity was clearly visible although the antibody con-
centrations for total MGP and for carboxylated MGP were
5 and 3.2 times lower than those suggested in the respective
product data sheet. In contrast to total MGP, in all cases, a

Fig. 1 Total MGP: a osteoblasts (arrows), endosteal fibrosis cells
(asterisk), and some young osteocytes (arrowheads) are positive to
IHC; b osteoblasts (arrows), endosteal fibrosis cells (asterisk), and
some osteocytes (arrowheads) are positive to ISH, while two
osteoclasts (empty arrows) are negative. Trabecular bone, hyperpara-
thyroidism. Bars=10 μm

Table 1 Turnover/mineralization/volume (TMV) classification

Patient,

sex/age (years)

Histopathologic

diagnosis

Turnover Mineralization Volume

Bone formation rate

(BFR/BS, μm3/μm2/day)

Osteoid

volume

(OV/BV, %)

Osteoid

thickness

(O.Th, μm)

Mineralization

lag-time

(Mlt, days)

Mineralization Bone volume

(BV/TV, %)

M/32 Hyperparathyroidism High High High Normal N-abnormal Normal

M/40 Hyperparathyroidism High High High N-high N-abnormal N-high

F/48 Hyperparathyroidism High High High N-low N-abnormal High

F/49 Hyperparathyroidism High High N-high Normal N-abnormal High

M/47 Osteomalacia N/A High High N/A Abnormal N/A

F/58 Osteomalacia Low High High High Abnormal N-high

M/39 Atypical osteomalacia Low High Normal High N-abnormal Low

M/41 Mixed osteodystrophy N-high High High High Abnormal High

F/71 Adynamic osteodystrophy Low Normal N-high High N-abnormal Normal

M/50 Without pathologic alteration Normal Normal Normal N-low Normal Normal

M/69 Without pathologic alteration Normal Normal Normal N-low Normal Normal

High, >2 SDS from mean; Low, <2 SDS from mean; N-high, 1–2 SDS above mean; N-low, 1–2 SDS below mean
N-abnormal mildly abnormal, N/A not available
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light and diffuse carboxylated MGP immunostaining was
found in the calcified bone matrix and in most osteoid
seams, although the staining intensity in the latter was very
faint (Fig. 3).

In some cases, independent of the type of bone
condition, some of the flat, lining cells which border the
quiescent bone surfaces were positive to the IHC reaction
for total and carboxylated MGP, as well as to the ISH
reaction for MGP mRNA. However, because their cyto-
plasm is characteristically reduced to a very thin rim, the
recognition of the labeling of these cells was generally
difficult.

Undercarboxylated MGP IHC, performed by using
exactly the antibody concentration indicated by the product
data sheet, was practically negative in all bioptical samples.
Only a very weak immunostaining was present in the
osteoid and/or calcified bone matrix of a minority of
patients, without any reference to the types of bone lesions.

In these cases, rare osteocytes, osteoblasts, and/or osteo-
clasts were very lightly stained.

Fetuin-A

The antibody dilution used for fetuin-A IHC was optimized
at a concentration which was 10 times lower than the lower
limit of the working dilution suggested by the data sheet. In
both cortical and trabecular bone of all cases, the IHC
reaction was strongly positive in correspondence of the
calcified bone matrix. In contrast, the osteoid seams were
not stained. Some positive osteocytes were found in all
cases within the calcified bone matrix. Sometimes, positive
osteocytes were also present in correspondence of the
osteoid seams, mainly next to plump osteoblasts (Fig. 4). In
agreement with these findings, ISH showed a positive
signal within some osteocytes localized in both the calcified
matrix and in the osteoid (Fig. 5).

Fig. 2 Total MGP: (a1, b1, and c1) negative (empty arrows) and/or
positive (arrows) osteoclasts to IHC are visible; (a2, b2, and c2)
sections adjacent to a1, b1, and c1, respectively: the same osteoclasts

positive to IHC in a1, b1, and c1 are also positive to ISH (arrow).
Trabecular bone, hyperparathyroidism. Bars=10 μm
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In all samples, with the only exception of the case with
adynamic osteodystrophy in which active osteoblasts were
not found, most of the plump osteoblasts were lightly or
intensely stained by the fetuin-A IHC reaction (Fig. 4). Such
IHC positivity was confirmed by ISH reactivity (Fig. 5). No
differences were found between trabecular and cortical bone.

In bone samples characterized by increased turnover, cells
of endosteal fibrosis were positive to both IHC and ISH
reactions. Osteoclasts, in all cases in which these cells were
found, were negative to both IHC and ISH (Figs. 4 and 5).

In a few cases, some endosteal lining cells appeared
immunohistochemically positive and showed a ISH signal.
However, as described for MGP, the reaction products of
both IHC and ISH in these cells were sometimes hard to be
detected due to their very thin cytoplasm.

Discussion

All patients but two were affected by the wide spectrum
of bone cells and matrix alterations, ranging from high

to low bone turnover diseases, which are proper of renal
osteodystrophy [18].

For MGP IHC, antibodies against total, fully carboxylated,
and non-carboxylated proteins were tested, to evaluate the
carboxylation status of MGP. For each of the three forms of
MGP, the amino acid sequences recognized by the respective
monoclonal antibodies corresponded exactly to those of a
recent study performed in human arteries [11]. In the vascular
wall, the inhibition of γ-carboxylation of Glu residues
yielded the undercarboxylation of MGP and the subsequent
calcification of the tunica media [10]. Moreover, it has been
shown in the bone tissue of transgenic mice, which produced
two distinct mutated forms of MGP in osteoblasts, that the
Gla residues are required for MGP antimineralization
function [21].

In all patients, the calcified bone matrix was almost
completely negative to the antibody directed against the total
MGP. This result is similar to that obtained by Spronk et al.
[22] in human fetal bone, by using two monoclonal
antibodies, against the N- and C-terminus of MGP. In
contrast, Carlson et al. [23] reported slight positive IHC
staining for total MGP in widely scattered areas of calcified
matrix in vertebrae of monkeys. Such variation in immuno-

Fig. 4 Fetuin-A, IHC: a osteoblasts with variable intensity of
positivity are present (arrows); b osteoblasts are highly positive
(arrows). In both a and b, endosteal fibrosis cells (asterisks) and some
osteocytes (arrowheads) are positive, while osteoclasts are negative
(empty arrows); a clear positivity of calcified bone matrix is visible,
while the osteoid seams are negative (white asterisks). Trabecular
bone, hyperparathyroidism. Bars=20 μm

Fig. 3 Carboxylated MGP, IHC: a osteoblasts (arrows) and some
osteocytes (arrowheads) are positive, the osteoid seam is barely
stained (white asterisk); b one almost negative (empty arrow) and
three positive (arrows) osteoclasts, together with positive endosteal
fibrosis cells (asterisk) within the Howship’s lacuna, are visible. In
both a and b, a diffuse positivity of calcified bone matrix is present.
Trabecular bone, hyperparathyroidism. Bars=10 μm
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reactivity might be due to the different animal species or,
most probably, to differences in the sequences recognized by
the various monoclonal antibodies. In any case, the calcified
matrix in all bone biopsies of the present study was lightly
and diffusely immunostained for carboxylated MGP.

Among bioptical samples, only some occasional osteoid
seams were immunostained for total MGP in one case with
hyperparathyroidism and one with osteomalacia. In human
fetal bone, Spronk et al. [22] reported a weak total MGP
signal that was associated with the extracellular matrix at
sites of non-calcified bone. Moreover, Carlson et al. [23]
found some areas of osteoid seams positive to total MGP.
These authors suggested that the presence of MGP within
the osteoid tissue might have a role in preventing its
premature mineralization. In the present study, in contrast to
total MGP, a very faint positivity to carboxylated MGP was
found in most osteoid seams in all types of bone conditions.

In all bone biopsies, osteoblasts were invariably positive
to total MGP. Some IHC positive osteoblasts were also
found by Carlson et al. [23]. In our samples, these cells
were also positive to the carboxylated form of MGP.
Moreover, they expressed the MGP gene. This result
appears especially significant on the basis of the contradic-
tory reports available in the literature. Using ISH, Hirakawa

et al. [24] could not detect MGP mRNA in rat osteoblasts,
although the authors were aware that it had been detected in
osteoblastic cell culture. Luo et al. [25] also did not find
MGP mRNA by ISH in mouse osteoblasts; they hypothe-
sized, therefore, that, like fetuin-A, the protein could
accumulate in bone through blood circulation. In biopsies
of human fracture callus, the signal for MGP mRNA was
only found in osteoblasts of the woven bone in non-unions,
and not in osteoblasts of the old bone [26].

In our bioptical samples, not only osteoblasts, but also
some osteocytes, especially those that appeared to be the
youngest, were positive to total MGP IHC. This is in
contrast with the results of Carlson et al. [23] who found
negative osteocytes. However, in our experience, osteocytes
were also positive to the carboxylated form of MGP and
expressed MGP mRNA. These results are in line with the
osteoblastic origin of the osteocytes. Also the findings that
some endosteal lining cells are immunostained for the total
and carboxylatedMGP protein and express the corresponding
mRNA are in agreement with the origin of the lining cells
from the osteoblasts. Similarly, the observation that the cells
of endosteal fibrosis that accumulate in bone marrow in cases
of hyperparathyroidism are positive to both total and
carboxylated MGP and express the corresponding mRNA
might depend on the fact that these cells are probably
osteoblast precursors, secondary to parathormone-stimulated
proliferation of bone marrow stromal cells [27].

The present study has shown that most osteoclasts are
immunostained for total MGP in any type of bone
condition, a result in agreement with the findings of
Carlson et al. [23]. In our experience, the same cells are
immunostained for the carboxylated MGP, too, and ISH has
shown that they express the corresponding mRNA.

Undercarboxylated MGP immunostaining was almost
negative in all bioptical samples, although some very light
positivity was found in a minority of cases in calcified or
uncalcified bone matrix and in bone cells. This indicates
that the MGP protein present in bone, where calcification is
a physiological event, is predominantly in its active form,
and demonstrates that, at least locally, there is not a
significant vitamin K deficiency. Interestingly, in the intima
of atherosclerotic arteries and in Mönckeberg’s sclerosis of
the media, where pathological calcifications of different
etiologies occur, undercarboxylated MGP was almost
exclusively localized in sites of calcification, while total
and carboxylated MGP were mostly found in the non-
calcified areas of the tunica media [11].

The IHC localization of fetuin-A in the mineralized areas
of bone matrix has been already described in normal adult
humans [28] and other mammals [29, 30]. Our results show
that the protein is highly represented in mineralized matrix
of normal bone of uremic patients, as well as in any form of
renal osteodystrophy, independent of the rate of bone

Fig. 5 Fetuin-A, ISH: a, b Osteoblasts (arrows) and some osteocytes
(arrowheads) and endosteal fibrosis cells (asterisks) are positive. In b,
a negative osteoclast is present (empty arrow). Trabecular bone,
hyperparathyroidism. Bars=20 μm
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turnover and of the type (lamellar or woven) of bone
structure. Osteoid seams were invariably negative: in this
respect, no comparative data could be found in the
literature.

It is a general opinion, ensued from old findings [28, 31]
and confirmed by relatively recent studies [32, 33], that
fetuin-A is synthesized in the liver and is incorporated, via
the bloodstream, into the bone matrix during the mineral-
ization process, as a result of its high affinity for
hydroxyapatite [2, 12, 34, 35]. In the present study, most
osteoblasts were immunostained for fetuin-A in all types of
renal osteodystrophy, as well as in normal bone. Our IHC
and ISH findings demonstrate that human osteoblasts do
have fetuin-A in the cytoplasm and synthesize it. To our
knowledge, these results were not previously described in
humans, although some IHC positivity of the rat counter-
part of human fetuin-A had been found in osteoblasts of
adult rats [29]. Moreover, in a very recent paper, some
fetuin-A uptake by osteoblast-like cells was reported [36].

On the basis of our results, the localization of fetuin-A in
the mineralized bone matrix appears to be due to an active
osteoblast participation, rather than to a mere accumulation
of the protein from the blood. The previously reported
osteoblast negative results could be probably explained, at
least in part, by hypothesizing that the degree of synthesis
of fetuin-A in bone of adult humans could be much lower
than that in the liver, as it was found in mouse osteoblastic
cells [37] and for the rat counterpart of the protein [38].

With reference to fetuin-A, no previous papers dealing
with osteocytes in humans have been found. Our results
show that some osteocytes are both IHC and ISH positive.
Similarly, the IHC positivity of the rat counterpart of human
fetuin-A was described in osteocytes of adult rats [29]. As
commented above for MGP, these findings, as well as the
positivity to both reactions in some endosteal lining cells
and cells of endosteal fibrosis in hyperparathyroidism are in
agreement with the osteoblastic relationship of these cells.

In vitro experiments have suggested that fetuin-A, and
its rat counterpart, might stimulate bone resorption [39, 40].
Moreover, it has been hypothesized that osteoclasts may
clear the calciprotein particles by phagocytosis [14], thus
mediating the recycling of extracellular calcium and
phosphate from basic calcium phosphate. However, in our
study, osteoclasts were negative to both fetuin-A IHC and
ISH, so that no information could be drawn on fetuin-A
involvement in bone resorption.

In conclusion, we have examined, for the first time, the
localization and the synthesis of fetuin-A and MGP, directly
in the bone tissue of patients with chronic renal failure in
HD treatment. In contrast with the general opinion that, in
adult humans, the fetuin-A is synthesized in the liver,
transported via the bloodstream to bone, and incorporated
in the calcified matrix, we have shown that it is produced

by osteoblasts, too. It is possible that the bone synthesis of
the protein can contribute to the formation within the BRC
of the calcium–phosphate–fetuin–MGP complex described
in rats by Price et al. [13]. The MGP protein, synthesized
by osteoblasts and accumulated in bone, is essentially of
carboxylated type, thus in its active form. Also, osteoclasts
synthesize MGP, which is contained in these cells in the
carboxylated form. This new finding suggests that these
cells, other than osteoblasts, can be an important source of
the calcium–phosphate–fetuin–MGP complexes. In agree-
ment with the findings in rats [12], these results point to the
increased bone turnover and specifically to the osteoclastic
resorption as important factors which can promote extra-
skeletal and arterial calcifications in uremia. However,
further studies are necessary to confirm whether the
calcium–phosphate–fetuin–MGP complexes, detected un-
der some circumstances in rats, are also present in humans,
and particularly in uremic patients with artery and soft
tissue calcifications [12].
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Abstract Our group has shown that 1-year smoking
cessation persisted or increased airway inflammation in
chronic obstructive pulmonary disease (COPD). We com-
pared adenosine and adenosine receptor (AR) expression in
COPD and asymptomatic smokers (AS) before and after
1-year smoking cessation. Sputum cytospins and bronchial
biopsies of (ex)smoking COPD patients and AS were
studied for A1R, A2AR, A2BR, and A3R expression.
Adenosine and inflammatory mediators were measured in
sputum supernatants. At baseline, COPD patients had lower
levels of adenosine and higher levels of vascular endothe-
lial growth factor in sputum than AS. Smoking cessation
induced significantly different effects in COPD than in AS,
i.e. an increase in percentages of A3R expressing neutro-
phils and A1R expressing macrophages in COPD as
increase in adenosine and monocyte chemoattractant pro-
tein-1 levels in sputum. Adenosine-related effector mecha-
nisms may contribute to the persistence and progression of
airway inflammation in COPD following 1-year smoking
cessation.

Keywords Adenosine . Adenosine receptors . COPD .

Smoking cessation

Introduction

Chronic obstructive pulmonary disease (COPD) is a disease
caused mainly by smoking and it is characterized by
chronic airflow limitation and a range of pathological
changes in the lung [1]. It is known that smoking cessation
stops the accelerated lung function decline present in
COPD [2, 3]. We found that smoking cessation improves
both direct (methacholine) and indirect (adenosine 5′-
monophosphate, AMP) airway hyperresponsiveness (AHR)
after 1-year smoking cessation [4]. Interestingly, improve-
ment of AHR was not associated with changes in lung
function or sputum inflammation. Our previous paper
showed that COPD patients who successfully ceased
smoking for 1-year, overall airway inflammation persisted
in bronchial biopsies, while the number of neutrophils,
lymphocytes, interleukin (IL)-8, and eosinophil-cationic-
protein levels significantly increased in sputum. In addition,
no significant changes in vascular adhesion molecules (i.e.
P-selectin, E-selectin, intercellular antigen-1 (ICAM-1) or
vascular cell adhesion molecule (VCAM)) were found with
smoking cessation in COPD patients also suggesting an
ongoing inflammatory process in the airways. In asymp-
tomatic smokers who successfully quitted smoking, some
inflammatory markers (e.g. sputum macrophages, eosino-
phils, and IL-8) significantly decreased while others did not
change [5]. This indicates that factors other than inflam-
matory cells or measured mediators likely induced the
observed improvement in AHR.

Adenosine has been suggested to play a role in COPD
[6]. Patients with COPD are significantly more responsive
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to AMP than healthy smoking volunteers [7, 8] and
smokers have significantly increased concentrations of
adenosine in the airway lining fluid [9]. Recently, a first
report on the presence of adenosine receptors in lung
parenchyma showed an enhanced density and decreased
affinity of the adenosine receptors in subjects with COPD
compared with control smokers [10]. Adenosine is a purine
nucleoside that is released during tissue hypoxia and
inflammation. It has both pro- and anti-inflammatory fea-
tures, which are mediated by four different G-protein-coupled
receptors, A1 (Gi coupled), A2A (Gs coupled), A2B (Gs and
Gq11 coupled), and A3 (Gs and Gq11 coupled). Activation of
adenosine receptors (AR) can have different effects, depend-
ing on the type of G protein that is involved and the cell type
[6]. Activation of Gi-protein-coupled receptors decreases
adenylyl cyclase activity and cAMP levels whereas activa-
tion of Gs coupled receptors increases cAMP levels [11].
With respect to the cell types involved, activation of A1R on
neutrophils promotes adherence to endothelial cells and
chemotaxis, indicating a pro-inflammatory response [12],
whereas activation of A1R on cells from the monocytes/
macrophage lineage inhibits the production of several pro-
inflammatory cytokines (TNF, IL-8, and IL-6) and enhances
the release of the anti-inflammatory cytokine IL-10, display-
ing an anti-inflammatory response [13, 14]. Therefore,
each receptor can be either beneficially and/or detrimen-
tally implicated in the inflammatory process of COPD.

In this study, our primary aim was to investigate whether
adenosine-related effector mechanisms could be involved in
the persistence and/or progression of the inflammatory
response in COPD following 1-year smoking cessation.
Therefore, adenosine content and receptor expression in
sputum (macrophages and neutrophils) and bronchial
biopsies of smokers with COPD and asymptomatic smokers
were measured, both before and after 1-year smoking
cessation. Since activation of adenosine receptors can
influence the secretion of mediators from inflammatory
cells, we related changes in adenosine and its receptors
with changes in growth factors (VEGF) and chemokines
(monocyte chemoattractant protein (MCP)-1) related to
remodeling and inflammation that may underlie lung
function loss in COPD.

Materials and methods

Subjects

Bronchial biopsy and sputum material of 11 COPD and 15
asymptomatic smoking subjects who successfully stopped
smoking for at least 1 year from the study of Willemse et al.
were studied (patient characteristics; Table 1) [5, 4, 15]. In
short, the main important inclusion and exclusion criteria

for both groups were: COPD (according to the American
Thoracic Society (ATS)/ European Respiratory Society
(ERS) guidelines [16]): forced expiratory volume (FEV)1/
forced vital capacity post-bronchodilator <0.7, and chronic
respiratory symptoms for at least 3 months for two
successive years. Asymptomatic smokers: FEV1≥85%,
predicted, and no chronic respiratory symptoms or airway
obstruction. Participants in both groups were between 45
and 65 years of age, had >10 packyears smoking, smoked
≥10 cigarettes/day, had reversibility to salbutamol <9% of
the predicted FEV1, did not use inhaled or oral cortico-
steroids in the previous 6 months, had no signs of atopy,
and no respiratory tract infections 1 month prior to the
study. During the study, COPD patients only used beta2-
agonists or ipratropium on a regular basis; inhaled cortico-
steroids were not used. Only in case of an exacerbation, a
short course of oral corticosteroids was allowed. Before
each measurement, subjects were asked not to use long- or
short-acting β2-agonists and/or ipratropium at least 12 h
before the test. They did not suffer from a respiratory tract
infection nor used oral corticosteroids in the month prior to
any of the measurements.

The local medical ethics committee of our University
Medical Center Groningen approved the study protocol and
all subjects gave their written informed consent.

Study design and smoking cessation program

The study design and smoking cessation program have
been described previously [5]. Sputum cells and superna-
tant as well as bronchial biopsies were only used if present
both before and after 1-year smoking cessation.

Bronchoscopy and biopsy processing

Bronchial biopsies were taken from the subcarinae of the
right, middle, or lower lobe and processed as described
previously [17]. For immunostaining, sections (one per
patient) were dried and fixed in acetone for 10 min and
washed with phosphate-buffered saline (PBS). The follow-
ing polyclonal antibodies were used: rabbit anti-rat adeno-
sine A1 receptor, rabbit anti-canine adenosine A2A receptor,
rabbit anti-human adenosine A2B receptor (all from Alpha
Diagnostic International, San Antonio, TX, USA), and
rabbit anti-human adenosine A3 receptor (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Antibodies directed
against adenosine A1 and A2A receptors cross-reacted
with human A1R and A2aR. The secondary antibody used
was goat anti-rabbit biotin conjugated (SBA, Birmingham,
AL, USA) and the tertiary antibody StreptABComplex
peroxidase conjugated (DAKO, Glostrup, Denmark). As
chromogen, 3-amino-9-ethyl-carbazol substrate was used;
tissue was counterstained with Mayers’ Hematoxylin.
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Intensity of adenosine receptor expression in biopsies were
scored in a blinded way (all by the same observer) with a
semiquantitative three-point scale, with sections scored as
negative, positive, or strongly positive. In addition, the
total number of positive single cells in the biopsy was
counted. Since not all biopsies presented all tissue structures
scored, numbers presented can vary between graphs.

Sputum induction and processing

Sputum was induced by inhalation of hypertonic saline and
processed as described previously [18]. Sputum samples
consisting for >80% of squamous cells were excluded from
analysis. Cytospins were dried and fixed in acetone for
10 min and washed with PBS for immunostaining. The
same antibodies and chromogen substrate were used as
described in the biopsy staining. Three hundred neutrophilic
granulocytes and 300 macrophages were counted in every
cytospin and scored as negative or positive; the percentage of
cells expressing adenosine receptors was calculated. Due to
the small numbers of lymphocytes present in sputum, we
could not reliably quantify adenosine receptor expression on
this cell type.

Measurement of adenosine in sputum supernatant
using HPLC

Adenosine was measured using a Waters 2690 Alliance
Separation Module HPLC system (Waters, Milford, MA,
USA) coupled on-line to a Finnigan TSQ Quantum Triple
Quadruple Mass Spectrometer (Finnigan Thermo Fisher
Scientific, Waltham, MA, USA). Chromatographic separa-
tion was performed with a C18, 3 μm, Atlantis column
(Waters) 2.1 mm I.D.×100 mm length using a gradient of
mobile phase A (ammonium acetate 20 mM, pH 7.0, in

water) and B (ammonium acetate 20 mM, pH 7.0, in
acetonitrile) at 0.2 mL/min flow rate. Before measurements
samples were pre-treated as follows: 100 μl of sputum
supernatant was acidified with 20 μl of HCl 120 mM,
then 200 μl of chloroform was added to precipitate
proteins and eliminate lipids. After vortexing and subse-
quent centrifugation, 80 μl of the aqueous supernatant
was transferred to a glass injection vial and 5 μl of this
solution was injected into the high-performance liquid
chromatography (HPLC)-mass spectrometry (MS) system.
MS detection was performed using ESI ionization in
positive ion mode. Multiple-reaction monitoring mode
was used to increase the sensitivity. Adenosine was
quantified using the transition m/z 260>m/z 136 corre-
sponding to the loss of the ribofuranose ring. Samples
were measured in a randomized way, twice independently
at two different days. Results were in good agreement
within a maximum of 10% variation. The calibration line
consisted of eight points in the range of 5 to 1,000 ng/ml
adenosine in a mixture of PBS and water (pretreated in the
same way as the study samples). Adenosine levels are
presented as concentrations.

Chemokine and growth factor measurement in sputum
supernatant using multiplex ELISA

Sputum supernatant contents (sensitivity level) of monocyte
chemoattractant protein (MCP)-1 (10 pg/ml), “regulated
upon activation of normal T cell expressed and secreted”
(RANTES, 15 pg/ml), tumor necrosis factor (TNF, 10 pg/ml),
epidermal growth factor (EGF, 15 pg/ml), fibroblast growth
factor (FGF)-basic (also known as FGF2, 15 pg/ml), vascular
endothelial growth factor (VEGF, 15 pg/ml), and platelet-
derived growth factor (PDGF)-BB (<10 pg/ml) were
measured using a human custom multiplex antibody bead

Table 1 Patient characteristics

COPD Asymptomatic smokers

Baseline 1-year SC Baseline 1-year SC

Subjects, n 11 15
Age, years 57 (46–63) 50 (45–57)*
Sex (male/female) 7/4 7/8
Packyears smoking 30 (15–66) 23 (13–32)*
Cigarettes, n/day 20 (10–40) 20 (12–30)
FEV1 post BD, % pred 75.6 (44.4–100.4) 78.1 (49.4–106)** 109.6 (95.5–134.1)* 110.0 (90.0–133.1)
FEV1/VC post BD, % 58.1 (30.1–69.5) 57.5 (36.8–76.2) 78.8 (71.8–88.7)* 79.7 (68.9–92.3)
PC20 Mch, mg/ml 1.02 (0.25–78.4) 13.4 (0.13–78.4)** 33.4 (4.3–78.4)* 78.4 (1.8–78.4)
PC20 AMP, mg/ml 46.2 (4.5–640) 640 (1.04–640)** 640 (73.9–640)* 640 (20–640)***

Data are presented as median (range)
1-year SC 1-year of smoking cessation, FEV1 forced expiratory volume in one second, VC vital capacity, post BD after 400 μg bronchodilator
(salbutamol), % pred percentage of predicted value, Mch Methacholine, AMP adenosine 5′-monophospate
*p<0.05 vs. COPD; **p<0.05 vs. baseline; ***p<0.05 change in COPD versus change in asymptomatic smokers (delta’s)
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kit from Biosource International (Camarillo, CA, USA).
Standard solutions were diluted with sputolysin reagent
(Calbiochem®, Darmstadt, Germany) to copy the effect of
it on sputum content during processing.

Statistical analysis

Statistics were performed using a Wilcoxon signed-rank test
to assess differences between both measurements within the
groups and a non-parametric Mann–Whitney U test to
assess differences between both groups at baseline. A value
of p<0.05 was considered significant. Correlations between
parameters were investigated using a Pearson’s Rho test.
For some patients material at one time point was missing
due to insufficient quality of the sample. At baseline the
single measurements were used for baseline differences
between both groups, but they were excluded from the
paired test to obtain differences within the groups.

Results

Adenosine receptor expression in bronchial biopsies

The adenosine receptors A2A, A2B, and A3 were expressed
by airway epithelial, endothelial, and smooth muscle cells
in airway wall biopsies and by cells (morphologically
macrophages) in the submucosa in both COPD and
asymptomatic smokers (Fig. 1). In contrast, the A1 receptor
was only expressed on a small number of cells (morpho-
logically macrophages) in the tissue surrounding the
airways. The pattern of expression of the four ARs was
not different between COPD patients and their controls.

The intensity of AR expression (scored semiquantita-
tively with immunohistochemistry) is presented in Fig. 2.
There was no significant difference in AR expression between
both groups at baseline. The A2A receptor expression on
airway smooth muscle decreased significantly after 1-year
smoking cessation (p=0.025) in asymptomatic smokers, but
not in COPD. A1R, A2BR, and A3R expression did not
change with smoking cessation in both groups. In addition,
no differences were found in the number of cells staining
positive for all four ARs between the different groups. Total
biopsy areas were similar for high and low numbers of
positive cells.

Adenosine receptor expression by sputum cells

In sputum, all four ARs were expressed by neutrophils
and macrophages of both COPD and asymptomatic
smokers. There was no difference in AR expression
between both groups at baseline. The percentage of A3R
positive neutrophils increased significantly in COPD

patients after 1-year smoking cessation when compared to
baseline (p=0.038). This change in A3R expression was
significantly different from the change occurring in
asymptomatic smokers (p=0.050, Fig. 3a). No changes
were detected in percentages of neutrophils expressing
A1R, A2AR, and A2BR. In COPD patients, the percentage
of A1R positive macrophages increased after 1-year
smoking cessation when compared to baseline (p=0.017,
Fig. 3b), an effect that was not observed in asymptomatic
smokers. Smoking cessation had no effect on expression
of the other ARs on macrophages. No significant differ-
ences were found in percentage expression of all ARs on
macrophages between COPD and asymptomatic smokers.

Adenosine, growth factors, and cytokine levels in sputum
supernatant

Adenosine levels in sputum supernatant were significantly
lower in COPD at baseline (p=0.017, Fig. 4a) than in
asymptomatic smokers, whereas VEGF levels were higher
(p=0.020, Fig. 4b). In addition, the change in adenosine
levels with smoking cessation was significantly different in
COPD and asymptomatic smokers (p=0.023), as was the
change in MCP-1 (p=0.013) (Fig. 4). No differences were
detected in RANTES and other growth factors involved in
tissue repair (EGF and PDGF-BB) (Fig. 4). Levels of FGF-
b and TNF were below the sensitivity level and therefore
not analyzed statistically.

Discussion

We investigated the effect of smoking cessation on
adenosine content and adenosine receptor expression in
sputum and biopsies taken from COPD patients and
asymptomatic smokers. Our most important observations
were that COPD patients responded significantly different
to smoking cessation than asymptomatic smokers with
respect to sputum adenosine content, MCP-1 levels, and
percentage of neutrophils expressing A3R and macrophages
expressing A1R. This resulted in an increased adenosine
content (trend) and increased percentage of A3R positive
neutrophils and A1R positive macrophages in sputum of
COPD patients. In addition, smokers with COPD have a
lower level of adenosine and a higher level of VEGF in
sputum than asymptomatic smokers.

Previous observations in these patients have elucidated
that smoking cessation improved AHR, whereas inflamma-
tion persisted or even increased in sputum of COPD
patients [4, 5]. Since adenosine is implicated in the
development and persistence of inflammation, we investi-
gated in the current study whether the observed increase in
(aspects of) inflammation in COPD could be explained by
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the presence of adenosine and the expression of adenosine
receptors as measured in two different compartments of the
airways, i.e. sputum and bronchial biopsies.

We confirmed the pattern of ARs expression that was
recently described by Varani et al. [10]. Thus, the A2AR and
A3R were expressed on bronchial epithelium, smooth
muscle cells, endothelial cells, and infiltrating cells (mostly
macrophages), whereas A1R was only expressed by a few

cells (morphologically macrophages). For A2BR, Varani
and co-workers detected expression on mast cells and
macrophages only, whereas we additionally detected expres-
sion on epithelium, smooth muscle and endothelial cells,
using the same antibody. With respect to the intensity of AR
expression, no differences were found between COPD and
asymptomatic smokers in our study. Interestingly, Varani
et al. detected an increased expression of A2AR and A3R

Fig. 1 Adenosine receptor ex-
pression on bronchial biopsies
from smoking asymptomatic
(left panel) and COPD (right
panel) subjects
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at the mRNA level, a decreased expression of A2BR and
no differences for A1R mRNA in airway wall tissue of
COPD patients. We did not study mRNA expression of AR.
Other differences between both studies may be explained
by differences in the clinical characteristics of the investi-
gated participants. At baseline, we investigated current

smokers, whereas both the COPD and healthy smoking
groups of Varani et al. consisted of a mixture of ex- and
current smokers. Our data on the effects of 1-year smoking
cessation show that this may have affected the results of the
latter study. Also, some of the participants of Varani et al.
were older and had higher packyears of smoking.
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We report for the first time the expression of all four
adenosine receptors on neutrophils and macrophages in
sputum of COPD and asymptomatic smokers. At baseline,
no differences were found between asymptomatic smokers
and COPD patients. With respect to neutrophils, smoking
cessation resulted in a significantly higher percentage of
sputum neutrophils expressing A3R on their membrane in
COPD, an effect not observed in asymptomatic smokers.
The role of the human adenosine A3 receptor is poorly
understood. mRNA for the adenosine A3 receptor is highest
in the central nervous system, liver, and lung [19, 20]. A
recent study showed that a ligand which combines adenosine
A2A receptor agonist and A3 receptor antagonist activity
inhibits the release of preformed granule proteins from
neutrophils [21]. Another recent study showed that the A3R
on neutrophils is additionally involved in neutrophilic
chemotaxis [22]. This is of interest since we previously
showed that the number of sputum neutrophils significantly

increased in COPD patients who successfully quitted
smoking for 1 year. The role of these neutrophils is still
not clear but theoretically they could contribute to the
enhanced adenosine levels after smoking cessation in COPD.
The exact contribution of adenosine in the persistence and
progression of the inflammatory response is further dictated
by the expression pattern of the four different adenosine
receptors.

The percentage of macrophages expressing the A1R was
increased in COPD patients after 1-year of smoking
cessation. Recently, a role for the A1R on monocytes was
described in modulation of angiogenesis [23]. The A1R-
selective agonist N6-cyclopenthyladenosine increased
VEGF production by human monocytes in vitro and
increased angiogenesis in a chicken chorioallantoic mem-
brane model. In the present study, levels of chemokines and
various growth factors were measured in sputum superna-
tant, to explain the increase in inflammation as a repair
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mechanism in the airways. Smoking cessation had a
differential effect on MCP-1 production in sputum super-
natant when comparing COPD with asymptomatic smokers.
Since this chemokine is involved in recruitment of macro-
phages, the observed relative increase in MCP-1 in COPD
with smoking cessation compared to asymptomatic indi-
viduals is in line with the previously published observation
that the number of macrophages decreases upon smoking
cessation in asymptomatic smokers, whereas it persists in
COPD [5]. RANTES levels were similar in both groups and
smoking cessation did not alter this. RANTES increases
during COPD exacerbations [24] and is involved in
chemotaxis of eosinophils. The percentage of eosinophils
decreased in both COPD and asymptomatic patients after
smoking cessation [5]. This thus could not be explained by
RANTES. We found that COPD patients had higher levels
of VEGF in sputum than asymptomatic smokers, compat-
ible with findings described by Rovina et al. [25] and other
research groups describing higher VEGF levels in sputum
of patients suffering from chronic bronchitis and lower levels
in patients with emphysema [25–27]. Cigarette smoking may
upregulate VEGF, as suggested by an acute increase of
VEGF plasma levels during smoking [28], yet we here show
that smoking cessation did not reduce VEGF levels in both
our groups.

Finally, we observed that smoking cessation decreased
levels of adenosine in asymptomatic smokers, whereas it
increased (trend) adenosine levels in COPD patients. This is
of interest and in line with the observation that a number of
inflammation markers significantly decreased in asymptom-
atic smokers who successfully quitted smoking while the
number of sputum neutrophils, lymphocytes, interleukin-8,
and eosinophil-cationic-protein levels significantly in-
creased in COPD patients who successfully ceased smoking
for 1 year [5].

Conclusions

We have shown that COPD patients respond significantly
different to smoking cessation than asymptomatic smokers
with respect to adenosine production and adenosine receptor
expression. Our results may indicate that adenosine-related
effector mechanisms are involved in the persistence and
progression of the inflammatory response in COPD follow-
ing 1-year smoking cessation.
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Abstract To date, the most recent specific diagnostic
investigations for amniotic fluid embolism have been unable
to conclusively identify any mechanism of disease other than
a physical block to the circulation. We selected eight fatal
cases in previously healthy women with uneventful singleton
term pregnancies who presented to tertiary care centers in
Italy for delivery. Pathologic features were assessed immu-
nohistochemically using anti-fibrinogen, anti-tryptase, anti-
C3a, and anti-cytokeratin antibodies. AE1/AE3 cytokeratin
stains proved positive, and tryptase-positive material was
documented outside pulmonary mast cells. In all studied
cases, expression of complement C3a was twofold lower than
in the control group, suggesting a possible complement
activation in AFE, initiated by fetal antigen leaking into the
maternal circulation.

Keywords C3a . Complement activation . Tryptase .

Cytokeratin . Amniotic fluid embolism

Introduction

Amniotic fluid embolism (AFE) is a rare and severe
obstetric emergency with an incidence ranging roughly
from 1/600 to 1/120,000, but the best estimate of 1/20,000
pregnancies comes from a population based study using

hospital discharge diagnoses [1–3]. Traditionally thought to
be 90% fatal, with maternal survival casting doubt upon the
diagnosis, the population-based study found a mortality rate
of 26% [3, 4]. The reported case fatality rate is between 22
and 86% [5–7]. Although its pathophysiology remains
unclear, it has been postulated that amniotic fluid and fetal
debris enter the maternal circulation causing pulmonary
embolism and cardiorespiratory collapse [8]. This syn-
drome classically occurs acutely during or soon after labor
with a wide array of clinical manifestations that resemble
both embolism and anaphylaxis [8]. The diagnosis is
essentially one of exclusion based on clinical presentation
or traditionally made at autopsy in fatal cases upon
identification of fetal squamous cells in the maternal
pulmonary circulation [9]. Since the first descriptions of
AFE, its post-mortem diagnosis had previously been based
on the evidence of squamous cells or debris in the
pulmonary artery vasculature [10]. The inadequacy of
routine staining methods has improved with the use of
histochemical [11] and immunohistochemical [12–17]
techniques for a correct diagnosis [18, 19]. The high degree
of variability in symptoms, the lack of characteristic
findings from radiological examination, the absence of a
dose-response effect on symptoms, and the occasional
occurrence of coagulopathies are not entirely consistent
with a physical block to the circulation as the main
mechanism of disease. Alternatively, it might be the result
of complement activation initiated by fetal antigen leaking
into the maternal circulation.

To verify this hypothesis, we report eight fatal cases of
AFE as confirmed by clinical course and post-mortem
examination, particularly focusing on new pathophysiologic
hypothesis testing immunohistochemical techniques such as
anti-tryptase and anti-C3a.
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Material and methods

We selected eight fatal cases in previously healthy women
with uneventful singleton term pregnancies who presented
to tertiary care centers in Italy for delivery. The clinical
course of all the women was complicated by the abrupt
onset of very different clinical signs. In all cases prompt
resuscitation and appropriate multidisciplinary treatment
were unsuccessfully given. Autopsies were performed
36–48 h after death and bilateral samples of pulmonary
tissue were collected according to standard criteria (a
sample of each lobe and a perihilar sample). All specimens
were fixed in formalin and embedded in paraffin. Patho-
logic features were assessed using histologic sections
stained with hematoxylin–eosin, (H&E) and modified
alcian green-phloxine tartrazine (Attwood’s stain). Alcian
blue stain (for acid mucosubstances and acetic mucins) was
used to confirm the presence of amniotic fluid in pulmonary
vessels. In addition, immunohistochemical investigation of

samples was performed utilizing anti-fibrinogen, anti-
tryptase, anti-C3a, and anti-cytokeratin. We used 4-μm
thick paraffin sections mounted on slides covered with 3-
amminopropyl-triethoxysilane (Fluka, Buchs, Switzerland).
Pretreatment was necessary to facilitate antigen retrieval
and to increase membrane permeability to antibodies: for
fibrinogen, enzymatic digestion with Proteinase K in
20 mM Tris-HCl, pH 8.0 for 15 min (temperature 20°C);
for tryptase, enzymatic digestion with Proteolytic Enzyme
(Dako, Copenhagen, Denmark), for 5 min (temperature 20°
C); and for C3a and cytokeratin, boiling in 0.25 mM EDTA
buffer (Microwave 640 Watt, two 7-min cycles). The
primary antibody was applied in a ratio of 1:3,000 for
fibrinogen, 1:1,000 for tryptase, 1:500 for C3a, and 1:50 for
cytokeratin, and incubated for 120 min at 20°C. The
detection system utilized was the LSAB + kit (Dako,
Copenhagen, Denmark), a refined avidin–biotin technique
in which a biotinylated secondary antibody reacts with
several peroxidise conjugated streptavidin molecules. The

Fig. 1 a Evidence of fetal squamous cells, lanugo hairs, vernix
caseosa, in the pulmonary artery vasculature (H&E, 200×). b Fetal
squames (arrows) are in blue with Alcian blue stain (100×). c, d AE1/

AE3 cytokeratin stains on the lungs showed intense intravascular
positivity of fetal squamous cells (arrows)
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positive reaction was visualized by 3,3-diaminobenzidine
peroxidation, according to standard methods. The sections
were counterstained with Mayer’s hematoxylin, dehydrated,
coverslipped and observed in a Leica DM4000B optical
microscope (Leica, Cambridge, UK). The samples were
also examined under a confocal laser scanning microscope
(CLSM True Confocal Scanner, Leica TCS SPE).

The control group consisted of six women whose death
was clearly caused by trauma during pregnancy.

Results

Information regarding previous pregnancies were not
available in the FIVE multiparous women. Medical
histories included only three women with a history of
allergy and two women with a BMI>25 Kg/m2. The most
frequent peripartal symptoms were tachycardia and shock
(62.5%), followed by bradycardia and coma (37.5%). The
interval between onset of labor and symptoms ranged

between 0.4 and 7.5 h (average time 3.75 h). All the women
died within 7 h of onset of the symptoms.

External examination of the bodies gave no significant
findings. Frequent findings at autopsy included pulmonary
edema, congestion, and focal atelectasis. In six cases,
cardiac and subpleural blood extravasation and extensive
soft tissue blood accumulation were detected around
operative and intravascular catheter insertion sites. In three
cases, surgical incisions of the uterus were observed. Other
organs were unremarkable upon gross examination, except
for cerebral and pulmonary edema. In the six cases with
clinical symptoms referred to DIC, subpleural and sub-
epicardial hemorrhages and microthrombi in pulmonary
septal capillaries and in small cerebral and renal vessels
were observed. Microscopic examination of uterus samples
was unremarkable. The other organs showed changes
consistent with prolonged hypotension and anoxia. Routine
histological examination of lung samples revealed the
presence of fetal squames and debris in pulmonary vessels
(Fig. 1a), acute emphysema, focal atelectasis, and pulmo-

Fig. 2 Confocal laser scanning microscope: a Lanugo hairs and nuclei of fetal squamous cells are clearly visible (arrows). b, c Mucin fluoresced
(in red) in the pulmonary artery vasculature and d in capillary septa (arrows)
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nary edema. With special stains (Alcian blue and Attwood
modified), squamous cells and mucin (Fig. 1b) were clearly
evident. AE1/AE3 cytokeratin stains of the lung tissue
showed intense intravascular positivity (Fig. 1c, d). Exam-
ination of the lung tissue samples under the confocal laser
microscope showed fluorescence of mucin and lanugo hairs
(Fig. 2a–d). An elevated number of pulmonary mast cells
were identified by immunohistochemistry in the bronchial
walls and capillary septa in all eight cases. A halo of
tryptase positiveness around the mast cells (Fig. 3a–c)
indicated mast cell degranulation and a great number of
degranulating mast cells with tryptase-positive material was
documented outside the cells using the CLSM technique
(Fig. 4). The serum tryptase level was tested in one case
with a result of 47.2 ng/ml (post-mortem normal value
≤40 ng/ml).

Levels of complement C3a were twofold lower in these
AFE cases than in control cases, suggesting a possible
complement activation in AFE (Fig. 5). These results

(Table 1) offer a convincing argument for obtaining acute
plasma and serum samples in suspected AFE cases.

Toxicological analysis was performed in all cases and
the results were negative for drugs of abuse; in six cases
they showed the presence of substances consistent with
iatrogenic administration for anesthesia and pain control
and/or resuscitation efforts.

Discussion

Our study suggests a diagnostic immunohistochemical
approach based on recent clinical hypotheses about AFE
[4]. The clinical course with AFE is far more variable than
that seen with pulmonary embolism, suggesting that the
mechanism may not be limited to physical pulmonary
vessel obstruction. It should be emphasized that an immune
mediated constriction of the pulmonary arteries can produce
many of the same physiologic effects as a physical

Fig. 3 a–c Degranulating mast cells (starry effect) with tryptase-
positive material outside the cells. A halo (golden reaction) of tryptase
positiveness around the mast cells reveals evidence of mast cell

degranulation (Ab anti-tryptase). d Control case with negative reaction
outside the cells (Ab anti-tryptase)
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obstruction [20, 21]. Coagulopathy and neurologic symp-
toms can occur in isolation or in advance of cardio-
respiratory symptoms. A physical obstruction of the
pulmonary vasculature with fetal debris cannot explain
these clinical observations. Physical obstruction of the
pulmonary vasculature as seen in pulmonary embolism
does not explain the complement activation or tryptase
release that has been reported. These findings directly
implicate an immune mechanism, not observed in pulmo-
nary embolism [4].

Conventional wisdom describes the efflux of amniotic
fluid components into maternal vasculature as driven by a
pressure or electrochemical gradient through lacerations in
the lower uterine segment, endocervical vessels, and
placental site [22]. Plugging of the cervical vasculature by
amniotic fluid elements has been described, although the
mechanism by which this leads to AFE is unclear [23].
Amniotic fluid contains various concentrations of fetal
squamous epithelial cells, lanugo hair, vernix, mucin, zinc

coproporphyrin, prostaglandins, and platelet activating
factor. One possible mechanism of disease includes the
effect of direct procoagulant substances found in amniotic
fluid on maternal systems. The presence of vasoactive
substances, such as platelet activating factor, in the placenta
and amniotic fluid has been shown to cause increased
vascular permeability, bronchoconstriction, platelet aggre-
gation, recruitment of leukotrienes, cytokines, and throm-
boxanes, and the cascade of prostaglandin production [23–
26]. Review of all published data on the hemodynamics of
the syndrome indicates early transient pulmonary hyperten-
sion [27]. The use of endothelin antagonists or nitric oxide
in experimental models may shed some light on the
pathophysiology of the condition and lead to therapeutic
manipulations of the condition [21]. Currently, there is no
suitable animal model for amniotic fluid embolus secondary
to the limitations of autologous amniotic fluid [28].
Laboratory testing for the fetal antigen sialyl-Tn has shown
some diagnostic value with AFE [20, 23, 29, 30]. Sialyl-Tn

Fig. 4 a, b Capillary septa: evidence of degranulating mast cells
(starry effect) with tryptase-positive material outside the cells. c, d
Degranulating mast cells (same as in a, b) with tryptase-positive

material (in red and in white, respectively) outside the cells
documented by confocal laser scanning microscope technique
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is a fetal antigen present in meconium and amniotic fluid
detected most accurately with the TKH-2 monoclonal
antibody [17, 20]. In addition, special immunohistochem-
ical stains for the presence of fetal antigen in lung tissue
were positive in women who had a history of AFE, and
seven out of nine women diagnosed with AFE had elevated
serum levels of fetal antigen compared with control subjects
[30]. An anaphylactic or complement activation reaction to
sialyl-Tn may explain the mechanism of the disease [23].
Complement activation was found along with high levels of

sialyl-Tn; levels of complement C3 and C4 were twofold to
three times lower than normal [29]. When these markers
were used for evaluation of anaesthesia-induced allergic
anaphylaxis, however, similar results were found [23, 29,
31]. An alternative immunologic mechanism for AFE
involves the possibility of anaphylaxis with massive mast
cell degranulation, independent of antigen antibody-
mediated classic anaphylaxis. In early studies, immunohis-
tochemical staining in post-mortem cases of AFE revealed
high numbers of mast cells in the pulmonary vasculature
[19]. Tryptase has been examined as a factor involved in
anaphylaxis because it is specific to mast cells and has a
longer half-life than histamine. Since tryptase is a mediator
stored together with histamine and proteoglycan in the
secretory granules of mast cells, the degranulation of mast
cells is accompanied, either in immunological or non-
immunological activation, by the release of this enzyme. Its
localization in secretory granules is initially indicated by its
release, together with histamine, from immunologically
activated mast cells previously dispersed in human lung

Fig. 5 a–c Weak expression of complement C3a in all AFE cases; d moderate expression in control case

Table 1 Complement C3a, tryptase release and cytokeratine
responses in heart specimens

Antibody AFE Group Control group

Complement C3a + ++
Tryptase release ++++ −
Cytokeratine ++++ −

Staining pattern is categorized as absent (−), weak (+), moderate (++),
intense (+++), or strong (++++)
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tissue [32]. In one study using serum tryptase and urinary
histamine concentrations as markers for mast cell degran-
ulation, no difference was found between women who had
a history of AFE compared with control subjects [29].
Other investigators, however, found elevated tryptase levels
in women who had AFE, but these values were compared
with nonpregnant control subjects [33, 34]. Of note, in
some cases where complement is involved in classic
antibody-antigen anaphylaxis, mast cell degranulation can
occur [4]. The studies evaluating serum tryptase levels in
AFE cases did not simultaneously measure complement
levels [23, 33, 34].

One report postulates that an attempt should also be made
to quantify the size of the embolus since not all amniotic fluid
embolisms are fatal [35], even though no relationship has
been demonstrated between the severity of the clinical
features and the amount of particulate material in the lungs
and even less so with the actual volume of embolized fluid
[36]. The presence of squamous cells in the maternal
pulmonary artery circulation is no longer considered patho-
gnomonic [37] and the introduction of amniotic fluid into the
maternal circulation holds pathogenic characteristics of AFE
only in certain situations tied to particular components of this
fluid [26]. In a small percentage of women this exposure
causes a pathological complex resulting, in many cases, in the
death of the patient. The clinical variability of the onset of
AFE can be compared with the antigenic variability of the
amniotic fluid and with individual reactions similar to other
anaphylactic or anaphylactoid reactions [1, 38]. A hypothesis
has been put forward that AFE may have an underlying
immunologic source involving the presentation of pregnancy-
associated antigen in the maternal circulation. Amniotic fluid
leakage into maternal circulation per se seems an unlikely
cause given the absence of a satisfactory animal model, the
variable timing of symptoms after the supposed ‘leak’ and the
highly variable presentation of patients. A more feasible
attractive hypothesis could be an immunologically mediated
response to the same type of pregnancy-associated antigen
leaking into the maternal circulation [1]. Thus, new labora-
tory tests are needed, such as the serum tryptase levels, which
should provide scientific support for the presumed immuno-
logical mechanism of AFE [39]. Although the serum tryptase
analysis is totally reliable when performed during a clinical
course [40], a post-mortem comparison of tryptase values is
discordant since the blood samples are collected at the
autopsy many hours after death [41].

In our study, we searched for complement activation too.
While complement activation appears to be a frequent
occurrence in AFE, the question remains as to whether it is
the primary mechanism of the disease. In addition to the
need to evaluate more patients with AFE, a new control
group of critically ill pregnant women needs to be assessed
for complement activation [4]. Our retrospective study does

not allow for final conclusions but C3a appears involved in
our cases. The semiquantitative differences between control
groups and AFE must be further studied with a large cohort
group in order to better understand the significance of the
data. According to Benson, this hypothesis leads to
predictions that can be tested in humans: (1) complement
levels will be consistently depressed in AFE patients and
not in parturients seriously ill from other conditions. It has
already been established that significant complement
activation is not a physiologic aspect of birth. (2) It might
be possible to identify immune complexes in the circulation
or tissues of patients with amniotic fluid embolism. Though
difficult in practice, the inciting antigen might be identified
through analysis of the immune complexes (if present). (3)
There may be characteristic patterns in HLA typing seen in
maternal–fetal pairs experiencing amniotic fluid embolism.
Alternatively, there may be abnormalities in the amounts or
type of HLA antibodies in the circulation of women with
the disease [4].

In conclusion, to date no single laboratory or clinical
findings can be used to diagnose or exclude AFE. There is
still no routine specific diagnostic scheme that can be used
to diagnose AFE, but some tests may support diagnosis
[42]. The diagnosis of AFE is one of exclusion and mostly
presumptive; it is made on the basis of the clinical
presentation of a woman in labor or within 48 h of delivery.
Post-mortem diagnosis was previously based on the
presence of squamous cells or debris in the pulmonary
artery vasculature; the inadequacy of routine staining
methods has improved with the use of histochemical and
immunohistochemical techniques for a correct diagnosis
[18]. A validation of our proposed laboratory tests, allows
the pathologist to obtain a more reliable diagnosis of AFE,
confirming that the term amniotic fluid embolism appears
to be a misnomer and should be discarded and the
syndrome of acute peripartum hypoxia, hemodynamic
collapse and coagulopathy should be hereafter described
as anaphylactic or anaphylactoid pregnancy syndrome [38].
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Abstract Sessile serrated adenomas are now recognised as
precursor lesions of a substantial subset of colorectal cancers
arising via a so-called “serrated pathway”. However, their
biological markers remain to be defined. The aim of our study
was to identify differentially expressed genes in sessile
serrated adenomas and conventional adenomas. Gene expres-
sion analysis demonstrated molecular differences between
polyp types. Further studies using quantitative real-time
polymerase chain reaction on cathepsin E (CTSE) demon-
strated a significantly (p<0.05) higher expression in sessile
serrated adenomas as compared to hyperplastic polyp and
tubular adenomas. Trefoil Factor 1 showed the same trend of
expression for sessile serrated adenomas as compared to
hyperplastic polyps and was significantly higher in both
polyps compared to tubular adenomas. Immunohisto-

chemistry for both proteins demonstrated strong cytoplasmic
staining of abnormal crypts in all sessile serrated adenomas,
while staining in tubular adenomas and hyperplastic polyps
was absent or weak and focal. BRAF and KRAS mutation
analysis were employed to further validate polyp discrimi-
nation. The findings demonstrated the positive association of
the BRAF mutation, V600E, with sessile serrated adenomas
and KRAS mutations with tubular adenomas (p<0.05). This
study demonstrates the over-expression in CTSE, in partic-
ular, and TFF1 in sessile serrated adenomas compared to
both hyperplastic polyps and tubular adenomas.
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Introduction

The traditional view that all colorectal cancers (CRC) arise
via the adenoma–carcinoma sequence and that the conven-
tional adenoma is the sole precursor of CRC is no longer
valid. The existence of an aggressive variant of hyperplastic
polyp (HP) emerged from studies of so-called “serrated
polyps” of the colorectum and their relationship to micro-
satellite unstable CRC as well as DNA methylation in
colorectal lesions [1–7]. In earlier studies from the Jass
group, these polyps were called “sessile serrated polyps”
with reference to their endoscopic configuration and
microscopically observed serration of the surface epithelium
[4, 8, 9]. The currently preferred term for this polyp, “sessile
serrated adenoma” (SSA), signifies its neoplastic nature and
was recently introduced by Torlakovic and colleagues [10].
While the malignant potential of traditional serrated adeno-
mas (SA), a related polyp type, has been known for almost
three decades, SSAs were grouped with hyperplastic polyps
and regarded as innocuous, non-neoplastic lesions with no
potential for malignant transformation [11].

SSAs belong to a group of serrated polyps including
HPs, mixed hyperplastic/adenomatous polyps (MHAP) and
traditional SAs. HPs are thought to be innocuous lesions;
however SSAs, along with MHAPs and SAs, are now
recognised as precursors of a substantial subset of colorec-
tal cancers arising via the so-called “serrated pathway” [2,
4, 9, 12]. A small proportion of CRC arising through this
pathway demonstrate glandular serration reminiscent of
their precursor lesion and are designated “serrated adeno-
carcinomas” [13–15]. Interestingly, serrated adenocarcino-
mas show a distinct gene expression profile which provides
molecular support for their separation from conventional
colorectal adenocarcinoma into a separate CRC subtype
[14, 15]. Mutation in the BRAF gene (V600E) has been
suggested as a specific marker for a serrated polyp pathway
[16, 17] and has been shown to be a potential discriminator
of SSAs and other polyp types on a molecular level [18,
19].

Recognition of the malignant potential of SSAs under-
scores the necessity of accurate pathological diagnosis of
these lesions, which may pose diagnostic difficulties [12,
20–22]. Usual HPs have no associated cancer risk, but their
differentiation from SSAs may be problematic particularly
with early, small lesions and with small, endoscopically
obtained samples. Despite substantial progress being made
in the study of SSAs, identification of objective morpho-
logical risk factors and biomarkers by their characterisation
on a molecular level still remains to be explored.

The aim of our study was to identify differentially
expressed genes in SSAs and tubular adenomas (TAs) using
cDNA and oligonucleotide microarrays and to validate these
results with quantitative real-time polymerase chain reaction

(QRT-PCR) and immunohistochemistry (IHC). The valida-
tion component of our study also included a group of HPs.

Materials and methods

Expression microarray analysis

Patients and polyp samples

Polyp samples were obtained from surgical resection
specimens, resections for cancer or endoscopically unre-
sectable benign lesions. The fresh specimens were exam-
ined and sampled in theatre immediately after resection or
in the pathology laboratory within 30 min of resection.
Specimens were transported to the laboratory on ice.

Halves of the polyps were immediately snap frozen in
liquid nitrogen. The other halves were formalin fixed and
paraffin embedded, then routinely processed and stained
with haematoxylin and eosin (H&E). Frozen halves of the
polyps selected for the study were further verified histo-
logically prior to RNA extraction. The polyp tissue was
fixed in RNAlater-ICE (Ambion) at −20°C for 24 h. A
small portion of tissue was then fixed in formalin, paraffin
embedded and sections stained with H&E. The remaining
polyp tissue was used for RNA extraction.

Normal colonic mucosa from four colorectal resections
for non-neoplastic conditions were used for the preparation
of a pooled, normal reference RNA. The samples were
collected, processed and histologically verified in a similar
manner to the polyp tissues.

Selection criteria for SSAs and TAs

The diagnostic criteria for SSAs were based on the recently
published criteria relying mainly on polyp architecture [10,
23, 24]. The architectural features which were assessed
included crypt branching, horizontal dilatation of basal
crypts and presence of serration at the base of the crypts.
Polyps were classified as SSAs when at least two of these
features were present.

As small SSAs may have overlapping histological
features with traditional HPs, only lesions with a sessile
configuration and a diameter of 10 mm or more from the
right colon (up to the splenic flexure) were included. Only
non-dysplastic polyps were included.

Standard histological criteria for diagnosis of TAs were
applied. Only polyps from the left colon and rectum with
pedunculated configuration, tubular architecture and low-
grade dysplasia were included.

Patients known or suspected to have familial adenoma-
tous polyposis or hereditary non-polyposis colorectal
cancer syndromes were excluded.
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Microarray hybridisation and analysis

Total cellular RNA was harvested with Trizol (Invitrogen,
Carlsbad, CA, USA) and further purified with the RNeasy
RNA purification kit (Qiagen, Valencia, CA, USA). cDNA
was generated using 25–40 μg total RNA as a template and
primed with PolyT(V)N (4.0 μg) and random hexamers
(1.0 μg, Amersham, UK). cDNA was labelled with Cy5
or Cy3 dyes using the Cy-Scribe post-labelling kit
(Amersham) as per the instructions. Labelled cDNA was
hybridised to microarray slides printed with the CompuGen
Human OligoLibrary (Compugen Human Oligo Library
(v1) containing 18861 60-mer oligonucleotides, represent-
ing approximately 16,000 unique genes) by the Adelaide
Microarray Centre (Australia). Slides were scanned using a
GenePix 3000B scanner (Axon Instruments, Sunnydale,
CA, USA), and the Spot package (CSIRO, Australia) was
used to identify spots and estimate fore- and background
intensities (using a morphological opening background
estimator) [25, 26]. Data analysis was performed in R
(http://www.r-project.org) using the Limma package of
Bioconductor [27, 28]. Loess print tip method was used to
correct for dye-bias and intensity within each group of
adjacent spots printed by one pin [29]. Linear modelling
was performed with the Limma package of Bioconductor
[28].

QRT-PCR

Patients and polyp samples

Polyps used in the QRT-PCR study were endoscopically
removed and immediately placed in RNAlater at room
temperature for at least 3 h. A small portion of the tissue
was shaved from the lesional tissue and stored at-86°C
prior to RNA extraction. The main bulk of polyps was
placed in formalin, routinely processed, embedded in
paraffin, and H&E sections were examined histologically.
Diagnostic criteria for SSAs and TAs were the same as for
the microarray study. An additional group of polyps with
typical endoscopic and histologic appearance of traditional
HPs was included into the study. Pooled RNA extracted
from normal colonic mucosa obtained from six fresh
surgical resection specimens of unrelated patients was used
as a control.

Total RNA was prepared, including column DNase
digestion using the QIAGEN RNeasy Plus Mini Kit
(Qiagen) according to the manufacture’s instructions.
RNA integrity and concentration was assessed using the
Agilent BioAnalyzer; any samples with integrity readings
below 7 were excluded.

First-strand synthesis and QRT-PCR were carried out in
a one-step reaction using the iScript™ One-Step RT-PCR

kit with SYBR® Green (Bio-Rad), on the iQ5 Bio-rad real-
time instrument. Briefly, a 25 μl reaction volume contained
1× SYBR® Green RT-PCR reaction Mix, 10 ng of template
RNA, 70 nM of each forward and reverse primers and
0.12 U/μl of iScript Reverse Transcriptase. First-strand
synthesis took place at 50°C for 10 min followed by a
polymerase activation and denaturation step of 95°C for
5 min. After which, 40 cycles of 95°C for 10 s and 60°C
annealing for 30 s was performed. All reactions were
performed in triplicate.

Two of the most differentially expressed genes identified
in the microarray study (trefoil factor 1 (TFF1) and cathepsin
E (CTSE)) were selected for further analysis with QRT-PCR.

The following primer pairs were used: glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; as a control gene)
forward primer 5′gagtcaacggatttggtcgt3′ and reverse primer
5′gacaagcttcccgttctcag3′, TFF1 forward primer 5′tttggagca
gagaggagg3′ and reverse primer 5′ttgagtagtcaaagtcagag
cag3′ and CTSE forward primer 5′gaggcactgttatgttctgc3′
and reverse primer 5′attcccacggtcaaagactg3′.

To avoid amplification of genomic DNA, primers were
designed to span across two exons. Primers were optimized,
and a melt curve analysis was performed to ensure
specificity. The cycle threshold value was used to calculate
the normalised expression of CTSE and TFF1 for each
sample using software provided with the iQ5 Bio-Rad real-
time machine.

Data analysis

Using a nonparametric approach, Kruskal–Wallis and
Mann–Whitney U tests were employed to identify whether
statistically significant differences exist between the three
groups (SSA, HP and TA) with respect to CTSE and TFF1
expression. Results were significant for p<0.05.

Immunohistochemical analysis

Patients and polyp samples

Automated immunohistochemistry, using commercially
available monoclonal antibodies for CTSE (R&D Systems,
Minneapolis, cat. no. AF1294) and TFF1 (ZYMED, S. San
Francisco, CA, USA, cat. no. 18-0162) was performed on
the samples used in the initial QRT-PCR experiment and a
further 56 samples of SSA, 70 HP and 80 TAs, to assess the
protein expression of the two most up-regulated genes
identified from the microarray analysis. The additional
samples were obtained from colorectal resection specimens
and polyps randomly selected during diagnostic service at
our laboratory.

Sections (4 μm) of paraffin wax embedded tissue were
cut, mounted on coated slides, de-waxed and rehydrated by
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Table 1 Microarray gene list

Gene name (abbreviation) Genbank accession no. SSA/TA TA/reference SSA/reference

Trefoil factor 1 (breast cancer, estrogen-inducible sequence) NM_003225 8.0862 0.8523 6.8915
Cathepsin E NM_001910 6.58377 1.079 7.1037
Dehydrogenase/reductase (SDR family) member 9 NM_005771 4.21602 0.341 1.4377
Glucosaminyl (N-acetyl) transferase 3, mucin type NM_004751 4.10193 0.3267 1.3402
Mucin 17 AK026404 3.82734 1.2367 4.7333
Alanyl (membrane) aminopeptidase
(aminopeptidase N, aminopeptidase M,
microsomal aminopeptidase, CD13, p150)

NM_001150 3.44025 0.2311 0.7949

SIB 276 intestinal mucin (MUC3) AF007190 3.15686 0.576 1.8184
Carcinoembryonic antigen-related cell adhesion molecule 6
(non-specific cross-reacting antigen)

NM_002483 3.01516 0.9512 2.8679

Meprin A, alpha (PABA peptide hydrolase) NM_005588 2.99876 0.2544 0.7628
Keratin 19 pseudogene AB041269 2.81968 0.4519 1.2743
Mucin 3A, intestinal M55406 2.65625 0.6015 1.5977
Keratin 19 NM_002276 2.50372 0.6531 1.6352
BENE protein U17077 2.44577 0.4155 1.0163
Pregnancy-specific beta-1-glycoprotein 3 M23575 2.4352 0.4173 1.0162
Sulfotransferase family, cytosolic, 1C, member 1 NM_001056 2.41344 1.2228 2.9511
Mucin (MUC3) AF007193 2.35851 0.7968 1.8792
Hydroxysteroid (17-beta) dehydrogenase 2 NM_002153 2.35208 0.4379 1.03
Hypothetical gene supported by AK026328 AK026328 2.10019 0.5485 1.1519
Basic helix–loop–helix domain containing, class B, 3 AJ270695 2.04739 0.8079 1.6541
Malic enzyme 1, NADP(+)-dependent, cytosolic NM_002395 2.00635 1.2406 2.4892
Syndecan binding protein (syntenin) 2 NM_015685 1.94829 0.486 0.9468
2′,5′-Oligoadenylate synthetase 1, 40/46 kDa NM_016816 1.93248 0.7436 1.437
Retinoic acid receptor responder (tazarotene induced) 3 NM_004585 1.899 0.7205 1.3683
Annexin A1 NM_000700 1.87712 1.1888 2.2315
Homo sapiens clone 24659 mRNA AF070569 1.83507 0.51 0.9359
Carboxylesterase 2 (intestine, liver) NM_003869 1.81334 0.358 0.6491
Solute carrier family 6
(neurotransmitter transporter, creatine), member 8

NM_005629 1.81253 0.6228 1.1289

Solute carrier family 9
(sodium/hydrogen exchanger), isoform 3 regulator 1

NM_004252 1.77325 0.5543 0.9829

Transmembrane 4 superfamily member 1 X75684 1.76336 1.4805 2.6106
MAX dimerization protein 1 NM_002357 1.7493 0.5571 0.9746
Lupus brain antigen 1 AB002340 1.7462 0.5144 0.8983
Amiloride binding protein 1
(amine oxidase (copper-containing))

NM_001091 1.73996 0.5232 0.9103

Collagen, type XVII, alpha 1 NM_000494 1.73622 0.7918 1.3747
Xanthine dehydrogenase NM_000379 1.73589 0.6759 1.1732
Mucin and cadherin-like NM_017717 1.69113 0.4702 0.7951
Solute carrier family 22
(organic cation transporter), member 18

NM_002555 1.67613 0.7613 1.276

Cathepsin G NM_001911 1.66915 1.0134 1.6915
Transmembrane protease, serine 2 NM_005656 1.65278 0.5928 0.9797
LIM domain only 4 NM_006769 1.65052 0.9388 1.5495
Interleukin 2 receptor, gamma
(severe combined immunodeficiency)

NM_000206 1.64826 0.6583 1.0851

Sphingomyelin phosphodiesterase 1, acid lysosomal
(acid sphingomyelinase)

NM_000543 1.64106 0.6306 1.0349

Polymerase (DNA-directed), delta 4 AF179890 1.64078 0.6742 1.1062
Aminoacylase 1 NM_000666 1.63734 1.0587 1.7335
Tissue inhibitor of metalloproteinase 2 NM_003255 1.63344 0.7029 1.1482

Monoglyceride lipase NM_007283 1.62443 0.555 0.9016

SH3 domain binding glutamic acid-rich protein like 3 AF304163 1.61052 0.977 1.5735

LIM domain 7 AF174600 1.60782 0.8544 1.3738
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routine techniques. Microwave antigen retrieval was
performed in 10 mM citrate buffer (pH 6) for 15 min.
After cooling to 30°C, the sections were incubated for
60 min at room temperature with primary monoclonal
antibodies (dilutions: CTSE 1:100, TFF1 1:200). The
polymer systems MACH4 (TFF1) or ADVANCE™HRP
(CTSE) (DakoCytomation PTY LTD.) which employ
diaminobenzidine were used as detection systems. Coun-
terstaining was performed using Meyer’s haematoxylin.

CTSE and TFF1 immunostaining was scored as nega-
tive, weakly positive (focal staining limited to the surface
epithelium and upper portion of crypts) and strongly
positive (strong staining extending to the base of crypts).
Positive staining of colonocytes in lymphoglandular bodies
served as internal control. Appropriate negative controls
were performed for each batch of slides.

KRAS and BRAF mutation screening

DNA was prepared from tumour tissue macrodissected
from formalin-fixed and paraffin-embedded (FFPE)
slides using the QIAamp DNA FFPE Tissue kit
(Qiagen). Screening for mutations in codons 12 and 13
of the KRAS gene was performed using a multiplex
assay as described by Di Fiore et al. [30]. The V600E
mutation in the BRAF gene was detected using a single-
nucleotide primer extension assay comparable to the
KRAS assay. Portion of exon 15 of the BRAF gene
encompassing the V600E mutation was amplified, and
the V600E mutation was detected using a SNaPshot
multiplex kit (Applied Biosystems) and a specific primer
(C5TGATTTTGGTCTAGCTACAG). All reactions were
run on a 3730 capillary sequencer (Applied Biosystems),
and results were analysed using GeneMapper software
version 4.0 (Applied Biosystems).

Results

Microarray

Microarray analysis was performed on 13 SSAs and 11
TAs. SSAs were from four men and nine women (mean age
of 75), and TAs were from five men and six women (mean
age of 72). Samples were directly hybridised to each other
(SSA versus TA; matched, where possible, for sex and age)
or to a pooled normal control (SSA versus control, TA
versus control). A linear model [28] was fitted to the data
bringing together the three contrasts: SSA versus control,
TA versus control and SSA versus TA. Genes that were
differentially expressed between SSAs and TAs were
ranked on moderated t statistics [27]. As there is no
consensus on appropriate adjustment of p values in the
context of microarrays, this cutoff was chosen on a
combination of statistical and biological indicators, and a
list of the 65 genes with absolute values of t above 5.4 and
expression ratios in SSAs to TAs either below 0.8 or above
1.37 is shown in Table 1. Figure 1 graphically demonstrates
the most differentially expressed genes for each microarray
sample set.

QRT-PCR

QRT-PCR was used to investigate expression changes in
TFF1 and CTSE in 19 TAs, 16 SSAs and 15 HPs with
values normalised with the level of GAPDH. Using
Spearman’s rank order correlations, a moderate to
strong positive correlation between expression of CTSE
and TFF1 in SSAs (p<0.01), HPs (p<0.01) and TAs
(p<0.05) was found (Fig. 2).

CTSE expression was significantly up-regulated in SSAs
compared to both HPs and TAs. Also, the expression of

Table 1 (continued)

Gene name (abbreviation) Genbank accession no. SSA/TA TA/reference SSA/reference

Insulin receptor substrate 2 NM_003749 1.58909 0.9517 1.5123
Protease, serine, 3 (mesotrypsin) NM_002771 1.57572 0.7223 1.1381
Clathrin, light polypeptide (Lcb) NM_007097 1.5634 0.7902 1.2354
ERO1-like (S. cerevisiae) NM_014584 1.56069 1.1604 1.811
DKFZP564O123 protein NM_014043 1.54253 0.9399 1.4498
Dual specificity phosphatase 6 NM_001946 1.52714 0.9599 1.4659
Solute carrier organic anion transporter family, member 2A1 NM_005630 1.52197 0.6084 0.9259
Abhydrolase domain containing 2 AK000554 1.51958 1.173 1.7825
Calcium and integrin binding 1 (calmyrin) NM_006384 1.50921 0.7664 1.1567
Similar to aspartate beta hydroxylase (ASPH) NM_020437 1.50078 0.9398 1.4105
Basigin (OK blood group) NM_001728 1.49584 0.4161 0.6224
Arylsulfatase A NM_000487 1.48131 0.8368 1.2396
Protein tyrosine phosphatase, receptor type, H NM_002842 1.47661 0.6163 0.9101

Most differentially expressed genes in SSAs (n=13) compared to TAs (n=13). Genes are given in the order of highest expression
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CTSE in HPs was significantly up-regulated compared with
that of TAs. CTSE expression was found to be significantly
up-regulated in SSAs compared to normal mucosa
(p<0.0001), with 50% of samples showing a 25- to 96-
fold increase in CTSE expression. CTSE expression in
SSAs was significantly higher than in HPs (p=0.003) with
50% of samples having a 2.5- to 33-fold increased

expression compared to normal mucosa and TAs (p=0.002).
CTSE expression in TAs was not up-regulated compared to
normal mucosa (Fig. 3a).

The expression of TFF1 was significantly up-regulated
in SSAs and HPs compared with TAs (p<0.005 and
p=0.002 respectively) and normal mucosa (p<0.0001 for
both). The QRT-PCR analysis demonstrated TFF1 expres-
sion in SSAs with the middle 50% of values lying between
7.33- and 43.68-fold increases, for HP between 1.08 and
13.00 and for TA between 0.11 and 1.38. TFF1 expression
was significantly higher in both SSA and HP compared to
TA. Although TFF1 expression in SSAs did not reach a
significantly higher expression than in HPs, the same trend
as for CTSE was observed (Fig. 3b).

Immunohistochemistry

The expression microarray results were also validated by
IHC staining for CTSE and TFF1 proteins, as these two
genes were validated by QRT-PCR as being significantly
up-regulated in SSAs compared to HPs and TAs (CTSE)
and in SSAs and HPs compared to TAs (TFF1).

SSAs show strong, cytoplasmic expression of CTSE and
TFF1 within the abnormal crypts in all 72 polyps examined
(Fig. 4b, c). The staining abruptly ended in adjacent normal
non-serrated crypts, with no transition phase between
serrated and non-serrated crypts (Fig. 4c). CTSE staining
was also present within single cells and groups of

Fig. 1 Heat map showing the most differentially expressed genes for
each microarray sample set, of polyp type-versus-normal (reference)
expression. Genes are given in order of highest expression on the
vertical axis. Sample set types are given on the horizontal axis. The
expression values after normalization have been colour-coded (green
down in expression; red increased expression.)

Fig. 2 CTSE and TFF1 expression had a moderate to strong and
positive correlation for all three polyps types (SSA p<0.01, HP p<
0.01 and TAs p<0.05). As CTSE expression increased, so too did
TFF1
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colonocytes of the lymphoglandular complexes providing a
useful internal positive control for this antibody.

All TAs (99 cases) were negative for CTSE and TFF1
staining (Fig. 4h–j). Of 85 HPs tested, 82 showed weak and
focal CTSE (Fig. 4f) and TFF1 (Fig. 4g) staining of surface
epithelium and superficial portions of abnormal crypts. IHC
for the remaining three HPs showed significant background
staining. These cases were considered technical failures and
could not be critically assessed.

KRAS and BRAF mutation screening

Of the polyps used for IHC and QRT-PCR experiments, 62
had sufficient tissue available and were deemed suitable for
the assessment of KRAS and BRAF mutations. The
incidence of KRAS and BRAF mutations and their
relationship to pathological diagnosis is shown in Table 2.

Discussion

We performed gene expression profiling of SSAs, TAs and
normal colonic mucosa and validated these results with
QRT-PCR and immunohistochemistry. Our results demon-
strate over-expression of CTSE and TFF1 in SSAs
compared to HPs and TAs.

CTSE is an intracellular aspartic protease which is
predominantly present in dendritic cells of the immune
system and is implicated in antigen processing and
presentation [31]. Interestingly, CTSE has also been
demonstrated in the neoplastic proliferation of dendritic
derived cells (Langerhans’ cell histiocytosis) and related
atypical histiocytic proliferation (sinus histiocytosis with
massive lymphadenopathy) [32]. The role of CTSE in the

antigen processing function within the MHCII class
pathway has been supported not only by the presence of
this protein in human myeloid dendritic cells but also by the
demonstration of disruption of antigen processing by the
selective inhibition of aspartic proteinase in an animal
model [33]. The predicted sequence of human CTSE was
determined using gastric adenocarcinoma cell lines, and the
CTSE gene was subsequently localised on human chromo-
some 1 [34].

CTSE is expressed in 75% of gastric adenocarcinomas;
however, its prevalence depends on the histological type of
tumour. It is most frequent in diffuse gastric carcinomas
while in mucinous type is observed only in 32% [35].
CTSE has been suggested as a potential marker of human
pancreatic cancer as it was found to be present in pancreatic
ductal adenocarcinoma cells and pancreatic juice and absent
in normal pancreatic ductal epithelium [36–38]. Expression
of CTSE in uterine cervical adenocarcinomas was inter-
preted as differentiation towards gastrointestinal and pan-
creatobiliary epithelium, but CTSE was also found in the
squamous epithelium of cervical intra-epithelial neoplasia
lesions [39, 40].

The role and expression of CTSE in normal human
colorectal mucosa and epithelial tumours has not been
comprehensively investigated. CTSE positive cells have
been reported in the epithelial cells of lymphoglandular
complexes (intestinal follicle-associated epithelium) with a
majority of positive cells having M-cell morphology [41,
42]. These observations are concordant with our findings of
strong cytoplasmic expression of CTSE in scattered
epithelial cells of the lymphoglandular complexes, which
conveniently served as internal control for immunohisto-
chemistry. Protein expression of CTSE was examined by
IHC in a study primarily investigating the characteristics of

Fig. 3 Expression levels of CTSE (a) and TFF1 (b) by QRT-PCR
in SSAs, HPs and TAs, compared to normal tissue (with a mean
value of 1). Box whisker plot shows the 25th, 50th (median) and 75th
percentiles for each group, the “whiskers” represent the minimum
and maximum values. Expression levels for CTSE was significantly
up-regulated in SSAs (n=16) compared to both TAs (n=19) (p<

0.005), HPs (n=15) (p=0.003) and normal (p<0.0001) and also in
HPs compared to TAs (p=0.002) and normal (p<0.0001). TFF1 was
significantly up-regulated in SSAs and HPs compared to TAs (p<
0.005 and p=0.002, respectively) and normal (p<0.0001 for both),
and showed the same trend of expression in SSAs compared to HPs,
although not reaching significance
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Fig. 4 Sessile serrated adenoma morphology, with configuration
resembling wide mucosal fold. There is basal dilatation, branching
and horizontal orientation of abnormal crypts with excessive serration
extending to the crypt base (H&E stain) (a). CTSE in SSAs (b, c)
showed strong cyotplasmic expression which extended through the
entirety of all abnormal crypts. The absence of staining in normal
crypts contrasted strongly with adjacent positively staining serrated
crypts (c). TFF1 expression (d) was strong and extended toward the

base of abnormal crypts in all SSAs examined. Hyperplastic polyp
morphology shows straight, unbranched and elongated crypts (H&E
stain) (e). Absent or weak CTSE staining was seen in the superficial
portions of abnormal crypts in HPs (f). Similar weak superficial
staining was noted for TFF1 (g). Tubular adenomas, composed of
tubular formation crypts (H&E stain) (h), were negative for CTSE (i)
and TFF1 (j) protein
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M cells on a limited number of colorectal adenomas and
hyperplastic polyps, showing positivity in scattered
and superficial cells in seven of eight colorectal adenomas
and widespread cytoplasmic staining in four of five
hyperplastic/metaplastic polyps [42]. While there is a minor
difference with our negative results of CTSE in TAs, this
may represent methodological differences related to staining
interpretation and use of polyclonal versus monoclonal
antibodies. QRT-PCR results in our study demonstrated no
change in the expression of CTSE in TAs comparing to
normal mucosa, which supports our negative result for
protein expression of CTSE in TA tissue on immunostaining.

A more important discordance is between results of
CTSE expression in hyperplastic polyps in both studies.
The reported “widespread” cytoplasmic staining in hyper-
plastic polyps contrasts with our results but may not be
totally dissimilar. We found expression in HPs was weak
and limited mainly to the surface epithelium and upper
portions of serrated crypts, which may have been inter-
preted as “widespread” by the authors. Also, it is important
to note that, at the time of publication of that study, the
“sessile serrated adenoma” concept was evolving, and as
such, this variant of hyperplastic polyps was not generally
reported by pathologists. Significantly, the authors did not
discriminate between various subtypes of serrated or
hyperplastic polyps, and the provided photograph of
“hyperplastic” polyp included a superficial portion of crypts
and surface epithelium where expression of CTSE protein
was demonstrated in our study. More importantly, our
results of CTSE protein expression in TAs, SSAs and HPs
were concordant with results of CTSE gene expression in
RT-PCR experiments where CTSE expression was signif-
icantly up-regulated in SSAs compared to both HPs and
TAs.

In a recent animal study, semi-quantitative RT-PCR of
colonic adenomas in APCMin/+ mice found CTSE to be up-
regulated compared to normal mucosa. Furthermore, IHC
analysis showed strong CTSE staining in the mice
adenomas, whereas normal tissues showed no expression
[43]. The disparity with our results, with TAs found to have
negative CTSE expression, and those in the study by

Busquets et al. [43], may be attributed to the use of the
APCMin/+ mouse model. This specific genetic defect
accounts for all the cancers developed by this animal
tumour model, whereas, in humans there may be many
genetic reasons, environmental triggers or other predispo-
sitions which lead to the development of colorectal lesions
and/or cancer.

As was predicted by the microarray results, QRT-PCR
demonstrated the expression of TFF1 is significantly up-
regulated in SSAs and HPs compared with TAs. Although
TFF1 expression in SSAs did not reach a significantly
higher expression than in HP, the same trend as CTSE
expression was observed. IHC analysis of SSAs showed
strong, cytoplasmic expression within the abnormal crypts
of all polyps examined, with no staining in normal non-
serrated crypts. While in HPs weak focal staining was only
observed in the upper portions of serrated crypts, all TAs
were negative for TFF1.

TFF1 (pS2) belongs to the trefoil factor family and was
originally identified as an estrogen-induced protein in the
MCF-7 breast cancer cell line [44, 45]. TFF1 protein is
expressed in the mucus-secreting mucosal lining of the
gastrointestinal tract and is primarily expressed in the
stomach and colon [46, 47]. The main function of trefoil
factors including TFF1 is mucosal protection through
mucus stabilisation and stimulation of epithelial restitution
after injury [48, 49].

Up-regulation of mucosal TFF1 expression and elevated
serum levels of TFF1 in patients with inflammatory bowel
disease including ulcerative colitis and Crohn’s disease is
suggestive of TFF1 being a potential marker of disease
activity [48, 50, 51]. There is also extensive evidence of the
increased expression of TFF1 in different types of tumours.
TFF1 has been found to be over-expressed in gastric cancer
[52], colon cancer, lung adenocarcinoma and pancreatic
cancer [53–56].

The secretion of neutral mucin in hyperplastic polyps
and in chronic inflammatory bowel conditions such as
Crohn’s disease prompted the investigation of TFF1 (pS2)
in a series of 17 hyperplastic polyps [57]. This study
showed TFF1 immunostaining in the upper three quarters
of the crypts and mRNA for TFF1 signal in the upper
portions of crypts in hyperplastic polyps. While these
results are not dissimilar to our findings, it should be noted
that this study was performed when SSAs were not
recognised as a pathological entity, and some of these
polyps may, in fact, be SSAs. SSAs have evaded
pathologists over the decades, and differentiation of HPs
and SSAs is still a diagnostic dilemma in daily practice;
therefore, finding a reliable marker would be highly
desirable from a practical point of view. In a recent study
of SSAs, HPs and traditional SAs, expression of TFF1 was
not discriminatory for SSAs and HPs nor was expression of

Table 2 The incidence of BRAF and KRAS mutations and their
relationship to pathological diagnosis

Total KRAS (%) BRAF (%)

All samples 62 23 (36.5) 27 (42.9)
SSA 23 1 (4.3) 21 (91)a

HP 19 12 (63.2) 6 (31.6)
TA 20 10 (50)b 0 (0)

a Fisher’s exact test, SSA versus HP, p<0.001; SSA versus TA, p<0.001
b Fisher’s exact test, TA versus HP, p=0.049; TA versus SSA, p<0.001
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MUC6 as demonstrated by immunohistochemistry [58].
However, other authors have claimed the MUC6 protein as
being exclusively expressed in SSAs and not in HPs [59].

In an early study, TFF1 was shown to have significantly
higher expression in right-sided colorectal tumours than in
left. Also, TFF1 was found to be significantly more
expressed in mucinous tumours which were mostly located
in the right colon [60]. The current classification of SSA
and serrated pathway CRCs were not in practice in 1993. It
may be assumed that the mucinous right-sided cancers from
this study are in fact CRCs arising via the serrated pathway
from SSA precursor lesions. This correlates with our data
trend showing TFF1 expression is higher in SSAs, which
are mostly found in the right colon, than in HP found
mostly in the left, and implicates TFF1 as having a role in
the progression from SSA to CRC. This is further supported
by studies which show TFF1 expression progresses from
absent in normal colon tissue to strong expression in
premalignant cells and present but varied expression in
adenocarcinomas of the colon [53, 61]. In a recent study,
premalignant cells transduced to force the expression of
TFF1 were injected into mice. These cells obtained
tumourogenic potential and increased the speed of tumour
onset, growth rate and invasiveness of the tumours
compared to cells which were not transduced, indicating
TFF1 over-expression is a step in the early transition from
premalignant cells to neoplastic [61]. Our findings may also
indicate the increased expression of TFF1 in SSAs as a
potential marker for the transition to neoplasia.

BRAF is associated with the RAS–RAF–MEK–ERK–
MAP pathway, which is responsible for the mediation of
cellular responses to proliferation signals. The V600E
BRAF mutation (previously reported as V599E) in the
kinase domain [62, 63] mimics regulatory phosphorylation
and leads to the constitutive activation of the MAP kinase
pathway, independent of KRAS activation [64]. The
occurrence of the BRAF mutation V600E has previously
been reported as a potential discriminator of SSAs from
other polyp types [19, 65]. We have found the BRAF
mutation in 42.9% of polyps examined and 91% of SSAs
studied, which concurs with a previous finding of 43% and
81%, respectively [19]. Similarly, Chan et al. found 36% of
non-dysplastic hyperplastic polyps exhibited the V600E
BRAF mutation [66]. In addition, there were no cases of
BRAF and KRAS mutations occurring concurrently in any
of the polyps analysed, and this is supported by studies
showing that BRAF and KRAS mutations are mutually
exclusive in colorectal polyps [19, 62, 63]. We believe our
data, showing the high incidence of BRAF mutations in
SSAs (91%) and HPs (31.6%; notably, some HPs may be
small SSAs) compared to no BRAF mutations found in TAs
lends substantial weight to our morphological classification
of polyps.

In the present study, the expression of CTSE has been
shown to be significantly higher in SSAs than in HP or
TAs, and the expression of TFF1 was shown to follow the
same trend. BRAF mutations were also found to be
associated with SSAs compared to the other two groups.
We have shown CTSE and TFF1 expression to be
correlated in SSAs, HPs and TAs. While our data suggest
that expression of these proteins, CTSE in particular, and
the incidence of the V600E mutation differs amongst the
common colorectal polyp types, their discriminatory poten-
tial in a diagnostic setting remains to be further validated
and tested. Our study has demonstrated SSAs as having
molecular features which are distinct from conventional
adenomas and hyperplastic polyps.
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Abstract Congenital granular cell epulis (CGCE), a rare
benign lesion arising from the mucosa of the alveolar ridges
of the jaws in newborns, has a clinical course characterized
by lack of further growth after birth. Histomorphologically,
it resembles a granular cell tumor (GCT) of the adult. The
histogenesis of this lesion is unclear. We submitted a series
of five CGCEs to a large panel of antibodies in order to trace
the origin of the constituent granular cells. The resultant
immunohistochemical profile showed positivity of these
cells to vimentin, NKI/C3, and PGP9.5. This does not
confirm any particular cell type for the histogenetic origin of
CGCE but may rather reflect a local metabolic or reactive
change, providing supporting evidence that the lesion is of a
non-neoplastic nature. In addition, the granular cells were
non-reactive for S-100, NGFR/p75, and inhibin-α, which
further contributes to the distinction between a CGCE and
the adult GCT.

Keywords Congenital granular cell epulis . Granular cell
tumor . Immunohistochemistry . Origin

Introduction

A congenital granular cell epulis (CGCE) is a unique and
rare benign lesion arising from the mucosa of the alveolar
ridges of the jaws in newborns. This terminology was
suggested by the newest histological classification of the
World Health Organization [1], but the lesion is also known
in recent literature under a variety of names, including con-
genital epulis, congenital epulis of the newborn, congenital
granular cell tumor, congenital granular cell lesion, and
gingival granular cell tumor of the newborn.

CGCE is found almost exclusively on the alveolar
mucosa of newborns, and it occurs three times as often in
the maxilla as in the mandible. Most lesions are located in
the anterior region of the jaws. CGCE is predominantly a
lesion of females, with a male-to-female ratio of 1:10 [2].
Clinically, it usually presents as a pedunculated nodule of
less than 2 cm in size [3, 4], although larger lesions have
been reported, some even large enough to protrude from the
mouth [5–7]. Most lesions are single, but multiple lesions
may also occur on the same or different alveolar ridges
[2, 4]. Rarely, a congenital granular cell lesion may occur in
the anterior ventral surface of the tongue, either alone or
with simultaneous lesions on the alveolar ridge [8, 9].

Histologically, a CGCE is similar to a granular cell
tumor (GCT) of adults and is composed of large, slightly
eosinophilic cells with granular cytoplasm. Pseudoepithe-
liomatous hyperplasia of the overlying mucosa, which is
common in GCTs, does not, however, occur in CGCEs.

The histogenesis of CGCEs has, thus far, remained
enigmatic in spite of a vast number of immunohisto-
chemical and ultrastructural studies. Several theories have
been proposed, including origins from odontogenic epithe-
lium, fibroblasts, histiocytes, smooth muscle, nerve-related
cells, endothelial cells, pericytes, myofibroblasts, and
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undifferentiated mesenchymal cells (Table 1) [6, 10–25]. In
search of the origin of the granular cells, numerous epithelial,
myogenous, neurogenous, neuroendocrine, vascular, fibro-
blastic, histiocytic, and hormonal immunostains have been
tested. With the exception of vimentin, they were all found to
be negative in most of the studies, including the S-100
protein that is positive in GCT. Neuron-specific enolase
(NSE) was found to be positive in some studies of CGCE
[20, 22, 25–28] and negative in others [3, 21, 24, 29].

One of the main deficiencies of immunohistochemical
studies on CGCEs is due to its rarity, with most studies
having been performed on one or two lesions and only a
few on 3–5 lesions. Reaching a meaningful conclusion
from a single lesion or a very small series is invariably
difficult.

The aim of this study is twofold: to expand the present
knowledge on CGCE by reassessing the immunohisto-
chemical profile of the lesional cells in five unreported
lesions by means of new immunohistochemical markers
that have been recently used in studies of adult GCTs and
to compare the findings of CGCEs with those of adult
oral GCTs.

Material and methods

The study consisted of a series of five heretofore unreported
cases of CGCE. All the patients were females: four cases

were from the anterior maxillary alveolar ridge (Fig. 1) and
one was from the anterior mandibular ridge. The lesions
were excised between postpartum days 1–14.

The immunoreactivity of the granular cells was examined
by a panel of ten commercially available primary antibodies,
both traditional and new ones (Table 2). This extensive panel
of immunostains was chosen to determine the immuno-
profile of CGCE lesions and, in addition, to enable us to
compare it to a large series of oral GCTs, which we recently
examined using a similar panel of immunostains. Immuno-
staining was detected by using a SuperPicTure™ polymer
kit (Zymed–Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s recommendations. For negative controls,
the slides were treated with the same procedures, including
antigen retrieval, except for the application of the primary
antibodies.

Immunohistochemical stain assessment of the granular cells

Immunoreactivity was semiquantitatively scored according
to the method of Laskin et al. [30]: 0 = no detectable
immunoreactivity, 1 = 1–10% of the tumor cells are
reactive, 2 = 11–25% of the tumor cells are reactive, 3 =
26–50% of the tumor cells are reactive, and 4 = >50% of
the tumor cells are reactive. In addition, immunoreactivity
was graded according to the staining intensity as performed
by Williams and Williams [31] and Fine and Li [32]: ‘–’ =
negative, ‘+’ = weak; ‘++’ = moderate, and ‘+++’ = strong.

Table 1 Suggested cell of origin for congenital granular cell epulis according to the chronologic order of studies and means of investigation

Cell of origin Authors, year [reference] Means of investigation

Epithelial cells Kay et al., 1971 [10] EM
Undifferentiated mesenchymal cells that undergo
cytoplasmic autophagocytosis

Regezi et al., 1979 [11] EM

Pericytes Rohrer and Young, 1982 [12] EM
Histiocytes and fibroblasts Lack et al., 1982 [13] EM
Primitive mesenchymal cells with smooth muscle/
myofibroblastic differentiation

Zarbo et al., 1983 [14] EM + IHC

Fibroblasts Kameyama et al., 1993 [15] EM + IHC
Mesenchymal cells Slootweg et al., 1983 [16] IHC
Mesenchymal cells Lifshitz et al., 1984 [17] EM + IHC
Neural-related mesenchymal cells Nanthrath and Remberger 1986 [18] IHC
Myofibroblasts and fibroblasts Dastur and Manghani, 1988 [19] EM
Nerve-related mesenchymal cells Takahashi et al., 1990 [20] IHC
Myofibroblasts Tucker et al., 1990 [21] EM + IHC
Early mesodermal cells that express pericytic and
myofibroblastic features that undergo autophagocytosis

Damm et al., 1993 [22] EM + IHC

Mesenchymal cells Hoshi et al., 1995 [23] IHC
Uncommitted mesenchymal cells Filie et al., 1996 [24] IHC
Uncommitted nerve-related mesenchymal cells Ugras et al., 1997 [25] IHC
Histiocytes and fibroblasts Lapid et al., 2001 [6] EM + IHC

EM electron microscopy, IHC immunohistochemistry
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Results

Histopathological findings

The histomorphology of the five lesions was similar. The
mucosal mass was composed of closely packed, large,
rounded, and polyhedral cells with slightly eosinophilic
granular cytoplasm (Fig. 2). Non-granular, medium-sized
polyhedral cells and elongated forms were occasionally seen
(interstitial cells). The cell membranes were prominent in
most areas, while they were delicate and indistinct in others,
thereby creating an impression of syncytium. The granular
cells extended to the overlying epithelium in two lesions and
a narrow band of fibrovascular connective tissue separated
the granular cells from the surface epithelium in three
lesions. The nuclei of the cells were usually small, dark,
round-to-oval in shape, and placed somewhat eccentrically.

Some nuclei appeared to be vesicular with a well-defined
nucleolus.

A prominent and complex network of vascular channels,
ranging from small capillaries to dilated vessels, was
regularly dispersed between the granular cells. Some vessels
had well-developed walls, but the majority—even those of
fairly large caliber—were composed of a single layer of
endothelium. Two lesions exhibited perivascular lympho-
cytic and histiocytic infiltration, and some of the vessels of
these two lesions displayed reactive hyperplasia of their
endothelial lining cells. Fibrous stroma was minimally
present and appeared to be completely lacking for the most
part. Vascular channels were abundant in the pedicles.

The overlying epithelium was focally ulcerated in three
lesions. In the remaining areas and in the two non-ulcerated
lesions, the epithelium had uniform thickness, it was flat
with no rete ridges, and it was atrophic in one of them. No

Fig. 1 a A congenital granular cell epulis in the anterior maxillary alveolar ridge preventing normal closure of the mouth of a newborn; b the
lesion is pedunculated; c the excised lesion measured about 3 cm in its greatest diameter

Table 2 Source of antibodies and laboratory procedures

Antibody Manufacturer Type of antibody Antigen retrieval procedure Concentration Control tissue

Vimentin Dako A/S, Glostrup, Denmark Mouse, V-9 Citrate buffer pH=6 1:500 Malignant melanoma
S-100 Dako A/S, Glostrup, Denmark Rabbit polyclonal Protease K 0.1% 1:500 Malignant melanoma
NSE DakoCytomation, Carpinteria,

CA, USA
Mouse, BBS/NC/
VI-H14

Pressure cooker, citrate
buffer pH=6

Ready to use Pancreas

CD-68 DakoCytomation, Carpinteria,
CA, USA

Mouse, clone KP-1 Protease K 0.1% 1:100 Lymph node

CD-68 Dako A/S, Denmark Mouse, clone PG-M1 Protease K 0.1% 1:100 Lymph node
Calretinin Zymed, San Francisco,

CA, USA
Rabbit polyclonal,
ready to use

Pressure cooker, Nuclear
Decloaker*, pH=9.5

Ready to use Mesothelioma

PGP9.5 Diagnostic BioSystems,
Pleasanton, CA, USA

Rabbit polyclonal Pressure cooker, Nuclear
Decloaker pH=9.5

1:60 Adenocarcinoma
of pancreas

p75/
NGFR

Diagnostic BioSystems,
Pleasanton, CA, USA

Mouse, clone ME 20.4 Protease K 0.1% 1:50 Malignant melanoma

NKI/C3 Biogenex, San Ramon,
CA, USA

Mouse, clone AM077 Not required Ready to use Malignant melanoma

Inhibin-α ABD Serotec, Oxfordshire,
UK

Mouse, clone R1 Pressure cooker, Nuclear
Decloaker pH=9.5

1:50 Normal human testis
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lesion exhibited pseudoepitheliomatous hyperplasia or
odontogenic rests.

Immunohistochemical findings

The results obtained with the immunohistochemical markers
we used in this study are summarized in Table 3. The

granular cells were immunoreactive in a diffuse pattern with
a moderate-to-strong staining intensity for vimentin, NKI/
C3, and PGP9.5 in the specimens of all five cases (Fig. 2).
The granular cells were negative for S-100, KP-1, PG-M1,
NGFR/p75, and inhibin-α. Immunoreactivity for NSE was
observed in two cases: it was of moderate intensity and
involved most of the granular cells in one case and fewer

Fig. 2 a The lesion is lined by stratified squamous epithelium devoid of
rete ridges, and numerous blood vessels are seen throughout. The
granular cells are seen to be tightly packed, with abundant pale granular

cytoplasm (hematoxylin and eosin, original magnification ×100). The
granular cells are diffusely positive for b vimentin, c NKI/C3, and d
PGP9.5 (AEC method, original magnification ×100)

Table 3 Staining pattern (score and intensity) of the granular cells for the various immunohistochemical stains

Specimen # Vimentin S-100a,b NSE CD-68
(KP-1)a

CD-68
(PG-1)a

Calretinina,b PGP9.5 NGFR/p75b NKI/C3 Inhibin-α

1 4, +++ − − − − − 4, ++ − 4, ++ −
2 4, ++ − 3, ++ − − − 4, ++ − 4, +++ −
3 4, ++ − 4, ++ − − 3, ++ 4, ++ − 4, ++ −
4 4, ++ − − − − − 4, ++ − 3, ++ −
5 4, ++ − − − − − 2, ++ − 4, +++ −

a Positive interstitial cells
b Positive nerve bundles within the lesion
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than 50% in the other (Fig. 3). Calretinin was positive in
only one case (about 50% of the granular cells; Fig. 3).

Interstitial cells were found to be immunoreactive for
S-100, PG-M1, and KP-1, and a few of them also stained
for calretinin (Fig. 4). Sparse nerve bundles within the
lesions were usually immunoreactive for S-100, NGFR/
p75, and calretinin.

Discussion

In the past, some pathologists related to CGCEs and GCTs
as one lesion because of the similarity of the two lesions
under light microscopy [10, 11]. Further investigations with
electron microscopy and immunohistochemistry, however,
revealed new observations that support their being two dis-
tinct lesions. As such, CGCEs and GCTs are now considered
to represent separate entities based on their clinical manifes-

tation and behavior, certain histopathologic features, and
immunophenotype markers.

Clinically, a CGCE can be detected on prenatal sonogra-
phy [33]. It has been diagnosed as early as the 26th week of
gestation [34] and was found to exhibit accelerated growth
during the third trimester [35]. The lesion grows only during
the intrauterine period and ceases to grow at birth [34, 35].
There are no reports in the literature to suggest that CGCEs
increase in size after birth [2, 36]. Furthermore, there is
reported evidence that small lesions regressed during the
first year of life [36–39]. Another point of interest is that
there are no reports of recurrence of a CGCE in spite of an
incomplete excision [4, 36]. This latter observation has also
been reported in cases of GCTs [40, 41].

Histopathologically, the granular cells of a CGCE are
more tightly and homogeneously packed than those of a
GCT. The lesional margins of CGCEs are more circum-
scribed than those of most GCTs, and there is no pattern of

Fig. 3 Granular cells in some CGCEs are also positive for a calretinin and b NSE (AEC method, original magnification ×100)

Fig. 4 Interstitial cells are positive for a S-100 and b KP-1 (AEC method, original magnification ×100)

Virchows Arch (2009) 454:303–310 307



infiltration or “invasion” into the surrounding tissue, as is
often seen in GCTs [40]. The overlying epithelium of a
CGCE demonstrates stratified squamous epithelium that
lacks rete ridges and that is sometimes slightly thinned, as
opposed to the epithelium of a GCT that often shows epi-
thelial hyperplasia or even pseudoepitheliomatous hyper-
plasia. This phenomenon is never seen in CGCEs. A CGCE
is significantly more vascular than a GCT and exhibits a
prominent complex network of vascular channels that are
often dilated [12, 24, 26]. In addition, marked blood flow
could be detected by Doppler ultrasound examination
within a CGCE [34].

A vast array of immunohistochemical studies has been
undertaken in an effort to determine the profile of the
granular cells in the CGCE. These encompassed markers
from all known lines of differentiation. Table 4 summarizes
the results derived from the English-language literature of
the most common markers that have been used for this
purpose. The table includes only studies that have been
performed since 1990 as it coincides with the standardiza-
tion of the laboratory techniques of immunohistochemistry
[2, 6, 8, 20–29]. There are a total of 13 previous studies on
28 lesions and the five additional lesions from the present
study. Among the traditional markers, positive vimentin
immunoreactivity was the most frequently reported (93% of
the cases), followed by NSE (48% of the cases). Positivity
of the granular cells for macrophage markers, such as KP-1,
PG-M1, Ki-M1P (representing different CD-68 epitopes),
α1-antichemotrypsin, α1-antitrypsin, and HLA-DR, was
reported in 12–37% of the cases [24, 28]. These results,
however, were based on only a small number of lesions and
were sometimes obtained only after modification of the
working methods [28]. One anecdotal case was found to be
weakly positive for S-100 after microwave treatment [28].
The nature of the immunoreactivity of our five cases was
generally in accordance with the descriptions in the litera-
ture: 100% of the lesions were vimentin positive, 40% were
NSE positive, and 100% were S-100 negative. Calretinin, an
S-100-related marker, has not been previously examined in
CGCE, and we found it to be moderately positive in only one
case (20%).

In addition to the traditional markers, we submitted our
specimens to newer and less common markers, such as
PGP9.5, NGFR/p75, NKI/C3, and inhibin-α. PGP9.5 and
NGFR/p75 had been previously studied in only two lesions
[23], with results similar to ours, i.e., the granular cells
were found to be PGP9.5 positive and NGFR/p75 negative.
NKI/C3 and inhibin-α had not been investigated before in
CGCE: our results revealed that the granular cells were
positive for NKI/C3 but negative for inhibin-α.

A comparison of the CGCE immunoprofile to that of a
large series of GCTs that were submitted to the same panel
of markers revealed a similar pattern of positive staining to T
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PGP9.5 and NKI/C3 for both lesions [40]. Notably, the
granular cells of GCTs reacted positively to NGFR/p75 and
inhibin-α, but the granular cells of CGCEs did not. These
results expand the immunophenotypic distinction between
the two lesions, which until now has largely relied solely on
the negativity of S-100 in CGCEs.

The positive immunoreactivity of CGCE to NKI/C3 and
PGP9.5 does not imply any specific line of differentiation
[42, 43]. Although these markers were originally thought to
be specific for melanocytic and neurogenic or neuroendo-
crine lines of differentiation, respectively, their expression
has been found in a large array of tissues, both benign and
malignant. Moreover, PGP9.5 is currently believed to reflect
metabolic cellular activity, irrespective of cell origin [43].
Likewise, the positivity of CGCEs to NSE does not support
a neuroendocrine differentiation. NSE is not neuron or
neuroendocrine cell-specific, as had originally been assumed
[42]. It can be useful in combination with other more spe-
cific antibodies, such as chromogranin and synaptophysin,
for identification of neuroendocrine cells. Since chromogra-
nin was found to be consistently negative in CGCEs [26],
however, its contribution to the understanding of the origin
of the granular cell is limited.

We examined the immunostaining pattern of the inter-
stitial cells as well. Some authors found them to be S-100
positive [17, 44], and one study reported that they are also
positive for NSE [20]. The nature of these isolated non-
granular cells is not clear, and so several authors suggested
that the interstitial cells may represent developing neural
tissue [17], Langerhans cells [44], or some sort of
neuroendocrine differentiation [20]. In the present study,
the interstitial cells were found to be positive for S-100 and
macrophage markers (KP-1 and PG-M1), and a few of them
were also positive for calretinin, while being negative for
NSE. S-100 protein serves as a marker for schwannian/
neural cell origin, but its reaction was also identified in
cells of non-neural lineages, such as macrophages [45].
KP-1 and PG-M1, more commonly known as CD-68, serve
as markers of lysosomes, mostly associated with macro-
phages, but they are also present in neural (schwann) cells
that acquire lysosomes during phagocytosis of myelin, a
phenomenon which is known to occur, for example, in
peripheral nerves showing Wallerian degeneration as well
as in traumatic neuromas [28, 46]. This may infer that the
interstitial cells contain an intracytoplasmic accumulation
of phagolysosomes. There is a possibility that they repre-
sent an earlier stage of the granular cells and lose reactivity
to S-100 and frequently also to CD-68 during transition to
an entirely granular morphology.

In spite of the enigma regarding the cellular origin of a
CGCE, it is largely considered to be a non-neoplastic lesion
[8, 19, 36, 47, 48]. This can be supported by the clinical
observations that the lesion has no growth potential after

birth, its ability to regress spontaneously (when small
lesions are involved), and the lack of recurrence even after
incomplete excision [4, 36, 37, 39]. In light of these
features, it has been assumed that a CGCE is either reactive
in nature [12–14, 49, 50] or that it is a manifestation of a
degenerative process [4, 11, 12, 49]. Moreover, considering
the marked predilection of CGCEs for females, hormonal
factor (or factors) may be important in the development of
the lesion [13]. This theory is further supported by the
experimental production of granular cell tumors in the
uterine cervix of newborn mice following injection of
estrogen [51]. This concept is not proven in CGCEs, since
there are no detectable estrogen and progesterone receptors
within the lesions [6, 13, 21, 22]. On the other hand, some
authors claim that failure to demonstrate estrogen and proges-
terone receptors in the lesion does not rule out intrauterine
growth from other placental or maternal hormones [4, 52].

In summary, the results of the present study have shown
that the broad panel of antibodies that characterize different
tissues does not confirm any particular cell type for the
histogenetic origin of CGCEs, but rather seems to reflect a
local metabolic or reactive change, thus, providing support-
ing evidence that the lesion is of a non-neoplastic nature.
This is further supported by the clinical course characterized
by lack of growth after birth and even complete regression in
cases of small lesions. In spite of the fact that both CGCEs
and GCTs are classified as granular cell lesions on the
light microscopic level, they present different immunohisto-
chemical profiles, a feature which can aid in separating them
into two distinctive entities.
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Abstract In this study, we report the molecular cytoge-
netic characterization of an acute myeloid leukemia with
a der(Y)t(Y;1)(q12;q25) in bone marrow cells in a child
with Klinefelter syndrome. Conventional cytogenetics
demonstrated the unbalanced translocation, i.e., a trisomic
1q25-qter juxtaposed to Yq12 replaced the terminal
segment of chromosome Y was acquired and present only
on bone marrow cells. Fluorescence in situ hybridization
showed that the breakpoint at 1q25 disrupted RABGAP1L,
a strongly expressed gene in CFU-GEMM, erythroid cells,
and megakaryocytes, while the Yq12 breakpoint fell within
the heterochromatic region. As der(Y)t(Y;1)(q12;q25) was
an isolated cytogenetic change, RABGAP1L rearrangement
as well as gene(s) dosage effects correlated to 1q25-qter
trisomy, and Yq12-qter loss may make a major contribution
to leukemogenesis and/or disease progression.

Keywords Acute myeloid leukemia . Klinefelter syndrome

Introduction

The Klinefelter syndrome (KS), which is associated with a
47,XXY constitutional karyotype, is often an accidental
finding at diagnosis of hematological malignancies. Chro-
mosome and molecular aberrations are currently hypothe-
sized to predispose stem cells to genetic instability, which
in turn determines an accumulation of other chromosome
changes leading to clonal evolution of malignancies [1]. In
fact, although patients with the KS and other constitutional
chromosomal abnormalities [2] are at increased risk of
diverse neoplasia, the molecular mechanism(s) underlying
the predisposition to develop tumors are still unknown.

In describing a patient with KS who developed acute
leukemia, Mamunes et al. [3] was the first to report the
association between KS and malignant disease. Neoplasms
are estimated to develop in 1–2% of KS cases [4] with a high
incidence of germ cell tumors and breast cancers [5]. Several
studies, however, debated on the association with hemato-
logic malignant diseases [6, 7]. Without well-controlled,
prospective studies, definite conclusions are difficult to
draw on the risk of malignant disease among persons with
KS. The reported cases of acute and chronic leukemia and
myelodysplastic syndrome raise concern about increased
susceptibility of stem cells to chromosomal damage leading
to clonal disorders.

Nevertheless, the association between congenital chro-
mosomal abnormalities and neoplasia was strengthened by
the predisposition of patients with constitutional chromo-
some disorders, as Down syndrome, to the development of
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acute leukemia, first reported in 1957 [8]. Interestingly, in a
KS patient with mosaic XY/XXY who developed a
bronchogenic carcinoma, the XXY fibroblasts in in vitro
culture showed a higher susceptibility to transformation by
simian virus (SV40) than the XY clone [9].

Structural abnormalities of sexual chromosomes are also
rare events in hematological disorders. Frequency of chromo-
some X abnormalities ranges from 0.4% to 1.5% [10, 11], and
only a few are associated with specific leukemic subtypes
as primary nonrandom clonal cytogenetic findings [12].

Rearrangements of chromosomes Y and 1 have been
observed to date in two patients with solid tumors and in 14
patients with hematological malignancies (Table 1). In
seven of 14 with acute myeloid leukemia (AML) and
myelodysplastic syndromes (MDS), conventional cytoge-
netics assigned the breakpoints to bands Yq12 and 1q12–
q21 which are close to, or even within, the heterochromatic
regions of chromosomes Y and 1.

This case report describes for the first time the molecular
cytogenetic characterization of AML with a der(Y)t(Y;1)
(q12;q25) in a child with Klinefelter syndrome which was
investigated by fluorescence in situ hybridization (FISH)
using genomic clones for the centromeres, heterochromatin,
and long arms of chromosomes Y and 1.

Clinical history

In December 2001, a 17-month-old boy was admitted to
“Bambino Gesù” Children’s Hospital, Rome, Italy because of
weakness, fever, diffuse bleeding, and hepatosplenomegaly.

Upon admission, routine blood tests showed WBC 8.270/
mm3 with 15% uniform vacuolated immature cells, slight
anemia (Hb 10.6 g/dl), and severe thrombocytopenia
(12.000/mm3). Bone marrow aspirate showed hypercellu-
larity with erythroid and myeloid lineage dysplasia, de-
creased megakaryocytes, and 70% agranular large-sized
blasts with round nuclei, open chromatin, one or more
nucleoli, and moderately basophilic cytoplasm. Immuno-
phenotyping was positive for CD13, CD33, DR, CD4,
CD11B, CD7 and negative for CD14, CD15, and MPO.
AML-M0 was diagnosed. Karyotyping was 47,XXY[40]/47,
XX,der(Y)t(Y;1)(q12;q23-25)[60] (Fig. 1). A constitutional
Klinefelter syndrome 47,XXY was diagnosed on peripheral
blood T lymphocytes.

The child was treated according to the Italian Association
of Pediatric Hematology and Oncology (AIEOP)—AML
2002/01 protocol and, in January 2002, achieved first
complete hematological remission (CR). Since the patient
had no HLA-matched family donor, he received autologous
bone marrow transplantation and remained in first con-
tinuous hematological remission for 5 years post-transplant.

Materials and methods

Chromosome studies were performed on unstimulated bone
marrow cells after short-term culture. Metaphases were
R-banded with acridine orange (RFA) and additional GTG
banding was carried out in order to clarify the abnormal
karyotype. Chromosome GTG banding was performed also
on peripheral blood cells according to standard methods.

Table 1 List of hematologic (1–14) and solid tumors (15–16) carrying rearrangements involving the chromosomes Y and 1 reviewed in literature
and reported from the oldest case described to the more recent one

Case Diagnosis Chromosome rearrangements Reference

1 AML-M2 48,X,der(Y)t(Y;1)(q12;q21),+der(Y)t(Y;1)(q12;q21),+8 [22]
2 AML 46,X,t(Y;1)(p11;q21) [23]
3 Polycythemia vera t(Y;1)(q12;q12) [24]
4 Burkitt lymphoma ??,X,t(Y;1),t(8;14)(q?;q?) [25]
5 Idiopathic myelofibrosis 46,X,t(Y;1)(q12;q12) [26]
6 MDS 46,X,-Y,+der(Y)t(Y;1)(q12;q21) [27]
7 MDS 46,X,-Y,+der(Y)t(Y;1)(q12;q21) [27]
8 Fanconi’s anemia and MDS transient t(Y;1)(q12;q21) [28]
9 Secondary AML after MDS t(Y;1)(q12;q12) [29]
10 Diffuse large B-cell lymphoma 47,X,+X,t(Y;1)(q12;q11),t(1;16)(q11;q11),t(4;20)(q31;q11),

t(8;14)(q24;q32),der(13)t(1;13)(q25;p11),del(15)(q11q12)
[30]

11 Myelofibrosis der(Y)t(Y;1)(q12;q21) [31]
12 MDS der(Y)t(Y;1)(q12;q21) [31]
13 Polycythemia vera 47,X,der(Y)t(Y;1)(q12;q12),+9 [32]
14 CML 46,X,der(Y)t(Y;1)(q11.1 or.2;q12) [33]
15 Meningioma 46,XY,t(Y;1)(q12;q31)/46,X,der(Y)t(Y;1) [34]
16 Papilloma t(Y;1)(q12;q25) [35]
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All karyotypes were described consistent with the Interna-
tional System for Human Cytogenetic Nomenclature (ISCN
1995).

FISH was done as previously described [13] using α-
satellite probes for centromeres of chromosomes X/Y (DXZ1,
Xp11.1–q11.1/DYZ3, Yp11.1–q11.1; Vysis, Downers Grove,
IL, USA) and chromosome 1 (D1Z5, 1p11.1–q11.1; Cytocell,
Oxfordshire, UK), satellite III probes for the heterochro-
matic regions of chromosome Y (DYZ1, Yq12; Vysis) and
chromosome 1 (D1Z1, 1q12; Cytocell), and subtelomeric
probes for the short arms of chromosomes X and Y
(TelVysion Xp/Yp, DXYS129; Vysis). Each FISH experi-
ment was performed both on patient cells and healthy
controls; signals were scored in at least 100 cells, deter-
mining a cut-off of 2%.

Metaphase FISH was performed with a panel of bacterial
and P1 artificial chromosomes (BAC/PAC) clones for the
long arm of chromosome 1q23 to q25 ordered from
centromere to telomere as shown in Table 2. Breakpoint
at chromosome Y was studied by applying the following
RP11 clones: centromere-270H4-557B9-1136L22-242E13-
57J19-telomere. Analyses were carried out in eight to ten
abnormal metaphases.

To monitor 1q trisomy during therapy, clone RP11-
210E16/1q42.2 and clone RP11-33G13/1q44 were used in
interphase cells. For each probe, 500 nuclei were scored,
and all of them showed two signals as normal condition.
Analysis was carried out with a fluorescence microscope
(Provis, Olympus, Milan, Italy) equipped with a cooled
CCD camera (Sensys, Photometrics) run by PathVysion
softwares (Vysis, Stuttgart, Germany).

Results

As expected, FISH with the α-satellite probe for the
centromere of chromosome X, showed one signal on both
chromosomes, and the satellite III probe for chromosome Y
heterochromatin displayed one signal on der(Y). Probes for
the X and Y p-subtelomeric regions showed the chromo-
some Y short arm was retained in der(Y).

The centromeric probe and the probe for 1q12 hetero-
cromatin gave a normal hybridization pattern in chromo-
some 1, indicating the 1q breakpoint did not involve
heterochromatin.

Results with BAC/PAC clones for 1q23–25 are summa-
rized in Table 2. Clones from RP11-77M5 to RP11-11B12
were present in two copies, one on each normal 1; clones
from RP5-830A10 to RP11-345I18 were present in three
copies, one on each normal 1 and on der(Y)t(Y;1). These
findings indicated the breakpoint was localized at band
1q25, between two partially overlapping clones, i.e., RP11-
11B12 and RP5-830A10 (Fig. 2a and b). These two clones
encompass the RABGAP1L (RAB GTPase activating
protein 1-like) gene which was disrupted and partially
translocated to the der(Y)t(Y;1). The chromosome Yq12
breakpoint was narrowed to between clone RP11-242E13
and clone RP11-57J19, indicating it was localized within
the heterochromatic sequences (Fig. 2c). After FISH
analysis, karyotype was corrected to 47,XX,der(Y)t(Y;1)
(q12;q25).

Five years after transplantation, FISH on bone marrow
cells with RP11-210E16 and RP11-33G13 gave a normal
hybridization pattern excluding the partial trisomy 1q.

Fig. 1 Karyotype of the patient
at G-banding showing the
der(Y)t(Y;1)
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Discussion

This is the first report of a pediatric patient with KS who
developed AML-M0 with an unbalanced translocation

between chromosomes Y and 1, i.e., der(Y)t(Y;1)(q12;
q25). Gene dosage effects due to the 1q25-qter trisomy and/
or Yq12-qter loss may have been critical in neoplastic
phenotype development. FISH studies characterized both

Fig. 2 Metaphase FISH with a clone RP11-11B12 gave two signals (red) on both normal chromosomes 1; b clone RP5-830A10 gave three signals
(red) on both normal chromosomes 1 and on der(Y) (arrow); c clone RP11-242E13 gave one hybridization signal (green) on der(Y) (arrow)

Table 2 Summary of FISH findings with 1 and Y BAC clones

BAC clones Chromosome band Accession number Map position on chromosomes 1 and Y FISH signals

RP11-77M5 1q23.3 AL592435 161,491,930–161,653,608 1,1
RP11-38C18 1q23.3 AL390730 163,428,315–163,546,073 1,1
RP11-7G12 1q24.1 AL606495 164,167,013–164,287,981 1,1
RP11-54B9 1q24.1 AL356005 164,883,011–165,001,435 1,1
RP11-104L21 1q24.2 AL359962 165,654,025–165,721,197 1,1
RP11-184O20 1q24.3 AL512843 170,285,568–170,361,251 1,1
RP11-192B4 1q25.1 AL360002 171,516,461–171,577,864 1,1
RP5-1198E17 1q25.1 AL136170 172,093,126–172,222,566 1,1
RP11-160H22 1q25.1 AL121983 172,222,467–172,387,902 1,1
RP5-970D1 1q25.1 AL021069 172,735,904–172,836,399 1,1
RP11-11B12 1q25.1 AL591108 172,834,400–172,912,159 1,1
RP5-830A10 1q25.1 AL136377 172,874,560–172,990,369 1,1,der(Y)
RP11-64I24 1q25.1 AL161671 172,988,367–173,090,723 1,1,der(Y)
RP11-317A7 1q25.1 ends 173,059,217–173,225,233 1,1,der(Y)
RP11-469L6 1q25.1 ends 173,218,433–173,379,514 1,1,der(Y)
RP11-661N21 1q25.1 ends 173,377,067–173,541,556 1,1,der(Y)
RP11-25D15 1q25.1 ends 173,533,129–173,731,636 1,1,der(Y)
RP11-195C7 1q25.2 ends 174,384,857–174,540,598 1,1,der(Y)
RP11-252L24 1q25.2 AL596254 174,856,272–174,928,479 1,1,der(Y)
RP11-247D3 1q25.2 AL136983 175,271,948–175,311,914 1,1,der(Y)
RP11-65O1 1q25.2 AL356279 176,180,104–176,208,813 1,1,der(Y)
RP11-21M7 1q25.2 AL160281 176,324,673–176,505,626 1,1,der(Y)
RP11-18E13 1q25.2 AL162255 176,964,775–177,047,917 1,1,der(Y)
RP11-177A2 1q25.2 AL139132 177,201,493–177,359,358 1,1,der(Y)
RP11-345I18 1q25.2 AL512326 177,361,347–177,548,616 1,1,der(Y)
RP11-270H4 Yq11.23 AC006991 26,625,200–26,798,441 der(Y)
RP11-557B9 Yq11.23 AC013734 26,906,388–27,086,406 der(Y)
RP11-1136L22 Yq11.23-q12 AC073880 27,194,540–27,228,749 der(Y)
RP11-242E13 Yq12 AC068123 57,228,750–57,327,044 der(Y)
RP11-57J19 Yq12 AC025226 57,305,782–57,372,174 Absent

The clones are listed from centromere to telomere order. The map positions of all the clones are reported according to last UCSC release (2006),
except for RP11-57J19 that is present only in the previous UCSC release (2004)
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translocation breakpoints. The Yq12 breakpoint was nar-
rowed within heterocromatin, while the chromosome 1
breakpoint fell within the RABGAP1L gene.

We were unable to establish whether this rearrangement
was specifically linked to the Klinefelter chromosome
setting or whether it was an incidental finding in this KS
patient but are convinced that cytogenetically, this case is
relevant because, for the first time, it reports an unbalanced
translocation which juxtaposed the chromosome Yq12
heterochromatin sequences to the 3′RABGAP1L.

RABGAP1L, also known as HHL or KIAA0471, encodes
for a 298-amino acid protein, which is a GTPase-activating
protein, containing a putative phosphotyrosine-binding
domain which suggests it is the tyrosine-kinase target in
signaling transduction. First cloned in 1997 [14] from a size-
fractionated brain cDNA library, RABGAP1L is expressed
ubiquitously [15]. In mice, it is strongly expressed in
erythroid and megakaryocyte lineages, and in multipotential
CFU-GEMM (colony forming unit granulocyte, erythro-
cyte, monocyte, megakaryocyte) colonies [16], indicating
RABGAP1L has a regulatory function during hematopoietic
differentiation.

Deregulated RABGAP1L expression was reported in
human disease. Downregulation was observed in Alzheimer’s
disease and in one patient with anAML1 mutation, while gene
expression profiling detected RABGAP1L upregulation in
human esophageal and oral squamous cell carcinomas [17,
18]. Interestingly, recent molecular studies detected MLL-
AF4, AF4-RABGAP1L, and RABGAP1L-MLL fusion tran-
scripts for the first time in one case of ALL. As this case was
characterized by a cryptic three-way t(1;4;11)(q25;q21;q23)
[19], it was impossible to establish whether the RABGAP1L
fusion genes played a primary or a secondary role in the
leukemogenic pathway. Moreover, RABGAP1L-MLL repre-
sented in-frame novel gene fusion that was transcribed and
able to be translated into chimeric fusion protein, suggesting
that this new chimeric protein could be involved in arising
and/or progression of hematopoietic diseases.

In the present case, it is still unclear whether RABGAP1L
was deregulated by juxtaposition to chromosome Y hetero-
chromatic sequences. In fact, many transcriptionally
inactive genes are positioned close to constitutive hetero-
chromatin in the nucleus of dividing lymphocytes [20].
This functional compartmentalization is achieved as cells
enter the cell cycle and appears to be important in
maintaining the heritable repression of a gene subset [21].

Another hypothesis is that RABGAP1L had recombined
with an unknown gene(s) mapping at Yq12 to produce a
new fusion oncogene. Unfortunately, the lack of material
from the patient precluded any further studies. However,
present molecular cytogenetic evidence together with
findings in a case of ALL with RABGAP1L fusions [19]
suggest that whatever the mechanism, RABGAP1L gene

deregulation of tyrosine-kinase signaling transduction path-
ways plays a major role in the pathogenesis of leukemia.
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Abstract Lymphangiomas are commonly regarded as
vascular malformations during embryonic development
rather than as true neoplasms. VEGF-C and VEGFR-3 are
known to be active in the formation of lymphangiomas.
However, the significance of the disorders seems to be
obscured by confusing different entities. In 114 lymphan-
giomas, we investigated the clinicopathological features
and the expression of VEGF-C and VEGFR-3. The age of
patients with lymphangioma circumscriptum or intraabdo-
minal lymphangioma was significantly higher than in
patients with cavernous lymphangioma and in patients with
cystic hygroma. In cavernous lymphangioma, the age of
female patients was significantly higher than in male
patients. Five adult cystic hygromas were identified.
VEGF-C was detected in 21 of 58 (36%) cavernous
lymphangiomas, ten of 28 (36%) cystic hygromas, 0 of 12
(0%) lymphangioma circumscriptum, and four of ten (40%)
intraabdominal lymphangiomas. VEGFR-3 was detected in

43 of 58 (72%) cavernous lymphangiomas, 20 of 28 (71%)
cystic hygromas, six of 12 (50%) lymphangiomas circum-
scriptum, and seven of ten (70%) intraabdominal lymphan-
giomas. VEGF-Cwas absent from superficial lymphangiomas
associated with cavernous lymphangiomas. In typical cases of
cavernous lymphangioma, VEGF-C was strongly expressed,
suggesting that these cases possessed proliferative activity. In
cystic hygroma and intraabdominal lymphangioma, VEGF-C
was limited in its distribution. Superficial lymphangiomas
more likely represent from peripheral lymphatic dilatation
rather than due to growth factor.

Keywords Cystic hygroma . Head and neck neoplasm .

Lymphangioma . Skin neoplasm . Soft tissue neoplasm .

Vascular neoplasm . VEGF-C . VEGFR-3

Introduction

Lymphangiomas are benign tumor-like lesions of lym-
phatics. Whereas hemangiomas have distinctive proliferative
and involutional growth phases that distinguish them from
vascular malformation [1–3], lymphangiomas are generally
considered to be either hamartomas or the linkage between a
malformation and a neoplasm. Some lesions exhibit progres-
sive growth and infiltration, leaving open the question of
whether they are true neoplasms or hamartomas [4].

Lymphangiomas are often recognized at birth or during
infancy, but may also appear spontaneously in adolescence
or later life. Traditionally, they have been divided into
several types that differ in clinical and histological
characteristics. Cavernous lymphangioma is the most
common type and is usually present at birth or in infancy.
Cystic hygroma is typically seen in the neck at birth.
Intraabdominal lymphangiomas are reported to occur most
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commonly in the mesentery, followed by the omentum,
mesocolon, and retroperitoneum. Lymphangioma circum-
scriptum is a superficial lesion commonly involving the
axilla, adjacent chest wall, oral cavity, and genitals. It may
occur at any age, but usually beyond infancy. This form can
be primary and secondary. The secondary form occurs in
association with lymph stasis following trauma, surgery,
radiation, infection, or chronic immobility [5–7].

Vascular endothelial growth factor-C (VEGF-C), in asso-
ciation with its major receptor, VEGF receptor-3 (VEGFR-3;
also known as flt4), plays a role in the regulation of lymphatic
system development [8, 9]. During late embryogenesis,
VEGFR-3 is exclusively expressed in lymphatic endothelial
cells [10], lining a network of vessels that drain interstitial
fluid and cells from tissues. Excessive production of VEGF-
C is associated with increased lymphangiogenesis, as
reported in transgenic mice [11]. It has also been proposed
that in solid tumors, VEGF-C secreted by cancer cells
induces lymphangiogenesis, possibly leading to an increase
in tumor metastasis via the lymphatic system [12]. In a study
on a small series of lymphangiomas, co-expression of
VEGF-C and VEGFR-3 was found in lymphatic endothelial
cells, suggesting a role for the positive regulation of
lymphangiogenesis [13]. More recently, experimental evi-
dence has been provided for up-regulation of VEGFR-3 in
lymphatic endothelial cells from lymphangiomas [14, 15].
We are now reporting the expression patterns of VEGF-C
and VEGFR-3 in a large series of lymphangiomas.

Materials and methods

Sample collection

One hundred fourteen cases of lymphangiomas were
selected from the 1981–2001 archival files of Kyushu
University. All the histological slides were reviewed and
reclassified. A case in this series has been previously
reported [16]. Biopsy specimens from three cases of
intestinal lymphangiectasia were also included in the study.

Immunohistochemistry

Formalin-fixed, paraffin-embedded sections (4 μm thick)
were processed for immunohistochemistry using a standard
streptavidin–biotin–peroxidase method. Primary antibodies
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Slides for VEGF-C were digested in 0.1%
trypsin for 30 min, and for VEGFR-3, antigen was retrieved
by microwave heating. Sections were incubated with
primary antibody (1:200) overnight at 4°C. After the
development of antibody-bridge labeling, sections were
reacted with diaminobenzidine and counterstained. The

number of immunoreactive cells was estimated semi-
quantitatively as follows: grade 3+, >50% positive cells;
grade 2+, 25–50% positive cells; grade 1+, <25% positive
cells; −, negative staining [17].

Statistical analysis

Categorical variables were examined by Fisher’s exact test.
Age of patients was compared with Welch’s t test and with
Welch’s one-way analysis of variance (ANOVA) if compar-
isons involved more than two groups because normal
distributions were not obtained. Welch’s ANOVA was
followed by post hoc Holm–Bonferroni test for multiple
comparisons. Twenty precent trimmed mean of age and
standard error (SE) were also calculated [18]. Immunohisto-
chemical scores were compared with Mann–Whitney U test.
Spearman’s rank correlation was performed to determine
whether the immunohistochemical scores were correlated
with age or with each other. “Cystic variant” of cavernous
lymphangioma was excluded when Fisher’s exact test and
Spearman’s procedure were applied. All data were analyzed
by the statistical package R: a language and environment
for statistical computing (http://www.R-project.org/). A
probability value less than 0.05 was considered significant.
Two-tailed P values were quoted throughout.

Results

Clinicopathological findings

The 114 patients whose samples were included in the study
ranged in age from birth to 79 years (mean, 19.3 years;

Fig. 1 Age distribution of the total series (n=114) and cavernous
lymphangioma (n=58)
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median, 11.5 years; Fig. 1). The 20% trimmed mean was
14.2 years (SE=2.2).

The lesions were classified as cavernous lymphangioma,
cystic hygroma, cutaneous lymphangioma, intraabdominal
lymphangioma, and other miscellaneous types. Cutaneous
lymphangioma was further classified into superficial (lym-
phangioma circumscriptum) and deep. Baseline clinical and
pathological characteristics are summarized in Tables 1 and 2,
respectively. The anatomical location of lymphangiomas is
shown in Table 3.

Cavernous lymphangioma

Fifty-eight cases were classified as cavernous lymphan-
gioma. They were located in subcutaneous tissue and
skeletal muscle. There was no difference in tissue localiza-
tion among cavernous lymphangiomas of the different
locations. Clinically, cavernous lymphangioma of the
tongue and lip presented as macroglossia and macrocheilia.
The age range of patients with cavernous lymphangioma at
the time of diagnosis was 0 to 73 years (mean, 15.8 years;
median, 9 years). The 20% trimmed mean age was

13.2 years (SE=2.4). Welch’s t test revealed a significant
difference between the age of male patients (mean,
8.9 years; median, 5 years) and that of female patients
(mean, 22.8 years; median, 17 years; P=0.0018). The 20%
trimmed mean ages of male and female patients were
6.3 years (SE=1.6) and 19.0 years (SE=4.4), respectively.

Gross findings showed that a sponge-like mass consisted
of numerous microcysts. Histopathologically, irregular
interconnecting lymphatic vessels with a thin and discon-
tinuous smooth muscle layer were seen. Lymphatic spaces
contained proteinaceous material, occasional lymphocytes,
and few red blood cells. Supporting stroma was composed
of collagen. In stroma-rich areas, microscopic lymphatic
channels frequently lacked a muscle layer. In some cases,
lymphoid aggregates were observed (Fig. 2a).

Five cases (9%) showed prominent cystic change and
were classified as cystic variants of cavernous lymphan-
gioma. Gross and histopathological findings showed large
multiple cysts in the main mass. The sites involved by this
variant were extremities or the lower abdominal region,
distinguishable from cystic hygroma, which occurs in the
cervicofacial and thoracic areas. Eleven cases (19%) had

Table 2 Comparison of pathological characteristics

Subtypes Characteristics

Cavernous lymphangioma Consists of irregular interconnecting lymphatic vessels with a thin and discontonuous smooth muscle layer. In
stoma-rich areas, lymphatic channels frequently lack a muscle layer. Lymphoid aggregates may be
accompanied.

Cystic variant Prominent cystic change is seen in the main mass of cavernous lymphangioma.
Accompanying superficial
lymphangioma

Occurs on the skin overlying the main mass of cavernous lymphangioma. Hispathological findings are similar
to lymphangioma circumsriptum.

Cystic hygroma Occurs exclusively in the cervicofacial, axillary and pectoral regions. It consists of one or more interconnecting
large cysts with a thin wall. Lymphoid aggregates may be accompanied.

Cutaneous lymphangioma
Lymphangioma circumscriptum Consists of dilated capillary lymphatic vessels in the papillary dermis. Large vessels are not involved. The

overlying epidermis is acanthotic and papillomatous.
Deep type Locates in the dermis. Similar to but smaller than cavernous lymphangioma. No epidermal involvement.
Intraabdominal lymphangioma Intraabdominal counterpart of cavernous lymphangioma. It consists of irregular interconnecting lymphatic

vessels with a thin and discontinuous smooth muscle layer.

Table 1 Comparison of base-
line clinical characteristics

For continuous variables (age):
P value for Welch’s ANOVA
and post hoc Holm test
For categorical variables (sex): P
value for Fisher’s exact test
*P<0.05, **P<0.01

Age (mean, years) Sex (M:F)

Cavernous lymphangioma (n=58) 15.8 29:29

Cystic hygroma (n=28) 8.5 14:14

Lymphangioma circumscriptum (n=12) 37.1 4:8

Intra-abdominal lymphangioma (n=10) 38.8 5:5

Total series (n=114) 19.3 54:60

P value P=0.0002 P=0.77

* *

** **

Virchows Arch (2009) 454:317–325 319



superficial components resembling lymphangioma circum-
scriptum. They presented with papules on the skin
overlying the main mass of cavernous lymphangioma in
deep soft tissue. Histopathologically, these superficial
lesions consisted of dilated capillary lymphatic vessels in
the papillary dermis. The overlying epidermis was acan-
thotic and papillomatous.

Cystic hygroma

Twenty-eight cases were classified as cystic hygroma.
These were exclusively located in the cervicofacial,
axillary, and pectoral regions. In two cases, lesions
extended into the mediastinum. The age range at the time
of diagnosis was 0 to 44 years (mean, 8.5 years; median,

Table 3 Anatomical location
of a series of lymphangiomas
(114 cases)

a Number of cavernous lym-
phangioma with superficial
lymphangioma
bNumber of cystic variant of
cavernous lymphangioma
c Number of deep type of cuta-
neous lymphangioma

Subtypes & anatomical location Number (%) Subtotal (%) Total (%)

Cavernous lymphangioma 58 (51.8%) (11a, 5b)
Head and Neck 20 (17.9%) (4a)
Cheek 2 (1.8%)
Lip 3 (2.7%)
Tongue 4 (3.6%) (3a)
Oral cavity 1 (0.9%) (1a)
Submandibular region 4 (3.6%)
Cervical region 6 (5.4%)

Trunk 16 (14.3%) (2a, 2b)
Pectoral region 4 (3.6%)
Mediastinum 1 (0.9%)
Axillary region 4 (3.6%) (2a)
Abdominal region 3 (2.7%) (1b)
Inguinal region 1 (0.9%) (1b)
Back 2 (1.8%)
Cauda equina 1 (0.9%)

Upper limb 9 (8.0%) (2a, 1b)
Arm 3 (2.7%) (1a)
Forearm 3 (2.7%) (1b)
Hand/Thumb/Finger 3 (2.7%) (1a)

Lower limb 13 (11.6%) (3a, 2b)
Buttock 1 (0.9%)
Thigh 8 (7.1%) (2a, 2b)
Popliteal region 1 (0.9%)
Leg 3 (2.7%) (1a)

Cystic hygroma 28 (25.0%)
Submandibular/Cervical/
Axillary/Pectoral regions

28 (25.0%)

Cutaneous lymphangioma 14 (10.7%) (2c)
Cheek 1 (0.9%) (1c)
Nuchal region 1 (0.9%)
Axillary region 2 (1.8%)
Abdominal region 1 (0.9%)
Lumbar region 1 (0.9%)
Vulva 4 (3.6%)
Forearm 1 (0.9%)
Thigh 1 (0.9%)
Foot 2 (1.8%) (1c)

Intraabdominal lymphangioma 10 (8.9%)
Stomach 1 (0.9%)
Ileum 2 (1.8%)
Colon 3 (2.7%)
Retroperitoneum 4 (3.6%)

Others 4 (3.6%)
Epicardium 1 (0.9%)
Lung 1 (0.9%)
Vertebra 2 (1.8%)
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3 years). The 20% trimmed mean age was 4.1 years (SE=
1.5). Five cases occurred in adults. Clinical characteristics
of adult cystic hygroma are shown in Table 4. There was
one case of recurrence 38 years after operation at the age of
6 years. The other adult cases were seen as a new
development. There was no significant difference between
the age of male patients (mean, 11.8 years; median,
6.5 years) and that of female patients (mean, 5.3 years;
median, 1 year; P>0.05). The 20% trimmed mean ages of

male and female patients were 8.3 years (SE=3.6) and
1.3 years (SE=0.7), respectively.

Gross findings showed one or more interconnecting
large cysts with a thin cyst wall. Histopathologically, large
irregular lymphatic vessels were seen. The layer of smooth
muscle was thin and discontinuous (Fig. 2d). Lymphoid
aggregates were occasionally observed. Cavernous lym-
phangiomas occurring in the head and neck or in the trunk
were distinguished from cystic hygroma based on the

Fig. 2 Cavernous lymphan-
gioma (a–c). a Irregular inter-
connecting lymphatic channels
are located in the collagenous
stroma. Lymphoid aggregates
are also observed. b Strong
reactivity for VEGF-C is seen in
the lymphatic endothelium and
in the smooth muscle cells of
irregularly shaped lymphatic
vessels. Immunoreactivity for
VEGF-C is not detected in nor-
mal existing blood vessels (ar-
row). c Strong reactivity for
VEGFR-3 is seen in the lym-
phatic endothelium. Immunore-
activity for VEGFR-3 is absent
in normal existing blood vessels
(arrow). Cystic hygroma (d–e).
d Cystic lymphatic spaces with
a thin and discontinuous smooth
muscle layer. e Immunoreactivi-
ty for VEGFR-3 is detected in
the endothelium lining the large
cystic lymphatic spaces. Lym-
phangioma circumscriptum f–g.
f The protuberant lesion consists
of dilated capillary lymphatic
vessels in the papillary dermis.
g Immunoreactivity for VEGF-
C is absent in the superficial
lesion
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predominant presence of microscopic cysts in cavernous
lymphangiomas.

Cutaneous lymphangioma

Cutaneous lymphangiomas were classified as superficial
and deep. The former represents lymphangioma circum-
scriptum. In the latter, only the deep dermis was involved
without epidermal or superficial dermal changes.

Superficial type (lymphangioma circumscriptum) Twelve
cases were classified as lymphangioma circumscriptum.
The age range was from 9 to 79 years (mean, 37.1 years;
median, 34 years). The 20% trimmed mean age was
34.5 years (SE=8.6). The age of patients with lymphan-
gioma circumscriptum was significantly higher than that of
patients with superficial lymphangioma associated with
cavernous lymphangioma (mean, 18.5 years; median,
17 years; 20% trimmed mean, 18.1 years [SE=4.6]) (P=
0.022). The patients with lymphangioma circumscriptum
presented with papules on the skin. Histopathologically, the
lesions consisted of dilated capillary lymphatic vessels
positioned within the papillary dermis. Large vessels were
not involved. The overlying epidermis was acanthotic and
papillomatous (Fig. 2f).

Deep type Two cases were classified as this subtype, one in
the cheek, the other in the foot. These presented with small
nodules in skin. The histopathological features were similar to
cavernous lymphangioma. Irregular interconnecting lymphat-
ic vessels with a thin and discontinuous muscular layer were
seen, limited to the deep dermis. Deep type cutaneous
lymphangiomas were distinguished from lymphangioma
circumscriptum based on absence of superficial dermal lesions
and lack of hyperplastic epidermal changes in the deep type.

Intraabdominal lymphangioma

Ten cases were classified as intraabdominal lymphangioma.
The age range of patients with intraabdominal lymphan-
gioma at the time of diagnosis was 0 to 62 years (mean,
38.8 years; median, 45 years). The 20% trimmed mean age
was 42.5 years (SE=7.1). Gross and histopathological
findings were similar to those of cavernous lymphangioma.
The lesion consisted of irregular lymphatic vessels with a
thin and discontinuous smooth muscle layer.

Others

There were two patients with lymphangioma of the spine
and another with lung. The pathological features were
similar to those of typical cavernous lymphangioma. A
lymphangioma of the epicardium was also identified,
composed of relatively uniform microscopic cysts.

Of three cases of intestinal lymphangiectasia, two were
from the jejunum and one from the ileocecal valve. The age
range of patients with intestinal lymphangiectasia was 55 to
62 years.

Welch’s ANOVA revealed a highly significant difference in
mean age among cavernous lymphangioma, cystic

Table 5 Results from the immunohistochemical analysis

VEGF-C (row %, reactivity: number of cases) VEGFR-3 (row %, reactivity: number of cases)

21/53 (40%, 1+:13, 2+:7, 3+:1) 38/53 (72%, 1+:21, 2+:9, 3+:8)
(excluding the cystic variant)

10/28 (36%, 1+:9, 2+:1) 20/28 (71%, 1+:13, 2+:3, 3+:4)

0/12 (0%) 6/12 (50%; 1+:4, 2+:1, 3+:1)

4/10 (40%, 1+:4) 6/10 (60%; 2+:2, 3+:4)

Cavernous lymphangioma

Cystic hygroma

Lymphangioma circumscriptum

Intra-abdominal lymphangioma

P value P=0.035 P=0.45

**

*

*

P value for Fisher’s exact test
*P<0.05, **P<0.01

Table 4 Clinical features of adult cystic hygroma

Case Age (years) Sex Site of lesion Previous history

1 18 F Neck
2 24 M Neck
3 37 M Mediastinum
4 43 F Neck
5 44 M Chest wall Surgery for cystic hygroma

at the age of 6 years
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hygroma, lymphangioma circumscriptum, and intraabdomi-
nal lymphangioma (P=0.0002). The mean age of patients
with lymphangioma circumscriptum was significantly higher
than cavernous lymphangioma (P=0.034) or cystic hygroma
(P=0.0065) by Holm–Bonferroni test. The mean age of
patients with intraabdominal lymphangioma was significant-
ly higher than cavernous lymphangioma (P=0.034) or cystic
hygroma (P=0.0081) by Holm–Bonferroni test.

Immunohistochemical findings

Immunoreactivity for VEGF-C was detected in lymphatic
endothelium and smooth muscle (Fig. 2b). VEGFR-3 was
found exclusively in lymphatic endothelium (Fig. 2c).
VEGF-C and VEGFR-3 were specific to lymphatic lineage
and were not detected in blood vessels (Fig. 2b, c). Results
from the immunohistochemical analysis are summarized in
Table 5.

In cavernous lymphangioma including the cystic variant,
VEGF-C and VEGFR-3 were detected in 21 of 58 cases
(36%) and 41 of 58 cases (71%), respectively. Spearman’s
coefficient between VEGF-C and VEGFR-3 was 0.31 (P=
0.027), suggesting that they were mildly correlated at a
significant level. There was no significant correlation
between age and either VEGF-C or VEGFR-3. In cavern-
ous lymphangioma excluding the cystic variant, VEGF-C
and VEGFR-3 were detected in 21 of 53 cases (40%) and
38 of 53 cases (72%), respectively. In the cystic variant
(five cases), VEGFR-3 was detected in three of five cases
(60%), but VEGF-C was not detected. There was no
significant difference in the reactivity of VEGF-C or
VEGFR-3 between male and female patients. VEGF-C
was absent from the superficial lymphangioma when
associated with cavernous lymphangioma (11 cases).
VEGFR-3 was detected in the lymphatic endothelium of
the lesion in seven of 11 cases (64%).

In cystic hygroma, VEGF-C and VEGFR were detected
in ten of 28 cases (36%) and 20 of 28 cases (71%),
respectively. In positive cases, VEGF-C expression was
patchy and focal in the lymphatic vessel wall and the
positivity score was limited to 1+ except for one case.
VEGFR-3 was detected in the lymphatic endothelium of the
large cystic lymphatic vessels (Fig. 2e). The degree of
expression of VEGFR-3 varied among the cases. Spearman
correlation coefficients between age and either VEGF-C or
VEGFR-3 were not significant.

In lymphangioma circumscriptum, VEGFR-3 was
detected in the lesional endothelium in six of 12 (50%),
but VEGF-C was not detected in all cases (Fig. 2g). In the
deep type, VEGF-C was detected in one of two cases.
VEGFR-3 was detected in both cases.

In intraabdominal lymphangioma, VEGF-C was detected
in lesional cells in four of ten (40%). In positive cases,

VEGF-C expression was patchy and focal and of limited
extent (reactivity, 1+). VEGFR-3 was detected in the
lesional endothelium in six of ten (60%). In intestinal
lymphangiectasia, VEGFR-3 was detected in the lesional
endothelium in two of three (67%), but VEGF-C was
absent in all cases.

In the lung lymphangioma, immunoreactivity was detect-
ed for both VEGF-C (reactivity, 3+) and VEGFR-3
(reactivity, 3+). In the epicardial lymphangioma, immuno-
reactivity was also detected for both VEGF-C (reactivity, 2+)
and VEGFR-3 (reactivity, 2+). In both vertebral lymphan-
giomas, neither VEGF-C nor VEGFR-3 was detected.

Fisher exact test revealed a highly significant difference
in the positivity of VEGF-C among the four groups (P=
0.0035) as well as between lymphangioma circumscriptum
and cavernous lymphangioma excluding the cystic variant
(P=0.0063), cystic hygroma (P=0.019), or intraabdominal
lymphangioma (P=0.029). There was no significant differ-
ence in the positivity of VEGFR-3 among these groups.

Discussion

Lymphangiomas are generally regarded as vascular malfor-
mations [4, 7] occurring during embryonic development
when VEGF-C and VEGFR-3 are central regulators. Peak
VEGF-C expression is seen during the earlier stages of
lymphangiogenesis with much less expression during
lymphatic capillary organization and functional integration.
After embryonic development, VEGF-C expression
decreases in most tissues, remaining high in the lymph
nodes [8, 19]. VEGF-C promotes survival of the VEGFR-
3-expressing lymphatic endothelial cells via the MAPK
signaling pathway [20]. However, the role of VEGFR-3
signaling is not very important for the survival of mature
lymphatic vessels [21]. Although VEGFR-3 is mostly
regarded as a lymphatic marker, it is not exclusive to the
lymphatic lineage. VEGFR-3 is exceptionally expressed in
blood vascular endothelium during embryogenesis and is
essential in the development of the major cardiovascular
system before the emergence of the lymphatic vessels [22].
VEGFR-3 may also be present, though to a less extent, in
some blood vascular tumors including angiosarcoma [17,
23, 24]. This receptor has been detected in virtually all
Kaposi’s sarcomas [23–25] which are consequently thought
to originate from lymphatic endothelium.

In this study, we found that the expression of the factor
and its receptor was different among the various types.
VEGF-C was detected in lymphatic endothelium and
smooth muscle in 36% cavernous lymphangioma. Positivity
was moderately correlated to VEGFR-3 expression, sug-
gesting they both contribute to the development of this
lesion, possibly by autocrine and paracrine regulation [13].
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VEGFR-3 was detected in 72% of cavernous lymphangio-
mas. The receptor was expressed in both small and dilated
lymphatics, in contrast to D2-40, another lymphatic
endothelial cell-specific marker recognizing M2A antigen
which has a tendency for better positivity in small
lymphatic channels [26]. We hypothesize that VEGF-C
and VEGFR-3 might be preferentially expressed in early
life and the expression of VEGF-C and VEGFR-3 would
tend to decrease in older patients. However, in our study,
there was no significant correlation between the immuno-
reactivity and patient’s age. Strong expression of VEGF-C
and VEGFR-3 was detected even in older adult patients.
Although it is widely regarded as a hamartomatous lesion
rather than a true neoplasia, VEGF-C and VEGFR-3 seem
to contribute to proliferation in certain cases of cavernous
lymphangioma, which may account for some cavernous
lymphangiomas being more active and possibly neoplastic,
especially in older adult patients.

Cystic hygroma, also called macrocystic lymphatic
malformation of the head and neck, is believed to be a
consequence of disruption of normal lymphatic develop-
ment at the lymphovenous connection as a result of
defective genes. It is considered that a small portion of
the jugular lymphatic sac located laterally in the neck is
sequestrated during embryologic life and later becomes
cystically dilated. This lesion has been associated with
aneuploid chromosomal abnormalities, particularly Turner’s
syndrome, with poor survival [27–29]. Cystic hygroma is
usually present at birth and can be diagnosed by prenatal
ultrasound. Spontaneous regression may be observed in
utero, but this does not preclude abnormal karyotype or
fetal anomalies [28]. Meanwhile, cystic hygroma is very
rarely seen in adults. It is considered highly unusual for
cystic hygroma to present after the fourth decade of life,
although there are a few reports in the literature [30–34].
Recurrence after resection is uncommon, but it may occur
within a few years. There are only a few case reports of
recurrence after more than 20 years [35, 36]. In our study,
VEGF-C expression by lesional cells of cystic hygroma
was more focal and limited in its distribution. Cystic
hygroma may be responsive to VEGF-C, but increase in
size may only follow accumulation of fluid after lymphatic
sequestration.

It has been proposed that lymphangioma circumscriptum
represents dilatation of peripheral lymphatics secondary to
absent, inadequate, or obstructed efferents [37]. In our
study, VEGF-C was absent, and this growth factor does not
seem to be associated with the development of lymphan-
gioma circumscriptum. It may be the lymphatic counterpart
of angiokeratoma, which is of a telangiectatic nature shared
by different disease entities. The histological features
resemble each other and share ectatic vessels in the
papillary dermis with overlying hyperplastic epidermis.

The nature of this superficial lymphangioma is more likely
considered to be lymphangiectatic.

Lymphangiomas in deep soft tissue may accompany
superficial lesions in overlying skin [38] or mucosa. In our
series, the superficial lesion was also recognized in 11 cases
(19%) of cavernous lymphangioma. VEGF-C was absent in
the superficial lesion even in the cases in which the main
deep component expresses VEGF-C. The superficial lesion
may also only follow chronic lymphatic stasis.

Intraabdominal lymphangiomas have been considered
the counterpart of cavernous lymphangioma in the trunk or
extremities [4]. However, patients with intraabdominal
lymphangioma were significantly older than those with
cavernous lymphangioma or cystic hygroma. Intraabdominal
lymphangioma is apt to be diagnosed later in life, partly
because it is clinically less significant. VEGF-C was detected
in 40% cases, and in the positive cases, its expression was
focal and limited in its distribution. Previous cell prolifera-
tion analysis revealed that intraabdominal lymphangiomas
are quiescent, manifesting low activity [39]. Enlargement of
intraabdominal lymphangiomas may be due to engorgement
by chyle and localized secondary reaction, and the contribu-
tion of the growth factor seems limited.

In pulmonary lymphangioma, despite a report that the
proliferation activity of this type was low [40], our case
showed strong VEGF-C reactivity, suggesting high prolif-
erative activity. In bone lymphangioma, expression of
VEGF-C and VEGFR-3 was negative. However, immuno-
reactivity may have been abolished by decalcification.

In summary, we have demonstrated that the expression
of VEGF-C was different in the various types of lymphan-
gioma. In some typical cases of cavernous lymphangioma,
VEGF-C was strongly expressed, suggesting that these
cases possessed proliferative activity. In cystic hygroma and
intraabdominal lymphangioma, the expression of VEGF-C
was focal and limited in its distribution. VEGF-C was
absent from lymphangioma circumscriptum and superficial
lymphangiomas associated with cavernous lymphangiomas.
The nature of superficial lymphangiomas is more likely
considered to be lymphangiectatic.
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Abstract Inflammatory fibroid polyp (IFP) is a benign
reactive uncommon submucosal lesion of the gastrointestinal
tract, the small intestine being the most common site of
origin. Histologically, IFPs are characterized by spindle
cells, a heavy inflammatory infiltrate including eosinophils
and onion-sheet-like formation of lesional cells around blood
vessels. We present a case report of an IFP harboring an
activation mutation in the PDGFRα gene. The lesion was
positive for CD34, PDGFRα, and p-PDGFRα immunos-
taining but was negative for c-KIT and desmin. After a
sequencing analysis of KIT and PDGFRα, a mutation
consisting of an in-frame deletion of codons 567-571 and a
missense mutation in codon 566 (S566R) of PDGFRα was
observed. This mutation could activate key cellular path-

ways with involvement in the pathogenesis of this entity.
We concluded that more studies are necessary in order to
clarify if this finding is a biologically distinct behavior or,
on the contrary, represents a specific feature of the IFP.

Keywords Inflammatory fibroid polyp . PDGFRα .

Tyrosine kinase .Mutation . Small intestine

Introduction

First described by Vanek [1] in 1949 as “gastric submucosal
granuloma with eosinophilic infiltration,” inflammatory
fibroid polyps have been reported in the literature under a
variety of names, the term “inflammatory fibroid polyp”
(IFP) being currently the most accepted [2]. The IFP is a
benign reactive lesion and occurs predominantly in adults.
These polyps have been more frequently seen in the small
intestine and stomach. Most IFPs are polypoid masses
smaller than 5 cm; nevertheless, sizes of up to 20 cm have
been reported [3]. IFPs usually appear as a solitary non-
encapsulated, submucosal, polypoid lesion consisting of
loosely structured stromal tissue, spindle fibroblastlike cells
intermingled with inflammatory cells, and numerous small
blood vessels [4]. Morphologically, IFPs can mimic several
other tumoral and not tumoral processes of the gastrointes-
tinal tract, including inflammatory myofibroblastic tumors,
eosinophilic gastroenteritis, gastrointestinal stromal tumors
(GIST), or other mesenchymal lesions [5, 6]. At molecular
level, mutations in PDGFRα have recently been reported in
IFPs [7]. In this report, we present the morphology,
immunophenotype, and molecular analysis of a case of
IFP, showing the mutation of PDGFRα exon 12.
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Clinical history

Herein, we describe the case of a 78-year-old white man,
who was admitted to the emergency room with abdominal
pain of 24 h evolution. He had the following surgical-
related events: operated for abdominal hernia (1987);
colonic resection for diverticulitis (1988); and ischemic
cardiopathy (2001).

Due to the acute abdominal pain, an emergency distal
jejuno-ileal resection was performed, confirming an intes-
tinal perforation and finding a fleshy tumor filling the
totality of the lumen at a distance of 15 cm distal. Until
today, the patient is alive and remains free of disease.

Materials and methods

Tissue samples were collected at surgery and processed for
routine histopathology, immunohistochemistry, and molecu-
lar biology after formalin fixation and paraffin embedding.

Pathology

Paraffin sections of formalin-fixed tissue (3 μm) were used
for conventional hematoxylin and eosin staining and
immunohistochemistry. The sections were immunostained
following the streptavidin-byotin method (LSAB, Dako,
Denmark). The antibodies used were: CD34 (monoclonal,
1:50dilution, DAKO), EMA (monoclonal, 1:200, DAKO),
ALK (monoclonal, 1:20, DAKO), vimentin (monoclonal,
1:200dilution, Novocastra), colagen IV (monoclonal, 1:50,
DAKO), SMA (monoclonal, 1:2 dilution; DAKO), desmin
(monoclonal, 1:2 dilution; DAKO), S-100 protein (poly-
clonal, 1:2 dilution; DAKO), c-KIT (polyclonal, 1:400
dilution, Dako,Denmark), Ki-67 (mib-1, monoclonal, 1:50,
DAKO), CD68 (monoclonal, 1:400, DAKO), PDGFRα
(polyclonal, 1:200 dilution; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and p-PDGFRα (Tyr 754) (poly-
clonal, 1:200, Santa Cruz Biotech). Antigen retrieval was
obtained by heating in autoclave (1.5 atm, 3 min) using
cytrate buffer pH 6.0 (target retrieval solution, Chem Mate,
Dako Denmark). The immunoreaction was evaluated by
two different pathologists (SN, ALLB) from zero to +++
depending upon intensity and percentage of stained cells.

DNA sequencing

DNA was isolated from 3 to 5 μm sections of fixed and
paraffin-embedded tissue. After deparaffinization, the tu-
mor tissue was resuspended in lysis solution (0.5% sodium
dodecyl sulfate, 0.5 mg/mL proteinase K, 10 mmol/L Tris–
HCl, pH 8, 0.15 M NaCl, and 5 mmol/L ethylenediamine
tetraacetic acid) and incubated overnight at 55°C. DNAwas

extracted with phenol/chloroform/isoamyl alcohol
(25:24:1), precipitated with ethanol and dissolved in 10 to
35 μL of ultrapure water. Intronic polymerase chain
reaction (PCR) primers were used to amplify exons 9, 11,
13 [8], and 17 [9] of c-KIT and exons 12 and 18 of
PDGFRα [10]. PCR was performed in a reaction volume of
50 μL containing 1 μL of DNA, 50 mmol/L KCl, 10 mmol/L
Tris–HCl, pH 8.3, 2 mmol/L MgCl2, 0.2 mmol/L each
dNTP, 0.2 μmol/L for each primer, and two units of
AmpliTaq Gold (Perkin Elmer, Norwalk, CT, USA).
Amplification reactions were carried out in a DNAThermal
Cycler 9600 (Perkin Elmer) after preheating the samples at
95°C for 10 min. The DNA was amplified over 40 cycles
of: 1 min of denaturation at 94°C; 1.5 min of annealing at
56°C for c-KIT primers or 2 min at 65°C for PDGFRα
primers; and 1 min of extension at 72°C with an additional
final extension step of 10 min. Ten microliters of the PCR
products were visualized in ethidium-bromide—stained 2%
UltraPure agarose gels (Life Technologies, Paisley, Scotland)
and photographed. Negative controls were included in every
set of amplifications. Bidirectional sequencing with specific
primers was performed on an ABI 310 sequencer using the
BigDye Terminator v1.1 kit (Applied Biosystems, Inc, Foster
City, CA, USA).

Results

Macroscopically, the tumor was a polypoid submucosal
mass of 2.5×2.5×3 cm, showing an off-white coloration
and fibrous consistency without exceeding the serosa
causing atrophy, splitting, and fraying of the muscle wall
layers. Microscopically, it was composed of conglomerate
spindle and stellate cells without atypia or mitosis, loosely
distributed in a fibromyxoid stroma with occasional
concentric “onionskin”-like arrangement within a prominent
vascular network. The spindle-cell component was obscured
by the inflammatory elements, which were dominated by
eosinophils but which also included plasma cells, lympho-
cytes, neutrophils, and histiocytes.

The morphology of the lesion was consistent with the
diagnosis of IFP; even so, an immunohistochemical panel
and molecular studies were performed to confirm the
diagnosis and exclude other spindle cell intestinal tumors
that could have a worse prognosis. The immunohistochemical
study confirmed a stronger and diffuse staining for CD34,
vimentin, CD68, and PDGFRα, while SMA,ALK, and S-100

Fig. 1 The tumor appeared as a spindle-cell proliferation and
“onionskin”-like arrangement with the inflammatory elements, which
are dominated by eosinophils (a and b). Immunohistochemical studies
confirmed positive expression for CD34, PDGFRα, p-PDGFRα, and
SMA whereas failed to stain for c-KIT where positivity was only
observed in mastocytes (c to h). a, ×200; b to h, ×400

b
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expression was weak; and KIT, EMA, collagen IV, and
desmine showed negative staining. The Ki-67 was seen in less
than 1% of the spindle cells.

Mutational analysis of exons 9, 11, 13, and 17 of c-KIT
and exons 12 and 18 of PDGFRα revealed a mutation
involving the juxtamembrane domain, exon 12 of
PDGFRα. This genetic alteration was heterozygous and
consisted of an in-frame deletion of codons 567–571 and a
missense mutation in codon 566 (AGC-AGA) with a
change in amino acid serine to arginine. This result was
unexpected due to the final histological diagnosis of IFP;
we decided to complete the inmunohistochemical study
with PDGFRα phosphorylated to confirm the activated
state of the receptor in the lesion and repeat the whole
molecular analysis to discard contamination or technical
pitfalls. p-PDGFRα was low positive in tumor cells and
PDGFRα mutation confirmed (Figs. 1 and 2).

Discussion

The association of IFP with mutations in PDGFRα has
been described in a small number of cases in the literature
[7, 11]. In our case, the microscopic appearance and
immunohistochemical profile are the best evidence for
labeling this tumor as an IFP, although the molecular
genetic profile is, in contrast, more commonly associated
with KIT-negative GIST [5, 12]. Nevertheless, unlike IFP,
GIST does not develop in the submucosal layer and does
not form onionskin-like sheets around vessels; nor does it
have a lot of eosinophilic infiltrate, while CD34 expression is
negative. Furthermore, the morphology of GIST cases with
mutation in PDGFRα usually present epitheloid or mixed
cell patterns; in contrast, our mutated case of IFPs was
mainly composed of spindle cells with a myxoid stroma and
a rich inflammatory infiltrate with eosinophilia [6, 7, 13].

c-KIT and PDGFRα genes are proto-oncogenes that map
to the long arm of chromosome 4 (4q11–4q12). Both genes
belong to the same human type III family of transmembrane
receptors with an internal tyrosine kinase component [14].
These genes have been shown to be important for several
cellular and tissue processes such as proliferation, apoptosis,

chemotaxis, growth, melanogenesis, hematopoiesis, and
gametogenesis. c-KIT or PDGFRα mutations have also
been implicated in other non-GIST tumors such as synovial
sarcoma (PDGFRα 12 deletion 554 to 555) [15], dysger-
minomas (c-KIT exon 17 codon 816) [16], Ewing’s sarcoma
(exon 9 of c-KIT) [17], melanomas (exon 11 c-KIT L576P)
[18], Merkel cell carcinoma (exon 10 of the PDGFRα
amino acid substitution at codon 478) [19], chronic
eosinophilic leukemia and lymphoblastic T-cell lymphoma
(FIP1L1/PDGFRα) [20], and seminomas (exon 17 of c-
KIT, D816V, Y823D) [21]. We found one article by Carney
et al. that described a combination of multiple GISTs and
small intestinal polyps, fibroid tumor, and lipoma with
PDGFRα mutation (V561D exon 12 of PDGFRα) [11], but
the most interesting discovery is the previously-reported
series of IFP with activating mutations in exons 12 and 18
of PDGFRα (70%) [7]. Shildhaus et al. found 16 different
mutations (V561D, R560S del.561–567, del.559–
561D591H, S566R del.567–571, D842V, D842I, del.842–
845, and del. 845–848) including the same mutation herein
reported and thus confirming our finding [7]. The authors
compared the state of PDGFRα mutated in GIST versus
IFP, observing that PDGFRα-mutated GISTs showed
recurrence and metastasis, whereas IFPs do not metastasize.
For these reasons, the biological behavior of IFP and GIST
is different, despite identical activating PDGFRα mutation;
consequently, other genetic alterations are required for
malignant progression of GIST [7, 8, 22].

The mutation herein described with a constitutive
activation of PDGFRα could activate key routes for the
pathogenesis of this process, as occurs in other tumor entities.
This molecular event would not only explain the behavior of
IFP, but also suggests potential candidates for molecular target
therapies such as imatinib or anti-angiogenic factors [23].
Nevertheless, more studies are needed to clarify whether this
finding represents a biologically distinct behavior or to
confirm more evidence for the concept that IFP is
characterized by this type of mutation.
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Del. 567-571Fig. 2 Molecular analysis re-
vealed a missense mutation in
codon 566 AGC-AGA (S566R)
plus a deletion of codons 567 to
571 in exon 12 of PDGFRα
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Abstract Extranodal follicular dendritic cell sarcoma/
tumours (FDCS/Ts) and interdigitating dendritic cell sarcoma/
tumours (IDCS/Ts) are rare neoplasms. We present two
cases of FDCS/T and IDCS/T of the breast. The FDCS/T case
(case 1) presented in a 31-year-old woman and the IDCS/T
case (case 2) in a 67-year-old woman who both showed a firm
lump in the left breast. The FDCS/T lesion superficially
appeared as an anaplastic carcinoma and the IDCS/T was
reminiscent of a spindle cell sarcomatoid carcinoma. Never-
theless both lesions were negative for keratins while case 1
displayed neoplastic cells strongly positive for CD21,

vimentin and focally for CD68 and S-100 protein. The tumour
cells of case 2 were positive for S-100, CD68 and CD45. In
breast, an unusual keratin negative tumour composed pre-
dominantly of spindle cells arranged in fascicles, storiform
pattern or whorls with a lymphoid rich stroma should raise
suspicion for FDCS/Ts or IDCS/Ts. The distinction from
malignant tumours with similar features is discussed.

Keywords Breast . Follicular dendritic cell sarcoma .

Interdigitating dendritic cell sarcoma . Dendritic cell tumour .

Immunohistochemistry

Introduction

Dendritic cells (DCs) or antigen presenting cells are a hetero-
geneous group of non-lymphoid, non-phagocytic elements
grouped under the generic designation of immune accessory
cells of lymphoid and non-lymphoid organs [1]. They are
composed of follicular dendritic cells (FDCs); Langerhans’
cells (LCs) found primarily in skin; interstitial DCs,
representing the counterpart of LCs in parenchymal organs
with the exclusion of brain and cornea; veiled cells (VCs),
corresponding to LCs, en route to the lymphoid system; and
interdigitating dendritic cells (IDCs) confined to T cell areas.
They play a key role in both the primary and secondary
immune responses by capturing and presenting antigens
and immune complexes. Each type differs in function, mor-
phology, ultrastructure and immunophenotype [1–5]. FDCs
are confined to the B cell areas (germinal centers) of primary
and secondary lymphoid follicles in lymph nodes, as well as
in extranodal sites, either as acquired lymphoid tissue or as
part of the organised constitutive lymphoid tissue [3, 5].
IDCs are localised in the T-cell-rich areas of peripheral
lymphoid tissue, including the paracortex and deep cortex of
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lymph nodes and tonsils, splenic periarteriolar lymphoid
sheaths and interfollicular areas of mucosa-associated lym-
phoid tissue. FDCs play a major role in the induction and
maintenance of humoral immune responses and IDCs are
potent antigen-presenting cells responsible for initiating
primary T-lymphocyte immune responses [1–5].

Follicular dendritic cell sarcoma/tumour (FDCS/T) and
interdigitating dendritic cell sarcoma/tumour (IDCS/T) are
grouped under the heading of dendritic cell neoplasms and
their designation sarcoma/tumour is used because of the
variable cytological grade and indeterminate clinical be-
haviour encountered in these neoplasms [3].

Extranodal FDCS/Ts have been reported to involve oral
cavity and upper aerodigestive regions, soft tissues of neck,
abdominal walls, thigh, liver, tubular gastrointestinal tract
(large and small intestine, stomach and rectum), lesser
omentum, mesocolon and retroperitoneum, lung, thyroid,
pancreas and ampulla of Vater [6]. Two of such cases have
been previously reported in the breast (Table 1) [7, 8].
Extranodal IDCS/Ts have been reported to occur in
nasopharynx, small intestine and mesentery, liver, testis,
skin, tonsil, spleen, bone marrow, chest wall, paraspinal
area, bladder and salivary gland [9, 10]. One case has
secondarily involved the breast [11].

In this article, we report an additional case of FDCS/T
and the first case of IDCS/T primary in the breast and
discuss their distinctive morphologic features in view of
distinction from similar breast tumours.

Clinical history

Case 1

A 31-year-old woman presented in July 2007 with a firm
nodule in the upper internal quadrant of the left breast
which at ultrasound examination measured 32 mm in its
greatest axis. It was localised superficially and clinically

resembled a phyllodes tumour. The lump was excised and a
preliminary diagnosis of poorly differentiated carcinoma
with lymphocytic rich stroma was rendered. However, the
immunohistochemical findings were not consistent with an
epithelial lesion and a second look offered the diagnosis of
extranodal FDC/T.

In the meantime, the patient had undergone left radical
mastectomy with axillary lymph node dissection. No
further treatment was administered.

The patient was alive and well when last contacted
(August 2008).

Case 2

A 67-year-old demented woman presented with a subcuta-
neous lump in the upper outer quadrant of the left breast

Table 1 Summary of extranodal dentritic cell sarcomas reported in the breast

Case no. Reference Age/site Size Treatment Follow-up

1 Fisher et al. [7] 41/left 25 mm Quadrantectomy, mastectomy,
radiotherapy

Recurrence after
6 months,
NED 3 years

2 Pruneri et al. [8] 40/right 40 mm Quadrantectomy, sentinel
lymph node biopsy

19 months NED

3 Uluoğlu et al. [11] 38/right, bilateral
cervical mass

30×20 mm Chemotherapy, radiotherapy,
lumpectomy

32 months breast NED

4 (present case 1) 31/left 50×40×
35 mm

Radical mastectomy 13 months NED

5 (present case 2) 67/left 30×27 mm Wide local excision 3 months D

NED no evidence of disease, D dead without evidence of residual disease

Fig. 1 Case 1. The tumour has macroscopic circumscribed borders.
Its cut surface is whitish in colour and has some haemorrhagic and
necrotic areas
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Fig. 2 Case 1. a The tumour is composed of oval to spindle shaped
cells arranged in sheets and interlacing fascicles. b The nuclei are oval
or elongated with vesicular or granular finely dispersed chromatin,
with prominent nucleoli and thin smooth nuclear membranes. There
are occasional giant cells. The tumour cells are intermingled with

small lymphocytes. c Breast ductules, here highlighted by keratin 7,
are scattered among the neoplastic cells. d Lobules at the periphery of
the tumour show the features of lymphocytic lobulitis. e Tumour cells
show strong and diffuse cytoplasmic positivity for CD21
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which had been discovered in a medical general work up. The
family history was that her mother died of breast cancer. Her
aunt (from mother’s side) and sister all had breast cancer, but
are both alive and well. Past history indicated that the patient
had developed squamous cell carcinoma of the skin, from the
back and one basal cell carcinoma from her nasolabial fold 4
and 1 year respectively before her breast symptoms. The
patient was on antihypertensive treatment and statins.

A wide local excision together with the overlying skin
was performed. In view of the histological features and
immunohistochemical findings, the lesion was regarded as
IDCS/T.

The patient died 3 weeks after her operation. The autopsy
showed that the cause of death was pulmonary embolism,
but no tumour was found anywhere outside breast.

Materials and methods

Both cases were from the consultation files of one of us
(VE). Stains were performed on formalin-embedded tissues
and immunohistochemical studies were obtained from
sections using avidin–biotin complex (ABC) peroxidase
method. The following antibodies were employed: CD21
(Dako, clone 1F8, 1:20), vimentin (Dako, clone V9, 1:100),
S100 protein, (Ventana), CD68 (Neomarkers, clone MAC
387, 1:200), epidermal growth factor receptor (EGFR)
(Zymed, clone 31G7, 1:30), CD1a (Neomarkers, clone
1CA04, 1:50), keratins (AE1/AE3 Dako, 1:100), (MNF
116, Dako, 1:1:200), keratin 7 (Dako, clone Ov-TL 12/30,
1:100), keratin 20 (Dako, clone KS 20.8, 1:40), 34ßE12
(Dako, 1:50), gross cystic disease fluid protein-15 (GCDFP-
15) (Signet, clone D6, 1:300), epithelial membrane antigen
(EMA) (Dako, clone E29, 1:100), smooth muscle actin
(SMA) (Dako, clone 1A4, 1:100), desmin (Neomarkers,
clone D33, 1:50), CD34 (Neomarkers, clone QB-END/10,
1:400), CD31 (Ventana), HMB45 (Dako, 1:50), CD45
(Ventana), CD3 (Neomarkers, clone PS1, 1:20), estrogen
receptors (Ventana), progesterone receptors (Ventana), her2/
neu (Neomarkers, clone CB 11, 1:50). In the lack of addi-
tional material for case 2, keratin 14 (Neomarkers, clone
11002, 1:400,WCAP), keratin 5/6 (Neomarkers, clone D5/16
B4, 1:20, WCAP) and p63 (Neomarkers, clone 4A4, 1:1000,
WCAP pH:8) were stained in case 1 only, andwere all negative.

Results

Case 1

Macroscopically, a circumscribed soft nodule of 50×40×
35 mm with a cut surface whitish in colour and having some
haemorrhagic and necrotic areas was observed (Fig. 1).

Microscopically, the tumour was composed of oval to
spindle shaped cells arranged predominantly in sheets and
interlacing fascicles (Fig. 2a). The tumour cells had eosino-
philic and vaguely filamentous cytoplasm with indistinct
cell borders, resulting in a syncytial appearance. The nuclei
were oval or elongated with vesicular or granular finely
dispersed chromatin, with prominent nucleoli, and thin,
smooth nuclear membranes (Fig. 2b). Occasional multi-
nucleated giant cells were observed. There were areas where
remarkable cytologic atypia was noticed. Mitoses averaged
21 per ten high-power fields. Necrosis was present in
scattered areas. The tumour cells were intermingled with
small lymphocytes (Fig. 2b) and in addition residual breast
ductules were scattered among the neoplastic cells (Fig. 2c).
Numerous lobules at the periphery of the neoplastic
proliferation showed acinar stroma filled with lymphocytes
that figured lymphocytic lobulitis (Fig. 2d). The axillary
lymph nodes were reactive.

Immunohistochemically, the tumour cells showed strong
and diffuse cytoplasmic positivity for CD21 (Fig. 2e) and
vimentin, while focal positivity for CD68 and S-100 protein
was detected. A strong membranous staining for epidermal
growth factor receptor was also observed. The tumour cells
were negative for the other antibodies employed that included
all keratins. On the basis of the morphologic and immuno-
phenotypic findings, the diagnosis of FDCS/T was rendered.

Case 2

The specimen consisted of a 30×27-mm firm nodule with
white-grey cut surface.

The tumour was macroscopically circumscribed and histo-
logically reached the skin up to the epidermis which was not
involved (Fig. 3a). The neoplastic proliferation consisted of
fascicles often showing a storiform pattern of spindle cells
intermingled with small lymphocytes (Fig. 3b, c). Cohesive
sheets of polygonal or round cells with abundant eosino-
philic cytoplasm reminiscent of histiocytes were occasionally
noticed. The spindle neoplastic cells had eosinophilic cyto-
plasm with indistinct cell border that blurred with the stroma.
Nuclei were ovoid to round often indented with vesicular
chromatin and small nucleoli (Fig. 3d). Nuclear pleomor-
phism was marked in focal areas and occasional multinucle-
ated tumour giant cells were observed. A deposition of fine
to thick bands of collagen was seen between the fascicles of

Fig. 3 Case 2. a The tumour cells invade the dermis up to the
epidermis which is not involved. b Fascicles of spindle cells show a
storiform pattern. c Neoplastic cells intermingled with lymphocytes.
d The spindle neoplastic cells have eosinophilic cytoplasm with
indistinct cell border and oval, indented nuclei with vesicular
chromatin and small nucleoli. e The tumour cells display strong and
diffuse cytoplasmic stain for S-100 protein

b
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spindle cells in some areas. Mitotic activity was scanty, but
atypical mitoses were observed. Necrotic areas were absent.
In the non-neoplastic breast tissue, lobulocentric lymphocytic
infiltrate was noticed and perivascular lymphocytic cuffing
was occasionally present.

Immunohistochemically, the tumour cells displayed
strong and diffuse cytoplasmic expression for S-100 protein
(Fig. 3e), CD68 and CD45. The tumour cells were con-
sistently negative for all the other antibodies employed that
included CD21, CD1a, HMB45, EGFR and all keratins.

Discussion

Case 1 consisted of spindle to polygonal neoplastic cells
intermingled with lymphocytes. The neoplastic cells were
negative for keratins and were consistently positive for
CD21 and vimentin, all features indicative of FDCS/T [3]
that allowed the exclusion of Rosai Dorfman histiocytosis
primary in the breast [12] and lymphoepithelial-like
carcinoma as originally described by Dadmanesh et al.
[13]. The former being invariably CD21 and keratins
negative, the latter showing by definition keratin positivity
as well as CD21-negative stain. EGFR consistently stained
the cells of the present tumour, the expression of which has
been shown recently in FDCS/Ts [14–16].

To the best of our knowledge, only two well-documented
cases of FDCSs [7, 8] of the breast have been reported in the
English literature (Table 1). Consistent with the previous
cases, the current case showed same features and in addition
a lymphocytic lobulitis was present. The present case 1
showed in addition anaplastic areas and areas of necrosis
that are unusual in FDC/T.

In one patient out of the two published, the tumour
recurred 6 months later, received radiation therapy and
remained disease-free 3 years after the original presentation
[7]. The other patient was not subjected to further treatment
and remained disease free 19 months after the surgery [8].
The present patient (case 1) is alive and well 13 months
after surgery in spite of the anaplastic areas. No further
treatment was administered. Admittedly, FU in this case is
very short but we feel that the anaplastic features as seen in
some areas cast a shade of pessimism on the long-term
survival.

Case 2 was composed by a subcutaneous proliferation of
neoplastic spindle cells occasionally arranged in a storiform
pattern. Neoplastic cells were strongly positive for S-100
protein, CD45 and CD68, while were consistently negative
for CD21, keratins and HMB-45. Malignant melanoma was
excluded for the integrity of the epidermis and for the lack
of staining for HMB-45. Sarcomatoid carcinomas was
excluded for the lack of staining for keratins. FDCS/T have
CD21 positive elements, are more cellular and show less

fasciculated pattern. Malignant schwannomas are rare in
breast and lack positivity for CD45. Therefore in view of
histology and the immunohistochemical features, the diag-
nosis of IDCS/T was proposed [1, 3].

In this respect it seems that case 2 is the first case of
IDCS/T primary in the breast. Admittedly the lesion
involved a small tract of the skin. Nevertheless, the bulk of
the lesion was found within the breast parenchyma and this
led to the interpretation of coincidental skin involvement.
The case previously reported was a secondary localisation of
IDCS/T to the breast [11] although having histological
features identical to the present case 2 (Table 1).

The diagnosis of IDCS/Ts is challenging and is based on
histologic, immunohistochemical and sometimes ultrastruc-
tural features [1, 3]. Normal IDCs are positive for ATPase,
S-100 protein, HLA-DR, vimentin, CD45 and monocyte–
macrophage-associated antigens [1, 3], but there is not a
specific marker for these cells.

The pathogenesis and factors involved in the develop-
ment of FDCS/Ts or IDCS/Ts are not fully understood. The
only predisposing factor identified for FDCS/T is hyaline-
vascular Castleman’s disease [5, 6, 17, 18]. FDC prolifer-
ation and dysplastic changes occurring in Castleman’s
disease can form the background from which a FDSC/T
develops [19].

The pathogenesis of IDCS/T in a site that is normally
devoid of lymphoid tissue remains speculative. In a case
reported in the testis, the presence of lymphoplasmacytic
infiltrate in the adjacent non-neoplastic testicular paren-
chyma raised the possibility that the IDCT might have
occurred in a background of an “acquired” lymphoid tissue
as a consequence of a preceding inflammatory reaction to a
yet unknown stimulus [20]. It is pertinent to note that both
the present cases showed lymphocytic lobulitis a feature
very often related to autoimmune processes [21].

Recognition of extranodal FDCS/Ts or IDCS/Ts is often
difficult. While these lesions are included in the diagnostic
list of differential diagnoses in spindle cell tumours of lymph
nodes, however these same tumours are not considered in the
differential diagnosis list of spindle cell tumours of the breast
because sarcomatoid carcinomas and the several other
spindle cell lesions are by far more common than dendritic
cell neoplasms [22]. Even with immunohistochemical
studies, the diagnosis of the tumours may be missed,
because FDC markers are not included among the routine
panel of antibodies or there is no specific marker to reveal
IDCS/T for the investigation of undifferentiated neoplasms.

The clinical course of both dendritic cell neoplasms is
variable but IDCS/T seems to be more aggressive than that
of FDCS/T [1, 3, 6, 15, 18, 23]. With a median follow-up
of 18 months, 43% of the extranodal FDCS/T cases
recurred and 7% of them died of disease [18]. Although
no definite conclusions can be drawn from the data
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available at the current time and prognostically significant
pathologic factors can not be identified for both tumours,
we think it is wise to follow the approach of WHO which
has adopted the non-committal term of sarcoma/tumour.

In conclusion, breast is another extranodal site for FDCS/
Ts and IDCS/Ts. An unusual CK-negative tumour com-
posed predominantly of spindle cells arranged in fascicles,
storiform pattern or whorls with a lymphoid rich stroma
should raise suspicion for FDCS/Ts or IDCS/Ts. An immu-
nohistochemical panel consisting of at least FDC markers,
S-100 protein, CD68 and CD45 must be performed to
exclude a FDCS/T or IDCS/T. Ultrastructural examination
may be required to confirm the diagnosis and to distinguish
FDCS/T from IDCS/T.

Conflict of interest statement The authors declare that they have no
conflict of interest.
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Abstract We report the case of a 72-year-old man who
died in septic shock following pancreatectomy. At autopsy,
organs were discoloured with a rapid colour change from
turquoise to dark green, especially of the myocardium. The
patient had received 200 mg methylene blue (MB), i.v., for
treatment of septic shock 90 min prior to death. Analysis of
tissue samples by liquid extraction and liquid chromatog-
raphy coupled to tandem mass spectrometry demonstrated
different concentrations of MB and its metabolites azure A
and B in the heart, lungs, kidneys, and liver. Our findings
clearly demonstrate the relation of MB administration and
organ discolouration at autopsy and shed a new light on
MB distribution and accumulation in septic shock.

Keywords Methylene blue . Autopsy . Green organs .

Mass spectrometry

Case presentation

A 72-year-old man with a history of arterial hypertension,
coronary heart disease, obstructive sleep apnoea syndrome

and non-insulin-dependent diabetes mellitus received total
pancreatectomy with a combined resection of the distal
stomach due to an uncertain mass in the pancreatic head
suspected for malignancy. A histologic evaluation resulted
in the diagnosis of an intraductal papillary-mucinous
neoplasia (IPMN). Postoperatively, the patient developed
progressive respiratory and renal failure with septic shock
and right heart failure requiring high doses of vasopressors
and inotropics. He further underwent splenectomy and
resection of the omentum and developed renal failure
requiring haemodialysis as well as liver failure. The patient
died 6 days after the primary operation with clinical signs
of septic multi-organ failure. At autopsy, we discovered
turquoise to dark green-coloured organs with predominant
discolouration of the heart, brain, pulmonary and renal
vessels and bone marrow (Fig. 1). The most prominent
finding was a rapid colour change of the myocardium from
slight turquoise to dark green within a minute following
exposure to air (Fig. 2). This phenomenon was even present
at 24 h and in a milder form even after 2 months following
formalin fixation of the tissues.

Sulfhaemoglobinaemia is a rare cause for dark green
blood and greenish-coloured organs [1]. However, in
both intravital and postmortal blood samples, no sulfhae-
moglobin was detected (not shown). A recent case report
described greenish-discoloured organs at autopsy and the
authors suggested that leuco-methylene blue (LMB), a
colourless metabolite of methylene blue (MB), caused the
discolouration [2] by auto-oxidation of LMB to MB in the
presence of atmospheric oxygen [3]. However, the authors
describe the discolouration only in the heart and brain and,
to a much lesser extent, in the retroperitoneal and perirenal
fat.

The patient described herein received 200 mg MB, i.v.,
90 min before he died, since highly dosed inotropic agents
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and vasoconstrictors including vasopressin lead to acrocya-
nosis and were insufficient in maintaining adequate
circulation. In order to shed more light on the potential
causal relationship of MB administration and the observed
discolouration [2], we analysed MB and its metabolites in
the patients' tissues.

Materials and methods

For the quantification of MB and its metabolites azure A, B
and C in formalin-fixed myocardium, lung, renal and liver

tissues, we used liquid extraction and liquid chromatogra-
phy coupled to tandem mass spectrometry (LC/MS/MS) as
already published [4] with slight modifications concerning
extraction of tissue material and metabolite quantification.

In brief, calibration, quality control and tissue specimens
(~250 mg) were spiked with methylene violet 3RAX
(internal standard solution, 25 µL/250 mg sample) and
CaCl2 solution (100 mM, 25 µL/250 mg). For extraction
and protein precipitation, acetonitrile including 1% trifluor-
acetic acid (1 mL/250 mg) was added, homogenised by
ultraturrax and vortexed for 5 min. Subsequently, samples
were centrifuged (10 min, 16,000 g, 10°C), and from the
clear supernatant 100 µL was transferred to 900 µL LC
mobile phase in an autosampler vial. Sample extracts were
kept in the autosampler at 15°C for a maximum of 12 h and
25 µL was injected into the LC/MS/MS system.

For ion exchange chromatographic separation, an Upti-
sphere mixed-mode column (MM1, 5 µm particle size,
120 A pore size, 100 mm length, 2 mm inner diameter)
from Interchim S.A. (Montlucon Cedex, France) with
integrated guard column was used at 40°C. The solvents
consisted of 0.1% acetic acid including 100 mM ammoni-
um acetate (solvent A) and 2.5% formic acid/acetonitrile
(1/1) including 500 mM ammonium acetate (solvent B).
The gradient elution started isocratic with 95%/5% (solvent

Fig. 1 The dissected heart (upper part) and a segment of the vertebral
column (lower part) following autopsy with turquoise to dark green
discolouration

Fig. 2 Myocardium immediate-
ly (a) and 60 s (b) following
dissection and contact to air,
demonstrating the rapid colour
change from a normal brownish
red to green

Table 1 Quantification of methylene blue (MB) and its metabolites
by LC/MS/MS

Tissue Weight (g) MB
(ng/g)

Azure A
(ng/g)

Azure B
(ng/g)

Total
(mg)

Kidney 270 128.1 406.5 1,684 0.6
Heart 520 207.5 924.3 2,943 2.1
Liver 1,600 73.60 122.5 475.1 1.1
Lung 2,570 114.3 441.2 2,056 6.7
Blooda 6,000 1,000 6.0
Sum(mg) 16.5
Recovery (%) 8.3

a Calculated according to [5]
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A/B) for 1 min reaching 5%/95% (solvent A/B) at 5 min
and was then kept isocratic until 12 min of total elution
time. The flow rate was 0.45 mL/min and the eluent was
introduced without splitting into the electrospray ion source
of the mass spectrometer. Selected reaction monitoring
measurements were performed at 1.5 kV multiplier voltage.
MS/MS transitions monitored in the positive ion mode were
m/z 284.0 → m/z 268.0 at 42 V for MB, m/z 256.0 → m/z
214.0 at 42 V for azure A, m/z 270.0 → m/z 254.0 at 43 V
for azure B, m/z 242.0 → m/z 200.0 at 44 V for azure C and
m/z 343.0 → m/z 299.0 at 46 V for methylene violet 3RAX.
For MB, the assay was linear at least within 75 ng/g and
10,000 ng/g and the limit of quantification (LOQ) was
75 ng/g. The metabolites were quantified using the
response factor of MB. Within-batch accuracy varied
between −5.8% and +6.8% with corresponding precision
ranging from 0.4% to 2.9% CV.

Results

MB and its metabolites were quantified in different tissues
(Table 1). The concentrations of MB varied between 73.60
and 207.5 ng/g. Higher concentrations were found for azure
B (475.1 to 2,943 ng/g), which is the main metabolite of
MB. For azure A, the concentrations were between MB and
azure B, whereas azure C was not detectable above the
LOQ. LMB could not be quantified because of its low
stability and direct conversion to MB. Considering the
organ weights, a recovery could be calculated. Assuming a
blood amount of 6 kg and MB blood concentration of
1,000 ng/g (calculated according to [5]), a recovery of
about 8% can be calculated for the respective compartments
(Table 1).

Discussion

MB is known to increase mean arterial pressure by
inhibition of guanylyl cyclase, resulting in a reduction of
the vasodilative nitric oxide, and is therefore consistently
used in septic shock [6, 7]. MB is further used for treatment
of malaria [8], methemoglobinemia, anaphylaxis and vaso-
plegic syndrome following cardiopulmonary bypass [9].
Consequently, a growing number of greenish-coloured
organs should be expected in clinical autopsies, challenging
many pathologists to provide a correct diagnosis. To test for
the hypothesised correlation of MB administration and
greenish discoloured organs [2], we investigated MB and
its metabolites in different autopsy tissue specimens using
liquid extraction and LC/MS/MS. We demonstrated high
concentrations of MB and its metabolites in different

tissues. The turquoise to dark green discolouration seems
to be the combined effect of the rapid oxidation of LMB to
MB as well as the different colours of MB, azure A and
azure B alone. These colourations are also used for various
histochemical stainings, e.g. the Romanofsky–Giemsa
staining [10]. Taking into account the expected concentra-
tion in the total blood volume, only about 8% of the applied
MB was recovered, demonstrating the high distribution into
peripheral compartments. Additionally, an unknown portion
of MB might be present as LMB as suggested by the rapid
colour change after contact to air.

Although it may be a consequence of the centralised
circulation, it is noteworthy that in accordance to the visual
impression at autopsy high amounts of both MB and its
metabolites were detected in the myocardium and lesser
amounts in the kidneys or liver as natural sites of drug
elimination. Furthermore, the supposed vasoconstrictive
effects of MB may be critical in cardiac vessels due to
myocardial ischaemia. Concerning the physiological effects
of azure A and B, only little is known. In mice, azure B
leads to a decreased TNF production and thereby prevented
endotoxic shock whereas MB alone had no protective
effects [11].

In summary, we demonstrate the causal relationship of
MB administration to the discolouration. Our findings will
help pathologists to correctly interpret similar autopsy
findings and shed new light on the tissue distribution and
accumulation of MB and its metabolites in septic shock.
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Abstract A malformed foetus delivered after 21-week
gestation had multiple gross craniofacial, midline and limb
abnormalities. At autopsy, obstructive hydrocephalus and
colonic atresia were observed. Radiographs revealed extensive
epiphyseal stippling which might indicate abnormalities of
sterol synthesis. The pattern of malformation in this foetus is
similar to the phenotype for mutations in the Sonic hedgehog
gene in animal models. It can be speculated that the
abnormalities in the foetus could have resulted from disruption
of the Sonic hedgehog pathway by molecular, chromosomal or
environmental factors.

Keywords Cholesterol . Embryogenesis .

Epiphyseal stippling .Malformation

Introduction

The Sonic hedgehog (SHH) gene has been shown in animal
models to play a major role in embryogenesis. In particular,
the gene is involved in orderly development of the face,
heart, gut and limbs. Mice homozygous for a disrupted SHH
gene show defects in midline structures (notochord and
floorplate), dysplastic distal limb components, cyclopia,
neural tube defects and absence of spinal column and ribs

[1]. The abnormalities in all tissues extend beyond the
normal sites of SHH transcription.

Malformation in humans due to mutations in the SHH
gene have not been comprehensively documented, but it is
likely that there would be some phenotypical homology
with the animal modules.

We have investigated a malformed 21-week foetus in
which a wide range of abnormalities were consistent with the
effect of interference with full expression of the SHH pathway
during embryogenesis. It is unusual to be in a position to
demonstrate severe arrested embryonic development at a very
early stage, and our findings are presented and discussed in the
context of phenotypic delineation.

Clinical history

A malformed female foetus was delivered spontaneously in
Cape Town, South Africa in 2003 at the 21st week of
gestation. Ultrasound scan a week previously had revealed
that the foetus had a possible Dandy Walker cyst and an
abnormal spine.

Severe craniofacial arrest of development with bilateral
anophthalmia, a large central facial defect and severe limb
defects were evident (Fig. 1). Agnathia was a major feature,
with the root and bridge of the nose placed superiorly and
the central lower lip inferiorly. The nose, palate and upper
lip were absent but the tongue was present posteriorly.
Laterally, there were symmetrical tissue flaps with two
transverse clefts on each side of the face (Fig. 2). The right
ear was displaced inferiorly, while the left ear had cutis
aplasia, two preauricular sinuses and a skin tag. Cutis
aplasia and alopecia were present in the right temporal
region. In the skull, the anterior fontanelle was enlarged, the
midline was shifted to the left and a supernumerary bone
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extended from the anterior to the posterior fontanelle. Other
malformations included a posterior fossa cyst with aplasia
of the vermis and the anterior limb of the corpus callosum.
The limbs were very dysmorphic and a body wall defect
extended from the sternum to the perineum with absence of
genitalia and anus. Internally, there was bilateral renal
agenesis, agenesis of the uterus, and a short bowel with anal
agenesis.

The mother was a 31-year-old smoker who attended the
antenatal clinic. This was her third pregnancy and she had
previously given birth to two normal children. She had
polycystic kidney disease and hypertension, for which she
had received medicinal therapy of unknown type during
pregnancy. There was no history of alcohol or drug abuse.

Materials, methods and results

Radiographs showed agnathia and poorly defined orbital
fossae. Scoliosis was evident in the lower thoracic spine.
There were 11 thin crowded ribs on the left and 12 on the
right. Both clavicles were absent. The right arm ended in a
bowed and shortened humerus; the left humerus was
angulated. The left foot had ectrodactyly with two toes. In
the right leg, the tibia was bowed and shortened with a
fibular ray deficiency, and flexion deformity of the three
toed foot. Stippling in the paravertebral, femoral and
calcaneal regions was a striking feature (Fig. 3).

Histologic studies of the placenta excluded amnion
rupture. The epidermis was hypoplastic with absent hair
follicles. In the brain, the lateral ventricles were dilated with
ependymal rosettes, indicative of obstructive hydrocephalus
due to a midline posterior fossa cyst lined by meninges.

The atretic colon had an admixture of anal, rectal and
transitional epithelium. No cervix or uterus was identified.
The abdominal wall skin was in continuity with the
amnion.

For logistical reasons it was not possible to undertake
cytogenetic, molecular or sterol studies.

Case details were submitted to the Washington, USA-
based Pediatric Pathology (Pedpath) email discussion list
on which problem cases are placed for opinions. A
diagnosis of possible Sonic hedgehog gene deficiency was
suggested on a basis of the pattern of malformations which
were present, and which resembled the corresponding
murine phenotype.

Fig. 1 Anterior view of the foetus showing anophthalmia, a large
central facial defect, and a body wall defect extending from mid-
sternum and including the perineum. The genitalia are absent and the
lower limbs are abnormal

Fig. 2 Lateral view of the head and body showing a central facial
defect with lateral skin flaps, agnathia and low-set malformed ears.
The arms are shortened and tapered distally

Fig. 3 Antero-posterior radiograph of the affected foetus. Multiple
radiodense patches of stippling are evident, maximal in the paravertebral
region. The vertebral bodies are very dysplastic
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Discussion

The SHH gene is responsible for midline patterning and
limb development of the developing embryo via inductive
interactions in the mouse. It is involved in brain develop-
ment, face and palatal development, neurogenesis of brain
and retina, limb outgrowth and left–right asymmetry. These
murine malformations are similar to those of the foetus
which we have documented.

In epiphysial stippling or chondrodysplasia punctata,
abnormal endochondral bone formation and the resultant
foci of calcification within the cartilage are visible on
radiographs [2]. Some skeletal dysplasias and other
conditions associated with epiphysial stippling have been
shown to have defects in the biosynthesis of cholesterol
[3, 4]. Cholesterol is crucial for modification of embryonic
signaling proteins, and decreased sterol levels result in
abnormal Sonic hedgehog signaling. In the light of these
observations, a number of genetic disorders involved in the
biosynthesis of cholesterol pathway have been identified
because of the common finding of epiphyseal stippling.

A defective response to Sonic hedgehog (SHH) signaling is
seen in mouse models with disorders of cholesterol biosyn-
thesis. The decreased levels of cellular sterols result in a
decreased response to the SHH signal. Mouse models such as
the Insig deficiency double knockout mouse, show midline
facial clefting ranging from cleft palate to complete facial
clefts [5]. This feature has been shown to be due to sterol
precursor accumulation rather than diminished cholesterol or
total sterol levels [6].

The foetus which we investigated had a severe midline
facial defect, anophthalmia, agnathia, limb abnormalities, a
body wall defect and striking epiphyseal stippling. These
malformations resemble those in the mouse model,
although the craniofacial abnormalities and the extent of
disorganization of the embryo in the mouse are much
more severe [1]. It is possible that the manifestations in
the foetus resulted from interference in the full expression
of the SHH gene during embryogenesis. The skeletal
epiphyseal stippling in the foetus is also suggestive of a

co-existing abnormality in sterol biosynthesis affecting
Sonic hedgehog signaling. The foetal malformations could
also have resulted from a chromosomal aberration, notably
aneuploidy, or environmental and medicinal agents, as in
foetal vitamin A toxicity.

For logistical reasons, it was not possible to undertake
molecular, cytogenetic or sterol studies in the affected
foetus, and the pathogenesis of the malformations remains
uncertain. Nevertheless, the developmental abnormalities in
the foetus and the SHH mouse are similar and the presence
of skeletal stippling is consistent with a disturbance of
sterol synthesis. For these reasons, it can be speculated that
the affected foetus could represent the human homologue of
the murine Sonic hedgehog phenotype.
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Sir, on August 2007, a 50-year-old HIV+, HBV+ and HCV+
male patient presented mild asthenia, splenomegaly (maxi-
mum diameter 25 cm by CT scan), hepatomegaly (3 cm
below the costal margin), slowly progressing anaemia
(haemoglobin 10.8 g/dL), granulocytopenia, lymphocytosis
(total white blood cell count 4.340×109/L, neutrophils 22%,
lymphocytes 74%) and mild thrombocytopenia (PLT 148×
109/L). He did not complain of significant diseases or
complications for his infections and he was not on anti-
retroviral therapy.

A bone marrow biopsy (BMB), performed to ascertain
the cause of the peripheral cytopenia, showed hyper-
cellularity for the age, maturation defects of the erythroid
and granulopoietic lineages; no granulomas or histologically

identifiable micro-organisms were seen and the reticulin
fiber content was mildly, diffusely increased. A discrete
lymphoid interstitial infiltrate was observed (30% of the
whole cellularity) and composed by small- to medium-sized
cells, with round nuclei and a moderate amount of clear
cytoplasm (Fig. 1a). By immunohistochemistry, this infil-
trate was constituted by mature T-cells, which were CD1−,
CD2+, CD3+ (Fig. 1b), CD5−/+, CD7+/−, LAT+ CD4−,
CD8+ (Fig. 1c), CD57+/−, TIA1+, perforin+, granzyme B+
(Fig. 1d), CD56− and CD25−, thus expressing an activated
cytotoxic phenotype. A constant intra-sinusoidal distribution
of the lymphoid component, unapparent by morphology
alone, was clearly evidentiated by immunohistochemistry.
PCR technique on BMB paraffin sections demonstrated a
monoclonal rearrangement of the T-cell receptor (TCR).
Cytologic examination of peripheral blood showed an
increased number of large lymphocyte with granular
cytoplasm; flow cytometry data of peripheral blood were in
keeping with the immuno-histochemical findings.

Our case fulfills the criteria for the diagnosis of T-LGL
leukaemia [1], a clonal proliferation of cytotoxic T-cells,
associated with neutropenia, anaemia and thrombocytopenia,
usually following an indolent course; in particular, the
clinical picture and peripheral blood data are overlapping
with the common clinical presentation of T-LGL leukaemia
in immuno-competent population. Moreover, the BMB
features are consistent with a neoplastic involvement, because
of the entity of the lymphoid component and its peculiar pat-
tern; sinusoidal infiltration is considered specific for different
lymphoma subtypes [2], either of B-cell (splenic marginal
zone lymphoma, intravascular large B-cell lymphoma) or
T-cell origin (T-LGL leukaemia, hepatosplenic T-cell lym-
phoma), and it has never been described in reactive T-cell
proliferations, including reactive expansions of T-LGL [3].
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T-LGL can originate from a wide spectrum of prolifer-
ations, ranging from reactive, transient expansions to
monoclonal indolent or, more rarely, aggressive leukaemias
and a non-random association with viral infections or auto-
immune disease is well known [1]; on these bases, auto-
antigens or viral antigens have been supposed to act as a
chronic activating immunologic stimulus, leading to expan-
sions and clonal selections of T-LGL.

When considering the possible role of viruses in the
pathogenesis of the disease in our patient, an increase of
CD8+ LGL can occur during HIV infection and about one
third of these subjects carry a monoclonal TCR rearrange-
ment, although without hepato-splenomegaly or clinically
malignant course [4]. HBV is also a known cause of CD8+
lymphocytosis and an Italian study reported a higher
prevalence of HCV infection than in controls in T-cell
neoplasms [5].

In conclusion, although a casual association cannot be
excluded, the hypothesis might be raised of a synergistic
role of the three viral chronic infections in determining the
pathogenesis of the disease in our case.

The patient started anti-retroviral therapy, and 8 months
after diagnosis, he is alive, in good general condition, with
progressive correction of the peripheral cytopenia.
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Dear Editor,
In a recent issue of Virchows Archiv, Marx et al. [1]
investigated the potential prognostic impact of the expres-
sion of the biomarker alpha-methylacyl-CoA racemase
(AMACR) detected in a large series of colorectal cancers
(CRC) by immunohistochemistry (IHC) with tissue micro-
array (TMA) technology. Authors concluded that “AMACR
cannot serve as a prognostic biomarker in CRC.” This
conclusion was in contrast with the results obtained by Lin
et al. [2] in a previous study where it was found that there
was a striking prognostic role of AMACR detected by IHC
using TMA in CRC. In [1], authors stated that “…it appears
unlikely that the use of TMA containing only limited
amounts of tumor tissue per patient (one spot of 0.6 mm
diameter per patient) has led to a significant number of false
negative cases.” and that “…focal AMACR expression
cannot serve as explanation for the discrepancies” between
the two studies as both were based on IHC determination of
AMACR by TMA. Conversely, we think that the above
discrepancies may be better explained by focusing on the
potential technical pitfalls involved in TMA construction in
the two studies rather than focusing on the data obtained. In
fact, although IHC using TMA is substantially faster and at
markedly lower costs compared with the conventional
approach, its reliability and validity are influenced by many

factors, the impact of which have to be put under control.
For example, one of the major criticism of TMA technol-
ogy is that it uses only a small fraction of a tissue specimen,
which may not be representative of the whole tissue
section. Although various studies [3, 4] have been
conducted to optimize the sampling strategy for various
solid cancers, actually there are no standardized operative
procedures (SOP) for many biomarkers expressed in CRC,
including AMACR. For example Marx et al. [1] used
TMAs containing one core of 0.6 mm per specimen,
whereas Lin et al. [2] used TMAs including three cores of
0.6 mm sampled from each specimen. Which is the
minimum core numbers for specimen representativity need
for this biomarker? Studies are needed to clarify this as well
as many other aspects related to the TMA-based detection
by IHC of AMACR in CRC. Among these, an important
key issue concerns the antigen survival. It is important to
clarify whether archival tissues retain their antigenicity
despite long-time storage as paraffin blocks. TMA slides
must be cut once and may not be used for staining until
months or ever years later. On the other hand, although
paraffin should protect the tissue from oxidation or other
damage, some authors [5] have reported that, once tissue
blocks are sectioned, the antigenicity of proteins on the
slides would quickly degraded or even become lost with
storage time, resulting in false-negative results. How many
false-negative cases were expected for AMACR in [1] and
[2] by considering the storage time of the specimens?
Again, to answer this question, ad hoc studies are needed.

In general, before clinically validating AMACR as
prognostic biomarker in CRC, it should be necessary to
validate the methodology (i.e., TMA technology) used for its
detection. The workflow involved in the TMA validation
should ideally include, as first step, studies aimed to define
SOPs for each of the involved phases. In the second step, ad
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hoc studies should be implemented to verify the reliability of
the developed SOP in terms of precision, accuracy, and
reproducibility by considering as reference values the meas-
ures obtained on the conventional whole sections staining.

The above considerations could be made for most
biomarkers assessed in the different solid cancers. Coherently,
studies have to be carried out to set-up both preanalytical and
analytical phases involved in the construction and implemen-
tation of TMA for assessing each oncological biomarker.
These studies should precede any other kind of investigation.

Finally, as TMA does not actually represent the routine
method for most pathologists, prognostic studies based on
conventional whole sections should be preferred to clini-
cally validate potential biomarkers. On the other hand,
TMA technology, once validated, represents an excellent
alternative to other tools, such us cell lines [6], to
implement external quality assessment studies focused on
the whole process of biomarker determination [7].
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Sir,
Embalming has played an essential role in human culture
for much of history. While religious and cultural beliefs
were the main motivators throughout antiquity, Modern
Age advances in anatomy, pathology, and chemistry have
caused body preservation to become an important tool for
funerary purposes and educational and scientific practice
[1]. In recent years, the authors have investigated the life
and preparation techniques of Professor Alfredo Salafia
(1869–1933), a Sicilian embalmer who devised a method of
permanent preservation of soft tissue for dissection and
funeral preparation (Fig. 1a).

Having started his experiments with animals, Salafia
achieved unexpectedly satisfactory results in the early
1900s, after he was granted permission to apply his
procedure to unclaimed human bodies, which remained in
an excellent state of preservation after arterial injection of a

special fluid [2]. From 1902 forward, he was responsible for
the embalming of many prominent citizens of Palermo,
including Cardinal Michelangelo Celesia (1904), Senator
Giacomo Armò (1909), Vice-consul Giovanni Paterniti
(1911), and ethnologist Giuseppe Pitrè (1916). Additionally,
in 1910, Salafia became established in New York City, where
he created a company providing embalming services and fluid
manufacturing, and successfully demonstrated his procedure
to the public at the Eclectic Medical College. However, his
most notable case is undoubtedly Rosalia Lombardo (1920), a
2-year-old child who died of pneumonia, whose body is still
exhibited in the Capuchin Catacombs at Palermo (Fig. 1b).
Although Rosalia’s head is the only exposed area, a recent
assessment of her preservation status through conventional X-
ray revealed a remarkable preservation of the remainder of the
corpse, with only minor deterioration (Fig. 1c).

Salafia never divulged the details of his chemical prior to
his death, and the compound of his preservative has
remained shrouded in mystery until today. In 2007, after a
detailed archival research and the subsequent interview of
some living relatives, we were fortunate enough to be able
to inspect some relevant material which belonged to this
embalmer. Among his notes and papers was an unpub-
lished, beautifully handwritten manuscript, entitled “New
special method for the preservation of an entire human
cadaver in a permanently fresh state” (Fig. 1d) [3].
Interestingly, this document describes the ingredients of
his unknown preservative, namely one part glycerin, one
part formalin saturated with both zinc sulfate and chloride,
and one part of an alcohol solution saturated with salicylic
acid. As far as the embalming procedure is concerned, this
was characterized by a great simplicity, consisting of a
single-point injection, preferably into the femoral artery via
a gravity injector. No other procedures normally adopted in
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contemporary embalming, such as drainage or cavity
treatment, were in fact recommended for the normal case.

This important discovery certainly provides one of the
earliest examples of the use of formaldehyde during the
transition from “old” to “modern” embalming chemicals at
the turn of the nineteenth century—a process ultimately
leading to the replacement of the poisonous, yet widely
popular, arsenic and mercury [4, 5]. Formaldehyde was
accidentally produced by Alexandr Michajlovič Butlerov
(1828–1866) in 1859 and synthesized by August Wilhelm
von Hofmann (1818–1892) in 1868. The German chemist
Oskar Loew (1844–1941) is credited with having been the
first one in recognizing its antiseptic properties in 1888. In
1892, the French biologist Auguste Trillat (1861–1944)

revealed to have determined its preservative power, and the
following year, German physician Ferdinand Blum (1865–
1959) discovered the excellent fixative properties of this
chemical. An aqueous solution of formaldehyde—the so-
called formalin—was first put on the market in 1893 and
was soon adopted in the fields of anatomy, zoology, and
histology, but apparently was not suggested as an ingredient
used for embalming entire human bodies until 1895 [5–10].

The information described above suggests that Professor
Salafia perfected a formaldehyde-based fluid that was
successfully used by 1901. Additionally, his precious
memoir discloses his occasional use of paraffin wax diluted
in ether, hypodermically introduced into the deceased’s face
in order to keep the features life-like and plump, which

Fig. 1 a A portrait of the late
Alfredo Salafia (1869–1933), a
long-forgotten Palermo taxider-
mist and embalmer. b Rosalia
Lombardo (1918–1920), one of
the last bodies to be enshrined in
the Capuchin Catacombs by
special permission granted by
the then mayor of Palermo. c
Conventional X-ray of the child
revealed a well-preserved brain
and liver, as well as the presence
of a bottle which may have
contained an agent to prevent
mould growth. The low quality
of the image is due to the
presence of a lead lining in the
coffin, which severely affected
the radiological investigation. d
Salafia’s unpublished manu-
script, currently held at the
Institute for Mummies and the
Iceman, EURAC, Bolzano
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reveals his great attention to the details of cadaver
preparation such as the facial expression and the overall
appearance of the deceased.

In conclusion, we believe Alfredo Salafia was one of the
foremost embalming practitioners of his time, who contributed
substantially to the development of modern embalming, and
his achievements should not be forgotten.
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Abstract MicroRNAs are small RNAs that regulate gene
expression at the post-transcriptional level. After their
discovery 15 years ago, a new layer of gene regulation
was introduced into every field of human biology and
medicine. Considering the strong association between
genetic alterations and neoplastic diseases, it is not
surprising that there is a special focus on miRNAs and
cancer. A multitude of experimental studies on colorectal
cancer, the most common cancer site and furthermore the
second most common cause of death due to cancer, deliver
insight into miRNA-mediated, regulatory links to well-
known oncogenic and tumour suppressor signalling path-
ways. Furthermore, several investigations have described
the ability of microRNA expression patterns to predict
prognosis in colon cancer and support diagnosis of poorly
differentiated tumours. In this short review, we give a
comprehensive overview focussed on miRNAs in colorectal
cancer research.

Keywords microRNA . Colorectal cancer . Carcinogenesis .

Epithelial–mesenchymal transition

Abbreviations
3′UTR 3′ untranslated regions of mRNAs
CRC Colorectal cancer
CTGF Connective tissue growth factor
CUP Cancer of unknown primary
EMT Epithelial-to-mesenchymal transition
miR/miRNA microRNA

miRAGE miRNA serial analysis of gene expression
mRNA messenger RNA
PDCD4 programmed cell death 4
PI-3-K Phosphatidylinositol-3-kinase-AKT

pathway
PTEN Phosphatase and tensin homolog
siRNA Small interfering RNA
SNP Single nucleotide polymorphism
SIRT1 Silent information regulator 1
TGF-β Transforming growth factor β
TNF-α Tumour necrosis factor α
Tsp-1 Thrombospondin-1
UICC International Union Against Cancer

(classification system)
ZEB1/ZEB2 Zinc finger E-box binding homeobox 1/2

Role of microRNAs in human cells

From the initial discovery of small RNAs in the model
organism Caenorhabditis elegans [1], it was a long way to
appreciate their physiological relevance and their impact on
pathological processes in humans. In the first years, small
interfering RNAs (siRNA) gained importance in experimen-
tal research, owing to the fact that siRNAs are a comfortable
tool to silence the expression of a certain protein by
translational repression, without the need to engineer
genetically modified cells. However, the enzymatic machi-
nery of “RNA interference”, exploited by siRNAs, is utilised
in vivo by small endogenous RNAs (∼22 bp), so-called
microRNAs (miRNA). These single-strand RNAs are phy-
siologically expressed in human tissues, some of them in a
tissue specific manner. They have important regulatory
functions in basic cellular processes like development,
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differentiation, proliferation and cell death, affecting major
biological systems such as stemness, immunity and cancer
[2]. After transcription by the RNA polymerase, primary
transcripts (pri-miR) are processed by an enzyme complex
(DROSHA) to become precursor-miRNAs (pre-miR; Fig. 1).
After their nuclear export, another enzymatic process
catalysed by DICER leads to the mature miRNA that
ultimately gets integrated into the RNA-induced silencing
complex (RISC) [3–5]. This complex inhibits protein
expression in two ways. Though the inhibition of translation
as well as the degradation of messenger RNAs (mRNA) are
both known effects acting on the expression of proteins by
miRNAs, recent studies show a preponderance of mRNA
destabilisation especially on highly repressed targets [6]. For
targeting mRNAs, the 5′-region of a miRNA (seed region) is
of special relevance, as it mediates target recognition.
However, this recognition shows only an imperfect sequence
complementarity, leading to a large number of target mRNAs

[7]. To date (Jan 2009), more than 695 miRNA genes have
been identified in the human genome in “non-coding”
sequences of the DNA [8], partly residing in previously
disregarded genomic areas. They can be arranged in clusters,
completely separated or inserted into intronic sequences of
coding genes [9]. According to bio-informatical data,
miRNAs are supposed to regulate ∼30% of all genes [10].
Though a complete picture of miRNA biogenesis and
function still lacks many parts of the puzzle, these new
regulators of translation have already changed our view of
gene expression regulation substantially.

Currently, two different approaches are applied to
investigate the connection between miRNA and colorectal
cancer (CRC). On the one hand, miRNAs seem to regulate
many known oncogenic and tumour suppressor pathways
involved in the pathogenesis of CRC. This is of special
interest in colorectal neoplasms as many proteins involved in
key signalling pathways in this tumour, like p53, RAS and
epithelial–mesenchymal transition (EMT) transcription fac-
tors as well as members of the PI-3-K and the Wnt/β-catenin
pathway seem to be affected by miRNA regulation. Their
dissection in functional studies is critical for a better
understanding of cancer biology, eventually aiming for the
identification of novel pharmaceutical targets. Efforts in this
area are discussed in the first part on oncomirs. On the other
hand, expression profiles of hundreds of different miRNAs
have been shown to bear a much higher potential as
biomarkers than their mRNA counterparts. This allows a
prediction of prognosis and a distinction of certain disease
entities including colorectal cancer sub-types, as discussed in
the second part of the article on miRNA profiling.

Oncomirs—tumour suppressor and oncogenic effects
of microRNAs

Several miRNAs have been studied in functional experi-
ments. We review experimental data performed on colorec-
tal cancer or CRC cell lines (Fig. 2). When investigations
on the regulation of important signalling pathways in CRC
are lacking, we will also refer to investigations on other
tumours.

p53 and miR-34

p53 is a well-known tumour suppressor gene, mutated in
about 51–74% of all CRC and many other human tumours
[11]. The protein is activated upon DNA damage and
oncogene activation. Recently, several groups have unra-
velled important aspects of the connection between p53 and
the miRNA network (reviewed in [12]). Chang et al.
compared miRNA expression patterns in wild-type and
p53−/− mutant HCT-116 colon cancer cell lines after

Fig. 1 Diagram of biogenesis and function of miRNAs. a Initially, a
primary transcript (pri-miR) is transcribed from the DNA by RNA-
polymerase. In a second step, b a nuclear enzyme complex including
the protein DROSHA processes the primary transcript leading to a
precursor-miRNA (pre-miR) that is c exported from the nucleus to the
cytoplasm. d Here, the ribonuclease DICER cleaves the molecule to
produce the “mature-miR” that is incorporated into the RISC. Finally,
e this complex mediates the inhibition of protein translation or the
degradation of the target mRNA
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treatment with DNA damaging agents [13]. They found
several miRNAs induced in the wild type but not in the
p53−/− mutant cells, suggesting a p53-mediated expression.
miR-34a showed the strongest induction. By experimentally
over-expressing miR-34a, p53 effects like cell cycle arrest
and apoptosis could be phenocopied. Amongst the down-
regulated target mRNAs were well-characterised p53 targets
like CDK4/6, cyclin E2, E2F5 and bcl-2. Of note, these effects
were nearly identical, irrespective of the introduction of miR-
34-a, miR-34-b or miR-34-c. Others identified SIRT1, a
regulator of apoptosis in response to cellular stress, as an
additional target of miR-34a [14]. Interestingly, the suppres-
sion of SIRT1 by miR-34a resulted in apoptosis in wild-type
colon cancer cells, but not in p53−/− mutants. This suggests a
feedback loop between p53 and miR-34. However, the
question if miR-34 family members are essential for the
promotion of p53-mediated effects that cannot be answered
to date, as all the three genes would have to be deleted.

Like p53, members of the miR-34 family can be seen as
tumour suppressors to date, making them potential candi-
dates for inactivation in cancer. In fact, decreased levels of
miR-34 have been found in many tumours including CRC
[13, 15–17]. miR-34a expression was found to be decreased
in nine of 25 human colon cancers [18]. One underlying
mechanism seems to be CpG island methylation of miR-
34a [17], as reported in three of 23 cases of colon cancer,
and of miR-34b/c. The latter one was found to be
epigenetically silenced in nine of nine examined cell lines
and in 101 of 111 primary CRC tumours, but not in normal
colonic mucosa. After treatment with demethylating agents,
miR-34b/c expression was restored, resulting in inhibition
of tumour motility and metastasis formation [19]. These
experiments provide a basic mechanism, by which epige-
netic alterations can promote oncogenic transformation by
directly affecting miRNA genes.

The RAS oncogene

Another key player in colorectal carcinogenesis is the
guanosine triphosphatase RAS. Mutations are found in 35–
41% of CRCs [11]. In 2004, the let-7 family—containing
nine distinct miRNAs—was initially shown to correlate
with survival in lung cancer [20]. In colorectal cancer, two
of six tumours and one of three colon cancer cell lines
showed reduced let-7 levels. Transfection of cell lines with
a let-7a-1 precursor miRNA resulted in growth suppression
and a decrease in RAS protein levels [21]. This suggests a
tumour suppressor effect of let-7 in colon cancer. MiR-143,
another miRNA, also acts on RAS expression, as miR-143
and KRAS protein levels show an inverse correlation in
CRC in vivo. In in vitro experiments, a direct binding of
this specific miRNA to the 3′-untranslated region of the
KRAS transcript could be confirmed [22]. Inhibition of
miR-143 in cell line experiments resulted in stimulated cell
proliferation. Interestingly, a general decrease of miR-143
in CRC and colorectal adenomas compared to normal
mucosa was observed in an independent study [23]. Thus,
decreased miR-143 expression might contribute to the
pathogenesis of CRC by disinhibiting KRAS expression.

The Wnt/β-catenin pathway

The Wnt/β-catenin pathway plays a central role in early
colorectal tumour development. More than 60% of all
colorectal adenomas and carcinomas carry a mutation in the
APC gene, leading to stimulation of the Wnt pathway via
free β-catenin [24]. Nagel et al. describe a miR-mediated
suppression of APC expression in CRC. miR-135a and
miR-135-b decrease the translation of the APC transcript in
vitro by targeting its 3′-untranslated region. Of note, miR-
135 was also found to be upregulated in vivo in colorectal

Fig. 2 Overview of microRNAs
involved in key signalling
pathways in colorectal cancer,
their inductors and their targets.
The depicted microRNAs affect
central factors of colorectal
carcinogenesis as p53, RAS and
several EMT transcription
factors. For details and
abbreviations, see text
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adenomas and carcinomas and correlated with low APC
levels [25]. Thus, the mir-135 family is dysregulated in
neoplastic colorectal tissues. However, the reason for these
alterations is still unknown.

Epithelial–mesenchymal transition

One recent study associated the expression of let-7 with two
differentiation stages of a panel of cell lines (with an
epithelial and a mesenchymal gene signature), linking let-7
to the EMT [26]. EMT describes the downregulation of E-
cadherin and the successive loss of cell–cell adhesion, thus
leading to a mesenchymal phenotype. Eventually, this
contributes to the invasiveness and dissemination of epithe-
lial tumour cells in several carcinomas including colorectal
cancer [27]. Another functional link to EMT comes from the
members of the miR-200 family (miR-200a, miR-200b,
miR-200c, miR-141 and miR-429) that are suppressed by
TGF-β-signalling [28]. They, in turn, suppress the EMT
transcription factors and E-cadherin suppressors zinc finger
E-box binding homeobox 1 (ZEB1; TCF8) and zinc finger
E-box binding homeobox 2 (SIP1), important initiators of
EMT in colorectal cancer [27, 29]. Interestingly, ZEB1 in
turn inhibits the expression of the miR-200 family, thereby
stabilising the EMT process. Thus, the miR-200 family
members might act as tumour suppressors by inducing an
epithelial phenotype. However, there is conflicting data for
the putative tumour suppressor miR-200c, as it is predomi-
nantly found in CRC, but not in normal mucosa [30, 31] and
it has been shown to be a marker of poor prognosis in one of
the studies [30]. These observations argue for a more
complex role of at least some microRNAs in the regulation
of gene expression, as they may act in regulatory circuits
with positive and negative feedback loops, instead of
mediating uni-directional pathways.

The phosphatidylinositol-3-kinase-AKT pathway

The phosphatidylinositol-3-kinase-AKT (PI3-K-AKT)
pathway provides another central oncogenic mechanism.
An important gene in this pathway is the regulatory sub-
unit p85-alpha, frequently mutated in CRC [32]. Guo et al.
found that the functionally related regulatory sub-unit
p85-beta is suppressed by miR-126. They could experi-
mentally demonstrate growth suppressive effects on
colorectal cancer cells. Additionally, miR-126 was down-
regulated in four of four CRC cell lines [33]. The tumour
suppressor gene PTEN is an important inhibitor in this
pathway, showing genomic mutations in several cancers,
but not frequently in sporadic CRC [34]. miR-21 has been
identified to be a strong repressor of PTEN in hepatocel-
lular cancer [35]. Interestingly, the same miRNA is
upregulated in CRC [36, 37].

Apart from interference with the PI-3-K pathway, miR-21
has been shown to act on PDCD4, a tumour suppressor gene
that is an independent prognostic factor in resected colorectal
cancer [38]. Silencing of miR-21 by anti-miR-21 resulted in
increased levels of PDCD4 in colorectal cell lines and
increased invasion in a chicken–embryo–metastasis assay. In
addition, 22 resected human tumours showed a higher
miR-21 expression than the corresponding normal mucosa
and decreased amounts of PDCD4 protein with mRNA
levels unchanged [39]. These results argue for an important
function of miR-21 in the pathogenesis of CRC, as it also
shows a good correlation with prognosis [36, 37].

Regulation of other signalling pathways by miRNAs

The miR-17-92 cluster encodes six miRNAs (miR-17, miR-
18a, miR-19a, miR-20a, miR-19b-1 and miR-92-1), located
on chromosome 13 [40]. Dews et al. found myc-dependant
angiogenesis promoting effects in p53−/− mouse colono-
cytes. This effect is attributed to a miR-17-92 mediated
suppression of the anti-angiogenic factors Tsp1 and
connective tissue growth factor, as silencing of the miR-
17-92 cluster resulted in restored expression of these two
proteins [41]. Thus, the miR-17-92 cluster mediates myc-
dependant tumour promoting effects. Furthermore, this
signalling pathway also seems to be a target of certain
chemotherapeutic agents. 5-Fluorouracil (5-FU) is com-
monly used for the treatment of colon cancer. A recent
study has shown that 5-FU treatment dose dependently
decreases the expression of c-myc and, in consequence, of
the miR-17-92 cluster [42].

A quite new area of research is the systematic genomic
examination of the 3′ untranslated regions of protein coding
genes. These regions, responsible for the binding of
putative inhibitory small RNAs on the respective mRNAs,
are supposed to carry mutations that might affect the
affinity for miRNAs. This resistance to miRNA regulation
could confer an increased risk for certain diseases, as it has
been shown in silico for CRC. Out of eight in silico
predicted candidates, the two genes for CD86, a co-
stimulatory ligand on lymphocytes, and for the insulin
receptor carry a single-nucleotide polymorphism (SNP) that
is statistical significantly associated with the risk of
sporadic colorectal cancer (odds ratio 2.74 and 1.94,
respectively) [43]. However, the biological relevance of
these SNPs in vitro has not yet been confirmed.

Prognostic impact of microRNA expression in colorectal
cancer

Unlike these functional experiments, several studies fo-
cussed on correlations of miRNAs with survival or
established bio-pathologic prognostic features (Fig. 3;
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Table 1). Studies have been performed on a broad variety of
malignant tumours including lung [20], breast [44] and
prostate cancer [45] as well as chronic lymphocytic
leukaemia [46]. In colon cancer, several studies found a
central role for miR-21 over-expression, showing a strong

association with the established prognostic factors nodal
stage, metastatic disease, International Union Against
Cancer (UICC) stage and directly with poor survival [36,
37]. Investigations on 24 resected colorectal cancers
demonstrated a significantly shorter survival in patient

Fig. 3 Changes of miRNA expression in colorectal adenomas,
carcinomas and their correlation with UICC stage or survival. Several
specific miRNAs are up- or downregulated in adenomas and
carcinomas compared to normal colon mucosa, based on expression

profiling experiments. Additionally, expression levels of some
miRNAs show a correlation with different UICC stages and survival
in CRC. Only a selection of miRNAs is shown. For details, see text

Tumour (n) Control (n) Cell lines used miR examined (n)

Schetter et al. [36]

Test cohort 84 84 389

Validation cohort 113 113

Schepeler et al. [48] 49 10 315

Xi et al. [30] 24 24 10

Slaby et al. [37] 29 6 4

Nakajima et al. [31] 21 21 5

Bandres et al. [47] 12 12 + 156

Michael et al. [23] 14 4 + 28

Cummins et al. [71] 4 2 + (miRAGE)

Guo et al. [33] – – + 262

Table 1 Selection of study
details of publications on CRC
or colorectal cancer cell lines
investigating miRNA expression
with regard to differences from
normal samples or prognostic
impact

The number (n) of tumour
samples, normal samples and
the number of examined
miRNAs is shown
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samples with high levels of miR-200c [30]. Increased
expression of miR-31 has been associated with a higher
UICC stage [47]. In contrast, miR-320 and miR-498 have
been shown to be positive prognostic markers, showing a
strong correlation with recurrence-free survival [48]. Inter-
estingly, adenomas also show an over-expression of miR-21
when compared to normal mucosa [36]. Thus, some
miRNAs might also play a role in early tumour develop-
ment (Table 1).

Additionally, molecular well-defined sub-groups, like
microsatellite unstable colorectal cancer (MSI-H) can be
distinguished by miRNA profiling. MSI-H colorectal
cancers harbour defects in the mismatch repair system.
They make up about 15% of all sporadic colorectal cancers.
In the inherited disorder Lynch syndrome or hereditary non-
polyposis colorectal cancer, certain mismatch repair pro-
teins carry germline mutations. Though these two sub-types
are similar in conventional histology, they differ in
prognosis and response to chemotherapy [49, 50]. miRNA
profiles have been shown to separate MSI-H CRC from
microsatellite stable CRC with a specificity of around 80%
and a sensitivity of around 90% [48, 51].

Another important prognostic question is the response to
therapy. Nakajima et al. found an association for members
of the let-7 family of miRNAs and miR-181b with therapy
response to the 5-fluorouracil-based anti-metabolite S-1 in a
retrospective analysis of tissue samples from CRC patients
[31]. According to these preliminary data, let-7 family
members might be important in altering chemotherapy
response.

Diagnostic potential of microRNA profiles

Apart from this prognostic information, miRNA expression
profiles also vary between different tumours and normal
tissue. MicroRNAs differ substantially from mRNAs in
their degree of effects on protein expression. One mRNA
can yield only a small number of polypeptides, varying
from each other due to post-transcriptional modifications.
On the other hand, miRNAs target mRNAs with an
imperfect sequence complementarity. In consequence, a
single miRNA can regulate the expression of more than 100
mRNAs simultaneously [10, 52]. This might explain why
microarrays of 217 miRNAs have a much higher content of
information than ∼16,000 mRNAs in distinguishing differ-
ent tissues and tumours [53, 54]. Significant differences in
miRNA expression profiles have now been described in
tumours of different developmental lineages and differen-
tiation states including colon cancer [53, 55, 56]. This
might prove helpful approaching old clinical problems: The
concept of a “cancer of unknown primary” (CUP) describes
metastatic lesions without an identified primary tumour.
These mostly poorly differentiated tumours make up 2-4%

of all cancers [57], with 7% and 12% contributed to by
colon cancer due to large autopsy and mRNA studies,
respectively [58]. These malignant lesions pose a serious
clinical problem, as it is often difficult or impossible to
characterise them by histopathological examination includ-
ing advanced techniques such as immunohistochemistry
and electron microscopy. Thus, large studies and therapeu-
tic recommendations are lacking, contributing to a poor
prognosis of these patients. Two recent studies examined
metastases of known primary tumours with miRNA micro-
arrays for their potential to identify the tissue of origin.
After establishing a miRNA classifier (n=68, 11 tumour
types, 217 miRNAs), 12 out of 17 poorly differentiated
samples were accurately classified by miRNA profiling
[53]. A second publication reports an overall accuracy of
90% of classification in more than 400 malignant tumour
samples of 22 tissue origins based on a set of only 48
miRNAs [56]. Unfortunately, no information on the tumour
differentiation (grading) has been supplied in the latter
study, as the poorly differentiated tissues cause the most
severe diagnostic problems. A recent study on lymph node
metastases of several malignant tumours including CRC
identified three specific miRNAs (miR-148a, miR-34b/c
and miR-9), specifically downregulated by CpG island
hyper-methylation. Re-introducing miRNA function with
demethylating agents resulted in reduced tumour growth as
well as inhibition of metastasis formation in a xenograft
model [59]. To our knowledge, up to now, no one examined
miRNA expression in CUP tissue in a larger scale to prove
a clinical relevant diagnostic benefit.

The distribution of miRNAs in cancer and normal tissue
has been studied by several groups in the last years (Fig. 3;
Table 1). In reports on various cancer samples, generally
lower miRNA levels were found in tumours compared to
normal tissue [53] and lower levels in poorly differentiated
compared to well-differentiated tumours in tissue samples
[53] as well as in cell lines [60]. Additionally, by targeting
key regulators of miRNA biogenesis, cells can be driven
towards transformation [61]. However, this could not
consistently be confirmed [55]. Investigations on paired
colorectal neoplasias and normal mucosa samples demon-
strated reduced levels of miR-143 and miR-145 in colonic
adenomas and carcinomas [23]. Others confirmed a
reduction of these two miRNAs in CRC [37, 47, 48] and
added miR-126 an miR-133b to the list [33, 47]. On the
other hand, some miRNAs are over-expressed in CRC
tissue. Amongst the upregulated miRNAs are let-7 g [62],
miR-21 [36, 37], as well as miR-20a [36], a member of the
miR-17-92 family. Further, over-expressed transcripts are
miR-31 [37, 47], miR-135 [25, 47], miR-181b and miR-
200c [30, 31, 36] (for more information about all studies on
miRNA expression differences in CRC, see Table 1). A
recent publication investigated serum samples of healthy
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controls, CRC patients and other common diseases. In CRC
serum samples, they found 69 miRNAs that are not
expressed in healthy subjects, 55 of them shared with lung
cancer [63]. These are promising results for diagnostic
purposes. However, larger studies will have to prove if
miRNAs really have a higher accuracy in predicting
malignancy and prognosis compared to information derived
from current standard diagnostic procedures.

Potential for diagnostic applications in surgical pathology

Formalin-fixed paraffin-embedded (FFPE) tissue is a readily
available storage medium, well suitable for basic pathologic
techniques even after long storage times. However, the
application of FFPE for advanced molecular biology techni-
ques is limited due to the poor quality of nucleic acids such as
mRNA and DNA [64]. In addition, longer formalin fixation
times decrease mRNA amounts extracted from FFPE tissues,
thus complicating quantitative analyses [65]. This is of
special interest for the surgical pathologist, as the steadily
growing application of molecular pathology in many
diseases requires new approaches. However, in the case of
miRNAs, several studies reveal that they are well preserved
in FFPE even after archival times of up to 10 years [66]. One
recent examination compared the miRNA-expression pro-
files from fresh frozen and from FFPE tissues of colorectal
cancer. They found a good correlation coefficient of 0.86–
0.89. Noteworthy, differing formalin fixation times, inevi-
table in a routine pathology lab, did not significantly
influence the expression of miRNAs in 40 colorectal cancer
specimens [66]. Furthermore, miRNAs can also be visualised
at the cellular and the sub-cellular level by conventional as
well as by fluorescence in situ hybridisation [67, 68]. These
practical issues combined with the promising preliminary
studies on the diagnostic and prognostic potential of
miRNAs, make these small RNAs valuable biomarker
candidates for colorectal cancer.

Perspective

The discovery of miRNAs has substantially changed the
view on gene regulation. A few gaps that had previously
not been deciphered have been closed. However, new
questions arise, as the cellular expression pathway from
gene to protein has become more complex. miRNAs exert
pleiotropic effects on the cell by regulating numerous
mRNAs, thus guiding whole programmes of protein
expression instead of single genes. Therefore, the classifi-
cation of all cancer-associated miRNAs into oncogenes or
tumour suppressor genes might be an over-simplification.

Recent investigations put another piece of complexity to
the situation. Experiments on the tumour necrosis factor α
gene have shown that certain miRNAs have the ability to

upregulate protein translation under specific circumstances
like cell cycle arrest [69, 70]. Apart from this qualitative
difference, others have investigated the global impact of
miRNAs on protein output [6, 7]. They clearly confirmed a
combined action on mRNA levels as well as on translation
itself. However, the degree of depression was modest.
Therefore, the authors of the latter study suggest a concept
of “large-scale fine tuning” of the cell by miRNAs.

These publications demonstrate that there are still many
open questions about the impact of miRNAs on the
proteome. However, promising preliminary results on the
diagnostic and prognostic potential of miRNAs in colo-
rectal cancer have been demonstrated (Fig. 3). On the
other hand, functional studies have considerably contrib-
uted to a better comprehension of the pathways that drive
oncogenic transformation in colorectal cancer (Fig. 2),
including new genomic alterations that directly affect
miRNA signalling.
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Abstract The Hedgehog (Hh) pathway is a main regulation
cascade in embryonic differentiation. It is also present in
adult tissues and unusual expression has been associated
with formation of benign and malignant lesions. We
examined the presence of the Hedgehog pathway in normal
and pathological human colon tissue. Components investi-
gated include Sonic (Shh), Indian (Ihh), and Desert Hedge-
hog (Dhh), Gli1, Gli2, Gli3, and Patched (Ptch). Pathological
tissue samples comprised 23 benign and 20 malignant
lesions of human colon. The influence of the Hedgehog
pathway on differentiation and proliferation has been

investigated by analyzing the effect of the pathway inhibitor
Cyclopamine on human colon cancer cell lines HT29 and
CaCo2. In normal colon, we detected expression of Shh and
Dhh within the lining epithelium and Patched, Gli1, and Gli2
along the whole crypts. Within all benign lesions, positive
staining of Shh, Dhh, Gli1, Gli2, and Ptch was detected.
Expression of Shh and Dhh was restricted to single cell
aggregates. Malignant lesions also displayed focal staining
pattern for Shh and Dhh but to a much lesser extent. We
conclude that Hedgehog signaling is involved rather in
constant differentiation and renewing of the colonic lining
epithelium than in cancer formation, growth, or proliferation.

Keywords Hedgehog pathway . Colon cancer .

Differentiation . Proliferation . Stem cells

Abbreviations
CRC Colorectal cancer
Shh Sonic Hedgehog
Ihh Indian Hedgehog
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EGFR Epidermal growth factor receptor
Ptch Patched
Smo Smoothened
DMEM Dulbecco’s modified Eagle’s medium
FBS Fetal bovine serum
DMSO Dimethyl sulfoxide
PBS Phosphate-buffered saline
HIER Heat-induced epitope retrieval
NE Neuroendocrine
TMA Tissue microarray
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Introduction

Colorectal cancer (CRC) is one of the most frequently
diagnosed cancers and cancer-related mortality remains
unacceptably high despite improvements in understanding
the events leading to malignant transformation of the
colorectal epithelium [1, 2].

Colorectal carcinogenesis occurs as a multistep process that
requires sequential or concomitant damage to several genes
within and across cellular generations. The pathogenesis of
CRC is characterized by a well-defined sequence of events—
from aberrant crypt proliferation or hyperplasia over benign
adenomas [3] to carcinoma in situ and, finally, metastatic
carcinoma [4]. The process of colorectal cancer formation is
well described, though the molecular steps are still to be
investigated more precisely. Signaling cascades involved in
organ development during embryogenesis still play a
significant role in tissue maintenance by regulating steadily
renewing processes. In the present study, we focused on how
Hedgehog (Hh) pathway activity may be correlated with
colorectal cancer formation.

The Hh pathway plays an essential role in the embryogen-
esis of invertebrate and vertebrate species and has been shown
to be involved in patterning, growth, and cell-type specifica-
tion in a wide range of tissues including the gut [5–9]. In
mammals, three different forms of the Hedgehog ligand exist
comprising Sonic (Shh), Indian (Ihh), and Desert Hedgehog
(Dhh). Each of them is able to bind to the receptor Patched
(Ptch) on target cells, activating an intracellular signaling
cascade which leads to the release of the transcription factors
Gli1, Gli2, or Gli3 and therefore expression of particular
target genes [10]. Defects in the Hedgehog signaling cascade
have been associated to several birth defects like Holopro-
sencephaly and the Pallister–Hall syndrome, caused by
mutations in the shh and the gli3 gene [11, 12]. Both
mutations show characteristic gut abnormalities like gut
malrotation, esophageal atresia, and imperforate anus. In
addition to their function in the embryo, the Hedgehog
proteins and the several Hedgehog signal transducing
components are expressed in postnatal and adult tissues like
stomach [13, 14] and colon [15]. The Hedgehog pathway
components Ihh and Ptch were detected in the epithelial
lining of the colon [16], possibly being involved in its
steadily renewing process by affecting colonic stem cells.
Due to activation of the Hedgehog pathway in mature
organs, it has been implicated as a possible factor for cancer
formation [17–19]. Uncontrolled activation of signaling
cascades may lead to uncontrolled proliferation and differ-
entiation and therefore formation of cancer. However, in
colonic cancer formation, involvement of Hh pathway is
discussed very controversially [20–22].

The current study investigated the relation of Hedgehog
pathway activity to normal colon differentiation and

analyzed changes in the signaling characteristics during
the process of cancer formation. Immunohistochemical
detection of several Hedgehog pathway components,
including Gli1, 2 and 3, Shh, Ihh, Dhh, and Ptch on normal
human colon tissue and selected colonic lesions has been
performed. The samples included normal colon tissue
samples (n=10), benign lesions of the colon (n=23)
comprising tubular, tubulovillous adenoma, and hyperplas-
tic polyps, as well as malignant lesions of G1 to G3 colon
adenocarcinoma (n=20), which represent 95% of all arising
colon cancers. Additionally to the presence and distribution
of the Hh signaling components, all cases were tested for
coexpression of the differentiation marker CK20, the
proliferation associated protein Ki67, bcl-2 as an indicator
for apoptosis resistance, β-catenin, and adenomatous
polyposis coli (APC) representative of Wnt signaling.
Cdx-2 known as an intestinal transcription factor and
positive in colon metastasis and epidermal growth factor
receptor (EGFR) were analyzed to show a correlation of Hh
activity with routinely therapeutic markers. Additionally,
colon cancer tissue arrays including 91 colon cancer cases,
each of them represented in triplicate, were investigated
immunohistochemically. Main results of protein coexpres-
sion were confirmed by double-immunofluorescence stain-
ing. The protein expression on tissue was correlated with
gene expression analysis in colon cancer cells CaCo2 and
HT29. Therefore, quantitative real time polymerase chain
reaction (PCR), cyclopamine tolerance assay, and immuno-
histochemistry were performed.

In summary, we found expression of Hh pathway com-
ponents Shh, Dhh, Gli1, Gli2, and Ptch in normal, benign, and
malignant colonic tissue on protein and mRNA level. Activity
seems to correlate with differentiation of normal colon, as Hh
expression decreases with increasing tumor stage. Benign
colonic lesions as well as low grade carcinomas display more
intense Hh expression than high grade carcinomas. In vitro
data on the cellular sensitivity toward cyclopamine for the
CaCo2 and HT29 cell lines confirm our results.

Material

Human nonpathological and pathological archival tissue
samples from colon (n=55) and metastasis (n=4) have been
provided by the Department of Pathology, University
Hospital Salzburg. The benign lesions (n=23) included
tubular, tubulovillous adenomas, hyperplastic polyps, and
epithelial dysplasia; malignant lesions comprised adenocar-
cinoma (n=20). Normal human colon tissue (n=10),
received from morphologically normal areas of colectomy
specimens, was analyzed as control. All tissue samples
were routinely processed by fixation in 7% neutral buffered
formalin followed by paraffin embedding.
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Tissue arrays with 273 samples of colon cancer, each case
spotted in triplicate, and the corresponding normal tissue
sections were obtained from the Department of Pathology,
Medical University Vienna. The formalin-fixed paraffin-
embedded (FFPE) samples were routinely processed.

Histological classification was performed according to
the World Health Organization guidelines and tumor
staging according to Tumor Node Metastasis System of
the International Union against Cancer.

Methods

Immunohistochemistry

Immunohistochemical staining for all antibodies investigat-
ed was performed on routinely FFPE tissue and cytoblocks.
For detection of Hedgehog pathway activity, goat poly-
clonal antibodies for Gli1 (N-16), Gli2 (N-20), Gli3 (N-19),
Shh (N-19), Ihh (C-15), Dhh (N-19), Ptch (C-20), and Smo
(Smoothened, N-17; all Santa Cruz, San Francisco, CA,
USA; 1:100) were used and visualized via a standard
streptavidin–biotin–peroxidase detection system (S-ABC;
StreptABComplex/HRP Duet kit; Dako, Glostrup, Den-
mark). For preabsorption control, Hh antibodies were
incubated with adequate blocking peptides (all from Santa
Cruz; 1:10) for 2 h at room temperature. Alternatively, for
double-immunofluorescence staining, primary antibodies
were applied simultaneously, followed by a biotinylated
secondary antibody (1:200) and detection using Alexa
Fluor®555 goat antimouse (1:100) or Alexa Fluor®555
goat antirabbit (1:100) and Streptavidin-Alexa Fluor® 488
(1:50; Molecular Probes, Eugene, OR, USA).

Samples were stained for β-catenin (Dako, 1:200),
CK20 (NovoCastra, 1:50), Ki67 (Dako, 1:500), bcl-2
(Dako, 1:100), APC (Neo Markers, 1:200), and Cdx-2
(Linaris, 1:20) using the EnVision Detection System (Dako)
on a Dako Autostainer. Detection of EGFR was performed
using a standardized kit (Dako, EGFR pharm Dx).

Four-micrometer-thick sections were deparaffinized with
xylene, hydrated in graded alcohols, followed by heat-
induced epitope retrieval in pH9 antigen retrieval buffer
(Dako) for all antibodies used.

For all sections stained with goat polyclonal Hedgehog
antibodies, avidin–biotin blocking (Dako) was performed.
Endogenous peroxidase blocking was carried out for
15 min with 3% H2O2 in absolute methanol and normal
serum was applied (1:20). Primary antibodies were incu-
bated overnight at 4°C and detection was performed using
biotinylated rabbit antigoat antibody (Dako, 1:400) and
StreptABComplex/HRP Duet kit (Dako, 1:300), followed
by visualization with diaminobenzidine. Slides were coun-
terstained with hematoxylin.

Cell culture

The human colon cancer cell lines HT29 and CaCo2 were
grown in Dulbecco’s modified Eagle’s medium (DMEM;
Sigma-Aldrich, Vienna, Austria) supplemented with 10% fetal
bovine serum (FBS; Sigma-Aldrich), 100 μg ml−1 penicillin–
streptomycin (Sigma-Aldrich; 10,000 U ml−1 penicillin and
10 mg ml−1 streptomycin in 0,9% sodium chloride), 2 mM L-
glutamine (Gibco, Stadt, Land) and 1 mM Na-pyruvat
(Sigma-Aldrich) at 37°C in a humified atmosphere (5% CO2).

For immunohistochemical investigations, one nearly con-
fluent 10-cm diameter Petri dish was harvested with trypsin/
ethylenediaminetetraacetic acid and washed with sterile phos-
phate buffered saline (PBS) followed by resuspending in 200μl
citrate plasma and 200 μl thromborel S. After coagulation, cells
were fixed for 1 h in neutral buffered saline containing 7%
formalin and paraffin-embedded cytoblocks were made.

Cyclopamine treatment

HT29 and CaCo2 cells were seeded in 96-well microplates
(Greiner, Kremsmuenster, Austria) in 100 μl DMEM contain-
ing 10% FBS at densities of 15,000 per well. Twenty-four
hours postseeding, the cells were washed with 100 μl serum-
free DMEM and incubated with 10, 7.5, 5, and 2.5 μM
cyclopamine (Sigma-Aldrich; stock solution: 5 mM in
dimethyl sulfoxide (DMSO)). Control wells were either
incubated with serum-free DMEM or with DMEM containing
the according amount of DMSO (solvent control). Seventy-
two hours postincubation cellular survival was assessed by
means of reduction of 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) to the insoluble blue
formazan catalyzed by mitochondrial and other cellular
dehydrogenases [23, 24]. In brief, 10 μl of PBS containing
5 mg/ml were added to each well of the microplates and
incubated at 37°C/5% CO2 for 45 min; thereafter, the
supernatant was removed and the plates were stored at 4°C
until measurement. Following solubilization of the formazan
by addition of 100 μl 2-propanol, the MTT signal was
measured at 565 nm using an Infinite-200 M microplate
reader (Tecan, Groedig, Austria). For calculation of the
results, the blank values (wells without cells, but similarly
processed) were subtracted from the mean values of the
control samples (n=20 for each plate), cyclopamine and
solvent control samples (each n=10), and the latter two were
related to the untreated control samples (=100%). Data
represent mean±standard error of the mean (SEM) of three
independent experiments.

RNA isolation and cDNA synthesis

Total RNA isolation from cultured cells was performed
using Trizol according to the manufacturer’s instructions
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(Invitrogen; Paisley, UK). RNA was separated by adding
chloroform and for precipitation absolute isopropyl alcohol
was used, followed by a washing step with 70% EtOH. The
pellet was dissolved in 30 μl diethylpyrocarbonate-treated
water by gently shaking at 56°C on a heat block. After
RNA isolation procedures, RNA quantity was determined
at 260/280 nm and RNA purity was proved by gel
electrophoresis. cDNA was synthesized with SuperScript
II (RNase H) reverse transcriptase (Invitrogen) according to
the manufacturer’s instructions.

Real-time PCR

Real-time PCR analysis was done on a Rotorgene 6000
(Corbett Research, Sydney, Australia) using SYBR Green
Supermix (Bio-Rad Laboratories, Hercules, CA, USA).
Primer pairs used were described previously [25, 26]. A
total of 10 μl PCR reaction with 5 μl of iQTM SYBR
Green Supermix, 0.6 μl of fwd/rev primer mix (10 pmol
each) replenished with 4.4 μl cDNA (1:25 diluted) was
used. Cycling conditions were 6 min at 95°C, followed by
44 cycles 1 min at 95°C, 15 s at 62°C, and 30 s at 72°C,
and a final elongation step (5 min at 72°C).

Statistics

Student’s test was used for calculation of significant
differences between the samples; ** and * stand for highly

(0.01) and significant (0.05) different pairs of values,
respectively.

Results

Hedgehog signaling is active in normal and pathological
human colonic tissue

Hedgehog pathway components Shh, Dhh, Ptch, Gli1, and
Gli2 were expressed in normal colon tissue samples as well
as in benign and malignant lesions, concluding an active
Hedgehog pathway in the mature colon. The Hedgehog
pathway components are present mainly in the epithelial
lining of the colon and in colonic neuroendocrine cells.
Particularly, the ligands Shh and Dhh showed an intense
staining pattern exclusively in the lining epithelium
(Fig. 1a, d). The components Gli1, Gli2, and Ptch showed
a positive reaction along the whole crypts of the human
colon (Fig. 2a–c), though staining was not as strong as for
Shh and Dhh, suggesting an active signaling pathway in
this part of the colonic wall.

Expression of the Hedgehog pathway members Gli1,
Gli2, Shh, Ihh, and Ptch was detected in pathological tissue
samples. All cases of tubular and tubulovillous adenoma
showed intense positive staining with the antibodies
directed against Gli1, Gli2, Shh, Dhh, and Ptch (Figs. 1b,
e and 2d–f). Cellular staining pattern for Shh and Dhh was

Fig. 1 Expression of the Hedgehog ligands Shh and Dhh in normal
and pathological tissue from human colon. a–c Immunohistochemical
staining of the normal colon (a, d), benign (b, e), and malignant (c, f)

lesions with an antibody directed against Shh (a–c) Dhh (d–f). le
lining epithelium, cc colonic crypts. Magnification ×20
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not consistently distributed within the pathological tissue
samples but showed an area dependent focally variation in
protein expression. Expression of Hh ligands was notice-
ably reduced in adenocarcinoma of the colon. Staining of
Gli1, Gli2, and Ptch was absent in nearly all cases of
adenocarcinoma; staining of Shh and Dhh was restricted to
small cell groups (Fig. 1c, f). Similar results were obtained
for analysis of expression of Shh and Dhh on tissue
microarray (TMA; Table 1). In contrast to normal epithe-
lium where Shh and Dhh are frequently expressed, the rate
of positive staining in malignant colonic tissue is 19% and
7% for Shh and Dhh, respectively.

Hedgehog expression correlates with differentiation
in colon

As Hedgehog pathway protein expression in benign and
malignant lesions of the colon showed active signaling, the
correlation of Hh pathway members with clinically relevant
markers was investigated.

Correlation with differentiation using an anti-CK20 and
proliferation with an anti-Ki67 antibody was analyzed. These
markers showed contrary expression in normal colonic tissue
as CK20 is expressed in the colon lining epithelium and Ki67
in the basal crypts where the colonic stem cells are supposed
to be located and therefore proliferation occurs. In benign and
malignant colon tissue staining, pattern for both CK20 and
Ki67 was not consistently distributed but focally as known for
Shh and Dhh expression.

Coexpression of the Hh ligands with CK20 (Fig. 3) and
inverse coexpression with Ki67 (Fig. 5) in normal and
pathological colonic tissue samples was investigated by
double-immunofluorescence staining. The Hh ligands Shh
and Dhh were coexpressed with CK20 in the epithelial
lining of normal human colon (Fig. 3). In benign and
malignant colonic tissue samples, all cells that express Shh
and Dhh showed positive reaction with CK20. Some cells,
however, did express CK20 but not Shh or Dhh. Ki67
expressing cells rather show contrary expression as dem-
onstrated by staining of colon cancer tissue array (Fig. 4)

Table 1 Tissue microarray results in normal and malignant colon tissue samples

Antigen Malignant colon tissue Normal colon tissue

Evaluable samples Positive samples % positive samples Evaluable samples Positive samples % positive samples

Shh 250 48 19.2 162 160 98.7

Dhh 250 17 6.8 120 18 15

Fig. 2 Expression of Gli1, Gli2, and Ptch in normal and pathological tissue from human colon. Normal colon tissue samples (a–c) and benign
lesions (d–f) were stained with antibodies against Gli1 (a, d), Gli2 (b, e), and Ptch (c, f). le lining epithelium, cc colonic crypts. Magnification ×20

Virchows Arch (2009) 454:369–379 373



and double immunofluorescence (Fig. 5). Ki67 expressing
cells did not show expression of Shh or Dhh, but within
Shh and Dhh positive cell clusters, single cells showed
expression of Ki67.

For the anti-apoptotic marker bcl-2, members of the Wnt
signaling pathway (β-catenin and APC), EGFR and
intestine-specific transcription factor Cdx-2 double-
immunofluorescence staining showed no correlation with
expression of Hh pathway members neither in normal colon
nor in pathological tissue samples (data not shown).

Hedgehog activity is detected in colon cancer cell lines

To confirm our immunohistochemical findings, Hh path-
way activity in the human colon adenocarcinoma cell lines
CaCo2 and HT29 was studied. Investigations comprised
immunohistochemistry on FFPE cytoblocks and quantita-
tive detection of Hh gene expression by real-time PCR.

Additionally, a cyclopamine tolerance assay was performed
on the cell lines to show if pathway activity is necessary for
survival of colon cancer cells. Each cell line showed a
particular expression pattern. HT29 cells were positive for
CK20 (51%) and Ki67 (40%) and negative (membranous
localization) for β-catenin and Cdx-2 (Fig. 6a–d). CaCo2
were negative for CK20 (1%) and positive for Ki67 (95%),
β-catenin (34% cytoplasm, 35% nucleus), and Cdx-2 (84%;
Fig. 6e–h). Presence of Hh pathway members was detected
in both cell lines on protein and mRNA level. Immunohis-
tochemical analysis showed lower Hh protein expression in
CaCo2 than in HT29 cells though not as explicit as seen for
tissue samples, but on mRNA level expression was notably
higher in HT29 than in CaCo2 cells (Figs. 7 and 8).
Survival assay with cyclopamine showed that HT29 cells
dramatically reduced their cell amount 72 h after addition
of cyclopamine, whether CaCo2 seemed to be nearly
unaffected (Fig. 9).

Fig. 3 Representative double-immunofluorescence staining of Shh (green) and CK20 (red) coexpression. a–c Typical Shh single staining (green)
of colonic lesions; d–f the identical area with CK20 staining; g–i both staining results combined. Magnification ×20
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Fig. 4 Colon cancer tissue array
staining of Shh and Ki67. a–d
Staining of two different cases
of colon cancer with Shh (a, c)
and Ki67 (b, d). The first case is
positive for Ki67 (b) but nega-
tive for Shh (a), contrary the
second case shows just few cells
positive for Ki67 (d, arrow) but
is positive for Shh (c), support-
ing the findings of a reverse
expression. Magnification ×20

Fig. 5 Double-immunofluorescence staining of Dhh (green) with Ki67 (red). a–f Coexpression of Dhh (green) with Ki67 (red). Dhh and Ki67 are
contrary expressed in normal colonic tissue (a) and benign and malignant colonic lesions (b–f). Magnification ×20 (a–d), ×40 (e–f)
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Discussion

The Hedgehog signaling cascade plays an essential role in
correct development of the gut, especially the colon.
Expression of the Hh ligand Shh is detected early in the
endoderm, suggested to play a key role in gut formation by
acting as a signal in epithelial–mesenchymal interaction.
Additionally, expression of Ihh is described but later in
development and in partially overlapping pattern with Shh
[5]. The colonic epithelium is subject to constant renewing,
a process of stem cell proliferation and differentiation
leading to continuous cellular turnover. It seems reasonable
to implicate an involvement of the Hedgehog pathway in
this process. Recent data have shown that the Hh pathway
is a player in colonic cell proliferation and differentiation
and cell regulation by Hh signaling is altered in colonic
neoplasia, but the results are discussed controversially [15,
18, 20, 22]. This may be due to variable methodological
designs or use of different human colorectal pathological
and nonpathological samples. Several studies have been
performed on tissue composites consisting of variable
fractions of cancer or epithelium cells and also including
other tissue components. As active Hh pathway and protein
expression in others than normal or cancer epithelial cells
have been reported, e.g., in B cell differentiation and
angiogenesis, a mix-up of these parameters may lead to
diverse results [27, 28]. Studies of the Hh pathway
component protein expression and its cellular localization
in human colorectal cancer and its paired colorectal normal
tissue have not been reported before.

In the present study, the presence and localization of
the Hedgehog ligands Shh and Dhh, within the normal

colonic epithelium, was restricted to the epithelial lining
cells, whereas Gli1 and Gli2 transcription factors and the
receptor Patched showed expression along the whole
colonic crypts. This expression pattern confirms the
presumption that the colonic lining cells are the signaling
part of the epithelium producing the Hh ligands. The Hh
signal receiving part are cells within the crypts, maybe
identical with the colonic stem cells with high differen-
tiating potential into goblet or paneth cells [15]. The
distribution of Shh within the normal colonic epithelium is
in agreement with the findings from Oniscu et al. [18] but
contrary to observations made by van den Brink et al. [15]
who detected Ihh expression within the colonic lining
epithelium.

Gli1, Gli2, and Ptch expression as indicator of active
signaling is not restricted to the basal crypts but rather
reaches from the basal crypts to the lining cells. These
findings support the assumption of involvement in the
ongoing differentiation process along the crypts rather than
in the proliferation process that occurs just within the basal
crypt cells.

Possible correlation of Hh signaling with cancer forma-
tion was analyzed by expression of the Hh members Gli1,
Gli2, Shh, Dhh, and Ptch within benign and malignant
lesions of the colon. Benign lesions showed an overall
protein expression of Hh components, with Shh and Dhh
showing a focally but large-area expression pattern.
Expression of Gli1, Gli2, and Ptch was consistently
distributed within the benign tissue samples. The expres-
sion pattern of Shh and Ptch goes along with the findings of
Oniscu et al. [18]; other Hh signaling components have not
been investigated in that study.

Fig. 6 Immunohistochemical staining of colon cancer cells HT29 and
CaCo2 with CK20, Ki67, β-catenin, and Cdx-2. Panels show staining
patterns observed for CK20 (a, e), Ki67 (b, f), β-catenin (c, g), and

Cdx-2 (d, h) for both colon cancer cell lines HT29 (a–d) and CaCo2
(e–h). Magnification ×20
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Malignant lesions showed a focally expression of Shh
and Dhh but restricted to single cells or small cell groups
and only about 20% of all cancer samples investigated with
TMA showed ligand expression (Table 1). Gli1, Gli2, and
Ptch were absent or slightly expressed in all cases of
malignant colon lesions. Our data on a sizeable cohort of
colorectal cancer tissue suggest that formation of colon
cancer goes along with a loss of Shh and Dhh expression
and therefore a decrease of Gli1, Gli2, and Ptch expression

and subsequent loss of normal colonic differentiation also
becoming obvious with the changes of differentiation
marker CK20 (Fig. 3).

Colorectal carcinogenesis occurs as a multistep process
that requires sequential or concomitant alterations in signal-
ing mechanisms within and across cellular generations and
we propose that Hh pathway is one signaling pathway
affected within this process. These initial presumptions were
strengthened by double-immunofluorescence staining with
proliferation marker Ki67 and differentiation marker CK20.
Both markers showed a focal expression within pathological
specimens of the colon similar to that of Shh and Dhh. All
cells that express Hh ligands also express CK20 but not all
CK20 positive cells did express Hh.

Coexpression analysis with Ki67 showed opposite
results as the bulk of Shh and Dhh expressing cells are
negative for Ki67, but some few separated cells within the
Hh positive cell clusters did express Ki67. Colocalization
studies in colonic normal and cancer tissue clearly arise that
the main proliferating cells are not expressing Hedgehog
ligands. Based on these results, we suggest that uncon-
trolled proliferation and loss of differentiation during the
course of colonic tumor genesis goes along with a loss of
Shh and Dhh expression which is in agreement with
findings of van den Brink et al. [15] of Ihh decrease in
dysplastic epithelial cells. They also correlated loss of Hh
signaling with loss of differentiation evidenced by de-
creased expression of various differentiation markers after
inhibition with cyclopamine. Additionally, they showed that
blocking Hh signaling increased colonic epithelial cell
proliferation. Douard et al. [21] demonstrated an involve-
ment of Hh signaling in proliferative processes by
positively correlating expression levels of Gli1 with

Fig. 8 Real-time PCR results of HT29 and CaCo2 cells. Panel shows
average ΔCt values ± Gaussian errors of three independent experiments
for each Hh pathway member and β-catenin. ΔCt values are calculated
by subtraction of the Ct values of GAPDH (9.5 and 11.5 for CaCo2 and
HT29, respectively) from the individual sample’s Ct values

Fig. 7 Expression of Gli1, Gli2, Ptch, Shh, and Dhh in colon cancer
cells HT29 and CaCo2. Panels show expression of the Hh pathway
members Gli1 (a, f), Gli2 (b, g), Ptch (c, h), Shh (d, i), and Dhh (e, j)
in HT29 (a–e) and CaCo2 (f–j) cells. Magnification ×20
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FOXM1, but we detected negative correlation with Ki67 a
routinely used marker for proliferation. To further confirm
experimental data, we compared Hh activity on protein and
mRNA level in the two human colon adenocarcinoma cell
lines CaCo2 and HT29.

Expression of Hh pathway members on mRNA level
was considerably higher up to four cycles for HT29 cells
than for CaCo2 cells except for Smo which showed higher
levels in CaCo2 cells. Hh expression was detected also on
protein level within both cell lines and difference on protein
level was recognized as CaCo2 showed just sparse
expression of Gli1, Gli2, Shh, Ihh, and Ptch compared to
HT29 cells. Therefore, mRNA levels go along with protein
expression in both cell lines. In both cell lines, positive
staining for Ki67 was detected but only in single cells of
the HT29 cell line. HT29 cells show intense expression of
CK20, but no reaction for antibodies directed against β-
catenin and Cdx-2. In contrast, CaCo2 cells were negative
for CK20 but showed positive nuclear staining of β-catenin
and Cdx-2. Since formation of colorectal cancer is
characterized by a transient loss of differentiation and
nuclear accumulation of the oncoprotein β-catenin and also
for the intestine-specific transcription factor Cdx2, these
results indicate that the two cell lines are characterized by
varying differentiation status and signaling mechanisms.
Our data are in contrast with other findings, demonstrating
an inactive Hh pathway in colon cancer cell lines [15, 17,
20]. Chatel et al. demonstrated that all seven colon cancer
cell lines they investigated show incomplete Hh signaling
[20], although high level of Hh proteins were detected in
HT29 und CaCo2 cells. In our hands, HT29 and CaCo2
showed combined expression of ligands, transcription
factors, and receptors that is concordant with their findings.

HT29 cells are rather well differentiated (positive for
CK20, negative for nuclear localization of β-catenin and

Cdx-2), show only sparse Ki67 positive staining, and
express components of the Hh pathway on mRNA and
protein level. In contrast, CaCo2 cells are rather poorly
differentiated (loss of CK20, nuclear localization of β-
catenin and Cdx-2), show strong Ki67 positive staining,
and express Hh pathway proteins and mRNA at a
considerably lower level than the HT29 cell line. van den
Brink et al. already described a negative correlation
between Hh and Wnt pathway as they showed that Ihh
expression is downregulated in response to constitutive β-
catenin signaling [15].

To prove active Hh signaling in the colon cancer cell
lines, a cyclopamine tolerance assay was performed. HT29
cells were more sensitive to the Hh inhibitor as they show
significant reduction in viability after treatment for 72 h.
CaCo2 cells also show slight reaction on cyclopamine
treatment but to a much smaller extent. These data imply
that for colon cancer cells with high differentiation status
such as HT29, viability and proliferation is dependent on
active Hh signaling. In contrast, the poorly differentiated
and highly proliferating cell line CaCo2 is rather insensitive
toward inhibition of Hh signal transduction by cyclop-
amine. As demonstrated for colon carcinoma-derived cell
lines, inhibition of the Hh signaling pathway by cyclop-
amine results in cell death by apoptosis [22]. In line with
the results obtained from FFPE tissue samples, these facts
strengthen the concept that active Hh signaling is involved
in differentiation of colonic epithelium, whereas during
oncogenesis, only highly differentiated cell types are
dependent on active Hh signaling.

In summary, our data demonstrate that Hh signaling is
important for differentiation of normal colonic tissue. Hh
pathway members Gli1, Gli2, Shh, Dhh, and Ptch are
expressed in normal colonic tissue samples as well as in
benign lesions, but are reduced or lost in malignant lesions.

Fig. 9 Effect of cyclopamine treatment on cellular survival (MTT
assay) of HT29 (a) or CaCo2 (b). Solvent controls (right columns)
indicate the MTT signal of samples incubated with the solvent for
cyclopamine (DMSO) at the corresponding concentration. All MTT

values are related to untreated control samples; data points represent
mean values of three independent experiments ± SEM. *p<0.05 or
**p<0.01 indicate samples significantly or highly significantly
different from the related solvent control, respectively
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In colon cancer cell lines, Hh components show coex-
pression with markers for differentiation of the colon like
CK20 but are inversely expressed with markers of
malignant conversion β-catenin and Cdx-2 and prolifera-
tion Ki67. Pharmacological inhibition of the Hh pathway in
vitro leads to reduction in colon cell viability correlating
with the expression level of the pathway members. Taken
together, during oncogenesis of colon cancer, the acquisi-
tion of a dedifferentiated and highly proliferative phenotype
seems to be paralleled by a loss of active Hh signaling.
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Abstract This study evaluated CD44 and COX-2 expres-
sion in colorectal cancer (CRC) and analyzed its relationship
with the clinicopathological characteristics. The prognostic
impact on patient survival was compared between the two
proteins. CD44 and COX-2 mRNA levels in 42 primary
CRCs were analyzed using quantitative real-time PCR, with
normalization relative to GAPDH. The cycle threshold (Ct)
values were measured, and results are expressed as the Ct
ratios of CD44 or COX-2 to GAPDH. The COX-2 Ct ratio
was much lower in cases of lymphovascular invasion by the
tumor than for no invasion (P=0.004). During follow-up for
a median of 40 months, there was no significant difference in
the median CD44 Ct ratio between survivors and non-
survivors (P=0.362), whereas the COX-2 Ct ratio was
significantly associated with survival at the time of data
analysis (P=0.042). The survival of colorectal cancer
patients with a high COX-2 Ct ratio was significantly longer
than that of patients with a low COX-2 Ct ratio (P=0.048).
This study suggests that COX-2 expression has a more
significant impact than CD44 expression on the survival of
CRC patients. Further studies are needed to resolve these
issues with a large sample size.

Keywords CD44 . COX-2 . Colorectal cancer

Introduction

Colorectal cancer (CRC) is one of the leading causes of
cancer deaths worldwide. Earlier diagnosis, proper treat-
ment, and better knowledge of the clinicopathological
prognostic factors of CRC have contributed to improved
outcomes. The most significant and independent prognostic
factors accepted to date remain the tumor-node-metastasis
(TNM) stage and the “potential” residual disease after
initial surgery [1]. Several other possibly independent
factors have been identified, but only a few of them have
been shown to affect the prognosis and survival of CRC
patients: tumor grade, venous invasion, perineural invasion,
and allelic loss of chromosome 18q [2]. Other some
prognostic factors are controversial. Although the TNM
classification is useful for staging patients and selecting
specific treatment, it is not sufficient as many patients at the
same stage may have different clinical outcomes and
different responses to adjuvant therapy. Thus, oncologists
are interested in finding additional prognostic biomarkers.

CD44 and cyclooxygenase (COX)-2 are two of the most
studied proteins involved in the promotion, progression, and
treatment of CRC. The transmembrane glycoprotein molecule
CD44 is a widely expressed cell surface hyaluronan receptor.
CD44 is frequently overexpressed in CRC, where this
aberrant expression is closely linked to cancer progression
and a poorer prognosis [3–5]. COX-2, a key enzyme in the
conversion of arachidonic acid to prostaglandin H2, is
reported to promote tumorigenesis and increase metastatic
potential in many types of human cancers, including CRC
[6–8]. Specific COX-2 inhibition, using a targeted knockout
of the COX-2 gene or pharmacological intervention, has
been shown to effectively decrease tumor growth and
progression [9, 10]. In the recent study to address directly
the relationship between CD44 and COX-2 expression,
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Misra et al. [11] showed that through activation of CD44,
hyaluronan, which also serves as a ligand for CD44,
constitutively regulated pathologic induction of COX-2 in
colon cancer. However, relatively few studies have compared
the prognostic impact of CD44 and COX-2 expression in
terms of the mRNA levels in the tumors of CRC patients.

This study evaluated CD44 and COX-2 expression in
CRC using quantitative real-time PCR (qRT-PCR) and
analyzed its relationship to the clinicopathological charac-
teristics. The prognostic impact on patient survival was
compared between the two markers.

Materials and methods

Tissue samples

This study was based on total RNA extracted from 42
patients who had primary colorectal carcinomas resected at
Chonnam National University Hwasun Hospital, South
Korea. The non-necrotic portion of the tumors and the
surrounding mucosa at a standard distance of 2 cm from the
tumors were obtained from each patient and stored frozen
in liquid nitrogen at –197°C until use. This study was
approved by the appropriate institutional review board, and
informed consent was obtained from every patient accor-
ding to institutional regulations.

RNA extraction and cDNA synthesis

Total RNA was isolated using an RNeasy® mini prep kit
(Qiagen, Valencia, CA, USA) according to the manufac-
turer’s protocol. The RNA pellet was dissolved in 30 μL of
sterile diethylpyrocarbonate-treated Milli-Q water (Millipore,
Burlington, MA, USA) and quantified using a NanoDrop™
ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE, USA) at 260 nm.

Reverse transcription was performed using the Molorey
murine leukemia virus reverse transcriptase (M-MLV RT;
Promega, Madison, WI, USA). Each total RNA template
(2 µg) was reverse-transcribed with 0.5 µg of oligo (dT)
primer (Promega). The sample tube was heated to 70°C for
5 min, quickly chilled on ice, and then spun briefly to
collect the solution at the bottom of the tube. To this was
added 1 µL of RNasin® ribonuclease inhibitor (25 units/µL,
Promega), 1× M-MLV reaction buffer, 2.5 mM dNTPs, and
200 units of M-MLV RT, and the mixture was incubated for
60 min at 42°C.

RT-PCR and Western blotting

RT-PCR was performed used Top-Taq™ DNA polymerase
(CoreBioSystem, Seoul, Korea). Oligonucleotide primers

specific for CD44, COX-2, and GAPDH were designed
from their respective GenBank sequences (no. DD055193,
no. AJ634912, and no. DQ891557). The GAPDH gene was
used as an internal control. The PCR primer sequences are
listed in Table 1. The RT-PCR products were electrophoresed
in a 1.8% agarose gel at 100 V for 25 min in 1× TAE buffer.
After staining with ethidium bromide (5 µg/mL), the gels
were photographed under ultraviolet light.

Total protein was extracted from the tissues using RIPA
lysis buffer (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). First, 40 µg of lysate was subjected to 12% SDS-
PAGE (Bio-Rad, Hercules, CA, USA), transferred to poly-
vinylidene difluoride membranes (Immobilon-p; Millipore),
and incubated for 2 h with a 1:2,000 dilution of anti-COX-2
monoclonal antibody (Invitrogen Zymed, Carlsbad, CA,
USA), anti-CD44 antibody (R&D), or anti-GAPDH antibody
(Santa Cruz Biotechnology). The membranes were washed
and treated with mouse anti-goat IgG (1:2,000, Santa Cruz
Biotechnology) for 1 h at room temperature. The bands were
visualized using Image Reader LAS 3000 (LAS-3000
analytical software, Fuji-Film, NY, USA).

Cloning

The PCR products were transformed into HIT™ DH5α
high-efficiency competent cells (Real-Biotech, CA, WI,
USA) using pGEM®-T-Easy vector system II (Promega).
The PCR products were purified with QIAquick® agarose
gel extraction (QIAGEN), ligated into pGem®-T-Easy
vector using T4 DNA ligase (Promega), transformed into
HIT™ DH5α competent cells, and cultured on LB agar
Amp IPTG/X-Gal plates (Becton Dickinson, Franklin
Lakes, NJ, USA) to obtain single white clones containing
the target fragment. The plasmid concentration was con-
verted into copy number, and a dilution series of each
plasmid, from 1010 to 102, was used as the cDNA standard
for RT-PCR.

Quantitative real-time RT-PCR

The cDNA generated was used as the template in real-time
PCR reactions with QuantiTect™ SYBR Green PCR master
mix (QIAGEN) in a Rotor-Gene™ real-time machine
(Corbett Research, Mortlake, Australia). The reaction was
quantified using the comparative threshold cycle (Ct) method
with Rotor-Gene™ real-time analysis software version 6.1
(Corbett Life Science, New South Wales, Australia), accord-
ing to the manufacturer’s protocol [12, 13]. All colorectal
specimens were examined simultaneously for each of CD44
or COX-2, and GAPDH, along with the appropriate set of
plasmid standards and negative controls (water). The primer
sets used for this technique are given in Table 1. All qRT-
PCR reactions were performed in triplicate. The crossing
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point or cycle threshold (Ct) was defined as the maximum of
the second derivative from the fluorescence curve. The Ct
ratio was calculated as

Ct ratio ¼ Ct value of target gene CD44 or COX� 2ð Þ
Ct value of reference gene GAPDHð Þ

The qRT-PCR was conducted with a Rotor-Gene™
real-time centrifugal DNA amplification system (Corbett
Research) in a final reaction volume of 25 µL containing
1× QuantiTect™ SYBR Green PCR master mix (QIA-
GEN), 0.25 µM of each of the forward and reverse
primers for the gene (Table 1), 3 µL of template DNA,
and RNase-free water. The thermal cycling conditions were
50°C for 2 min and 95°C for 10 min, followed by 50 cycles
of 95°C for 15 s; 58°C (for CD44), 62°C (for COX-2), or
55°C (for GAPDH) for 20 s; and 72°C for 25 s.

Statistical analysis

The CD44 and COX-2 gene expression values are
expressed as the Ct ratios, which are inversely proportional
to the expression level [12, 13]. Thus, the smaller the Ct
ratio, the greater the gene expression. The Ct ratios of
CD44 and COX-2 were associated with the clinicopatho-
logical features using Wilcoxon test, Kruskal–Wallis test,
and Fisher’s exact test as appropriate.

To evaluate the associations with overall survival, the
median values of the CD44 and COX-2 Ct ratios were
chosen as the cutoff point for discrimination of the 42
patients into two subgroups, respectively. The overall
survival curves were calculated using the Kaplan–Meier
method, and the differences between curves were evaluated
using the log-rank test. A value of P<0.05 was considered
statistically significant.

Results

Patient characteristics

This analysis included 25 (59.5%) male and 17 (40.5%)
female patients with a median age of 63 years (range,
42–77). Using the 6th International Union against

Cancer (UICC) TNM staging system, one, 11, 22, and
eight patients had stage I to IV cancers, respectively.

Comparison of CD44 and COX-2 expression between
tumor and normal mucosal samples

CD44 and COX-2 were expressed at higher levels in
tumor tissue than in surrounding normal tissue (Fig. 1).
The mean CD44 and COX-2 Ct ratios were significantly
lower, indicating higher expression, in the tumor samples
than in the surrounding normal mucosal samples, respec-
tively (P=0.0089, P=0.0186; Fig. 2a, b).

Correlations between clinicopathological parameters
and CD44 and COX-2 Ct ratios in tumors

The correlations between the clinicopathological character-
istics and CD44 and COX-2 Ct ratios are shown in Table 2.
No significant differences in the CD44 and COX-2 Ct ratios
were observed among the variables, with the exception
of lymphovascular invasion by the tumor, which had a
significantly lower COX-2 Ct ratio than no invasion (1.45±
0.21 versus 1.71±0.29, P=0.004; Table 2). A statistically
significant association was observed between CD44 and
COX-2 Ct ratios (P=0.005; Table 3).

Correlation with patient survival

During follow-up for a median of 40 months (range, 2–52),
12 patients died from their cancers. There was no
significant difference in the median CD44 Ct ratio between
survivors and non-survivors (P=0.362; Fig. 3a), whereas
the COX-2 Ct ratio was significantly associated with the
survival status at the time of the data analysis (P=0.042;
Fig. 3b).

The median values of the CD44 and COX-2 Ct ratios for
42 patients were 1.298 and 1.590, respectively. The
Kaplan–Meier curves for patient survival according to the
CD44 and COX-2 Ct ratios (low vs. high) are shown in
Fig. 4. There was no significant difference in survival of
CRC patients according to the CD44 Ct ratio (P=0.454;
Fig. 4a). However, the 4-year overall survival rate was
significantly higher for patients with a high COX-2 Ct ratio
than for those with a low COX-2 Ct ratio (P=0.048;

Table 1 Primer sequences used for conventional RT-PCR

Protein Forward primer (5′→3′) Reverse primer (5′→3′) PCR conditiona Fragment size (bp)

CD44 CCAATGCCTTTGATGGACCA TGTGAGTGTCCATCTGATTC 58 (35) 334

COX-2 ACATTCCCTTCCTTCGAAATGC ACATCATCAGACCAGGCACCAG 62 (35) 590

GAPDH GTGAAGGTCGGAGTCAAC GTTGAGGTCAATGAAGGG 55 (35) 116

a Annealing Temperature in °C (number of cycles)
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Fig. 4b). Univariate analysis indicated that among the
clinicopathological factors, only lymphovascular invasion
was associated with survival according to the COX-2 Ct
ratio, at a significance level of 0.004 using the log-rank test
(Table 2). For completeness of the analysis, the association
between the COX-2 Ct ratio, using the 1.590 cutoff point,
and survival was re-examined stratifying for each of the
clinicopathological variables. In these analyses, the degree
of association (i.e., the observed hazard ratio) was basically
unchanged on adjusting for each of the clinicopathological
variables (data not shown).

Discussion

This study evaluated CD44 and COX-2 mRNA levels
based on the Ct values of cDNA as determined by qRT-
PCR and explored the relationship between the expression
level and the clinicopathological characteristics that may
affect patient outcomes. Many studies have provided
evidence of decreased survival in CRC patients over-
expressing CD44 and COX-2 [4–8, 14–16]. However,
relatively few studies have compared the prognostic value
of CD44 and COX-2 expression in CRC patients. We found
that compared with CD44 overexpression, COX-2 over-
expression was more closely correlated with decreased
CRC patient survival although the only clinicopathological
parameter significantly associated with COX-2 overexpres-
sion was lymphovascular invasion (P=0.004).

CD44 is frequently overexpressed in CRC. Nevertheless,
the significance of CD44 in CRC is controversial, and
findings regarding its prognostic value have been contra-
dictory [3–5, 14, 17]. Bendardaf et al. [3] showed that
upregulated CD44 expression in metastases was associated
with a shorter disease-free survival in CRC patients. Visca
et al. [4] also suggested that the immunohistochemical
expression of CD44 may reveal cells that have lost their
adhesion ability, resulting in the detection of carcinomas
with high metastatic power. Previously, we identified the
prognostic value of immunohistochemical CD44 expression
in metastatic CRC patients [5]. Sokmen et al. [14] reported
that there was no significant association between CD44
expression and recurrence and overall survival in CRC at
either stage B or C. In contrast, Asao et al. [17] showed that
the loss of CD44 expression in the invaded area of primary
tumors was a sensitive marker for metastasis to lymph
nodes in CRC patients. In the present study, we used a qRT-
PCR assay, which permits a more quantitative measurement

Fig. 1 CD44 and COX-2
expression determined using
RT-PCR and Western blot
analysis. T tumor tissue, N
surrounding normal mucosal
tissue

Fig. 2 Comparison of the a CD44 and b COX-2 Ct ratios between
tumor and surrounding normal mucosal samples
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of CD44 expression compared with immunohistochemical
method. Our results showed no significant correlation
between the CD44 expression and any conventional
clinicopathological features. These contradictory results,
including ours, may be attributable to different antibodies,

variations in the staining techniques, and discrete study
populations. The correlation of CD44 with the clinical
oncologic outcome in the general population remains
unclear.

Recent studies have shown that COX-2 expression
correlates with the invasiveness of colorectal carcinomas
[16, 18–20]. Fujita et al. [18] identified a tumor size- and
invasion-dependent increase in the COX-2 level, and
Sheehan et al. [19] demonstrated that the extent of COX-2
staining was greater in cases at a more advanced Duke
stage, in larger tumors, and in patients with lymph node
metastasis. Furthermore, Yamauchi et al. [20] reported that
COX-2 expression in the primary lesion may be a useful
marker for evaluating prognosis and liver metastasis in
CRC patients. By contrast, Tomozawa et al. [21] failed to

n CD44a Pb COX-2a Pb

Age, years

<60 17 1.31±0.14 0.969 1.54±0.22 0.617

≥60 25 1.33±0.21 1.62±0.32

Gender

Male 25 1.31±0.20 0.420 1.59±0.33 0.828

Female 17 1.34±0.14 1.59±0.23

Tumor location

Colon 23 1.31±0.21 0.622 1.57±0.32 0.536

Rectum 19 1.32±0.13 1.61±0.25

Histology

Well differentiated 23 1.33±0.20 0.617 1.57±0.32 0.501

Moderately differentiated 14 1.33±0.16 1.64±0.24

Poorly differentiated 5 1.24±0.10 1.52±0.25

Tumor size, cm

<5.0 16 1.34±0.15 0.534 1.57±0.23 0.959

≥5.0 26 1.31±0.19 1.60±0.33

TNM stage

Stage I–III 34 1.33±0.19 0.654 1.61±0.30 0.438

Stage IV 8 1.30±0.10 1.52±0.22

Depth of invasion (T)

T1–2 4 1.43±0.17 0.170 1.63±0.20 0.635

T3–4 38 1.31±0.18 1.58±0.29

Lymph node involvement (N)

Negative 14 1.32±0.24 0.518 1.64±0.40 0.924

Positive 28 1.32±0.14 1.57±0.21

Perineural invasion

Negative 28 1.35±0.19 0.272 1.64±0.32 0.180

Positive 14 1.26±0.12 1.49±0.21

Lymphovascular invasion

Negative 22 1.35±0.19 0.406 1.71±0.29 0.004

Positive 20 1.28±0.15 1.45±0.21

Preoperative CEA, ng/ml

<5.0 19 1.33±0.22 0.791 1.54±0.33 0.211

≥5.0 23 1.31±0.13 1.62±0.25

Table 2 Correlation between
the clinicopathological parame-
ters and the CD44 and COX-2
Ct ratios

CEA carcinoembryonic antigen
a CD44 and COX-2 indicate the
CD44 and COX-2 Ct ratio,
respectively. Values are given
as means±SDs
b Based on the Wilcoxon or
Kruskal–Wallis test

Table 3 Correlation between the CD44 and COX-2 Ct ratios

No. COX-2 Ct ratio P

Low High

CD44 Ct ratio

Low 21 15 6 0.005

High 21 6 15
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find any correlation between COX-2 expression and
clinicopathological variables. Our most relevant finding
was a significant association between high COX-2 expres-
sion and lymphovascular invasion, suggesting a relation-
ship between COX-2 overexpression and tumor invasion.
This finding concurs with the results of Soumaoro et al.
[16] and confirms COX-2 expression as a prognostic factor
for the survival of CRC patients [6–8, 16, 20].

Evidence suggests that COX-2 contributes to neovascu-
larization and may support vasculature-dependent solid
tumor growth and metastasis in animal experiments and in
vitro studies [6, 22]. Tomozawa et al. [21] reported that
COX-2 overexpression enhanced the development of
hematogenous metastasis through the promotion of tumor
angiogenesis. The expression of COX-2 is also significantly
correlated with the stimulation of metalloproteinases, which
aid endothelial cell migration, and the release and activity
of vascular endothelial growth factor in CRC [23–25]. In

our analysis, the relationship between CD44 and COX-2 Ct
ratios was statistically significant. The recent study by
Misra et al. [11] on a strong link between hyaluronan–
CD44 interaction and COX-2 in CRC may be of consid-
erable value in elucidating the result of our study. These
findings indicate that COX-2 is closely related to the
invasion and metastasis of CRC, and thus, it may be useful
as a biomarker.

Several CD44 isoforms (standard and variant) occur as a
result of alternative splicing, thereby providing significant
heterogeneity in CD44 expression among different tissues;
however, contradictory results have been reported regarding
their clinical significances in the progression and metastasis
of CRC [5, 15, 26–29]. In this study, we evaluated mRNA
expression for the CD44 standard isoform only. Tachikawa
et al. [30] reported the extracellular formation of a
macromolecular complex and increased antigenicity in
patients who express the standard and variant CD44forms
simultaneously. In addition, it was considered that patients
with the variant CD44 isoform expression are thought to be
included in those with immunohistochemical expression of
the standard CD44 isoform, depending on the site of the

Fig. 3 The a CD44 and b COX-2 Ct ratios in colorectal tumors
according to the survival status. Median values are indicated by the
horizontal bar

Fig. 4 Survival (Kaplan–Meier) plots indicating the proportion of
overall survival for patients with the a CD44 and b COX-2 Ct ratios
for all patients
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inserted sequence. For that reason, examination of the
standard CD44 form is determined to be useful.

We acknowledge that this study was not a properly
randomized trial with a large sample population and had a
possible type II error. Although our findings are insufficient
for drawing definite conclusions, they still have validity. In
conclusion, this study suggests that COX-2 expression has
a more significant effect on the survival of CRC patients
than CD44 expression. Further studies are needed to
resolve these issues with a large sample size.
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Abstract Epidemiological and molecular data suggest the
involvement of estrogen signaling in colorectal tissue,
mediated mainly through estrogen receptor beta (ERβ).
Estrogens may mediate their effects in epithelial cells
indirectly by acting on stromal cells. Expression of ERα,
ERβ1, and the ER coregulators, amplified in breast cancer-1
(AIB-1) and transcriptional intermediary factor 2 (TIF-2),
was evaluated in myofibroblasts of 107 colorectal carcino-
mas, 77 paired samples of normal mucosa, and 29 adenomas
by immunohistochemistry. Double immunostaining with a-
SMA was used to identify the myofibroblasts of normal
tissue, adenomas, and cancer microenvironment. ERα was
not expressed in stromal cells. Nuclear expression of ERβ1,
AIB-1, and TIF-2 in myofibroblasts gradually increased from
normal mucosa, through adenomas, to carcinomas. Cyto-
plasmic ERβ1 and TIF-2 expression was enhanced in

carcinomas compared to normal mucosa and adenomas.
Enhanced nuclear and cytoplasmic ERβ1 expression and
elevated nuclear AIB-1 expression were more frequently
noted in myofibroblasts of carcinomas of advanced stage.
ERβ1 expression in cancer-associated myofibroblasts corre-
lated to AIB-1 and TIF-2 expression. None of the markers
correlated with patients’ prognosis. Our findings imply that
ERβ1-dependent (genomic and non-genomic) and ER-
coregulator-dependent (AIB-1, TIF-2) signal transductions
in myofibroblasts may be involved in the initiation and
progression of colorectal carcinomas.

Keywords Colorectal carcinoma .Myofibroblasts .

Estrogen receptors . AIB-1 . TIF-2

Introduction

Carcinomas are heterogeneous multicellular masses that
consist of malignant epithelial cells and various non-
malignant host-derived cells [1]. The latter are active
participants of tumor initiation, progression, and metastasis
[2, 3]. Myofibroblasts are the predominant cells in cancer
microenvironment and orchestrate the stromal response [4].
Myofibroblasts are also found, although in reduced numbers,
in various normal tissues and have distinct functions [5]. In
normal colon mucosa, myofibroblasts reside in the subepi-
thelial and pericryptal area and are connected to the
muscularis mucosa [6]. Their location just beneath the
basement membrane suggests that they play a critical role
in the regulation of epithelial cell functions, through
epithelial-mesenchymal crosstalk. Additionally, they are
important components of the stem cell niche that regulates
proliferation and differentiation of epithelial stem cells [7].
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Colorectal carcinomas are characterized by an intense
stromal reaction [8]. Activation and transdifferentiation of
quiescent (myo)fibroblasts of normal mucosa or recruitment
of myofibroblasts occurs early in the multistep process of
colorectal carcinogenesis since their presence has been
documented in colorectal adenomas [6] and facilitates the
invasion of colon cancer cells [9].

Colon cancer represents an important cause of cancer-
associated morbidity and mortality in the developed world
[10]. Epidemiological and molecular data support a
possible role of estrogens in colorectal carcinogenesis.
Phytoestrogens (natural compounds with endogenous or
acquired estrogenic activity) and postmenopausal hormonal
(estrogen and progesterone) replacement therapy have been
associated with reduced incidence of colorectal cancer [11–
13]. Additionally, colon cancer is more frequent in males
than females of the reproductive age [10]. On the other
hand, estradiol has been found to increase the proliferation
of colon cancer cells [14], and elevated endogenous
estradiol levels were independently associated with in-
creased risk of colorectal cancer in a large cohort of
postmenopausal women [11]. Thus, the precise role of
estrogen signaling in colorectal carcinogenesis remains
elusive.

Estrogen effects are mediated by two types of estrogen
receptors (ERs), ERα and ERβ. ERs belong to the nuclear
receptor superfamily that consists of ligand-dependent
transcription factors [15]. ERα protein and mRNA are
variably expressed in colorectal carcinomas [16, 17].
However, ERβ seems to be the predominant type of ER
in colonic tissue [16, 18]. Its role in colorectal carcinogen-
esis is controversial [16, 17, 19, 20]. These discrepancies
may partly be attributed to the existence of five different
isoforms of ERβ protein due to alternative splicing of the
codon 8. ERβ isoforms exhibit differential modulation of
estrogen action and may have distinct biologic actions in
colorectal carcinogenesis [21, 22].

Increasing data support the fact that estrogens may
mediate their effects on epithelial cells through paracrine
actions and establish a molecular crosstalk between epithelial
and stromal cells [23–27]. However, to the best of our
knowledge, the expression of ERs in the microenvironment
of colorectal carcinomas has not been studied before.

ER-mediated transcription is dependent on the recruit-
ment of coactivators [28]. Coactivators have rather diverse
functions and integrate a variety of intracellular signal
transduction pathways with transcription [28, 29]. Thus,
coactivators serve as master regulators of gene expression
and are involved in a variety of human disease states
including cancer [30]. Amplified in breast cancer-1 (AIB-1)
and transcriptional intermediary factor 2 (TIF-2) belong to
the steroid receptor coactivator (SRC) family of nuclear
receptor coactivators and are also known as SRC-3 and

SRC-2, respectively [28]. AIB-1 and TIF-2 expression is
enhanced in epithelial cells of various carcinomas [28, 31,
32] and in endometrial epithelial and stromal cells of
patients with polycystic ovary syndrome [33]. However,
their role in myofibroblasts of cancer microenvironment
remains elusive.

Thus, estrogens may act in a paracrine way in colorectal
tissue, modulating the function of stromal cells of normal
mucosa, adenomas, and colorectal carcinomas. To test this
hypothesis, we investigated the expression of ERs (ERα
and ERβ1) and two ER coregulators (AIB-1 and TIF-2) in
myofibroblasts of normal mucosa, adenomas, and colorec-
tal carcinomas by immunohistochemistry and correlated
their expression to various clinicopathologic parameters
and patients prognosis.

Materials and methods

Patients

In the present study, 107 specimens obtained from an equal
number of patients suffering from colorectal carcinoma,
who had undergone colectomy for therapeutic purposes,
were retrieved from the Pathology files of the University
Hospital of Patras, Greece. Tissue sections from non-
neoplastic mucosa and from concurrent or metachronous
adenomas were also evaluated in 77 and 29 patients,
respectively.

The clinicopathologic characteristics of the patients are
shown in Table 1. All women were in the peri- and
postmenopausal age (mean age±standard deviation for
women 63±7 years old). None of the patients had received
chemo/radiotherapy prior to surgery. Follow-up data were
available for 104 patients. Three patients were lost to
follow-up. Follow-up period ranged from 7 to 106 months
(mean 57, SD 25.5). During the follow-up period, 42
relapses and 32 cancer-related deaths were noted. Regard-
ing adenomas, 20 specimens displayed low-grade dyspla-
sia, and nine specimens displayed high-grade dysplasia.

This study received ethical approval from the Local
Research Ethics Committee at University Hospital of Patras
according to the principles laid down by Declaration of
Helsinki.

Immunohistochemistry

Immunohistochemistry was performed on serial 4μm
formalin-fixed paraffin-embedded tissue sections using
mouse monoclonal antibodies against ERα (1:30, NCL-L-
6F11, Novocastra, UK), AIB-1 (1:50, Clone 34, BD
Biosciences, CA, USA), and TIF-2 (1:50, Clone 29, BD
Biosciences) and rabbit polyclonal antibodies against ERβ

390 Virchows Arch (2009) 454:389–399



(prediluted, AR385-5R, Biogenex, CA, USA), which
recognize the ERβ1 isoform. Sections were deparafinized
in xylene and rehydrated in a series of graded ethanol
solutions. Endogenous peroxidase activity was blocked
with 0.3% hydrogen peroxide for 15 min. For antigen
retrieval, sections were heated in 10 mM citrate buffer, pH6
(ERα, ERβ) or 1 mM EDTA–NaOH, pH8 (AIB-1, TIF-2)
for 15 min in a microwave oven. After cooling to room
temperature, sections were incubated with blocking serum
(1% bovine serum albumin Fraction V, Serva Electropho-
resis, Germany) for 30 min and then with the primary
antibody for 1 h at room temperature. Slides were next
incubated with Dako EnVision Labeled Polymer (Dako,
CA, USA) for 45 min. Diaminobenzidine (Dako) was used
as the chromogen. Nuclei were counterstained with hema-
toxylin. Serial sections were stained with mouse monoclo-
nal antibodies against a-SMA (prediluted, RTU-SMA,
Novocastra) using the same protocol. No antigen retrieval

was performed for a-SMA immunostaining. In order to
confirm the myofibroblastic nature of the cells under
evaluation and ascertain the expression of ERβ and their
coregulators in myofibroblasts, double immunostaining
with a-SMA was performed in all cases of normal mucosa
and adenomas. Recognition of myofibroblasts of carcino-
mas was feasible due to the intense desmoplastic reaction
that accompanies colorectal carcinoma. Additionally, dou-
ble immunostaining was performed in 53 cases of colorec-
tal carcinomas. After staining with the first antibody (ERβ,
AIB-1, or TIF-2), sections were rinsed with distilled water
and incubated with doublestaining block for 3 min (Dako).
The second primary antibody (prediluted, RTU-SMA,
Novocastra) was applied for 30 min, followed by alkaline
phosphatase labeled polymer (Dako) for 30 min. Sections
were next incubated with Fast Red Chromogen Solution
(Dako). Nuclei were counterstained with hematoxylin.
Breast cancer tissue sections were used as positive control
for ERα and ERβ. Additionally, tumor-associated lympho-
cytes or follicles of Payer patches, when present, were
valuable internal positive controls for ERβ [19]. Known
immunostaining positive specimens were used as a positive
control for AIB-1 and TIF-2. In negative control slides, the
same method was performed, and the primary antibody was
substituted by 1% TBS.

Evaluation of immunostaining

Each slide was individually reviewed and scored in a blind
fashion by two independent observers. Discrepancies in
scoring between the observers were resolved by review of
the slides under a double-headed microscope. This study
focused on stromal cells and, in particular, on myofibro-
blasts of normal mucosa, adenomas, and carcinomas.
Carcinoma-associated myofibroblasts were evaluated at
areas of intense desmoplastic response. Myofibroblasts of
the granulation tissue formed at the base of areas of
ulceration were ignored.

ERβ functions mainly as a transcription factor and AIB-
1 and TIF-2 are transcriptional coregulators. Therefore,
they mainly reside in the nuclei of cells. However,
cytoplasmic localization has been observed before and
may represent non-genomic actions of ER [34] or subcel-
lular dislocation during malignant transformation [35].
Thus, in addition to nuclear staining, cytoplasmic staining
was separately evaluated.

In each case, the percentage of myofibroblasts exhibiting
positive nuclear staining and the percentage of myofibro-
blasts exhibiting positive cytoplasmic expression were
determined. Cell counts were performed at a ×400 magni-
fication. At least 1,000 cells were counted in tissue sections
obtained from carcinomas. In tissue sections obtained from
adenomas and normal mucosa, 200–300 cells were counted.

Table 1 Clinicopathologic characteristics of patients

Clinicopathologic parameters N (%)

Gender

Male 68 (63.6%)

Female 39 (36.4%)

Age (years) 30–83 (64±10)

Stage (Dukes)

B 41 (38.3%)

C 60 (56.1%)

D 6 (5.6%)

T stage

T2 15 (14%)

T3 82 (76.6%)

T4 10 (9.4%)

Lymph node status

N0 41 (38.3%)

N1 40 (37.4%)

N2 26 (24.3%)

Metastasis

M0 101 (94.4%)

M1 6 (5.6%)

Grade

Grade I 22 (20.6%)

Grade II 74 (69.1%)

Grade III 11 (10.3%)

Histologic type

Adenocarcinoma 95 (88.8%)

Mucinous adenocarcinoma 12 (11.2%)

Primary site

Right colon 30 (28%)

Left colon 41 (38.3%)

Rectum 36 (33.7%)
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For statistical purposes, nuclear expression was categorized
as follows: low expression, <50% positive staining cells;
moderate expression, 50–90% positive cells; high expres-
sion, >90% positive cells. Cut-off points were selected based
on the distribution of protein expression in normal mucosa
and carcinomas; 50% represents the upper quartile expres-
sion levels in normal mucosa and 90% the median
expression levels in carcinomas. Any case exhibiting
cytoplasmic staining was considered as positive for cyto-
plasmic staining.

Statistical analysis

Expression of the markers was analyzed both as categorical
and as continuous variables. Since continuous variables did
not follow normal distribution (one-sample Kolmogorov–
Smirnov test, p>0.05 for all markers), non-parametric
statistical tests were used. Kruskal–Wallis H test was used
in order to record any differences between the staining
results, and the tumor features and Mann–Whitney U test
was used to compare two different groups. The Spearman
rank correlation was used to detect any potential correla-
tions between the expression of the markers and the
Wilcoxon test to detect any differences between paired
samples of normal mucosa, adenomas, and carcinomas. For
categorical values, chi-square test was used to compare
between groups; Marginal Homogeneity test to compare
paired samples of normal mucosa, adenomas, and carcino-
mas; and Pearson correlation test to detect any potential
correlations between the markers. Univariate analysis of
overall and disease-free survival was calculated with

Kaplan–Meier curves, and differences in survival between
the groups were recorded using the log-rank test. Multivar-
iate analysis taking into account clinicopathologic factors
and expression of the proteins studied was performed using
Cox proportional hazards method. All data were analyzed
with the SPSS program (SPSS® release 14.0, Chicago, IL,
USA). Any p value less than 0.05 was considered
significant.

Results

ERα

ERα expression was infrequent (<1% of the cells) and was
noted only in the nuclei of epithelial cells in two cases of
normal mucosa, one case of adenoma, and three carcino-
mas. Additionally, ERα expression was never seen in
stromal cells (myofibroblasts, endothelial cells, lympho-
cytes). Figure 1a displays a case of colorectal carcinoma
with rare epithelial cells positive for ERα. Thus, ERα
expression was extremely rare in colorectal tissue, and no
further statistical analysis was performed for this marker.

ERβ1

ERβ1 was expressed in the nuclei and cytoplasm of
myofibroblasts (Fig. 1b–d). Nuclear expression of ERβ1
was noted in 30±17% of myofibroblasts of normal
mucosa, 52±20% of myofibroblasts of adenomas, and
82±24% of cancer-associated myofibroblasts. Low, mod-

Fig. 1 a Rare epithelial cells
(arrowhead) express ERα in a
case of colon carcinoma. b
Myofibroblasts (arrows) of nor-
mal mucosa are negative for
ERβ1, whereas epithelial cells
(black arrowhead) and lympho-
cytes (white arrowhead) exhibit
positive immunostaining. c
Most myofibroblasts (arrows) of
adenomas are positive for
ERβ1. d Cancer-associated
myofibroblasts exhibit nuclear
(arrows) and cytoplasmic (thick
arrow) ERβ1 expression. Due
to the intense cytoplasmic a-
SMA immunostaining, cyto-
plasmic expression of ERβ1 is
better appreciated in single
immunostaining for
ERβ1 (inset; brown ERβ1,
red a-SMA; original
magnification ×400)
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erate, and high expression of ERβ1 in myofibroblasts of
normal colonic mucosa, adenomas, and carcinomas is
shown in Table 2. Statistical analysis (Wilcoxon and
Marginal Homogeneity tests) revealed that ERβ1 was
more frequently expressed in tumor-associated myofibro-
blasts compared to normal mucosa (p<0.001) and
adenoma-associated myofibroblasts (p<0.001; Fig. 2a).
Additionally, ERβ1 was more commonly expressed in
myofibroblasts of adenomas compared to myofibroblasts
of lamina propria (p=0.001; Fig. 2a). Thus, ERβ1
expression in myofibroblasts increased from normal
mucosa, through adenomas, to carcinomas. Additionally,
high expression of ERβ1 (ERβ1 in >90% of the cells) was
more frequently noted in locally advanced carcinomas (T4)
since 80% (eight of ten) of T4 tumors displayed high ERβ1
expression, compared to 45% (44 of 97) of T2–T3 tumors
(chi-square test, p=0.048; Fig. 3a). No correlation was found
between nuclear ERβ1 expression and the other clinicopath-
ologic parameters, including gender, degree of dysplasia of
adenomas and primary site, stage, lymph node status, grade,
and histologic type of carcinomas.

Distinct cytoplasmic staining of ERβ1 in myofibroblasts
was noted in 19 of 77 (24.6%) normal mucosa specimens,
eight of 29 (27.5%) adenomas, and 59 of 107 (55.1%)
carcinomas. Due to intense cytoplasmic expression of a-
SMA in double immunostained sections, cytoplasmic
expression of ERβ1 was better appreciated in sections
stained only for ERβ1 (Fig. 1d). Statistical analysis
revealed that cytoplasmic staining was more common in
carcinomas compared to normal mucosa (p<0.001) and
adenomas (p=0.008) and was further enhanced in T4
carcinomas (nine of ten) compared to T2/T3 tumors (50 of
97; chi-square test, p=0.022; Fig. 3b). No correlation of
cytoplasmic staining of ERβ1 with the other clinicopatho-
logic parameters was noted.

ERβ1 was also expressed in other stromal cells such as
endothelial cells and lymphocytes and in epithelial cells of
normal mucosa, adenomas, and carcinomas (Fig.1b–d).
Mean expression levels of ERβ1 in epithelial cells of

carcinomas were 92±16% in normal mucosa specimens,
95±45% in adenomas, and 88±23% in carcinomas. No
difference regarding the percentage of positive epithelial
cells was noted between normal mucosa, adenomas, and
carcinomas. In carcinomas, ERβ1 expression in epithelial
cells positively correlated with ERβ1 expression in myofi-
broblasts (r=0.451, p<0.001).

AIB-1

AIB-1 was expressed only in the nuclei of myofibroblasts.
AIB-1 expression was noted in 46±24% of myofibroblasts
of normal mucosa, 65±27% of adenoma-associated myofi-
broblasts, and 81±24% of carcinoma-associated myofibro-
blasts (Fig. 4a–c). Number of cases with low, moderate, and
high expression of AIB-1 in myofibroblasts of lamina
propria and adenoma- and carcinoma- associated myofi-
broblasts is shown in Table 2. Statistical analysis (Wilcoxon
and Marginal Homogeneity tests) revealed that AIB-1 was
more frequently expressed in myofibroblasts of cancer-
associated stroma compared to normal mucosa (p<0.001)
and adenomas (p=0.002; Fig. 2b). Furthermore, adenoma-
associated myofibroblasts displayed elevated AIB-1 ex-
pression compared to myofibroblasts of normal mucosa
(p=0.007; Fig. 2b). Thus, AIB-1 expression in myofibro-
blasts gradually increased from normal mucosa through
adenomas to colorectal carcinomas. Additionally, 58 of 60
stage C carcinomas and 30 of 41 stage B carcinomas
expressed moderate and high levels of AIB-1. Thus, low
expression of AIB-1 in myofibroblasts was rarely seen in
stage C carcinomas (chi-square test, p=0.029). No corre-
lation of AIB-1 expression in myofibroblasts with other
clinicopathologic parameters was noted.

AIB-1 expression was repeatedly seen in other stromal
cells such as endothelial cells and lymphocytes as well as in
epithelial cells of normal mucosa, adenomas, and carcino-
mas (Fig. 4a–c). AIB-1 was expressed in 88±18% of
epithelial cells of normal mucosa, in 91±20% of epithelial
cells of adenomas, and in 88±20% of epithelial cells of

Marker Level of expression Normal mucosa (N=77) Adenoma (N=29) Carcinoma (N=107)

ERβ Low expression 69 (89.6%) 12 (41.4%) 10 (9.4%)

Moderate expression 8 (10.4%) 17 (58.6%) 45 (42%)

High expression 0 (0%) 0 (0%) 52 (48.6%)

AIB-1 Low expression 44 (57.1%) 8 (27.5%) 11 (10.2%)

Moderate expression 33 (42.9%) 19 (65.5%) 48 (44.9%)

High expression 0 (0%) 2 (7%) 48 (44.9%)

TIF-2 Low expression 56 (72.7%) 10 (34.5%) 10 (9.4%)

Moderate expression 21 (27.3%) 19 (65.5%) 25 (23.3%)

High expression 0 (0%) 0 (0%) 72 (67.3%)

Table 2 Expression of ERβ,
AIB-1, and TIF-2 in myofibro-
blasts of normal mucosa, ade-
nomas, and carcinomas
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carcinomas. No statistically significant difference was noted
regarding the percentage of positive epithelial cells of
normal mucosa, adenomas, and carcinomas. A positive
correlation between AIB-1 expression in epithelial cells and
AIB-1 expression in myofibroblasts was noted in normal

mucosa specimens (r=0.237, p=0.042) and carcinomas (r=
0.211, p=0.034).

TIF-2

TIF-2 immunostainingwas noted in the nuclei and rarely in the
cytoplasm of myofibroblasts (Fig. 4d–f). Nuclear expression
of TIF-2 was noted in 37±21% of myofibroblasts of normal
mucosa, 55±19% of myofibroblasts of adenomas, and 87±
19% of myofibroblasts of carcinomas. Table 2 shows the
number of cases with low, moderate and high expression of
TIF-2. Statistical analysis (Wilcoxon and Marginal Homoge-
neity tests) revealed that TIF-2 expression was enhanced in
tumor-associated myofibroblasts compared to myofibroblasts
of normal mucosa (p<0.001) and of adenomas (p<0.001)
and in adenoma-associated myofibroblasts compared to
myofibroblasts of normal mucosa (p=0.005; Fig. 2c). Thus,
like ERβ1 and AIB-1, TIF-2 expression in myofibroblasts
increased during malignant transformation of colonic tissue.
No correlation of TIF-2 expression in myofibroblasts to any
clinicopathologic parameter was noted.

Distinct cytoplasmic expression of TIF-2 was noted
in myofibroblasts of one of 77 normal mucosa speci-
mens, zero of 29 adenomas, and 17 of 107 carcinomas
and was more commonly seen in cancer-associated
myofibroblasts compared to myofibroblasts of normal
mucosa (p=0.001).

TIF-2 expression was also noted in a high proportion
of normal, dysplastic, and malignant epithelial cells, as
well as in endothelial cells and lymphocytes of normal
mucosa, adenomas, and carcinomas (Fig. 4d–f). Mean
expression levels of TIF-2 in epithelial cells were 98±3%
in normal mucosa specimens, 98±4% in adenomas, and
96±5% in carcinomas. There was no statistically signif-
icant difference regarding the percentage of positive
epithelial cells of normal mucosa, adenomas, and carci-
nomas. Additionally, there was no correlation between
TIF-2 expression in epithelial cells and its expression in
myofibroblasts.

Fig. 3 a Locally advanced (T4)
carcinomas exhibited more
commonly high nuclear expres-
sion of ERβ in myofibroblasts
(p=0.048). b Cytoplasmic ex-
pression of ERβ1 was more
frequently seen in myofibro-
blasts of carcinomas of ad-
vanced stage (p=0.022)

Fig. 2 Expression of ERβ1 (a), AIB-1 (b), and TIF-2 (c) in
myofibroblasts increases from normal colonic mucosa through
adenomas to colorectal carcinomas
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Correlation between markers

Since AIB-1 and TIF-2 are ER transcriptional coregulators,
the relationship of the expression of these markers in the
nuclei of the cells was examined. In myofibroblasts of normal
mucosa and adenomas, no correlation between ERβ1, AIB-1,
and TIF-2 expression was noted. However, in carcinomas,
ERβ1 expression in myofibroblasts correlated with AIB-1
(r=0.359, p<0.001) and TIF-2 (i=0.255, p=0.008).

Survival analysis

Advanced Dukes stage and lymph node involvement
were associated with shorter disease-free survival
(p<0.001, p=0.04, respectively) on Kaplan–Meier anal-
ysis. Additionally, advanced Dukes stage, lymph node
involvement, and poor differentiation were associated
with decreased overall survival (p<0.001, p=0.021 and
p<0.001, respectively). None of the markers examined
was associated with disease-free or overall survival on
Kaplan–Meier analysis.

Multivariate Cox analysis that included age, gender,
primary site, grade, stage, histologic type, and ERβ1, AIB-
1, and TIF-2 expressions showed that stage and age were
independently associated with disease-free survival and that
stage and grade were independent prognostic factors of
overall survival (Tables 3 and 4).

Discussion

Epidemiological and molecular data suggest the involve-
ment of estrogen signaling in colorectal carcinogenesis,
mediated mainly through ERβ [36]. In our study, ERβ1
was highly expressed not only in epithelial cells but also in
stromal cells of colorectal carcinomas, and this may explain
some of the discrepancies between non-morphologic
studies regarding the expression of ERβ in normal and
malignant colorectal tissue [16, 17, 20]. ERβ1 expression
in myofibroblasts was more frequent in adenoma- and
cancer-associated myofibroblasts compared to normal mu-
cosa. Additionally, ERβ1 expression was enhanced in
myofibroblasts of locally advanced (stage T4) carcinomas.
Previous studies have shown that ERβ expression in
epithelial cells is downregulated in colorectal carcinomas
paralleling tumors’ dedifferentiation [19]. Thus, even
though ERβ1 is expressed in both epithelial cells and
myofibroblasts of colorectal carcinomas, it may have
diverse biologic effects, depending on the cell of origin.

Various studies suggest the importance of paracrine
actions of estrogens that mediate a molecular crosstalk
between epithelial and stromal cells [23–25, 37]. Estrogens
can have multiple functions in stromal cells of various
organs. Estradiol increases MMP-9 production from mesan-
gial cells of the kidney and collagen production from skin
fibroblasts [38, 39]. ER-mediated signaling in stromal cells

Fig. 4 a–c AIB-1 immunostaining in normal mucosa (a), adenoma
(b), and carcinoma (c). Low expression of AIB-1 is noted in
myofibroblasts (arrows and inset) of normal mucosa (a), whereas
high expression is noted in myofibroblasts (arrows) of adenoma (b)
and carcinoma (c; red a-SMA, brown AIB-1; original magnification
×400). d–f TIF-2 expression is low in myofibroblasts (arrows and

inset) of normal mucosa (d), moderate in myofibroblasts (arrows) of
adenoma (e), and high in cancer-associated myofibroblasts (arrows
and inset; f). Cancer-associated myofibroblasts display both nuclear
and cytoplasmic expression of TIF-2 (inset in f; red a-SMA, brown
TIF-2, arrows myofibroblasts; original magnification ×400)
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is crucial for estrogen-dependent growth of epithelial cells
in the uterus, mammary gland, and prostate gland [23–25].
Furthermore, estrogens stimulate the proliferation of normal
epithelial cells when cocultured with stromal cells but have
no effect on epithelial cells when cultured in isolation [40].
Additionally, ERβ expression increases not only in epithe-
lial cells but also in stromal cells of endometrial hyperplasia
[41] and in periductal fibroblasts of lobular carcinoma in
situ [42]. In the latter case, ERβ immunoreactivity was
associated with higher incidence of ipsilateral, concurrent,
or metachronous invasive carcinoma. It has been hypoth-
esized that estrogens stimulate ERβ positive periductal
fibroblasts to produce growth factors that enhance prolifer-
ation of epithelial cells [42]. Thus, it could be speculated
that estrogens may mediate their effects on epithelial cells
through paracrine mechanisms. Indeed, it has been found
that estrogens stimulate the production of hepatocyte
growth factor from stromal cells of breast carcinomas and

of VEGF from stromal cells of normal endometrium [37,
43, 44]. Stroma-derived factor 1 (SDF-1) is produced by
malignant cells and cancer-associated fibroblasts and
enhances tumor growth [45]. SDF-1 expression is regulated
by ER signaling in breast and ovarian cancer cell lines and
depends on coexpression of members of the p160 family of
coactivators [46, 47]. Thus, estrogens are important
components of epithelial–stromal crosstalk in normal
tissues and cancer microenvironment. Further studies are
needed to elucidate the exact mechanisms of estrogen-
dependent crosstalk between malignant and stromal cells in
the microenvironment of colorectal cancer.

To the best of our knowledge, only one study has
assessed, in addition to epithelial cells, the expression of
ERβ in stromal cells of carcinomas [48]. In this study, no
difference in ERβ expression between stromal cells
surrounding areas of prostatic hyperplasia and prostate
cancer-associated stromal cells was found [48]. However,

Clinicopathologic parameter p Exp(B) 95.0% CI for Exp(B)

Lower Upper

Dukes 0.000

Dukes (B vs D) 0.000 0.033 0.008 0.129

Dukes (C vs D) 0.000 0.057 0.015 0.217

Grade 0.165

Grade (I vs III) 0.101 0.304 0.074 1.260

Grade (II vs III) 0.837 0.894 0.308 2.599

Histologic type 0.215 0.487 0.156 1.519

Age 0.031 0.961 0.928 0.996

Gender 0.460 1.319 0.633 2.750

ERβ 0.265 1.011 0.992 1.030

AIB-1 0.520 0.995 0.978 1.011

TIF-2 0.877 0.998 0.980 1.018

Table 3 Cox survival analysis
for disease-free survival

Clinicopathologic parameter p Exp(B) 95.0% CI for Exp(B)

Lower Upper

Dukes 0.000

Dukes (B vs D) 0.000 0.039 0.009 0.166

Dukes (C vs D) 0.001 0.078 0.018 0.339

Grade 0.028

Grade (I vs III) 0.008 0.073 0.011 0.500

Grade (II vs III) 0.421 0.626 0.200 1.959

Histologic type 0.073 0.260 0.059 1.136

Gender 0.059 2.729 0.961 7.750

Age 0.332 0.979 0.938 1.022

ERβ 0.500 1.007 0.986 1.029

AIB-1 0.353 0.991 0.971 1.011

TIF-2 0.460 0.992 0.972 1.013

Table 4 Cox survival analysis
for overall survival
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the stroma of normal prostate and prostatic carcinomas
consists mainly of fibroblasts and smooth muscle cells with
few myofibroblasts [49], and this may account for the
discrepancies with our study. Additionally, the antibody
used in that study recognized the ERβ2 isoform that has no
transcriptional activity and acts as a negative regulator of
ER signaling [21].

ERβ has been detected in the cytoplasm of normal and
malignant epithelial cells in various organs, including
colorectal tissue [17, 19], and may mediate non-genomic
actions of the receptors [34]. In fact, ERβ has been shown
to activate MAPK pathway in epithelial [50] and endothe-
lial cells [51]. Additionally, estradiol increases production
of MMP-2 from smooth muscle cells of pulmonary
lymphangioleiomyomatosis in an ER-dependent non-
genomic pathway and enhances invasion in collagen matrix
[52]. Thus, based on our findings of increased cytoplasmic
expression of ERβ1 in myofibroblasts of carcinomas, with
further increase in carcinomas of stage T4, we might
speculate that non-genomic actions of ERβ1 in myofibro-
blasts are involved in colorectal carcinomas. The pathways
activated by cytoplasmic ERβ1 in myofibroblasts of
colorectal carcinoma merit further investigation.

Gender-related differences in the expression of ERβ
have been described [16, 53], but have not been confirmed
by other studies [19, 20, 22]. Additionally, in our study,
ERβ1 expression did not differ between male and female
patients either in normal mucosa specimens, adenomas, or
carcinomas. Discrepancies between findings can be attrib-
uted to differences in methodology, the ERβ isoform
detected, and the number and age of female patients
analyzed. Thus, definite conclusions on the presence of
gender-related differences in ERβ expression in colorectal
tissue cannot be drawn. However, since our study focused
on postmenopausal women and evaluated the ERβ1 iso-
form separately in epithelial cells and myofibroblasts, it
might indicate that estrogen signaling through ERβ1 in
colorectal tissue may not be different between males and
females.

Transcriptional activation from estrogen-ER complexes
is facilitated by recruitment of coactivators [28, 29]. AIB-1
expression in epithelial cells has a well-described oncogen-
ic role in various carcinomas [28]. In colorectal carcinomas,
increased AIB-1 expression in malignant cells was associ-
ated with lymph node and/or distant metastasis [18] or
locally advanced stage (Grivas et al., manuscript in press).
However, the expression of AIB-1 in stromal cells was not
evaluated in these studies. In our study, AIB-1 expression
was increased in myofibroblasts of dysplastic mucosa and
was further increased in cancer-associated myofibroblasts
paralleling the progression of colorectal carcinomas. Thus,
it could be speculated that AIB-1 mediated signaling is
increased in myofibroblasts early in colorectal carcinogen-

esis and might contribute to the initiation and progression
of colorectal carcinomas. Additionally, in our study, AIB-1
expression in myofibroblasts of colorectal carcinomas was
significantly associated with ERβ1 expression. AIB-1 has
been shown to interact with various nuclear receptors
(ERα) and other transcription factors (AP1, NFκB, E2F1)
[28]. The exact mechanisms of AIB-1 actions in the stroma
of carcinomas remain elusive, even though a possible
association with ERβ1 could be implied by our results.
Further studies will help the clarification of the transcrip-
tion factor(s) whose transcriptional activity is regulated by
AIB-1 expression in cancer-associated myofibroblasts since
NF-κB expression is also enhanced in myofibroblasts of
colorectal carcinomas [54].

TIF-2 is a member of the SRC family of coregulators
and is frequently overexpressed in malignant cells of
various neoplasms [31, 32, 55–57]. On the contrary, a
recent study using non-morphologic techniques has found a
decline of TIF-2 mRNA in colon carcinomas compared to
normal colonic tissue [58]. However, to the best of our
knowledge, its expression in stromal cells of carcinomas
has never been studied before. A previous study in
patients with polycystic ovary syndrome (a syndrome
associated with increased risk of endometrial hyperplasia
and cancer) revealed increased TIF-2 expression in
endometrial stromal cells compared to patients without
the syndrome [33]. In our study, TIF-2 expression in
myofibroblasts increased from normal mucosa through
adenomas to carcinomas. These data support a potential
role of TIF-2 in epithelial-stromal cell interactions that
contribute to malignant transformation. Additionally, even
though we cannot exclude the interaction of TIF-2 with
other nuclear receptors or transcription factors, it might be
speculated that TIF-2 could enhance the transcriptional
activity of ERβ1 in myofibroblasts of colorectal carcino-
mas and facilitate paracrine actions of estrogens on
epithelial cells.

The role of cytoplasmic localization of TIF-2 that was
observed in our study remains elusive. Differential subcellular
localization of TIF-2 during malignant transformation has
been described in rabdomyosarcoma cells [35]. In line with
these observations, cytoplasmic localization of TIF-2 was
more frequently noted in myofibroblasts of colorectal
carcinomas compared to myofibroblasts of normal mucosa
and adenomas and might represent aberrant nuclear/cytoplas-
mic shuttling of TIF-2 protein in cancer microenvironment.

In conclusion, the increased expression of ERβ1, AIB-1,
and TIF-2 in myofibroblasts of colorectal carcinomas and
correlation of elevated levels of ERβ1 and AIB-1 with
advanced stage support a possible role of these factors in
the initiation and progression of colorectal carcinomas
through paracrine actions. The expression of additional
coregulators (coactivators and corepressors) and transcrip-
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tion factors needs to be investigated both in epithelial cells
and stromal cells of colorectal carcinomas in order to
elucidate the signaling networks within and among the cells
of cancer microenvironment that mediate the effects of
estrogens in colorectal carcinogenesis.
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Abstract This study aimed at evaluating whether apoptosis of
interstitial cells of Cajal (ICC), smooth muscle cells (SMC),
and enteric neurons was involved in a guinea pig model of
intestinal ischemia and reperfusion injury. The small intestinal
segments were resected at either 6 (I60/R6h) and 12 h (I60/R12h)
or 7 (I60/R7d) to 14 (I60/R14d) days after 60 min intestinal
ischemia in the adult guinea pigs and studied by immunohis-
tochemistry with anti-Kit, 5-bromo-2′-deoxyuridine (BrdU),
α-smooth muscle actin, vimentin, and β-tublin III antibodies.
Also, apoptosis was tested by terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL)
method. In the I60/R12h injury, there was a ∼50% decrease
of Kit+ cells in cell numbers at the level of myenteric plexus
and a number of Kit-/vimentin-positive cells were labeled by

TUNEL. Also, a few SMC and enteric neurons were TUNEL
positive. The Kit+ ICC recovered to normal and a number of
Kit-/BrdU-double-positive cells were observed in the I60/R14d

group. Our results indicated that the intestinal I/R injury could
lead to apoptosis of ICC, SMC, and enteric neurons which
may contribute to the gastrointestinal motility disorders, and
proliferation was involved in the recovery of ICC.

Keywords Proliferation . ICC-MY. ICC-DMP.

TUNEL . BrdU

Introduction

The small intestine is one of the most susceptible organs to
ischemia and reperfusion (I/R) injury such as is often
encountered during hemorrhagic shock or small bowel
transplantation. In an intestinal I/R injury model, changes in
mucous and systemic inflammatory responses have been
documented [1]. Some studies have also shown changes in
gastrointestinal motility [2–6]; however, the underlying
mechanisms are not well understood yet.

Interstitial cells of Cajal (ICC) play an important role in the
regulation of gastrointestinal (GI) motility [7–9]. ICC in the
small intestine are divided into two subgroups. One subgroup
is located at the level of the myenteric plexus (ICC-MY) and
acts as the pacemaker cells that generate and propagate the
slow waves in the small intestine [10, 11]. The other is closely
associated with the deep muscular plexus (ICC-DMP), and
these cells play a role in the mediation of inputs from the
enteric nervous system to GI smooth muscles [12–14].

ICC express the product of the c-kit gene [11, 15, 16], a
proto-oncogene that encodes the receptor tyrosine kinase
(Kit) which is considered essential for the development,
differentiation, and functional maintenance of ICC [17]. A
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recent study has also shown that a downregulated ICC Kit
expression is probably associated with the gastrointestinal
motility disorders resulting from I/R injury of the small
intestine [2]. Other studies have also shown the loss of Kit
immunopositivity after intestinal surgical manipulation [18]
and gastrointestinal disorders, such as intestinal obstruction
[19, 20], and this loss is probably one of the underlying
mechanisms associated with intestinal motility dysfunction.
However, it is noteworthy that apoptosis is generally
observed in the liver [21], kidney [22], intestine [23], and
lung [24] after I/R injuries, but it is not clear whether
apoptosis of the ICC, smooth muscle cells (SMC), or enteric
neurons is also involved in the intestinal I/R injury.
Furthermore, a reexpression of Kit protein may contribute
to the recovery of ICC networks after disrupted by intestinal
disorders [18–20]. Also, a proliferative event has been
reported during the recovery of the ICC after disruption by
intestinal transection and anastomosis [25], but it is unclear
whether the proliferation is linked to the recovery of the ICC
after an I/R injury as well as the Kit reexpression. This study
investigated alterations in the morphology and number of
ICC in an intestinal I/R injury model using immunofluores-
cence, detection of apoptosis by terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL)
methodology, and detection of cell proliferation using 5-
bromo-2′-deoxyuridine (BrdU) incorporation.

Materials and methods

Animals

Twenty-four adult guinea pigs (300–350 g, male or female,
aged 6–8 weeks) were purchased from the Animal Center
of the Third Military Medical University (Chongqing,
China) and used in our experiments. All experiments were
performed in accordance with our University Health Guide
for the Care and Use of Laboratory Animals.

Animal surgery

Operations for experimental animals were performed under
pentobarbital sodium anesthesia (Nembutal 50 μg g−1).
After the laparotomy by midline incision, the vascular
arcades were ligated between the descending branch of the
right colic artery and the ascending branch of the ileocolic
artery, between the descending branch of the ileocolic
artery and the last ileal artery, and between the jejunal
arteries just proximal and distal to the point of the superior
mesenteric artery in order occlude and interrupt the
collateral blood flow. In addition, bulldog clamps were
applied to the jejunum and terminal ileum at the same
ligation levels as the vascular arcades in order to interrupt

collateral flow within the intestinal wall. Then, the superior
mesenteric artery was occluded just proximal to the right
colic artery by vascular microclip. The right colic artery and
vein and the ileocolic artery and vein were also occluded
(supplemental Fig. 1). After the planned ischemic period,
the vascular microclips and bulldog clamps were removed
and blood reperfusion of the intestine confirmed by an
immediate change of intestinal color from white to pink and
the recovery of mesenteric arterial pulsations. The intestines
were carefully returned to the abdomen and the incision
was closed by two layers of continuous 3–0 silk sutures.

Experimental groups

Animals were divided into four groups according to the
ischemia and reperfusion periods: (1) ischemia for 60 min
followed by reperfusion for 6 h (I60/R6h), (2) ischemia for
60 min followed by reperfusion for 12 h (I60/R12h), (3)
ischemia for 60 min followed by reperfusion for 7 days (I60/
R7d), and (4) ischemia for 60 min followed by reperfusion
for 14 days (I60/R14d; N=3 in each group). Sham control
animals (N=3 in each group) were treated in an identical
fashion except for vascular clamping. At the end of each
experiment, the animals were killed by an overdose of
pentobarbital and the ileum was harvested.

Immunofluorescence

The ileum was removed and enteric contents were washed
away with phosphate-buffered saline (PBS). The small
intestine was inflated with acetone for 30 min (room
temperature), then opened along the mesenteric border, then
the mucosa was removed, and the longitudinal smooth muscle
layer containing the ICC-MY (also referred to as the ICC
associated with Auerbach’s plexus or ICC-MP by some
authors) and the circular smooth muscle layer associated with
ICC around the deep muscular plexus were prepared with the
aid of a dissection microscope. The immunostaining proce-
dures have been described previously [26]. Briefly, ICC were
identified by using a rat monoclonal antibody raised against
Kit (ACK2, 5 μg ml−1; eBioscience) and immunoreactivity
was detected by using a Cy3-conjugated secondary antibody
(antirat IgG, 1:100; Zymed). Vimentin or smooth muscle
actin was detected with a mouse monoclonal vimentin
(1:100; DAKO) or α-smooth muscle actin (α-SMA; 1:100;
Santa Cruz) antibody, and enteric neurons were detected with
a rabbit polyclonal β-tublin III antibody (1:100; Sigma)
respectively using the same procedures. Antibody-positive
cells were labeled by a Cy5-conjugated secondary antibody
(antimouse IgG, 1:100; Zymed), a fluorescein isothiocyanate
(FITC)-conjugated (antimouse IgG, 1:100; DAKO), or a
tetramethylrhodamine isothiocyanate (TRITC)-conjugated
secondary antibody (antirabbit IgG, 1:100; Zymed). Nega-
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tive control specimens were prepared in the same manner,
but each primary antibody was omitted. The stained results
were examined using a BX51 fluorescence microscope
(OLYMPUS, Japan) or with a TCS SP5 confocal laser
scanning microscope (Leica, Germany) with an excitation
wavelength appropriate for FITC (488 nm), Cy5 (650 nm),
Cy3 (552 nm), or TRITC (552 nm). The Z stacking of
confocal images at 3- to 5-μm intervals contained all the
levels of positively stained cells and processes.

Detection of ICC apoptosis

To detect the apoptosis of ICC, TUNEL labeling was done
using an apoptosis detection Kit (Roche). Whole-mount
preparations were fixed with 4% paraformaldehyde for

20 min at 25°C, washed twice with PBS for 30 min, and
then treated with 0.1% Triton X-100 for 20 min on ice (2–
8°C). The whole-mount preparations were incubated with
TUNEL reaction buffer containing 45 μL of the labeling
solution and 5 μL of the enzyme solution at 37°C for 1 h in
a humidified atmosphere in the dark. Sections were then
washed three times for 15 min each with PBS to remove
unincorporated fluorescein-dUTP. The specimens were
observed with a fluorescence microscope with an excitation
wavelength in the range of 450–500 nm.

Detection of proliferating ICC

To identify the proliferation of ICC, daily intraperitoneal
injection of BrdU (10 mg kg−1 day−1, Sigma) was given

Fig. 1 Confocal images of
ICC-MY labeled with ACK2
(red) on whole-mount prepara-
tions of the small intestine
showing the alterations of ICC
in the intestinal I/R injury model
(a–d). a ICC project their cyto-
plasmic processes to form an
intact cellular network in the
control tissue. b The Kit+ cells
are almost intact after reperfu-
sion for 6 h (I60/R6h; b) and
these cells are obviously re-
duced following I60/R12h injury
(c). d A dramatic recovery of
ICC is seen in the I60/R14d injury
group. e The graphs summarized
the changes in mean (± SEM)
Kit+ ICC-MY cell numbers after
I/R insult in guinea pigs. *P<
0.05 indicates significant differ-
ences between control and I/R
group (n=3; SNK), and #P<
0.05 (SNK) represents signifi-
cant differences between I/R
groups (n=3). Scale bar a refers
to all panels
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after I/R to each group of experimental animals. The
animals were killed and specimens were stained for ACK2
(Kit) as described above, and then the whole-mount
preparations labeled for BrdU as follows: The specimens
were additionally fixed in 4% paraformaldehyde in 0.1M PB
at pH 7.2 for 30 min. After rinsing in PBS, the specimens
were treated with 2 N HCl for 30 min at 37°C for partial
denaturalization of double-stranded DNA. To reveal BrdU,
the specimens were incubated with a mouse monoclonal
antibody raised against BrdU (3 μg ml−1; DAKO) overnight

at 4°C and then a FITC-conjugated secondary antibody
(antimouse IgG, 1:100; DAKO).

Measurement and statistical analysis

Photographs of either Kit-positive cells, Kit/TUNEL, or
Kit/BrdU double-labeled cells were taken in ten random
0.2607-mm2 fields (×200 magnification) per whole-mount
preparation with a digital camera (SPOT, Diagnostic
Instruments, Inc) mounted on a BX51 fluorescence micro-

Fig. 2 Confocal photomicrographs showing presumptive apoptotic
ICC on whole-mount preparations from the ileum after I/R insult (a–i).
a–c Kit (red)/TUNEL (green) double labeling shows that no apoptotic
cell is observed in the ICC-MY of control group. d–f The Kit+(red)
ICC-MY are almost intact in the I60/R6h group; however, a number of

Kit/TUNEL(green) double labeling ICC-like cells are visible (arrow-
heads). g–i The Kit+ ICC-MY networks (red) are incomplete
following I60/R12h injury with a number of apoptotic ICC (arrows).
Scale bar a refers to all panels
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scope (OLYMPUS, Japan). The cell numbers were counted
with Image-Pro Plus 5.0 (Media Cybernetics). Five intes-
tinal segments from each experimental animal were sam-
pled for immunofluorescent staining. Data were expressed
as means±standard error of the mean (SEM). The n value
reported in the text refers to the number of animals used.
Differences in the data were evaluated by one-way analysis
of variance followed by a Student–Newman–Keul’s (SNK)
post hoc test and P≤0.05 was taken as a statistically
significant difference.

Results

Changes in ICC morphology and density

ICC-MY were located between the longitudinal and circular
smooth muscle layers and around the myenteric plexus of
the small intestinal wall; cells were revealed by Kit
immunohistochemistry in confocal whole-mount prepara-
tions (Fig. 1a) that clearly showed ICC processes and
numerous branches forming a cellular network in the
control. In the I60/R6h group, the density of Kit+ ICC-MY
slightly decreased (167.5±8.4 mm−2), and an almost intact
cellular networks could be observed (Fig. 1b, e). In the I60/
R12h group the density of Kit+ cell numbers were
significantly reduced by ∼50% compared with the control
values (97.6±8.6 mm−2) along with a reduction in the
density and thickness of the cellular processes (Fig. 1c, e).
Kit+ cell density had partially recovered after 7 days of
reperfusion but was still significantly lower than control
cell numbers (152.2±6.4 mm−2; Fig. 1e). However, Kit+
cell numbers had recovered to control values and also the
cellular networks had restored after 14 days reperfusion
(I60/R14d injury; Fig. 1d, e).

Detection of the apoptosis

Apoptosis was detected by the TUNEL method. In control
preparations, no cell was labeled by TUNEL method in the
intestinal wall on whole-mount preparations (Fig. 2a–c). In
the I60/R6h group, the Kit+ ICC-MY networks seemed to be

intact; however, a number of Kit+/TUNEL+ (16.7±
3.4 mm−2) were observed which located within the ICC-
MY which had identical features with normal ones
(Fig. 2d–f; Table 1). The Kit+ cellular networks were
incomplete in the I60/R12h injury group, and a number of
apoptotic Kit+ ICC were observed (17.4±4.2 mm−2;
Fig. 2g–i; Table 1). Kit/vimentin/TUNEL triple labeling
showed that those Kit+/TUNEL+ cells were labeled by
vimentin in ICC-MY. Some of these cells had long branching
processes within ICC-MY (Fig. 3a–d) which were similar in
features with normal mature cells, while others had short-
ened processes with fewer branches (Fig. 3e–h) and
probably represented different stages of apoptosis, i.e.,
those cells with shorter processes were at later stages of
apoptosis. In addition, a number of β-tublin III+ enteric
neurons which distributed within the myenteric plexus
(Fig. 4a–c) and a small number of α-SMA-labeled SMC
(Fig. 4d–f) were also marked by TUNEL which hinted that
the apoptosis of SMC and enteric neurons were also
involved. The quantitative data showed that there were
about 17–18 mm−2 apoptotic Kit+ cells found in the ICC-
MY in either I60/R6h or I60/R12h group (Table 1), and about
10% SMC and 7% enteric neurons were also labeled by
TUNEL which suggested that the apoptosis of SMC and
enteric neurons was also involved in the I/R injury.

Proliferation of ICC

We used double immunofluorescent staining with anti-Kit/
BrdU to reveal the presence of ICC proliferation. Kit/BrdU
ICC-MY-like cell labeling was neither seen in the control
tissue nor was present 6 and 12 h after reperfusion. However,
proliferative cells were frequently seen at 7 days (10.6±
1.1 mm−2) and represented ∼5% of the population. This
figure was increased by ∼2.5 times in the I60/R14d injury
group (25.7±4.1 mm−2; Table 1). Cell counting showed that
the BrdU+ cells in the ICC-MY represented ∼13% of the
total Kit-positive cells at the level of myenteric plexus in the
I60/R14d injury group. The distribution in many cases was
characterized by pairs of cell bodies with processes, and
single isolated cells were also observed (Fig. 5a–c). In ICC-
DMP, the Kit/BrdU double-labeled cells were often distrib-

Table 1 Mean density of Kit+/TUNEL+ and Kit+/BrdU+ cells in the ICC-MY in the intestinal I/R injury guinea pig model

I60/R6h I60/R12h I60/R7d I60/R14d

I/R I/R I/R I/R

Kit+/TUNEL+ cells (mm−2; N=3) 16.7±3.4 17.4±4.2 0* 0
Kit+/BrdU+ cells (mm−2; N=3) 0 0 10.6±1.1* 25.7±4.1

Neither Kit+ /TUNEL+ nor Kit+ /BrdU+ cell was found in control. Data given as mean ± SEM.
N numbers of animals used
*P<0.05 (SNK) significantly different to earlier time point (e.g., I60/R7d vs. I60/R12h)
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Fig. 3 Confocal images of
ICC-MY labeled with Kit (red),
vimentin (yellow), and TUNEL
(green) on whole-mount prepa-
rations of the ileum counter-
stained with DAPI (blue) in the
I60/R12h injury group (a–h).
a–d A few Kit-/vimentin-
positive cells are visible with
long processes with branches
and are labeled by TUNEL
(arrows). e–h Tissue is shown at
lower magnification that some
of the Kit-/vimentin-/TUNEL-
positive cells have more
shortened processes with fewer
branches (arrowheads) suggest-
ing a later stage of apoptosis.
Scale bar=30 (a–d) and 50 μm
(e–h)
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uted in pairs (Fig. 5d–f), and they had relatively round cell
bodies and long slender processes which could be identified
as ICC-DMP according to their features, although less and
thinner processes were seen comparing with mature ones.

Discussion

The present study demonstrates that (1) the Kit-positive
ICC numbers are reduced after the intestinal I/R injury but
make a dramatic recovery; (2) the I/R injury can lead to the
apoptosis of ICC, SMC, and enteric neurons; (3) prolifer-
ation of ICC is involved in the recovery of the ICC. It has
been reported that I/R injury can lead to gastrointestinal
dysfunctions, such as a delay in gastrointestinal transit [3,
4], alterations of the migrating motor complex [5], and
alterations in in vivo motor responsiveness to pharmaco-
logical stimulation [6]. In addition, in vitro experiments
reveal a reduction in mechanical contraction of the smooth
muscle layers [1], although the underlying mechanisms are
not clearly understood. In partial agreement with the
present data, a rat intestinal I/R injury model has revealed
that a loss of Kit+ ICC is concomitant with the weakening
of spontaneous mechanical contractions, presumably driven
by ICC, which subsequently recover to normal as well as

ICC Kit labeling. On this basis, it has been suggested that
ICC play a central role in I/R-caused motility disorders [2].
In support of this hypothesis, our results also show a 50%
decrease of Kit+ cell numbers in ICC-MY in the intestinal
I/R guinea pig model. A loss and reappearance of Kit
expression maybe one of the underlying mechanisms
associated with motility disorders such as that has been
suggested by intestinal obstruction [19] and surgical
resection models [18]. Others have postulated that the loss
of Kit may lead to transdifferentiation of ICC toward a
smooth muscle cell phenotype on the basis of Kit signaling
blockade experiments in the neonatal mice with an anti-Kit
antibody [27]. Therefore, we have stained our tissue using
anti-Kit and anti-α-SMA (a special marker of SMC) for
cells in a transdifferentiation stage where both proteins
might be present. Double-labeled cell is not seen and thus,
it seems not to support a case for ICC transdifferentiation
toward a SMC phenotype under our experimental con-
ditions (supplemental Fig. 2A–C). However, as α-SMA is
not an established marker for those transdifferentiated cells,
a further observation under electron microscopy would be
necessary to exclude or include this possibility.

Is the switch of Kit expression the only explanation for the
alteration of Kit+ ICC as suggested in a rat model of I/R
injury? It should be noted that in animal models of I/R injuries

Fig. 4 Confocal photomicrographs showing the TUNEL-positive
enteric neurons (a–c) and smooth muscle cells (d–f) labeled by anti-
β-tublin III and anti-α-SMA antibodies respectively on whole-mount
preparations of the ileum counterstained with DAPI (blue) from I60/
R12h injury animals. a–c Several β-tublin III (red) and TUNEL

(green)-double-positive cells (arrowheads) are present. Note, β-tublin
III immunoreactivity does not stain nuclei, thus is clearly differenti-
ated from the nuclear TUNEL label. Cells were also present after
double labeling (arrows) with α-SMA (red) and TUNEL (green; d–f).
Scale bar a refers to all panels
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to the liver [21], kidney [22], heart [28], and lung [24], as
well as intestine [23], apoptosis is often present in the
tissues. We have confirmed these previous results showing
cell death by using TUNEL methodology and about 10–15%
of the apoptotic Kit+ cells are at an early stage after I/R.
Vimentin, structural protein, is colocalized with Kit in ICC
[26]. The Kit/vimentin/TUNEL labeling cells further confirm
a true loss of ICC which suggests that the apoptosis of ICC
is also involved in the cell number reduction as well as the
reduction of Kit expression. Besides that, it should be noted
that apoptotic ICC might cease Kit expression at certain
stage; therefore, those Kit+/TUNEL+ cells may only
represent a part of apoptotic ICC. In addition, a number of
SMC and enteric neurons are also labeled by TUNEL.
Therefore, a conclusion is made that the intestinal motility
dysfunctions that caused by I/R injury could be interpreted as
a compound result of both the Kit expression reduction and
the apoptosis of ICC, SMC, and enteric neurons.

Our findings confirm, by using BrdU incorporation, that
there is a restoration of the Kit+ ICC cell numbers in both ICC-
MYand ICC-DMP, at least in part, via proliferation for at least
7 days after an I/R insult in the adult guinea pig.We do not find
out the presence of cell proliferation (Kit/BrdU double-labeled
ICC-like cells) in the control tissue over a similar time period.

Similarly, our recent findings also have indicated that an age-
dependent proliferation is involved in the expansion of ICC
cell number in the murine small intestine aged from
postpartum days 0 to 16, and the proliferation vanishes in
adult mice [29], and under in vitro culture conditions, only
ICC from neonatal mice before day 6 postpartum can
proliferate in response to Kit ligand which also suggests a
time-limited proliferation of ICC [30]. Therefore, it seems
that ICC or ICC progenitor do not proliferate generally in
adult animals as shown in our previous work [25].

The present study has shown that proliferation takes a part
in the restoration of ICC after loss. One question is what kind
of causes probably promote the proliferation? ICC are actually
reduced in number by apoptosis and this suggests that the
recovery of ICC is due at least in part to generation of new
ICC. A number of reduced ICC may cease expression of Kit
and change into a kind of intermediate fibroblast-like cells
after insult and, in all likelihood, only Kit expression
resumption is involved in their recovery.

Another question is what kind of cells may have given
rise to the proliferation? A recent study has successfully
identified a very small group of Kit+/CD44+/CD34+/insulin
receptor+/insulin-like growth factor I receptor (IGF-IR)+

cells in murine stomach as the putative progenitors of ICC

Fig. 5 Confocal photomicrographs showing presumptive proliferating
ICC on whole-mount preparations from the ileum in I60/R14d injury
group. a–c A number of double labeled of Kit (red) and BrdU (green)
cells (arrows) that have processes with branches are present in the

ICC-MY and resemble normal mature cells. d–f The Kit(+)/BrdU(+)
cells often distribute in pairs in ICC-DMP, with closely adjacent cell
bodies (arrowheads). Scale bar a refers to all panels
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which could be expanded under the stimulation of Kit
ligand, stem cell factor, and further transdifferentiate into
mature ones [31], and similarly, our recent study has also
shown that a number of Kit+/BrdU+ cells (new-emerged
ICC) which appear during postnatal development in the
murine small intestine are also labeled with anti-CD44,
CD34, and IGF-IR antibodies. Therefore, it is likely that
those new-emerged ICC (Brdu+/Kit+ cells) after ICC loss
in adult animals originate from the proliferation and dif-
ferentiation of progenitor cells in this case, although this
hypothesis needs to be proved by further investigations.
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Abstract Histopathological study of bone marrow biopsy
(BMB) in chronic myelomonocytic leukemia (CMML) is
often difficult and might benefit from an immunohisto-
chemical approach. We immunostained 15 cases of CMML,
focusing at two new antibodies staining for CD14 and
CD16 on paraffin-embedded tissues. CD68 (KP1), CD68
(PG-M1), and CD163 were not differentially expressed
between CMML and chronic myelogenous leukemia
(CML). In CMML BMB, we found a significant increase
in the number of CD14+ monocytes. This increase was
made of dispersed cells in the interstitium, often exhibiting
bilobated nuclei, and being difficult to differentiate from
neutrophils. There was no expansion of CD16+ monocyte-
like cells. However, we found a significant decrease in the
number of granulocytes expressing CD16, MPO, and CD15

in CMML compared to CML and control BMB, probably
related to dysgranulopoiesis. Indeed, BMB immunohisto-
chemistry can be helpful in CMML by identifying both the
monocyte expansion with CD14 and the dysgranulopoiesis
with CD16.

Keywords Bone marrow biopsy .

Chronic myelomonocytic leukemia .Monocytes . CD14 .

CD16 . Dysgranulopoiesis

Introduction

Chronic myelomonocytic leukemia (CMML) is a clinico-
pathological entity defined within the World Health
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Organization (WHO) category of myelodysplastic/myelo-
proliferative neoplasms (MDS/MPN) [1, 2]. Indeed, al-
though around 3% of cases have been demonstrated to bear
jak2 mutation [3], there are no recurrent genetic abnormal-
ities. This disease is defined as a clonal disorder of a bone
marrow stem cell, accompanied by evidence of both
effective (myeloproliferative) and ineffective (myelodys-
plastic) hematopoiesis. The bone marrow of CMML is
usually hypercellular and shows a significant increase in
granulocytic proliferation with a variable degree of dysgra-
nulopoiesis [1, 4–6]. Prominent dysplastic changes in the
erythroid and megakaryocytic lineages may be encoun-
tered, but these cell types are often normal in appearance
[1]. The WHO diagnostic criteria for CMML are mainly
based on findings encountered in the peripheral blood and
bone marrow aspirate. The presence of peripheral blood
monocytosis is mandatory for the diagnosis of CMML, but
is not specific for this entity. Human peripheral blood
monocytes are distributed between a major population
CD14+ CD16− representing 90–95% of total blood mono-
cytes and a minor population CD14low CD16+, which
represents 5–10% of total blood monocytes [7]. CD14 is
considered as a good marker of the major monocyte
population and can be now evaluated on paraffin-embedded
tissue. Although flow cytometry has demonstrated a
moderate increase of CD14+ cells in CMML [8], the level
and pattern of monocytic proliferation in the marrow of
patients has not been clearly established, particularly due to
the presence of marked granulocytic proliferation with
dysgranulopoiesis difficult to distinguish from the mono-
cytic population particularly on bone marrow biopsy
(BMB). The diagnostic features of CMML on BMB are
difficult to differentiate from other myelodysplastic syn-
dromes or myeloproliferative neoplasms. Recently, Orazi et
al. [9] have demonstrated the interest of BMB for the
diagnosis of CMML showing an accumulation of CD123-
positive plasmacytoid dendritic cells as a diagnostic feature
of this entity. However, although specific, this expansion is
not encountered in 80% of CMML cases [9]. In this study,
we aimed to examine the value of CD14 and CD16 staining
in BMB from patients with CMML and to compare it with
other antibodies staining monocyte-derived cells.

Materials and methods

Bone marrow specimens were obtained from the Depart-
ment of Pathology of Hôtel Dieu Hospital, Paris. All
biopsies were fixed in Bouin’s solution and decalcified in
RDO (Eurobio, France). Fifteen cases of CMML-1 and ten
cases of CML classified according to the WHO classifica-
tion were studied [1]. In addition, eight “normal” bone
marrow biopsies performed for the initial staging of either

Hodgkin’s disease (n=5) or follicular lymphoma (n=3)
were used as controls. As immunohistochemical controls,
we also studied bone marrow biopsies fixed in buffered
formalin and decalcified in EDTA (five CML, four CMML,
and five normal).

Single immunostaining procedure

The primary antibodies used are summarized in Table 1.
Sections were deparaffinized and pretreated by microwave
(750 W, 3×5 mn) in citrate buffer, pH 6, except for MPO,
performed without pretreatment. After inhibition of endo-
geneous peroxidase, sections were immunostained as
reported previously [10] using an indirect immunoperox-
idase method. The primary antibodies were incubated at
dilutions comprised between 1:50 and 1:900. Biotinylated
goat anti-rabbit and anti-mouse IgG (AbCys, Paris, France)
was added at 1:200 dilution for 20 min, followed by 20 min
avidin–biotin–peroxidase complex (AbCys, Paris, France).
Peroxidase activity was revealed using diaminobenzidine
(DakoCytomation, Trappes, France), and the sections were
mounted in Faramount (DakoCytomation). For all the
antibodies, we evaluated the percentage of positively
stained marrow cells in the most representative areas (with
the optimal staining of internal positive control) by
counting three consecutive high power fields (magnifica-
tion ×100 with a total surface of 0.0432 mm2) using a grid
eyepiece. An average of 470 (±6.5) nucleated cells was
counted. For CD163 and PG-M1, due to the staining of the
long cytoplasmic dendrites of macrophages, only cytoplas-
mic and/or membrane positivity surrounding visible nuclei
have been considered as positive. In addition, for CD15,
CD16, and MPO, we also evaluated the percentage of
positive cells out of 200 considering only polymorphonu-
clear granulocytes (pmns). The statistical analyses were
performed using paired Student’s t test.

Double immunostaining procedure

For CD14/PG-M1 double staining, sections were incubated
with anti-CD14 mouse primary antibody for 2 h. The

Table 1 Antibodies used for the immunohistochemical study

Antibody Dilution Specificity Source

NCL-CD14-223 1:50 CD14 Novocastra
Myeloperoxidase 1:400 Myeloperoxidase Dako
PG-M1 1:50 CD68 Dako
KP1 1:50 CD68 Dako
10D6 1:900 CD163 Novocastra
80H5 1:50 CD15 Beckman Coulter
NCL-CD16 1:100 CD16 Novocastra
Ret40F 1:50 Glycophorin C Dako
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binding of anti-CD14 mouse antibody was revealed by
biotinylated goat anti-rabbit and anti-mouse antibody
(AbCys, Paris, France), followed by streptavidin–peroxidase
complex (AbCys, Paris, France). The peroxidase activity
was developed by using diaminobenzidine (DakoCytoma-
tion, Trappes, France). The endogeneous alkaline phospha-
tase was then inhibited by levamizole (SIGMA). Sections
were then incubated with anti-CD68 (PG-M1) mouse
antibody for 1 h. The binding of anti-CD68 antibody was
revealed by rabbit anti-mouse antibody, followed by mouse
alkaline phosphatase labeled antialkaline phosphatase
(Dakocytomation) for 30 min. The alkaline phosphatase
activity was developed using fuchsin substrate (Dako-
Cytomation, Trappes, France). The same procedure
described above was performed for the double staining
CD14/CD15.

Results

Patient population

The median age of the fifteen CMML patients was 72 years
(38–87 years); 11 were males and four were females. The
median age of the ten CML was 52 years (25–77 years); six
were males and four were females. The median age of the
eight patients was 42 years (17–74 years); five were males
and three were females.

Blood cell counts

In the CMML cases, the median WBC was 11.7 (±3.6)×
109/l with a monocytosis median value of 2.7 (±1.5)×109/l.
In the CML cases, the median WBC was 157 (±94.3)×109/l.
Platelet counts were 228 (±178)×109/l in CMML whereas
825(±386)×109/l in CML.

Genetics

None of the CMML cases had the Philadelphia chromo-
some on caryotype or bcr-abl transcripts, whereas all the
CML cases were tested positive.

Bone marrow histology

Most of the CMML cases and all the CML cases showed
hypercellular marrow. Increased granulocytic proliferation
was a common finding in both groups. Erythropoiesis was
decreased significantly in the cases of CML. Dyserythro-
poiesis was seen in five out of the 15 CMML cases,
demonstrated by the presence of numerous normoblasts
with a left shift distribution of erythropoiesis. Megakary-
ocytes were increased in 11 out of the 15 CMML cases and
in seven out of the ten CML cases. Dysmegakaryopoiesis
was found in 13 out of the 15 CMML cases, which was
characterized by the presence of micromegakaryocytes and/
or megakaryocytes with abnormal nuclear lobation. Mono-
cytes were, as usual, difficult to identify morphologically in
the marrow of all groups. Dysgranulopoiesis was encoun-
tered in 12 out of the 15 CMML cases, represented by the
presence of abnormal nuclear segmentation however diffi-
cult to evaluate on bone marrow biopsy. Neither the CMML
nor the CML cases showed the presence of blastic clusters
or sheets. Nodules of plasmocytoid monocytes were not
seen in any of our CMML cases, confirmed by the absence
of significant staining with CD123.

Immunohistochemistry results

Immunohistochemical patterns were comparable on Bouin’s
fixed and control formalin-fixed samples as shown for
CD14 staining (see below) in CMML (Fig. 3e vs g) and
CML (Fig. 3f vs h).

Fig. 1 Percentages of marrow
cells positive with myeloperox-
idase (MPO) and glycophorin C
in CMML (n=15), CML
(n=10), and control marrow
biopsies (n=8). *p<0.05, **p<
0.01, ***p<0.001. n.s. not sig-
nificant; p>0.05
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Evaluation of myeloid and erythroid populations

The percentage of MPO-positive cells was found to be
strongly decreased in CMML (48±13.7%) compared to
CML (71.5±8.8%; p<0.001) and even compared to control
marrow biopsies (59±6%; p=0.05). Immunostaining with
glycophorin C showed a significantly decreased number of
erythroblasts only in the cases of CML (12.3±4.4%)
compared to CMML (27.6±8%; p<0.001). The number of
glycophorin-C-positive nucleated cells was not statistically
different between CMML and control marrow biopsies,
although dyserythropoiesis was present in one third of the
CMML cases, the morphology of positive normoblasts
being more left-shifted in CMML (Fig. 1).

Evaluation of macrophagic/monocytic populations

In the control cases, the anti-CD14 antibody stained cells
often with indented nuclei or irregular nuclear contour with
no signs of phagocytosis and sometimes with bilobated
nuclei with a small but well-identified cytoplasm corre-
sponding morphologically to monocytes (Figs. 2 and 3a).
These cells were often observed in the interstitium but
rarely within the sinusoids. Granulocytes were not stained,
and these CD14-positive bilobated cells, which were

morphologically difficult to differentiate from neutrophils
on sections, did not stain for CD15 as demonstrated by the
double staining CD14/CD15 (Fig. 3b). CD14 did not stain
macrophages on BMB. PG-M1 demonstrated clear cyto-
plasmic staining of macrophages but not of CD14-positive
monocyte-like cells. Moreover, double staining PG-M1/CD14
identified clearly CD14-positive/PG-M1-negative monocytes
(Fig. 3c). In the cases of CMML (Fig. 3d, e, and g), the
percentage of CD14-positive cells was significantly higher

Fig. 2 Percentages of marrow
cells positive with CD68/KP1
and CD68/PG-M1, CD163, and
CD14 in CMML (n=15), CML
(n=10), and control marrow
biopsies (n=8). *p<0.05, **p<
0.01, ***p<0.001. n.s. not sig-
nificant; p>0.05

Fig. 3 a CD14 staining in control marrow. Note the positively stained
cells often with irregular nuclear contours or sometimes with bilobated
nuclei. Granulocytes are not stained. b CD14 (brown)/CD15 (red)
double immunostaining in control BM. Monocytes (arrows), includ-
ing those with bilobated nuclei, are positive for CD14 but negative for
CD15, which is expressed by the granulocytes. c CD14 (brown)/PG-
M1 (red) double immunostaining in control BM. Macrophages are
positive for PG-M1 and negative for CD14. On the other hand,
monocytes (arrows) are positive for CD14 and negative for PG-M1. d
CD14 staining in CMML. The positively stained cells are numerous
but dispersed and rarely in loose clusters. e CD14 staining in CMML.
The positively stained cells often have bilobated nuclei. Granulocytes
showing dysgranulopoiesis are negative for CD14 (arrows). f CD14
staining in CML. Few positively stained monocytes are seen. g CD14
staining in CMML, formalin-fixed bone marrow. Pattern comparable
to e. h CD14 staining in CML, formalin-fixed bone marrow. Pattern
comparable to f

b
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(10±4.5%) than in the cases of CML (3.6±1.6%; Fig. 3f and
h) or control marrow biopsies (4.5±2.6%). This increase in
CD14-positive cells in CMML is made of dispersed cells
with rarely some loose clusters, but never organized in
sheets. However, the CD14-positive cells on sections were
very difficult to differentiate morphologically from pmns,
particularly because of the dysgranulopoiesis (Fig. 3d, e, and
g). The anti-CD16 antibody, although mainly stained
granulocytes and in rare cases occasional macrophages,
could identify very rare potential monocytes as suggested
by the presence of few monocyte-like cells in the control
cases. These cells had more or less rounded nuclei, and they
represented less than 5% of the mononucleated cells in the
control cases. There was no significant increase of these
CD16-positive mononuclear cells in CMML (data not
shown). The percentage of KP1-positive cells was not
statistically different between CMML and CML cases.
Numerous cells from the granulocyte lineage were positive
with KP1 as well as macrophages, and it was very difficult to
clearly identify monocytes. PG-M1 and CD163 staining
were mainly restricted to macrophages, both in CMML and
in CML and comparable to control.

Evaluation of granulocytic populations

Normal pmns expressed MPO, CD15, and CD16. We found
out a significant decrease in the numbers of pmns
expressing CD16 (65±21%) and MPO (75±25%) in
CMML compared to CML or to control marrow biopsies
where around 90% of the cells were positive (Figs. 4) and
5a–d). There was also a slight but significant decrease in
the numbers of pmns expressing CD15 in CMML (Fig. 5e
and f). Considering all the cases, there was a decrease of
one of the three pmns markers in all of the 15 CMML cases
and a decrease of two markers in ten out of the 15 CMML
cases analyzed.

Discussion

We have evaluated the value of immunohistochemistry on
paraffin-embedded tissue sections of BMB to study
myeloid markers, particularly CD14 and CD16, comparing
CMML, CML, and a control group. Interestingly, we
clearly showed a strong decrease of the number of MPO-

Fig. 4 Percentages of
polymorphonuclear cells (pmns)
positive with myeloperoxidase
(MPO), CD15, and CD16 in
CMML (n=15), CML (n=10),
and control marrow biopsies
(n=8). *p<0.05, **p<0.01,
***p<0.001. n.s. not signifi-
cant; p>0.05
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Fig. 5 a and b MPO staining in CMML (a) and in CML (b): Some
granulocytes are not stained in CMML (arrows). However, in CML,
almost all the granulocytes are positively stained. c and d CD16
staining in CMML (c) and in CML (d): Some positively stained
granulocytes are seen in CMML with the presence of numerous

negative granulocytes (arrows). On the other hand, nearly all the
granulocytes are stained in CML. e and f CD15 staining in CMML (e)
and in CML (f). Presence of a minority of unstained granulocytes
(arrows) in CMML. By contrast, in CML, almost all granulocytes are
positively stained
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positive cells in CMML, compared to CML. This is due in
part to the absence of erythroblastic hypoplasia in CMML
compared to CML. In addition, this drop of cell staining for
MPO in CMML is also due to the decrease in the numbers
of pmns and probably mononuclear cells from the granu-
locyte lineage staining for MPO and to the expansion of
MPO negative monocytes. Although dysgranulopoiesis has
been demonstrated by flow cytometry linked to a decrease
of the expression of CD15 and CD16 by pmns [11, 12], this
has not been clearly demonstrated, to our knowledge, for
MPO. Interestingly, we found particularly for CD16, and at
a lower level for CD15 and MPO, a decrease in the number
of pmns positive for these markers in the BMB of CMML
compared to CML suggesting that this phenotyping of
pmns on BMB might help to suggest the dysgranulopoiesis,
which is well defined on marrow aspirates, but very
difficult to assess on histological slides. Similar to the
results observed by Orazi et al. [9] (on formalin-fixed BMB
and decalcified in nitric oxide) and others [13–15], both
CD163 and CD68 (PG-M1) positive cells were found to be
much more restricted to bone marrow macrophages than
CD68 (KP1). However, we were able to demonstrate an
increase in the numbers of CD14-positive cells compared to
PG-M1-positive or CD163-positive cells in CMML. This
observation, together with the presence of CD14-positive/
PG-M1-negative monocytes, suggests that PG-M1 is not a
marker of all monocytes, at least on BMB, or that its
expression level is too low to be detected after fixation and
decalcification. Our finding is in agreement with the fact
that it has been reported, in CMML, a significant increase
of the percentage of nonspecific esterase-positive mono-
cytes compared to PG-M1- or CD163-positive cells [9],
suggesting that these last two markers did not stain all the
monocytes on BMB. This might confirm what has been
suggested concerning the lower sensitivity of CD163 and
CD68/PG-M1 antibodies for leukemic monocytic cells
compared to tissue histiocytes/macrophages [9, 14, 15].
Moreover, PG-M1 has not been found as a good marker in
discriminating between the subtypes of acute myeloid
leukemia M4/5 and M1/2 [16]. CD14 is known to be
expressed by monocytes, interstitial myeloid DC, and
various types of tissular macrophages [10, 17, 18]. By
flow cytometry analysis of blood or bone marrow, CD14 is
used to identify the monocytes [8, 19]. We were able to
identify clearly on control bone marrow normal monocytes
very difficult to recognize on giemsa staining due to the
rarity of these cells and the often irregular sometimes
bilobated character of nucleus mimicking some neutrophils
on sections. Our ability to identify them using immunohis-
tochemistry is of great potential help for the diagnosis of
monocyte pathology. Interestingly, the marrow biopsies in
our study showed a moderate, but significant, increase of
CD14-positive cells in the cases of CMML compared to

those in the cases of CML and control marrow biopsies.
This expansion of CD14-positive cells is not made of dense
clusters, but of unevenly distributed cells admixed with
cells of the granulocytic lineage explaining how difficult it
is to identify them on BMB. This pattern is completely
different from the pattern of sheets of plasmacytoid
dendritic cells observed in 20% of CMML [9] and confirms
that CMML is not linked to a proliferation of clusters of
monocytes in BMB. Overall, we demonstrate the interest of
CD14 and CD16 staining on BMB, particularly when
dealing with a clinical suspicion of CMML.
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Abstract Web-based virtual microscopy has enabled new
applications within pathology. Here, we introduce and
evaluate a network of academic servers, designed to
maximize image accessibility to users from all regions of
Europe. Whole-slide imaging was utilized to digitize the
entire slide set (n=154) for the slide seminars of the 21st

European Congress of Pathology. The virtual slides were
mirrored to five academic servers across Europe using a
novel propagation method. Functionality was implemented
that automatically selects the fastest server connection in
order to optimize the slide-viewing speed (http://www.
webmicroscope.net/ECP2007). Results show that during
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6 months of monitoring the uptime of the network was
100%. The average viewing speed with the network was
3.1 Mbit/s, as compared to 1.9 Mbit/s using single servers.
A good viewing speed (>2Mbit/s) was observed in 32 of 37
countries (86%), compared to 25 of 37 (68%) using single
servers. Our study shows that implementing a virtual
microscopy network spanning a large geographical area is
technically feasible. By utilizing existing academic networks
and cost-minimizing image compression, it is also econom-
ically feasible.

Keywords Virtual microscopy .Whole-slide imaging .

Network . Internet . Pathology

Introduction

Virtual microscopy has over a time scope of only a few
years evolved dramatically. Starting from an experimental
early phase with the first proofs of useful applications [1–6],
virtual microscopy has become an established and accepted
tool at university institutions and hospitals. An image server
in an intranet can provide a whole campus or hospital area
with significant benefits within education and research and
increasingly also in routine practices.

Broadening the perspectives outside the campus network
firewalls, the most significant advantages of web-based
virtual microscopy can be found within education, quality
assurance, and consultations: national and international
board certification exams, common educational libraries,
quality assessment rounds for laboratories, international
collaborations for second opinion, and slide seminars of
important multinational meetings and congresses [7–9].
However, common to these applications is that they are
critically dependent on reliable image server connections and
equal functionality for users from different geographical
regions.

With a single campus server, most applications will run
smoothly in the near perimeter of the server, but, as the
distance from the image server increases, loading of image
data will become slower. At a certain point, some
applications, for example those involving screening of large
specimen areas, may cease to be practically functional. It is
also known that segments of the global internet can be
inaccessible from time to time due to periodical heavy data
load and, more often, random problems [10, 11].

It is a clearly recognizable discrepancy that the most
useful applications of web-based virtual microscopy are
also the ones with a critical dependency on functionality
and reliability. Large-scale international projects will not
gain widespread acceptance among the community of
pathologists and cytologists until the accessibility problem
is solved. Our objective is to introduce a solution by

designing and implementing a European Virtual Microscopy
network, maximizing availability and reliability, and provid-
ing high connection speeds to users from all regions. The
purpose of this study is to present and to evaluate the
performance of a network of academic servers set up to host
the slide seminar cases of the 21st European Congress of
Pathology, held in Istanbul on September 8th to 13th, 2007.

Materials and methods

Preparation of the whole-slide images and web site

One hundred and fifty-four slides to be presented at the
slide seminars during the 21st European Congress of
Pathology were digitized with a Zeiss Mirax Scan scanner
(Zeiss GmbH, Göttingen, Germany) at a 0.23-µm resolu-
tion and compressed to wavelet files. We have previously
shown that with a target compression level of 1:9 no visual
loss in image quality can be detected with the wavelet
image compression technique (either jpg2000 or Enhanced
Compressed Wavelets) [4]. Conversion and compression
software (Mirax jpg2000 converter from VMscope GmbH,
Germany, and Image Compressor from ERDAS Inc.,
Norcross, US) were used to generate the wavelet files.
The wavelet compression deploys regional compression
rules where areas uniform in color or pattern compress
highly. The actual average compression level in the whole
set was therefore 1:57. The average dimension of the virtual
slides was 83,000×140,000 pixels, and the average file size
was 37 GB uncompressed and 0.64 GB compressed (the
entire slide set 5.7 TB and 98 GB, respectively). The hard
disk storage space cost for one set of slides was 20€ ($28)
but has in less than a year dropped to 12€ ($17) at the time of
writing. The slides were indexed on the WebMicroscope web
server and added to a web site to be accessed by congress
attendants and other users (http://www.webmicroscope.net/
ECP2007).

The network of servers

Five existing academic servers connected to the internet
from across Europe and maintained by university departments
were joined into a virtual microscopy network. All servers
were running the Windows Server operating system and
represented the same generation of hardware, with similar
processing and memory capacity (2.4–3.0 GHz with 4 GB of
random access memory). Three servers (Finland, Poland, and
Sweden) were connected with a 1-Gbit/s speed to the internet,
while the servers in the Netherlands and in Spain were
connected at 100 Mbit/s.

The main WebMicroscope server is situated in the
National Library of Health Sciences in Helsinki. It is
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connected to the global internet through the Finnish
University and Research Network academic network. The
four other servers acted as mirror servers, located in
Stockholm, Sweden (Swedish Institute for Infectious
Disease Control), Poznan, Poland (Laboratory of Neuro-
surgical Pathology, University of Medical Sciences),
Madrid, Spain (Spanish Society of Pathology/Spanish
Division of the International Academy of Pathology), and
in Nijmegen, the Netherlands (Radboud University Medical
Center, Department of Pathology).

Mirroring of the slides on the network servers

The purpose of the mirroring was to generate identical sets
of the virtual slides on each participating server. A web-
based image file propagation application was written and
installed on each server. This mirroring program can be
initiated from the main server with instructions on what
files to download and from where.

Two different experimental download schemas were
designed and tested. In the first schema, all servers
downloaded image data from the main server. In the other,
hierarchical schema, only servers 2 and 3 were instructed to
download data from the main server in Helsinki while
servers 4 and 5 in turn downloaded data from servers 2 and
3, as data became available. The mirroring application
included a function to check each downloaded file for
correctness. If the data were incomplete, the loading of the
missing pieces would restart.

Automatic speed test and selection of server to use

A core component in the network of mirror servers is a
speed test function to select the optimal server for the user.
When a web user visits the slide seminar web site, the user's
browser automatically executes an integrated script code
that measures the current actual internet connection speed
from the user's computer to each of the mirror servers
around Europe. The server with the fastest internet
connection is then automatically selected as the source to
load image data from. The speed test was designed so that
the results are visible to the user at all times. The speed test
can be repeated at any time, and the automatic server
selection can be manually overrun to force the use of a
specific server of choice.

The integrated speed test used in this study is more
advanced than a traditional connection speed test which
usually only measures the amount of data transferred over
the internet during a specific time. The speed test is instead
based on a function that effectively simulates the viewing
of virtual slides from a server. In the first phase of the test, a
small area from a virtual slide is extracted and displayed on
the users’ screen. Based on the time taken to conduct this

preliminary test (0–2 s), a bigger area is selected in order to
conduct a more reliable test during the next 5 s. The results
from the second phase are used to select the optimal server for
the user. As all servers in the network are tested in parallel, the
total time to conduct the speed test is only 5–7 s.

Monitoring of the network

For the purposes of the study, two different monitoring
systems were set up. Firstly, the results of the automatic
speed tests conducted by the web users were stored in a
database. Secondly, a separate server-to-server speed test
was set up to internally monitor spatial fluctuations in the
network performance and to monitor server uptimes.

The results of the automatic speed tests (in megabit per
second) were stored together with information on the
country of origin of the user (based on an Internet Protocol
(IP) address lookup). In the server-to-server speed monitoring,
a timer-based test was conducted from each server to all
network servers every 10 min. The servers were synchronized
not to conduct overlapping tests by using a 2-min shift in the
schedule. Thus, every 2 min, a test from one server to all
servers was conducted.

We have previously shown that, with an internet
connection speed above 2 Mbit/s, the viewing experience
is very smooth [4]. This can be accomplished by a
moderately fast home broadband internet connection
(xDSL). When comparing connection speeds by region in
Europe, variations in this speed by which the end user’s
own computer is connected to the internet may exist and
thus make the average and median of the speed results
suboptimal as a comparison instrument. As the purpose of
this study was to evaluate how fast are the connections
which can be possibly established to the network in each
region, the average of only the top half of the conducted
tests is likely to give a better estimation of the network
functionality. In the interpretations of the results, this
measurement method will therefore be emphasized.

Slide viewing and server software

The browser-based viewing and server software have been
described in previous reports [4, 5]. It is a robust viewing
system originally developed for the satellite and aerial
imaging industry (ERDAS Image Web Server by ERDAS
Inc., Norcross, USA). A dedicated data protocol and
browser plug-in enable the fastest possible transfer speed,
loading only the image data currently being viewed on the
computer screen of the user. The compression level or the
size of the image files does not affect image data transfer
rates. The software that has been adapted for virtual
microscopy also features an alternative cross-platform-
compatible plug-in free viewer.
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Results

Mirroring of the virtual slide set on the network

In order to evaluate the reliability and performance of the
mirroring function, where the image data (98 GB) propa-
gated from the main server in Helsinki to all the other
servers, the two download schemas were repeated three
times each. All tests were conducted during late night and
early morning hours when internet traffic in Europe is
lowest.

With the first schema, where all servers downloaded the
image data directly from the main server in Helsinki, the
average time to complete mirroring ranged from 2 to 9 h
(Stockholm 2 h, Poznan 9 h, Madrid 7 h, and Nijmegen
5 h). With the hierarchical schema, only the servers in
Stockholm and Nijmegen were instructed to download data
from the main server in Helsinki, while the server in
Poznan downloaded data from Nijmegen, and the server in
Madrid downloaded data from Stockholm as data became
available. With this schema, the time to complete mirroring
of data ranged from 1.5 to 6 h (Stockholm 1.5 h, Poznan
6 h, Madrid 5 h, and Nijmegen 4 h).

Monitoring of web user connections

During the congress in September 2007, access to the web
site was restricted by personal passwords sent to the
participants. After the congress, the website and all virtual
slides and the case diagnoses were released for public
access, and monitoring of the network was started on
October 2007. As planned, results collected from a 3-month
period were analyzed in this study. A speed test was
conducted automatically when a web user visited any of the
congress’ web site pages.

Connection speeds to the network

The total number of completed speed tests during the study
period was 5,596. Of these, 3,799 users were tracked to 37
European countries based on an IP address lookup. For

each individual test, the connection speed to the fastest
server was recorded as the result of the network as a whole.
The average connection speed to the network was 3.1 Mbit/s
(median 2.7 Mbit/s). A connection speed above 2 Mbit/s was
recorded for 55.1% of the users, while 72.6% had a
connection speed above 1 Mbit/s. The average connection
speed of only the top half of the test results was 5 Mbit/s
(Table 1). Results from countries outside Europe can be
found on the network web site.

Performance of the network of servers compared to single
servers

When comparing the servers functioning as single servers
to the network as a whole, the network was between 24%
and 107% faster than the single servers (Helsinki 24%,
Stockholm 55%, Poznan 94%, Madrid 107%, and Nijmegen
55%). The median connection speed as well as the average of
the top half increased correspondingly (Table 1). The
proportion of web users with a connection speed above 2
Mbit/s increased from 45% to 55% for the server in Helsinki,
while it more than doubled for the servers in Poznan and
Madrid (from 24.9% and 24.6% to 55%, respectively,
Table 2).

Performance of the network according to geographical
location

In 23 of the 37 (62%) countries, the average connection
speed to the network exceeded 2 Mbit/s while in nine
(24%) countries the average connection speed was between
1 and 2 Mbit/s. In five (14%) countries, the average
connection speed was found to be below 1 Mbit/s. In 32 of
the 37 (86%) countries, the average of the top half was
above 2 Mbit/s (Table 3, Supplemental Figure 1). When
analyzed as single servers, the average number of countries
with a connection speed above 2 Mbit/s was 25 (68%).

Figure 1a shows the average connection speed to the
network according to country of the visitor. Correspondingly,
Fig. 1b–f shows the connection speeds by country to each
server in the network.

Table 1 Connection speeds (average, median, and average of top half) to the virtual microscopy network as a whole and to each single server in
the network

Network Helsinki Stockholm Poznan Madrid Nijmegen

Average (Mbit/s) 3.1 2.5 24% 2 55% 1.6 94% 1.5 107% 2 55%

Median (Mbit/s) 2.7 2.1 29% 1.8 50% 1.4 93% 1.4 93% 1.8 50%

Average of top half (Mbit/s) 5 4 25% 3.2 56% 2.5 100% 2.2 127% 3.2 56%

The proportional benefit of the network is shown as a percentage. For example, the network provided a 24% better average connection speed as
compared to the Helsinki server alone while the average connection speed to the network was more than doubled (107%) as compared to the
Madrid server alone
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Server-to-server self-monitoring of the network

From October 2007 to April 2008, the uptime of the
network as a whole was 100%, as in each of the set of five
tests conducted every 10 min a connection could be
established to the network. During the follow-up, a total

of 157,258 tests were initiated and thus 786,290 server
probes performed. In 152,877 (97.2%) tests, all five servers
responded, while in 4,255 (2.7%) and in 123 (0.1%) tests
only four or three servers in the network responded. The
majority (2,752, 63%) of the failed tests could be tracked to
the connection from Stockholm to Poznan.

Network Helsinki Stockholm Poznan Madrid Nijmegen

Austria 5.7 4.9 3.3 4.7 3.1 4.1

Belarus 2 2 1.1 0.8 0 0.7

Belgium 6.2 4.8 4.1 2.4 3.2 5.9

Bulgaria 2.4 2.2 1.2 1.2 1.3 1.5

Croatia 2.8 2.4 1.9 1.8 1.6 2.4

Cyprus 0.3 0.3 0.3 0.3 0.3 0.3

Czech Republic 5.6 4.7 3.6 3.6 2.7 4.7

Denmark 7.5 6.7 6.4 2.7 2.6 5.2

Estonia 7.3 6.3 7.1 4.2 1.9 4.3

Finland 13.8 13.7 8.4 2 2.2 3.6

France 3.8 3.4 2.3 2 2.8 3.1

Georgia 0.2 0 0.2 0 0.1 0

Germany 4.7 3.7 3.3 2.8 2.4 4

Greece 2.5 2.4 1.6 1.3 1.5 1.8

Hungary 4.9 3.6 3.4 2.9 2.6 4.2

Iceland 4.5 3.8 4.1 1.5 2.1 3.9

Ireland 4.1 3.4 2.3 2 2.3 3.1

Italy 3.4 2.4 2.2 2 2.4 2.5

Latvia 2.1 2.1 0.8 1.2 1.9 0.9

Lithuania 7.8 6.6 3.3 5.9 2 3

Luxembourg 6.8 6.8 3.8 5.2 3.8 4.2

Macedonia 0.8 0.8 0.5 0.6 0.7 0.7

Moldova 2.7 2.7 1.4 1.3 1.3 1.3

the Netherlands 13.3 6.5 5 3 3.5 13.1

Norway 7.9 6.7 6.9 2 2.4 3.6

Poland 13.1 5.1 4.3 12.9 0.5 4.3

Portugal 3.1 2.1 1.3 1.1 2.9 1.7

Romania 3.2 3 1.8 2.3 1.9 2.3

Russia 3 2.8 2.6 1.7 1.6 1.9

Slovakia 3 2.9 1.5 3 1.9 2.3

Slovenia 6.1 4.9 4.8 2.9 3.8 6

Spain 4.5 2.4 2 1.7 3.8 2.8

Sweden 12.2 10 10.8 2.4 2.5 4.3

Switzerland 5.7 4.8 3.8 2.8 4.2 5.2

Turkey 1.5 1.1 1.1 0.9 0.8 0.9

Ukraine 1 1 0.7 0.6 0.8 0.8

UK 5.4 4.3 3.4 2.1 3.1 3.1

Table 3 Connection speed
(average of top half in megabit
per second) to the network and
to each server according to
country of origin

Network Helsinki Stockholm Poznan Madrid Nijmegen

Proportion >1 Mbit/s 72.6% 65.1% 57.7% 54.7% 54.2% 59.9%

Proportion >2 Mbit/s 55.1% 45.1% 32.1% 23.6% 19.8% 38.7%

Table 2 Proportions of visitors
with a connection speed above 1
and 2 Mbit/s to the virtual
microscopy network and to each
single server in the network
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During the follow-up time, negligible fluctuations in the
average server-to-server connection speeds were seen from
month to month (Fig. 2a). Small variations due to weekday
were seen, with 3% slower connection speeds on Tuesdays
than on average (Fig. 2b). During weekends, the connection
speed was 4% above average. These fluctuations were
accentuated only in the connection to Poznan, with
Tuesdays at 8% below average and Sundays 15% above
average (Fig. 2b). A corresponding accentuation was seen
for the Poznan server when analyzing the variations
according to hour of the day (Fig. 2c). Server-to-server
connection speeds were on average fastest in the early
morning and slowest in the afternoon.

Discussion

This study shows that it was possible to implement a high-
performance academic virtual microscopy network in
Europe, and by utilizing existing servers it could be
implemented at minimal costs. A 100% uptime of the
network during an extensive follow-up time shows that a

good reliability and availability can be established for
important international applications even with a small
network. Regional differences in connection speed within
Europe could be eliminated for large areas but not for all
peripheral regions with the current network.

The virtual microscopy network described in this article
is a novel concept. At the time of writing, the only result
returned by web search engines is the present study, and no
articles can be found in the medical literature. When we
started to design the network in 2006, our goals were firstly
to eliminate regional differences in connection speed seen
with a single-server setting and secondly to maximize the
uptime (availability/reliability) of the web site and image
data source. Depending on factors such as distance from the
server, traffic load, and random problems on the internet,
significant differences in connection speed can be seen
when using a single server. Even total failures may occur as
a consequence of temporary internet or server problems
[10, 11].

To accomplish both goals, the current network was based
on mirror servers, where identical sets of the virtual slides
were stored on each participating server. The integrated

Fig. 1 Connection speed (average of top half, megabit per second) by country. a shows the connection speed to the network as a whole, while b–f
show the speed to the single servers. A darker blue gradient means a faster connection
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speed test automatically guides the user to load image data
from the server with the currently best connection speed.
This effectively distributes the traffic and burden on the
servers, and if one server or segment of internet fails, the
user will be directed to use another server.

The process of mirroring image data was in itself an
interesting part of the study. The repeated tests showed that
it was possible to conveniently mirror the whole-slide set of

this major congress (100 GB of data, 154 slides) during one
single night. The positive effect of a hierarchical mirroring
schema was demonstrated, decreasing the average time to
distribute the slides to all servers from 9 to 6 h. The
hierarchical mirroring utilizes the cumulative bandwidth of
the involved servers, thus partly resembling a peer-to-peer
network [12]. Although it was possible (but slower) to use a
single server as the only mirroring data source in this study,

Fig. 2 Fluctuations in
connection speed by month (a),
weekday (b), and hour of day
(c), as measured from all servers
to one server
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a hierarchical model quickly becomes obligatory in a larger
network as the number of servers increase. If all servers
would download data from the same server, the connection
to this primary server would get saturated and radically
slow down the propagation of data. In our experiments, we
could decrease the total download time partly because we
avoided this saturation effect by having only two servers
download data from Helsinki (the fastest server loaded in
1.5 h when the traffic was lower as compared to 2 h when
all servers were connected) and partly because the
download speed to Poznan from Nijmegen is higher than
from Helsinki (6 vs. 9 h).

The current network was implemented with mirror
servers, but, in a very early phase, we experimented with
an alternative design based on cache servers commonly
used on the internet to provide better global access to web
sites. By using discrete image tiling from jpg2000 files,
image data from within a slide viewed by a user could
temporarily be stored on one or several cache (accelerator)
servers. When the next user views exactly the same area
with the same magnification, image data could be loaded
from the cache servers instead of from the primary server.
However, in our tests, this method proved unsuccessful.
Virtual slides digitized at a high resolution are extremely
large files, and, with (seen from a technical perspective)
quite limited number of users, exactly the same areas at
exactly the same zoom level are viewed too infrequently to
be effectively cached. A cache server solution works well if
there are tens of thousands of users and only a few images,
as for example on popular geographical map web sites. This
will however not be the situation even in a large European
virtual microscopy network.

The results of the network monitoring show that the
mirroring system performed well. In the continuous (every
10 min) server-to-server monitoring, the uptime of the
network was 100% during the follow-up. In 97.2% of the
152,877 checks, all servers responded and only in 123
(0.1%) tests did two servers failed to answer. In 63% of
the tests with one failing server, the problem was tracked to
the Stockholm–Poznan connection (not the other way). The
connection to Poznan, from all the other servers, was also
the only one with noticeable fluctuation in speed over time,
both according to weekday and to hour of day. The reasons
for this phenomenon remain unclear, but it demonstrates
that internet connections are not always optimal and
emphasizes the need to use a network of servers. The
server in Poznan is probably ideally located in a region that
more than others benefits from its own server. In order to be
able to provide adequate connection speeds to a whole
continent, it is such regions that must be identified (and
equipped with own servers).

With the five servers included in the network, it was
possible to enable adequate connection speeds from large

parts of Europe (Fig. 1) but, as Table 3 shows, not from all.
In 32 of the 37 countries, the average of the top half of the
speed tests was >2 Mbit/s, and in 31 countries more than
half of the visitors had a connection speed above 2 Mbit/s.
In order to totally eliminate regional differences in
connection speed, more servers (10+) should be connected
to the network in carefully selected areas. As seen in
Table 3 and in the speed maps in Fig. 1, such regions can be
found in the southeastern parts of Europe. In this study, the
effect of a server in a country was clearly seen, providing
very high connection speeds to users within the country
itself and also to nearby regions (Supplemental Figure 1).
The coverage of the major internet cables of the European
internet does not precisely match the political country
boundaries and distances as seen on a map [13]. The
optimal solution would therefore be to place servers by
major university regions and user population.

When we designed this network, we had no previous
study results to rely on for geographical placement of
servers. However, the relatively small network clearly
outperformed each server as single servers, indicating a
quite successful constellation. On average, the network
more than doubled the connection speed as compared to the
Madrid server and in 17 countries one of the other servers
was faster for the end user than the main server.

With the instruments for monitoring the network in this
study, it was not possible to precisely analyze the effect of
concurrent users. The very small fluctuations seen in the
server-to-server monitoring indicate that such an effect, if
there was one, was very well balanced by the automatic
user redirection. If one server is under heavy load, the
automatic speed test that also takes the work done by the
server into consideration will guide the user to use another
server. As a single server (with a 100–1,000-Mbit/s internet
connection) can handle hundreds of concurrent users, a
network of five servers is technically capable of serving a
community of 1,000+users. Although no significant fluctua-
tions were detected in the network functionality during the
follow-up time, upcoming improvements of the system
include more specific monitoring tools for concurrent users,
with alarm triggers automatically alerting web administrators
(by mail and SMS) of abnormal functionality.

When building a virtual microscopy network, two
important sources of costs are the costs for bandwidth and
storage space. Both sources could in this study be
minimized, as the servers were all connected to academic
networks, and the wavelet compression technique reduced
file sizes to a minimum. Except for the low bandwidth costs
usually offered by academic networks, an advantage as
compared to commercial networks is that most end users
are likely to have their computers connected to an academic
network, generally providing better connection speeds than
through links between the commercial and academic
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networks. The costs of the hard disk drives for storage of
the slide set in this study is at the time of writing (August
2008) around 12€ ($17) per server on high quality disks
(0.11€/GB, 0.17$/GB). With file sizes corresponding to the
slide set in this study (0.63 GB/slide), close to 10,000 slides
could be stored on a 6-TB disk space that today easily can
be added to a powerful server that today costs around 3,000€
($4,150). Mirroring in the network will make local backup
systems for the common image data unnecessary. Current
levels of storage costs would thus permit comprehensive
permanent collections of slides. Further, most common
projects would be time-limited, allowing withdrawal of
mirroring after a certain time period when the expected
number of visitors decreases, for example after an exam.

As the aim of this study was to design and evaluate a novel
technique for providing fast and reliable slide-viewing
possibilities for a large geographical area, the slide scanning
equipment and file formats used were only of secondary
importance. Even the choice of viewing technology did not
influence the results or conclusions of this study. However,
when designing virtual microscopy networks, common
imaging and data communication standards will be of high
importance [14, 15].

Our virtual microscopy network can be considered as a
form of cloud computing [16]. The slide-viewing applica-
tions and image data are provided online, allowing users to
access services from the Internet (“the cloud”) with a
common web browser. The user does not need to know
from which server the images are being viewed and there is
no need to store huge amounts of image data on the user's
computer. Another term that has been used for this type of
computational resources is grid services [17]. However,
grid computing may rather be considered as application of
several computers to a single problem at the same time [18,
19]. Cloud computing, on the other hand, does not use all
resources simultaneously but rather aims to provide optimal
access to web-based software services.

This study shows that implementing a virtual microscopy
network spanning a whole continent is technically feasible. By
utilizing existing powerful academic networks and cost-
minimizing effective image compression techniques, it would
also be economically feasible. We conclude that the time is
ripe to establish a common academic virtual microscopy
network for unifying educational and diagnostic practices
within Europe.
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Abstract Desmoplastic small round cell tumor (DSRCT) is
a malignant tumor often involving the abdominal and/or
pelvic peritoneum. Only one fully documented example has
arisen in the central nervous system (CNS). Herein, we
describe two additional examples, fulfilling the morpho-
logic, immunohistochemical, and molecular criteria (EWS/
WT1 translocation) of DSRCT. Both arose in the cerebel-
lopontine angle (CPA) and underwent spinal dissemination.
Patient 1, a 37-year-old male, underwent a subtotal
resection, and 2 years later died of recurrent disease with
spinal dissemination. Patient 2, a 39-year-old man, pre-

sented with cerebellar and CPA lesions as well as spinal
leptomeningeal deposits. After 27 months of adjuvant
therapy, he is alive with progressive disease. In conclusion,
CNS DSRCT follows a similar aggressive course as do
peritoneal examples. Although rare, DSRCT warrants
consideration in the differential diagnosis of “malignant
small blue cell tumors” of the CNS.

Keywords Central nervous system .Meninges .

Desmoplastic small round cell tumor .

EWS/WT1 translocation

Introduction

First described in 1989 by Gerald and Rosai [1], desmo-
plastic small round cell tumor (DSRCT) is a malignant
“small blue cell tumor” typically involving the abdominal
and/or pelvic peritoneum of children and young adults,
especially males [2–5]. DSRCT is a highly aggressive,
presumably “primitive” neoplasm. Virtually, nothing is
known of its cytogenesis [6]. Histologically, it is character-
ized by solid nests of small cells embedded in a dense,
collagenous stroma. Its rather distinctive immunoprofile
includes reactivity for epithelial (cytokeratins and epithelial
membrane antigen) and myoid (desmin) markers [7].
Practically all cases exhibit the t(11;22)(p13;q12) chromo-
somal translocation, its breakpoints being the same as those
involved in Ewing sarcoma and Wilms' tumor. This
translocation results in fusion of the Ewing sarcoma gene
(EWS) on chromosome 22 with the Wilms' tumor suppres-
sor gene (WT1) on chromosome 11 [6, 8–10].

The presentation of DSRCT at nonperitoneal sites is a
rare event. Reported examples have involved pleura [11–
13], lung [14], ovary [15, 16], tunica vaginalis [10, 17, 18],
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soft tissues and bone [19, 20], as well as the parotid gland
[21]. Two possible intracerebral examples have also been
reported [22, 23]. Tison et al. [24] described the first
example to involve the central nervous system. In this
paper, we describe two further examples. In both instances,
the tumors arose in the tentorium, extended into the
cerebellopontine angle (CPA), and disseminated widely
throughout the neuraxis.

Clinical history

Patient 1

A 37-year-old male presented with a 5-month history of
left-sided hearing loss and tinnitus. A magnetic resonance
imaging (MRI) scan (Fig. 1a, b) and an audiogram
suggested an acoustic neuroma. A craniotomy showed the

mass to originate in the tentorium and to extend into the
CPA. A subtotal resection was performed. An initial
histologic diagnosis of “malignant epithelial neoplasm most
consistent with metastatic carcinoma” was made on a very
limited specimen. No alternative primary lesion was found
despite the performance of total body computer tomogra-
phy (CT) and MRI scans. Stereotactic irradiation was
administered to the tumor bed. Six months thereafter,
progressive left leg weakness became apparent as did
bowel and bladder dysfunction. An MRI scan demonstrated
drop metastases throughout the spinal leptomeninges, the
largest situated at the S1–S2 level (Fig. 1c–e). At
laminectomy, “dirty-looking” intradural tumor nodules
were noted. These were debulked, and an optimal specimen
was obtained. The patient underwent radiation therapy,
including radiosurgery to the CPA (1,000 rads), as well as
whole brain (3,600 rads) and spinal irradiation (4,500 rads).
Chemotherapy (carboplatinum, temozolomide) was also

Fig. 1 Case 1. Preoperative MR
imaging of the primary posterior
fossa tumor showed heteroge-
neous enhancement and mild
mass effect in the left cerebello-
pontine angle and upon the
seventh and eighth cranial
nerves (a). After a postoperative
interval, it became better defined
as a nodule with linear en-
hancement along the tentorium
(b). Note postoperative fat
packing of the left mastoid air
cells (b). Postcontrast fat satu-
rated T1W midsagittal sections
through the thoracic (c) and
lumbar (d) spine shows multiple
small enhancing nodules coating
the distal spinal cord, conus, and
nerve roots of the cauda equina.
The axial post-contrast image
(e) obtained at the level of the
distal spinal cord confirms
the leptomeningeal location of
the tumor deposits
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administered. Two years after the initial diagnosis, the
patient died of progressive disease.

Patient 2

A 39-year-old man presented with a 4-month history of gait
imbalance and bilateral, lower limb weakness. Subsequently,
after a fall, he became incapable of sitting, standing, or
walking. A neurologic examination revealed hypotonic
paraparesis with absent reflexes and a sensory level at L1.
The patient then developed urinary and fecal incontinence.
An MRI scan showed multiple, patchy, enhancing lesions
in the spinal leptomeninges space (Fig. 2a–c), the left
cerebellar hemisphere, and both cerebral peduncles
(Fig. 2d). Pre-operative evaluation of somatosensory
evoked potentials showed severe loss of posterior column
conduction; electromyography revealed bilateral L2–S1
radiculopathy. Computed tomography scans of the abdo-
men and pelvis showed no abnormality. A T12–L5
laminectomy showed cauda equina nerve roots to be
studded with gray tumor nodules. Only a decompression
of the spinal cord and conus medullaris was achieved. A
histopathologic diagnosis of DSRCT was established. The
patient underwent both radiotherapy and three courses of
chemotherapy (cisplatin, etoposide, and Holoxan). Despite
initial improvement, the patient developed lower limb
weakness and urinary incontinence. An MRI scan
27 months after initial diagnosis showed an increase in
posterior fossa lesions, further tumor spread in the spinal
axis, and enlargement of enhancing nerve root deposits,
particularly at the C7–T1 level.

Materials and methods

Immunohistochemistry Formalin-fixed, paraffin-embedded
specimens were stained by the hematoxylin–eosin, periodic
acid-Schiff, and Gomori reticulin methods. Immunohisto-
chemistry (avidin–biotin peroxidase complex method) was
performed using antibodies to vimentin (Dako, Carpinteria,
CA;1:500, V9), epithelial membrane antigen (EMA) (Dako,
1:50 BRD, E29), S-100 protein (Dako, 1:1600, polyclonal),
glial fibrillary acidic protein (GFAP) (Dako, 1:4000,
polyclonal), neurofilament protein (NF) (Dako, 1:800
BRD, 2F11), CD 56 (Monsan/Caltag, San Francisco, CA;
1:20, HNK-1), CD 99, (Dako, 1:100, 12E7), desmin (Dako,
1:200, DER11), myogenin (Dako, 1:500, F5D), CAM 5.2
(Becton Dickinson, San Jose, CA; 1:150 BRD, CAM 5.2),
PSA (Dako, 1:4000 BRD, polyclonal), TTF-1 (Dako,
1:1000, 8G7G3/1), leukocyte common antigen (LCA)
(Dako, 1:50, PD7/26&2B), INI-1 (BD Transduction,
1:100 BRD, 25), MIB-1 (Dako, 1:300, MIB-1), p53 (Dako,
1:200, DO7), synaptophysin (ICN, Costa Mesa, CA; 1:40,
SY38), and MyoD1 (Dako, 1:50 BRD, 5.8A).

In case 1, ultrastructural studies were performed upon
glutaraldehyde-fixed tissue routinely processed, stained
with uranyl acetate and lead citrate, and studied on a
Philips CM 12® transmission electron microscope (Philips
Corp, Eindhoven, The Netherlands).

PCR analysis RT-PCR studies were performed in both
cases. In patient 1, primers designed to amplify cDNA
spanning the junction region of the EWS–WT1 gene fusion
site were used to analyze RNA on frozen tissue of the

Fig. 2 Case 2. T2W midsagittal lumbar MRI shows multiple
leptomeningeal metastases coating the distal spinal cord and cauda
equina. The lesions approached 2 cm in size (a) and enhanced
intensely on this fat saturation, post-contrast T1W sagittal images (b)

axial views confirmed their leptomeningeal location (c). Intracranial
tumor is confirmed on postcontrast axial T1W MRI scans of the
posterior fossa; note meningeal enhancement due to pial metastasis (d)
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spinal metastasis. The forward primer corresponded to the
EWS exon 7 (5′-TCC TAC AGC CAA GCT CCA AGT C,
Genbank accession X66899) and the reverse primer to the
WT1 exon 9 (GAC CGG GAG AAC TTT CGC TGA C,
Genbank accession X51630). The primer set was designed
to detect fusions of EWS–WT1 involving distinct EWS
exons. The predictor PCR product had to be one band, i.e.,
197-bp product. To verify the presence of intact RNA, the
expression of the housekeeping gene phosphoglycerate
kinase (PGK) was confirmed. To confirm the in-frame
exon fusions, automated sequencing (ABI Prism 377 DNA
sequencer®) was employed. In patient 2, RT-PCR was
performed on paraffin-embedded tissue using two sets of
primers. In addition to the previously described primer set
(EWS exon 7-WT1 exon 9), a new set of primer (EWS
exons-WT1 exon 8) was designed to amplify smaller PCR
products. Forward (5′- TCC TAC AGC CAA GCT CCA
AGT C) and reverse (5′- ACC TTC GTT CAC AGT CCT
TG) RT-PCR detected EWS exon 7-WT1 exon 8 fusion
transcript. Thus, primer sets detecting two PCR product
sizes (197 and 103 bp) were employed.

FISH analysis In case 1, the disrupted EWS gene was also
assessed by this method in order to detect rearrangement in
the region of the EWS gene. A commercially available
EWS break-apart FISH probe (Vysis®, Inc. Abbott Park,
Illinois) was used. As described by Qian et al. 2005 [25],
the probe set was composed of a direct-labeled red probe
and a direct-labeled green probe flanking the EWS gene
region on chromosome 22q12.

Results

Patient 1

Intracranial and spinal biopsies showed similar histologic
features. The second more optimal specimen from spinal
level L5–S1 consisted of sheets of small- to medium-size
cells with high nuclear cytoplasmic ratios and round to
oval, hyperchromatic nuclei with inconspicuous nucleoli in
addition to a desmoplastic stroma (Fig. 3a–b). Three and
five mitoses were noted per 10 high-power (×40) fields
(HPF) in the intracranial and spinal biopsies, respectively.
Apoptotic bodies were scarce. No rosettes or glandular
structures were identified. Foci of necrosis were seen,
particularly in the spinal specimen. Reticulin stains were
negative among tumor cells, reactivity being perivascular
and stromal. The periodic acid-Schiff stain showed no
glycogen. Immunohistochemically, both tumors showed a
membrane pattern of EMA staining, strong paranuclear
reactivity for CAM 5.2 (Fig. 3c), dot-like staining for
desmin (Fig. 3d), and nuclear INI-1 positivity. The maximal

MIB-1 labeling index (LI) was 17.6% in the spinal sample.
Negative stains included synaptophysin, S-100 protein, NF
protein, CD 56, CD99, myogenin, PSA, TTF-1, LCA, and
MyoD1.

Ultrastructurally, the tumor was composed of oval to
round cells with moderate to high nuclear/cytoplasmic
ratios (Fig. 4a), no cell processes, round to somewhat
irregular nuclei featuring delicate chromatin, and incon-
spicuous nucleoli. Frequent large cytoplasmic skeins of
whorled intermediate filaments (Fig. 4b) and relatively few
organelles were noted. These included scattered lamellar
mitochondria, single profiles of rough endoplasmic reticu-
lum, occasional Golgi complexes, and very rare electron
dense bodies resembling secretory granules. Intercellular
junctions were poorly formed and infrequent.

At the molecular genetic level, the tumor cells exhibited
fusions of EWS–WT1 genes involving distinct EWS exons.
Unexpectedly, the PCR products consisted of two distinct
bands, 197-bp and 416-bp products (Fig. 5). Automated
sequencing of PCR products confirmed the in-frame fusion
of both EWS exons 7-WT1 exon 8 (197 bp) and EWS exon
9-WT1 exon 8 (416 bp). The disrupted EWS gene was also
demonstrated by FISH assay, which showed flanking of the
EWS gene region on chromosome 22q12 (Fig. 6).

Patient 2

The tumor sample obtained from T12–L5 laminectomy
showed broad cuffs of viable perivascular tumor cells
separated by confluent zones of necrosis (Fig. 7a). As in
case 1, the tumor cells featured oval to irregular nuclei with
coarse chromatin and scant cytoplasm (Fig. 7b). Mitotic
activity reached 5/10 HPF. The immunophenotype was also
the same as in case 1. EMA+, CAM 5.2+ (paranuclear)
(Fig. 7c); desmin+ (dot-like) (Fig. 7d), and nuclear INI-1+.
The maximal MIB-1 LI was 11.5%. Tumor cells were also
immunonegative for the same panel of antibodies noted
above. In this case, the amplified DNA PCR products
consisted of 103-bp (EWS exon 7-WT1 exon 8 fusion
transcript) and 197-bp band transcript (EWS exon 7-WT1
exon 9 fusion) as shown in Fig. 8. Finally, RT-PCR for the
alveolar rhabdomyosarcoma (ARMS) fusion transcripts
PAX3-FKHR and PAX7-FKHR were not detected.

Discussion

In addition to one previously reported example of central
nervous system (CNS) DSRCT [24], and a possible second
case [23], the two cases reported herein illustrate the
challenge of diagnosing undifferentiated small cell neo-
plasms of the CNS. Patient 1 presented with a relatively
circumscribed CPA mass, clinically and radiographically
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Fig. 4 Case 1. Ultrastructurally,
the neoplastic cells of this “drop
metastasis” are composed of
cells with oval to round nuclei
and few organelles (a) (×4.000).
Note the large skein of whorled
intermediate filaments (asterisk)
displacing the nuclei. No cellu-
lar processes are evident (b)
(×6.000). Intercellular junctions
are scant and are poorly formed

Fig. 3 Case 1. The spinal drop metastases feature solid cellular sheets
and lobules separated by a desmoplastic stroma (a) H&E, ×100. The
small to medium in size cells contain round to oval nuclei with

inconspicuous nucleoli (b) H&E (×400). Immunohistochemically,
they are positive for CAM 5.2 (c) and show a characteristic
paranuclear dot-like desmin immunoreactivity (d) (×400)
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mimicking acoustic neuroma. The initial, minute biopsy
consisted of densely cellular sheets of round cells unasso-
ciated with desmoplastic stroma. In that the only two
immunohistochemical markers (CAM 5.2, EMA) were
applied, a tentative diagnosis of metastatic carcinoma was
made. The correct diagnosis awaited an optimal biopsy of a
spinal deposit. In case 2, the patient presented with
symptoms of spinal cord compression by what the spinal
MRI scans showed to be multiple, enhancing, leptomeningeal

metastases; further MRI screening demonstrated intracranial
lesions. In both cases, tumor was limited to the CNS. As
expected, both showed immunoreactivity for epithelial
(cytokeratin) and myogenic (desmin) markers, as well as
molecular evidence of the EWS–WT1 translocation, thus
confirming the diagnosis of DSRCT.

The principal differential diagnoses of DSRCT of the
CNS include medulloblastoma, primitive neuroectodermal
tumor (PNET), and atypical teratoid/rhabdoid tumor (AT/
RT). Aside from routine histology, which poses a challenge,
the distinctions are readily made by immunocytochemical
and molecular genetic methods. Conventional medulloblas-
tomas consist of densely packed small cells with round to
carrot-shaped nuclei. Processes vary in number, but with
rare exceptions [2, 26], a fibrillary background or Homer–
Wright rosette formation is not seen. Other variants,
particularly large cell and anaplastic medulloblastoma are
readily distinguished from DSRCT based on immunohisto-
chemical features. Medulloblastomas express neuronal
(synaptophysin, NF, class III B-tubulin) and occasionally
glial markers (GFAP, S-100 protein) but lacking the
epithelial ones (keratin, EMA) and myogenic (desmin,
smooth muscle actin). They also show a very different
genetic signature, loss of one arm of chromosome 17
(“isochromosome 17q”) [27–30]. Atypical teratoid/rhab-
doid tumor (AT/RT), a now well-established entity, often
affects the posterior fossa, particularly the CPA. Its cells,
which are larger than those of DSRCT, include (a) rhabdoid
as well as “large pale cells,” possess both vesicular nuclei
and prominent nucleoli, (b) immunoreactivity for not only

Fig. 6 Case 1. Representative abnormal interphase cells from the
tumor specimen using a break-apart FISH probe for the Ewing
sarcoma (EWS) gene show the normal EWS gene (yellow fusion
signal) due to overlap of the orange (centromeric) and green
(telomeric) probes. The abnormal EWS gene is demonstrated by
break-apart of the green and orange FISH signals (see arrows)
indicating structural disruption of the gene within the common
breakpoint region of introns 7 to 10

Fig. 5 Case 1. Agarose gel
stained with ethidium bromide
showing RT-PCR products.
Lane 1 shows a weak but con-
sistent product of expected size
(197-bp, arrow) as well as a
major 416-bp product
(arrowhead). The housekeeping
gene PGK, an internal control,
was amplified in the same
reaction (189-bp, lanes 3 and 7).
The positive control lane shows
the standard 197-bp fragment
(lane 5). Negative controls were
used for each sample (lanes 2, 4,
and 6). A 25-bp DNA ladder
was used as a molecular
marker (M)
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epithelial (keratins, EMA) and myoid (smooth muscle actin,
desmin) markers but neuronal/glial markers as well (syn-
aptophysin, GFAP, S-100 protein), (c) loss of function of
the INI-1 gene and its protein product, but no EWS–WT1

translocations [31, 32]. Other differential diagnoses are
readily excluded on the basis of histochemical and
immunocytologic criteria; these include small cell melanoma
(HMB-45 and Melan A+), metastatic carcinoma, (desmin-),

Fig. 8 Case 2. Agarose gel
stained with ethidium bromide
and showing two amplified PCR
products, including small
103-bp (lane 1) and a large
197-bp products (lane 3). The
housekeeping gene PGK was
amplified in the same reaction as
an internal control (189-bp,
lanes 5 and 11). The positive
control shows the standard
103-bp product (lane 7) and
197-bp fragment (lane 9).
Negative controls were used for
each sample (lanes 2, 4, 6, 8,
and 10). A 25-bp DNA ladder
was used as a molecular
marker (M)

Fig. 7 Case 2. Photomicrographs of spinal drop metastases consisting
of broad cuffs of viable perivascular tumor cells separated by
confluent necrosis (a) H&E (×40). The tumor cells possess often oval

nuclei with coarse chromatin as well as scant cytoplasm (b) H&E
(×200). Note immunoreactivity for CAM 5.2 (c) (×400) and dot-like
desmin staining (d) (×400)
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neuroblastoma (synaptophysin+), Ewing's sarcoma (PAS+,
CD99+), rhabdomyosarcoma (MyoD1 and myogenin+), and
Wilms' tumor (CD56 and WT1+).

Differential diagnoses aside, the histologic features of
DSRCT vary considerably. In a series of 39 cases, Ordónez
et al. [26] found about one-third to show unusual cytologic
features including signet-ring, spindle, rhabdoid, and
pleomorphic cells. In addition, pattern variations included
“Zell-ballen-like” structures. More recently, even a large
cell variant was described [33]. Globular, paranuclear
accumulation of intermediate filaments, the basis of the
paranuclear dot-like pattern of desmin immunoreactivity,
which is a conspicuous ultrastructural feature, are not of
themselves diagnostic of DSRCT [4, 34, 35].

The reciprocal chromosomal translocation t(11;22)(p13;
q12) that characterizes DSRCT results in fusion of exon 7
of the EWS gene on chromosome 22 with exon 8 of the
WT1 suppressor gene on chromosome 11. The breakpoint
within the WT1 gene is usually between exons 7 and 8 [8,
36]. Although the chimeric transcript typically exhibits a
breakpoint at EWS exon 7 and WT1 exon 8, our case 1 was
unusual in that one breakpoint was in EWS exon 9, the
result being in a longer (416 bp) PCR product. This unusual
breakpoint was confirmed by automated sequencing, which
demonstrated the in-frame fusion of EWS exon 9 to WT1
exon 8. In our second case, the characteristic DSRCT
fusion transcript of EWS exon 7 to WT1 exon 8 was
present. Since the RT-PCR was performed on paraffin-
embedded tissue, our strategy included use of other primer
sets designed to amplify smaller products. The sizes of
amplified DNA PCR products in the second case were
found to be 103-bp and 197-bp band transcripts. Interest-
ingly, translocations involving the N-terminal domain of the
EWS promoter gene at chromosome 22q12 also underlie
other primitive neoplasms, including Ewing's sarcoma t
(11;22)(q24;q12), extraskeletal myxoid chondrosarcoma t
(9;22)(q22;q12), clear cell sarcoma of soft tissue t(11;22)
(q13;q12), and rare cases of myxoid liposarcoma t(12;22)
(q13;q12) [37].

The histogenesis of DSRCT remains unclear. Most
previously reported cases have involved peritoneum or
tunica vaginalis, thus suggesting a histogenetic relationship
to mesothelium [38, 39]. A report of a pleural example
further supports this notion [13]. The WT1 gene is normally
expressed in structures derived from intermediate meso-
derm, for example in the transition of mesenchyme to
nephron and of primitive gonadal mesenchyme to sex cord
structures [40]. It is of note that submesothelial mesen-
chyme participates in the formation of several genitourinary
organs containing epithelial and myoid elements. Nonethe-
less, the occurrence of DSRCT in soft tissues and bone [19,
20], parotid gland [21], and the CNS [24], as well as in
aged patients, challenges the concept that DSRCT is either

mesothelial-derived or blastomatous in nature. Despite
some histopathologic overlap and the rare occurrence of
focal neuroectodermal differentiation, DSRCT has not been
histogenetically linked to peripheral PNET. Indeed, the
unique t(11;22)(p13;q12) chromosomal translocation of
DSRCT occurs at breakpoints different from that of Ewing's
sarcoma/PNET t(11;22)(q24;q12). One plausible explana-
tion for the histogenesis of DSRCT was forwarded by Katz
et al. 1997 [41], who suggested that this tumor features
polyphenotypism, neuroectodermal differentiation, and
desmoplasia being epiphenomena governed by local envi-
ronmental factors or mediated by various gene products.
Indeed, the WT1 gene products are involved in the
expression of PDGFA, a chemo-attractant for fibroblasts
that may explain the characteristic desmoplasia seen in
DSRCT [42]. The hypothesis might explain one unique
tumor occurring in a 37-year-old man with an intra-
abdominal small round cell tumor sharing morphologic
features of both PNET and DSRCT, as well as exhibiting
the EWS/FLI-1 fusion transcript [41].

The only bona fide case of intracranial DSRCT was that
of Tison et al. in 1996 who described a tentorial example in
a 24-year-old man confirmed by Southern blot analysis
[24]. At the time of their report, the patient had undergone
chemo- and radiotherapy. Our attempts to obtain long-term
follow-up in that case were unsuccessful (Rosai, personal
communication, 2007).

In summary, we have described two additional cases of
intracranial DSRCT in the CNS. Despite multimodal
therapy, they seem to exhibit aggressive behavior similar
to that of DSRCT arising in the peritoneal cavity. Our cases
highlight the diagnostic challenge posed by poorly differ-
entiated, round cell neoplasms in the CNS. Despite its
rarity, DSRCT expands the differential diagnosis of small
round cell tumors of the CNS.
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Abstract In view of the associations of “a disintegrin and
metalloprotease” (ADAM) with respiratory diseases, we
assessed the expression of various ADAMs in human lung
tissue. Lung tissue was obtained from nine individuals who
underwent surgery for lung cancer or underwent lung
transplantation for emphysema. Also, 16HBE 14o- (human
bronchial epithelial) and A549 (alveolar type II epithelium-
like) cell lines were used. Immunohistochemistry was
performed with antibodies recognizing different ADAM
domains. The ADAMs were typically distributed over the
bronchial epithelium. ADAM8 and ADAM10 were
expressed diffusely in all layers of the epithelium. ADAM9,
ADAM17, and ADAM19 were predominantly expressed in
the apical part of the epithelium, and ADAM33 was
predominantly and strongly expressed in basal epithelial
cells. In smooth muscle, ADAM19 and ADAM17 were
strongly expressed, as was ADAM33, though this expres-
sion was weaker. ADAM33 was strongly expressed in
vascular endothelium. All ADAMs were generally

expressed in inflammatory cells. The typical distribution
of ADAMs in the lung, especially in the epithelium, is
interesting and suggests a localized function. As most
ADAMs are involved in release of (pro-) inflammatory
mediators and growth factors, they may play an important
role in the first line of defense and in initiation of repair
events in the airways.

Keywords ADAM (a disintegrin and metalloprotease) .

Lung . Epithelium . Inflammatory cells .

Immunohistochemistry

Introduction

Although the “a disintegrin and metalloprotease” (ADAM)
molecules are known for quite some time, it has more
recently become clear that these molecules play a central
role in many normal and abnormal biological processes.
ADAMs are thought to be implicated in the control of
membrane fusion and in cell–cell and cell–matrix inter-
actions by the binding capacity of the disintegrin domain to
specific integrins [1]. ADAMs have also been demonstrated
to play a role in the shedding of proprotein ectodomains
like membrane-anchored cytokines and growth factors [1].
The ADAM molecules are members of a disintegrin and
metalloprotease family, which are type I transmembrane
zymogen glycoproteins that typically contain a N-terminal
secretion signal domain, an epidermal growth factor (EGF)-
like-transmembrane part, and a cytoplasmic (C-terminal)
domain [2, 3]. The EGF-like transmembrane domain has a
prodomain, a metalloprotease-, a disintegrin-, and a
cysteine-rich domain. For several ADAMs, the specific
substrates have not been identified yet. The most exten-
sively studied ADAM molecule is ADAM17 (also known
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as tumor necrosis factor (TNF)-alpha-converting enzyme
(TACE)), which cleaves membrane-bound TNF-alpha,
thereby releasing this molecule in its active, soluble form
[4].

Because of their biological role in humans, further
knowledge about the localization and function of ADAM-
family members is also of importance to understand their
role in disease development. In recent studies, ADAMs
have been suggested to play a role in a pulmonary disease
like asthma [5–9] but also in interstitial lung disease [10],
eosinophilic pneumonia [11], and lung cancer [12]. More-
over, single nucleotide polymorphisms (SNPs) in ADAM33
have been found to be associated with asthma development
and progression [7] as well as with progressive lung
function loss in the general population and development
of COPD [13, 14]. In view of the association of ADAMs
with respiratory diseases, our study was undertaken to
assess the expression and localization of various ADAMs
with metalloproteinase activity (ADAM8, ADAM9, AD-
AM10, ADAM17, ADAM19, and ADAM33) in human
lung tissue. To verify epithelial localization, ADAM
expression was also assessed in a human bronchial and
alveolar epithelial cell line.

Materials and methods

Human lung tissue

Lung tissue was obtained from six individuals (age median
[range], 65 [62–74]; four men, two women; three current
smokers, two ex-smokers, one non-smoker) who underwent
surgery for lung cancer and from three patients (age median
[range], 61 [53–70]; two men, one woman, all ex-smokers)
that underwent lung transplantation for emphysema. Lung
tissue was taken as far as possible from the tumor and was
normal on inspection. The lung tissue was only included in
the study after exclusion of any lung pathology (for the
emphysema cases, any lung pathology other than seen in
COPD) as based on clinical data, lung function, and routine
histological examination of lung tissue performed by an
experienced pulmonary pathologist (WT). The procedures
followed were in accordance with the ethical local and
national guidelines.

Immunohistochemistry

Antibodies recognizing different domains of the ADAMs
were commercially obtained (Table 1). Frozen lung sections
were cut at 4 μm, dried for 20 min, and fixed in acetone
(100%). Sections were incubated for 1 h with rabbit or goat
antibodies for ADAMs in a proper dilution as determined
previously. Endogenous peroxidase was blocked with

0.075% H2O2 in phosphate-buffered saline (PBS, pH7.4)
for 30 min. Subsequently, sections incubated with rabbit
antibodies were incubated for 30 min with peroxidase
conjugated goat-anti-rabbit (GARpo) anti-serum, followed
by incubation with rabbit-anti-goat (RAGpo). Sections
incubated with goat antibodies were incubated with
RAGpo, followed by incubation with GARpo. Sections
were rinsed in PBS for 5 min after each incubation step.
Peroxidase activity was demonstrated by immersing the
slides in sodium acetate buffer containing 0.2 mg/ml 3-
amino-9-ethyl-carbazole (Sigma-Aldrich Chemie BV,
Zwijndrecht, The Netherlands) and 0.03% H2O2 for
15 min. Sections were counterstained with Mayers hema-
toxylin for 1 min. Immunohistology staining results were
evaluated by three independent observers. Staining intensi-
ty was for each of the indicated tissue elements (Table 1)
graded as − (absent), ± (weak), + (moderate), or ++
(strong).

Cell lines

16HBE 14o- (human bronchial epithelial cell line, a gift of
Prof. D.C. Gruenert, University of Vermont, San Francisco,
CA, USA) and A549 (alveolar type II epithelium-like cell
line, American Type Culture Collection, Rockville, MD,
USA) cells were cultured in Earle's MEM (BioWhittaker
Europe BV, Cambrex, Verviers, Belgium) and RPMI 1640
(BioWhittaker), respectively. Both culture media were
supplemented with 10% heat inactivated fetal bovine serum
(BioWhittaker), L-glutamine (2 mM, BioWhittaker), strep-
tomycin (100 µg/ml, BioWhittaker), and penicillin (100 U/
ml, BioWhittaker) and cultured at 37°C with 5% CO2.
16HBE and A549 cells were detached by trypsin-EDTA
(BioWhittaker) treatment and cytospins were made. Subse-
quently, these cytospins were incubated with antibodies
against the ADAMs and immunostained as described
above.

Results

Expression of ADAMs in bronchial epithelial cells

The expression of the various ADAMs studied in different
locations of human lung tissue is shown in Table 1 and
illustrated in Fig. 1. There was no difference in expression
patterns in the emphysematous lung tissue when compared
to the normal lung tissue from the other six patients. All
ADAMs were expressed in bronchial epithelium, yet they
have a different distribution between basal and apical cells.
ADAM9, ADAM17, and ADAM19 are predominantly
expressed in the apical part of the epithelium, whereas
ADAM33 expression is higher in basal epithelial cells.
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ADAM10 and ADAM8 are diffusely expressed over the
epithelium. Interestingly, staining for the C-terminal end of
ADAM10 is mainly seen in the apical part, and for the N-
terminal end, this is located in the basal cells of the
epithelium.

To verify our tissue findings, we stained ADAMs on the
bronchial cell line 16HBE (Table 2), illustrated in Fig. 2. In
16HBE cells, ADAM9 and ADAM10 are most strongly
expressed, whereas ADAM33 is weakly expressed. Not all
16HBE cells show expression of all ADAM subdomains;
the percentage and intensity of positive cells are given in
Table 2. Staining for the catalytic site of ADAM19 and
ADAM33 showed no positive cells at all. When comparing
the results of epithelial cell lines and lung tissue, expression
in the 16HBE cell line matches the findings in bronchial
epithelial cells in lung tissue.

Expression of ADAMs in alveolar epithelial cells

All ADAMs are expressed in alveolar epithelium (type II
cells); however, expression of ADAM10 and ADAM19 is
weaker in alveolar than bronchial epithelial cells. ADAM8,
ADAM17, ADAM9, and ADAM33 in contrast are equally
expressed in both epithelial cell types.

In the A549 alveolar epithelial type 2 cell line, almost all
ADAMs are expressed in all cells (Table 2; illustrated in
Fig. 2) although the ADAM33 catalytic site and prodomain

show a minor number (5–10%) of negative cells, and
ADAM 19 catalytic site shows no staining at all. In general,
expression in A549 cells matches the findings in the
alveolar type 2 cells.

Expression of ADAMs in bronchial smooth muscle tissue

The expression of ADAM19 is higher in smooth muscle
than in bronchial epithelial cells, whereas ADAM17 is
equally expressed in smooth muscle and epithelium.
ADAM9, ADAM10, and ADAM33 are also expressed in
smooth muscle tissue, yet with a weaker staining in smooth
muscle cells than in bronchial epithelial cells. ADAM8 is
not expressed in smooth muscle tissue.

Expression of ADAMs in vascular endothelium

ADAM33 is the most strongly expressed ADAM in the
vascular endothelium. Some weak expression of ADAM9,
ADAM10, ADAM17, and ADAM19 is present, yet
endothelial expression of these latter ADAMs is not found
in all subjects.

Expression of ADAMs in inflammatory cells

All ADAMs are uniformly and very profoundly expressed
in interstitial inflammatory cells.

Table 1 Location of expression of ADAMs in human lung tissue

ADAM Designation Company Epithelium Alveolar
epithelium
(type II)

Smooth
muscle

Interstitial
inflammatory cells

Endothelium

Apical Basal

ADAM8 Ectodomain R&D Systems ± ± ± − + −
ADAM9 C-terminal Biogenesis + ± ± ± ++ ±

N-terminal Biogenesis + ± + ± + ±

ADAM10 C-terminal, peptide 732–748 Serotec + −/± ± ± + ±

N-terminal Serotec −/± ++ − − ± −
Catalytic site Biogenesis + + −/± ±/+ + −/±

ADAM17 Cytoplasmic domain, peptide 695–824 R&D ++ + + + + ±

ADAM19 C-terminal Biogenesis + + ± + ++ +

N-terminal Biogenesis + −/± − −/± + +

Catalytic site Biogenesis − − − + ±/+ −/±
ADAM33 N-terminal Serotec −/± + −/± ± + +

Cytoplasmic domain Sigma-Aldrich + + + −/± + +

Cytoplasmic domain Triple Point + + + −/± + +

Catalytic site Sigma-Aldrich −/± ± − −/± + +

Prodomain Sigma-Aldrich −/± + + ± + +

Intensity of staining: ++ strong; + moderate; ± weak; − absent. The antiserum to ADAM8 was raised in goat, all others in rabbit. Company details:
R&D Systems, Minneapolis, MN, USA; Biogenesis, Poole, UK; Serotec, Oxford, UK; Sigma-Aldrich Chemicals, Zwijndrecht, The Netherlands;
Triple Point Diagnostics, Forest Grove, OR, USA. Designation of the antibodies as stated as given by the manufacturers
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Glandular cells and nerves

ADAMs are incidentally expressed in glandular cells and
nerves that are present in some of the specimen.

Discussion

ADAMs have been suggested to play an important role in
lung diseases [11–15]. As a starting point to understand the
role of ADAMs in lung disease, it is important to note that
we have found several ADAMs expressed specifically in
both bronchial epithelium and alveolar type 2 epithelial
cells, interstitial inflammatory cells, smooth muscle, and
endothelium. Individual ADAMs showed specific distribu-
tion patterns in these cell types, whereas some ADAMs
showed remarkable co-localization, suggestive for similar
or mutual interacting functions. ADAM expression in a
human lung bronchial and alveolar type epithelial cell line
confirmed the expression in epithelium in human lung

tissue. Interestingly, several ADAMs had a very topical
(predominantly apical or basal) expression, in bronchial
epithelium, suggesting that the more precise localization of
individual ADAM molecules may signify their functional
relevance.

Given the apical localization in airway epithelial cells,
ADAM17, ADAM19, and ADAM9 may play a role in
early immune defense mechanisms. This is exemplified by
both ADAM17 and ADAM19, which are both capable of
shedding TNF-alpha. ADAM17 plays a key role in this
release of soluble TNF-alpha by cleavage of the membrane-
anchored precursor of TNF-alpha [16–18]. TNF-alpha is a
proinflammatory cytokine and a key mediator in immune
defense with a role in induction and amplification of
inflammation, as a response to external, potential threaten-
ing stimuli. The prominent apical distribution of ADAM17
in the bronchial epithelium may thus enable easy activation
and hence a low threshold for rapid and early release of
TNF-alpha in the airway lumen in the defense to disease-
initiating inhaled substances. In addition, cigarette smoke
exposure of human airway epithelial cells has been shown
to lead to ADAM17-mediated release of amphiregulin,
which is a ligand for the epidermal growth factor receptor
(EGFR) [19]. This can be of clinical relevance since
stimulation of EGFR on epithelial cells contributes to
mucus production and epithelial cell proliferation.

ADAM19 can, besides TNF-alpha, release tumor necro-
sis factor-related activation-induced cytokine (TRANCE)
[20]. TRANCE is part of the tumor necrosis factor
superfamily and has an immunity-modulating role as well.
The joint apical expression of ADAM17 and ADAM19 is
of interest and raises the question of whether this represents
ability of coordinated action of the two molecules or that
the regulation of each molecule is individually organized
and may thus indicate their different roles in pathogenesis
of disease. ADAM17, but in particular ADAM19, was also
strongly expressed in smooth muscle. It is conceivable that
particularly with chronic airway wall inflammation, as in
asthma, these ADAMs may become activated and contrib-
ute to the perpetuation of the inflammatory process.

ADAM9, which also is apically expressed in epithelial
cells, has a quite different function. It is capable of
shedding of heparin-binding epidermal growth factor (HB-
EGF) from bronchial epithelial cells via protein kinase C-
delta (PKC-delta) activation [21]. HB-EGF is an important
growth factor, not only for epithelial cells but also for
smooth muscle cells and fibroblasts. This particular apical
localization could then represent low threshold ability to
early tissue (epithelial) repair, in conjunction with the other
local defense mechanisms at the epithelial interface.
Furthermore, ADAM9-mediated cellular adhesion by integ-
rin binding has been described in fibroblasts, which leads to
induction of fibroblast motility [22]. This capacity suggests

Table 2 Expression of ADAMs in a human bronchial and a human
alveolar epithelial cell line

ADAM Designation 16HBE
(% of total cells)

A549
(% of total cells)

ADAM8 Ectodomain + (100%) + (100)

ADAM9 C-terminal ++ (60);+(40) + (100)

N-terminal + (100) + (100)

ADAM10 C-terminal ++ (60);+(40) + (100)

N-terminal ++ (10);+(80);±(10) ± (100)

Catalytic site + (80) + (100)

ADAM17 Cytoplasmic
domain

+ (70) + (100)

ADAM19 C-terminal + (50) + (100)

N-terminal + (50) ± (100)

Catalytic site − −
ADAM33 N-terminal ± (70) + (100)

Cytoplasmic
domain

± (60) + (100)

Catalytic site − + (90)

Prodomain + (80) + (95)

Intensity of staining: ++ strong; + moderate; ± weak; − absent

�Fig. 1 Expression of ADAMs in normal human lung, immunostain-
ing with antibodies designated to different domains of ADAMs (as
indicated by manufacturers): a ADAM8 ectodomain, b ADAM10 N-
terminal domain, c ADAM10 catalytic site, d ADAM17 cytoplasmic
domain, e ADAM19 catalytic site, f ADAM19 N-terminal domain, g
ADAM33 prodomain, h ADAM33 N-terminal domain, i ADAM33
cytoplasmic domain. Note specific localization patterns in different
tissue compartments, in particular in different parts of the bronchial
epithelium (immunoperoxidase, original magnification ×200)
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that ADAM9 also may play a role in remodeling of the
airway wall by regulating motility and migration of
fibroblasts and smooth muscle cells.

ADAM10 was diffusely expressed in the bronchial
epithelium, and the N-terminal domain showed especially
strong staining in basal epithelial cells. ADAM10 was also
weakly expressed in smooth muscle. Similar to ADAM9,
ADAM10 is capable of HB-EGF shedding. Considering the
differences in distribution between these two ADAMs, it is
tempting to speculate that once repair has set in by
activating apically located ADAM9, ADAM10 in basal
cells may be responsible for sustained repair effects,
possibly also affecting underlying submucosal structures.

Human ADAM8 has been clustered as a human
leukocyte differentiation antigen, CD156, and is thought
to play a role in cell adhesion and infiltration of
inflammatory cells [23, 24]. ADAM8 was expressed in
bronchial and alveolar type II epithelium and interstitial
inflammatory cells, predominantly with morphology of
neutrophils and macrophages, without smooth muscle

expression. These findings are consistent with its published
expression in the epithelium and increased gene transcrip-
tion in peribronchial and perivascular inflammatory cells in
an allergen induced murine model of asthma [5]. ADAM8
can cleave CD23, the low-affinity IgE receptor (FcεRIIb)
[25], which is involved in up regulation of IL-4 induced
synthesis of IgE in B-cells [26]. CD23 shedding would
counteract IgE-mediated immune responses, next to induc-
ing release of proinflammatory mediators from macro-
phages [27].

ADAM33 was the only ADAM that was predominantly
(and strongly) expressed in the basal cells of bronchial
epithelium (Fig. 1g, h, i). Furthermore, ADAM33 was
expressed in bronchial smooth muscle. A recent study
showed several SNPs in the ADAM33 gene to be associated
with susceptibility of asthma and bronchial hyperrespon-
siveness [6]. The latter study showed ADAM33 to be
expressed in human pulmonary fibroblasts and bronchial
smooth muscle tissue, yet not in epithelial cells. Our
findings are in line with more recent publications that

Fig. 2 Expression of ADAMs in bronchial epithelial cell line 16HBE (a, c, e) and alveolar epithelial cell line A549 (b, d, f): a, b ADAM17
cytoplasmic domain; c, d ADAM33 prodomain; e, f ADAM33 N-terminal domain (immunoperoxidase)
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showed ADAM33 to be localized in epithelium [8, 28].
Low mRNA levels of ADAM33 are shown in bronchial
biopsies although no mRNA was found in epithelial cells
from bronchial brushes [29]. Considering our present
findings, the latter might be explained by the content of
the brushes, in which generally abundant ciliated cells and
little basal epithelial cells are present. Yang et al. recently
described a lack of ADAM33 mRNA in bronchial
epithelium samples [30]. They suggested ADAM33 repres-
sion by a cell type-selective expression of ADAM33, which
was epigenetically controlled by DNA methylation.

Our findings of basal epithelial cell expression of
ADAM33 support its possible involvement in remodeling
process, as in asthma [31]. This may well be initiated by
shedding of c-kit ligand. Not only ADAM33 [32] but also
ADAM8 [33], ADAM9 [34], ADAM17 [35, 36], and
ADAM19 [20] are capable of shedding of c-kit ligand, also
known as stem cell factor (SCF). SCF plays, apart from its
main role as hemopoietic growth factor, a role in recruit-
ment and in maturation of mast cell progenitors [37],
sustaining the survival and maintaining phenotypic proper-
ties of mast cells in mucosal tissues [38, 39]. Furthermore,
SCF may play a role in eosinophil migration and/or
retention in activated tissue compartments [31], given its
expression on human peripheral blood cells. Eosinophils
express a functional c-kit receptor that stimulates very late
antigen 4 (VLA-4)-mediated cell adhesion to fibronectin
and vascular cell adhesion molecule 1 (VCAM-1). As mast
cells and eosinophils are thought to play a key role in the
pathogenesis of asthma [40, 41] and possibly also to be
implicated in COPD [42, 43], the extensive presence of
ADAMs capable of release of c-kit ligand in the airways
suggests a regulatory role for these molecules in manifes-
tation of these diseases.

Another issue of importance is that a large number of
alternatively spliced forms of ADAM33 have been identi-
fied [44, 45]. Some show structural similarity to a synthetic
ADAM12-S that induces myogenesis [46], in turn suggest-
ing ADAM33 to be able to induce airway smooth muscle
proliferation and hypertrophy [44].

Interestingly, strong expression of ADAM33 was ob-
served in vascular endothelial cells, whereas other ADAMs
were more weakly expressed. This may reflect their role in
adhesion, extravasation, and possibly activation of inflam-
matory cells, especially eosinophils. Furthermore, it might
contribute to angiogenesis, which is thought to play a role
in asthma and COPD as well [47, 48]. Furthermore,
angiogenesis is important in tumor development; EGFR-
signaling of ADAMs may contribute in this way [3].

We used commercially available antibodies that are
designed to bind to different domains of the ADAM
proteins. We found similar localization in expression of
different antibodies to subdomains of the same ADAM and

for some, like ADAM33, also for different antibodies to the
same (cytoplasmic) subdomain. Interestingly, there is a lack
of staining for the catalytic (metalloproteinase) site of
ADAM19 and ADAM33, which may implicate that these
ADAMs are lacking the metalloproteinase site and there-
fore are present in an inactive form. For ADAM33, there is
suggestive evidence that this is indeed the case since
alternative splice variants have been described that mostly
lack the metalloproteinase site [44].

Our present study is the first to investigate expression of
several ADAM proteins in lung tissue and discusses the
findings as to their putative role in the pathogenesis of
respiratory diseases. As emphysematous lung tissue shows
a similar expression pattern as the other lung tissues from
patients that underwent surgery for lung cancer, there seems
to be no obvious effect of the lung tumors on the lung
tissue with respect to ADAMs expression. Clearly, this
survey should be expanded, including much more diseased
lung tissue to get further information about possible
ADAMs variations that may play a role in lung disease.
ADAMs appear to have a typical, specific distribution over
the bronchial epithelium and other parts of the bronchial
wall like smooth muscle and vascular endothelium. This
specific localization of ADAMs, especially in the apical
and basal epithelial cells, is interesting as to their individual
and joint contribution toward defense against inhaled
substances. Given the current knowledge on their functional
properties, the distribution suggests that ADAMs play a
main regulatory role in the first line of defense at the
epithelial barrier by coordinated release of proinflammatory
mediators as well as in remodeling and tissue repair by
topic release of various growth factors. A next step is to
dissect the exact functional role of ADAMs and subtle
functional expression differences of ADAMs and their
splice variants in the development and progression of
pulmonary diseases.
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Abstract Recent anatomo-pathological studies have
revealed a frequent associated hypoplasia of both arcuate
nucleus and lungs in stillbirths. The purpose of this study is
to analyze the lung and brainstem development in sudden
unexplained perinatal death and sudden infant death
syndrome (SIDS). A total of 51 cases were investigated.
A complete autopsy was performed in each case. Anatomo-
pathologic examination of the central autonomic nervous
system included an in-depth study on histological serial
sections of the brains where the main structures participa-
ting in control of the vital functions are located. The stage
of lung development was evaluated by macroscopic and
microscopic criteria. In 52.9% of cases, a pulmonary
hypoplasia was detected. The pulmonary hypoplasia was
significantly more frequent in the SIDS group compared to
the sudden perinatal unexplained death groups (p<0.05). In
72.5% of cases, histological examination of the brainstem
on serial sections showed hypodevelopment of the brain-
stem nuclei, particularly hypoplasia, of the arcuate nucleus
(60.8%). In 47.1% of cases, pulmonary hypoplasia was
associated with brainstem hypodevelopment.

Keywords SIDS . Sudden perinatal unexplained death .

Pulmonary hypoplasia . Brainstem hypodevelopment.

Introduction

In the final stages of fetal life, the stimulatory effect on
respiration is nullified by the dominant inhibitory input
from nervous structures located in the upper portion of the
brainstem, in particular the pre-Bötzinger and the para-
brachial/Kölliker–Fuse complex [1–3]. Our recent
anatomo-pathologic study of sudden fetal deaths after the
25th week of gestation has revealed frequent association of
hypoplasia of the arcuate nucleus, an important chemo-
receptorial respiratory center located on either side of the
medullary ventral surface, and lung hypoplasia. The
incidence of this associated pulmonary and brainstem
nuclei hypoplasia is 31% in stillbirth [4].

We investigated the development of pulmonary paren-
chyma and correlated the possible presence of pulmonary
hypoplasia with hypodevelopment of the brainstem nuclei
in sudden unexplained perinatal victims. The purpose of
this study was to analyze the physio-pathologic relationship
between the brainstem and pulmonary development, with
regard to unexplained perinatal death and sudden infant
death syndrome (SIDS). Preliminary findings have been
reported in abstract form [5].

Material and methods

Selection and classification of cases

A total of 51 consecutive cases (31 sudden perinatal
unexplained death and 20 SIDS) were investigated over
the time of three years. Clinical information regarding
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symptoms, familial history, electrocardiograms, and cir-
cumstances of death, as well as pregnancy runs and parents’
habits were requested. Mothers’ pregnancy in all cases had
run a normal course. None of the mothers had any
significant pathology.

A case was classified as sudden intrauterine unexplained
death (SIUD) when a fetus died suddenly with no explained
cause after the 22nd gestational week, before complete
expulsion or extraction of the fetus from the mother,
resulting in a stillbirth for which there was no explanation
despite postmortem examinations [6–8].

A case was classified as Sudden Neonatal Unexplained
Death (SNUD) when a newborn died suddenly with no
explained cause, from birth to the end of the first postnatal
month of life [8, 9].

A case was classified as SIDS when an infant death was
sudden, completely unexpected and unexplained after a
thorough case investigation, including performance of a
complete autopsy, examination of the death scene, and
a review of the clinical history [10].

Accordingly, in this study, a diagnosis of SIUD was
established for 18 fetuses (ten males and eight females,
ranging in age from 33 to 41 gestational weeks), of SNUD
for 13 newborns (six males and seven females, ranging in
age from 7 h to 24 days) and of SIDS for 20 infants (eight
males and 12 females, ranging in age from 1 to 9 months).

Necropsy investigational protocol

A complete autopsy was performed on all cases, including
close examination of the cardiac conduction system, as well
of the central and peripheral autonomic nervous structures
involved in cardio-respiratory reflexogenesis, according to
our investigational protocol [11–13].

A complete autopsy examination was carried out, includ-
ing a systemic gross and microscopic evaluation of the body.
The placental disk, the umbilical cord, and the membranes
were accurately examined in fetuses. All organs were fixed
in 10% phosphate-buffered formalin, processed and embed-
ded in paraffin. Five-micrometer sections from myocardium
and cardiac conduction system were stained with hematox-
ylin–eosin and Heidenhain’s trichrome (Azan).

The brainstem and the lung were the particular focus of
this study.

Examination of the brainstem included sampling of three
specimens. The first specimen, ponto-mesencephalic,
includes the upper third of the pons and the adjacent
portion of midbrain. The second extends from the upper
third of the medulla oblongata to the portion adjacent to the
pons. The third specimen took as reference point the obex
and extends 2–3 mm above it and below it. Transverse
serial sections were made at intervals of 60 µm. For each
level, 12 5-µm sections were obtained, two of which were

routinely stained for histological examination alternately
using hematoxylin-eosin and Klüver-Barrera stains and
three additional sections at each level were placed on slides
for immunohistochemistry if required. The remaining
sections are saved and stained as deemed necessary for
further investigations. The histological evaluation of the
brainstem was focused on the locus coeruleus, the parafa-
cial nucleus, the parabrachial/Kölliker–Fuse complex in the
pons/mesencephalon, and on the hypoglossus, the dorsal
motor vagal, the tractus solitarius, the ambiguus, the pre-
Bötzinger, the inferior olivary and the arcuate nuclei in the
medulla oblongata [11–13].

The stage of lung development in each case was evaluated
based on a autopsy macroscopic criterion, namely the
correlation between lung weight and body weight (LW/BW),
and according to microscopic criteria, that is, the presence of
cartilaginous bronchi up to the distal peripheral level and the
radial alveolar count (RAC). This parameter involves exam-
ining at least ten fields for each case with a 40× lens to
estimate the number of alveoli transected by a perpendicular
line drawn from the center of the most peripheral bronchiole
(recognizable by not being completely covered by epithelium)
to the pleura or the nearest interlobular septum. In order to
carry out this examination, we used samples of fetal lung
sectioned parallel to the frontal plane and passing through the
hilus [14]. According to the macroscopic criterion, a LW/BW
ratio below 0.012 was diagnostic for lung hypoplasia. The
normal reference values for the microscopic criterion of
RAC varies at different ages [14, 15].

Ethical approval

Ethical consent was not required for our study as the former
Institute of Pathology is the referral national center for the
study of sudden unexpected and unexplained infant and
perinatal death, according to the Italian Law no. 31 of 2-02-
2006 “Regulations for Diagnostic Post Mortem Investiga-
tion in Victims of Sudden Infant Death Syndrome (SIDS)
and Unexpected Fetal Death”.

Statistical analysis

Age was expressed as mean ± SEM. The histological
findings in SIUD and controls were expressed as absolute
value to total case number. The significance of differences
between group parameters was evaluated by Fisher’s test.
The level of significance was set at p<0.05, two-tailed.

Results

At autopsy, examination of all the 51 victims were
described as well developed, with body length and weight
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corresponding to postconceptional age (gestational age +
postnatal age), according to standard allometric growth
patterns [16].

The 51 victims were subdivided into three age-related
groups: 18 SIUD, 13 SNUD, and 20 SIDS, as shown in
Table 1.

Overall, in 27 of the 51 cases (52.9%), pulmonary
hypoplasia was observed, characterized by a decrease
indices of pulmonary development, with a LW/BW value
below 0.012 and/or a RAC index below the normal ranges
for the given range group (Fig. 1). The pulmonary
hypoplasia was detected in four of the 18 SIUD cases
(22.2%), in six of the 13 SNUD cases (46.1%), and in 17 of
the 20 SIDS cases (85%). The pulmonary hypoplasia was
significantly more frequent in the SIDS group compared to
the SNUD and SIUD groups (p<0.05; Table 1).

In 37 of the 51 cases (72.5%), the microscopic
examination of serial sections of the brainstem showed
hypodevelopmental abnormalities. Precisely, in 31 cases
(60.8%), a hypoplasia of the arcuate nucleus was evident
(Fig. 1); in three cases (5.9%), the nucleus was completely
absent (agenesis); and in five cases (9.8%), there was
neuronal immaturity of the arcuate nucleus. In four cases
(7.8%), there was a hypoplasia of the reticular formation.
Hypoplasia of the raphe obscurus was found in three cases
(5.9%) of SIUD. Agenesis of the facial–parafacial complex

was detected in two cases (3.9%). The solitary tract nucleus
was found to be hypoplasic in two cases (3.9%) and
presented neuronal immaturity in another case. The dorsal
vagal nucleus was hypoplasic in one case (1.9%) and
presented neuronal immaturity in another case (1.9%).
Neuronal immaturity of the inferior olivary nucleus was
detected in one case (1.9%). Neuronal immaturity and
hypoplasia of the hypoglossus nucleus was identified in one
case of SIDS (1.9%). Hypoplasia of the parabrachial/
Kölliker–Fuse complex was detected in one case of SIUD
(1.9%). Hypoplasia of the pre-Bötzinger complex was
detected in one case of SIUD (1.9%). Table 1 shows the
distribution of the brainstem among the SIUD, SNUD, and
SIDS groups. In two cases, severe inflammatory infiltrates
were observed, and in one case, gliosis of the brainstem
was observed. In 13 victims (25.5%), one or more
combined brainstem developmental abnormalities were
detected in the same case.

In 24 of the 51 cases (47.1%), the pulmonary hypoplasia
was associated with hypodevelopment of the brainstem
nuclei (Fig. 1). A total of ten cases (19.6%) presenting with
both pulmonary hypoplasia and hypodeveloped brainstem
nuclei had smoking parents (Table 1).

Among the 18 fetuses, examination of the placenta,
together with the membranes and umbilical cord revealed
chorioamnionitis in eight cases (44.4%), villitis in three cases

Table 1 Demographic data and histopathological findings of the 51 analyzed cases, divided by SIUD, SNUD, and SIDS groups

SIUD SNUD SIDS Total

No. of cases 18 13 20 51

Sex (M/F) 10/8 6/7 8/12 24/27

Age range 33-41 gw 7 h–24 days 1–9 months 33 gw–9 months

Pulmonary hypoplasiaa 4/18 (22.2%) 6/13 (46.1%) 17/20 (85%) 27/51 (52.9%)

Arcuate nucleus hypoplasia 9/18 (50%) 8/13 (61.5%) 14/20 (70%) 31/51 (60. 8%)

Arcuate nucleus agenesis 1/18 (5.5%) 1/13 (7.7%) 1/20 (5%) 3/51 (5.9%)

Arcuate nucleus neuronal immaturity 1/18 (5.5%) 2/13 (15.4%) 2/20 (10%) 5/51 (9.8%)

Reticular formation hypoplasia – 2/13 (15.4%) 2/20 (10%) 4/51 (7.8%)

Raphe obscurus hypoplasia 3/18 (16.7%) – – 3/51 (5.9%)

Facial/parafacial complex agenesis 2/18 (11.11%) – – 2/51 (3.92%)

Solitary tract nucleus hypoplasia 1/18 (5.5%) 1/13 (7.7%) – 2/51 (3.9%)

Solitary tract nucleus neuronal immaturity – 1/13 (7.7%) – 1/51 (1.9%)

Dorsal vagal nucleus hypoplasia – 1/13 (7.7%) – 1/51 (1.9%)

Dorsal vagal nucleus neuronal immaturity – 1/13 (7.7%) – 1/51 (1.9%)

Inferior olivary nucleus neuronal immaturity – 1/13 (7.7%) – 1/51 (1.9%)

Hypoglossus nucleus hypoplasia and neuronal immaturity – – 1/20 (5%) 1/51 (1.9%)

Parabrachial/Kölliker-Fuse complex hypoplasia 1/18 (5.5%) – – 1/51 (1.9%)

Pre-Bötzinger complex hypoplasia 1/18 (5.5%) – – 1/51 (1.9%)

Subgroups: SIUD before birth; SNUD 0–30 days; SIDS 1–12 months

SIUD sudden intrauterine unexplained death, SNUD sudden neonatal unexplained death, SIDS sudden infant death syndrome
a Statistically significant: SIUD vs. SIDS and SNUD vs. SIDS, p<0.05
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(16.7%), and malposition of the umbilical cord in two cases
(11.1%). Precisely, in one case, the umbilical cord was
around the neck of the fetus but without causing constriction;
in the other case, it was positioned around the foot.

Other pathological findings were fibromuscular hyper-
plasia of the pulmonary artery in 12 cases (23.5%),
pneumonia in two cases (3.9%), and all these observations
were not considered as primary pathology and possible
causes of perinatal or infant death themselves.

Discussion

Our recent anatomo-pathological studies have revealed a
correlation between pulmonary hypoplasia and abnormali-
ties of the brainstem nuclei in stillbirth. In particular, a

frequent hypoplasia of both arcuate nucleus and lungs in
stillbirth has been reported [4].

In the human fetus, episodic rapid and irregular
respiratory movements have been found and can be
detected by ultrasound from the 11th week of gestation,
becoming more marked as pregnancy progresses [17]. Fetal
breathing regulates release of tracheal fluid in the lung and
consequently regulates alveolar expansion and seems
favoring lung development [18]. Lack of fetal respiratory
movements could result in impaired development of the
alveoli and in pulmonary hypoplasia [1, 19].

It has been reported that the predominating absence of
ventilation in utero is determined by the inhibitory effect
exerted mainly by the Kölliker–Fuse nucleus, located at the
rostral level of the pons. Thus, in the fetus, there is a
periodic disinhibition of the Kölliker–Fuse nucleus to allow
breathing movements which favor pulmonary development
[1, 2, 20, 21].

Aim of this work was to study the correlation between
pulmonary hypoplasia and hypodevelopmental abnormali-
ties of the brainstem nuclei deputed to vital functions
control in fetuses, newborns, and infants dying suddenly
and unexpectedly.

Sudden unexplained perinatal death and SIDS have been
considered to have common morphological substrates [11,
12, 22]. Besides the abnormalities of the cardiac conduction
system, histopathological substrates for sudden perinatal
unexpected death and SIDS should be looked for in the
wide field of neuropathology, based on the study on serial
sections of the brainstem nuclei. In particular, hypoplasia of
the arcuate nucleus, detected in this work in 60.8% of SIDS
and sudden unexpected perinatal death victims (Fig. 1), is
of great interest, particularly in view of its frequency and
pathogenic implications [4, 11–13]. In 5.9% agenesis of the
arcuate nucleus was detected, and in 9.80% of cases, there
was neuronal immaturity of the arcuate nucleus. Hypode-
velopment of the reticular formation, raphe obscurus,
facial–parafacial complex, solitary tract, dorsal vagal,
inferior olivary, hypoglossus nuclei, parabrachial Kölliker–
Fuse, and pre-Bötzinger complexes were also detected.
Subtle lesions involving these structures, isolated or
associated, are likely responsible for disruption of neuronal
pathways. The observations of similar anomalies in the
SIDS and sudden unexplained perinatal deaths demonstrate
that they are congenital in nature and that there is a clear
continuity between SIDS and unexpected perinatal death.
They are the morphological substrate for the releases of
lethal nervous reflexes and/or of malignant arrhythmias. In
particular, the neuropathological involvement of the car-
diorespiratory, upper digestive and arousal centers may
underline lethal reflexogenic mechanisms of sudden peri-
natal death and SIDS, without any clinically evident
neurological dysfunctions.

Fig. 1 Case no. 7. A 2-day-old female newborn deceased suddenly and
unexpectedly. a The line illustrates the method for determining the radial
alveolar count (RAC). The lungs are hypoplasic being the RAC<4.4.
H–E, 100×; b Right monolateral hypoplasia of the arcuate nucleus
(ARCn). VMS ventral medullary surface. Klüver-Barrera, 25×
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Using specific macro- and microscopic criteria, we have
hereby demonstrated the presence of pulmonary hypoplasia
in 52.9% cases, with higher distribution among SIDS (85%)
compared to SNUD (46.1%) and SIUD (22.2%) victims. In
47.1% of our cases, the lung hypoplasia was associated
with hypodevelopment of the brainstem nuclei (Fig. 1).
This suggests that the brainstem hypodevelopment exerts a
negative effect on respiratory movements and on lung
development already in utero. The pulmonary hypoplasia,
associated with similar brainstem abnormalities among
SIUD, SNUD, and SIDS, becomes then more frequent
after birth and increases in SIDS group compared with
sudden perinatal unexplained death (Table 1).

Our results show that 85% of SIDS cases have
pulmonary hypoplasia. This finding raises the question as
to whether the normal values we adopted are set too high.
The population studied by Emery and Mithal [14, 15] are
not specified other than they were normally formed.
Presumably though, many of their infant deaths were SIDS
even if they were not defined as such.

Furthermore, it is also important to underline that pulmo-
nary disorders, in particular infections as detected in two of
our cases, are related to the delayed pulmonary development
during the antenatal, neonatal, and infantile period [23].

It was previously discussed for fetuses the importance to
analyze the fetal development in utero by magnetic resonance
making a prenatal diagnosis of lung hypoplasia associatedwith
hypoplasia of brainstem nuclei could be applied in prenatal
counseling, allowing early therapeutic planning [1, 24–27].

In conclusion, all the findings of our study confirm the
hypothesis that hypopdevelopment of the brainstem nuclei,
which modulate cardiorespiratory, upper digestive, and
arousal activities, lead to disturbances in the lungs
development, with increasing incidence in neonatal and
infant age. The herein presented results confirm a contin-
uum of lung hypoplasia associated with sudden death, not
only in fetuses but, at increasing incidence, also in
newborns and infants dying suddenly and unexpectedly.
Further studies on the interactive normal and abnormal lung
and brainstem development will lead to a better under-
standing of complex interactions involved in the patho-
physiology of SIDS and sudden unexplained perinatal
death. The cases presented here seem to usefully contribute
research orientation and literature information in this field.
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Abstract The aim of this study is to characterize personal
consultation practice in salivary pathology and to identify
most common diagnostic challenges. Seven hundred sixty
consultation requests were prospectively indexed over
12 months, and 205 cases of salivary type tumors were
identified. The following data were recorded: anatomic site,
patients' age and gender, geographic origin of cases,
diagnoses by submitting pathologist and consultant, and
turn-around time. Final diagnosis was offered by submitting
pathologist in 77 of 205 cases (37.5%). The definitive
diagnosis was provided to contributors in 188 of 205 cases
(91.7%); diagnostic limitations and potential adequacy
issues were addressed in 17 remaining cases. The average
turn-around time was 4.4 days. The three most common
diagnostic problems were acinic cell carcinoma, epithelial
myoepithelial carcinoma, and adenoid cystic carcinoma.
Pathologists' adherence to recommendations by Association
of Directors of Anatomic and Surgical Pathology regarding
consultation practice is described.

Keywords Personal consultations . Salivaryglandpathology

Introduction

Pathology consultation cases usually originate from two main
sources: referral cases, also known as institutional consults
(IC), in which the patient had been referred to a tertiary center
for therapy or second opinion; and consultation-only cases or
personal consults (PC), in which a second opinion was being
sought but the patient was not being referred for therapy.
These practices are summarized by the Association of
Directors of Anatomic and Surgical Pathology (ADASP) in
a 1993 report [1].

IC have been the subject of numerous studies [2–6] and
included head and neck subsites [7, 8]. The focus of such
studies is fairly concrete: accuracy with respect to an expert
“gold standard” and impact of expert reclassification on
patient management and outcome. Studies of PC are far
more challenging, uncommon [9–11], always retrospective,
and to date have not been performed in head and neck
pathology. For PC, a final diagnosis is not rendered by the
contributor, and thus is not exactly “reversed” by an expert.
Therefore, assessment of concordance and accuracy is less
meaningful here. Thus, a more pragmatic approach to
analysis of PC would be to identify problematic areas and
document the approach to resolution.

In order to describe the commonly encountered challenges
in a head and neck consultative practice, we prospectively
collected data on PC received by the Head and Neck Division
at University of Pittsburgh Medical Center (UPMC) over a 1-
year period. This real-time evaluation of PC revealed that
salivary type tumors represent a major diagnostic dilemma. In
this study, we focus on the commonly encountered problems
in salivary gland pathology.
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Materials and methods

About 40,000 surgical specimens are accessioned annually
at UPMC-Presbyterian University Hospital (PUH), and
5,000 are from the head and neck organs. Three patholo-
gists have extensive expertise in Head and Neck Pathology.
Two Head and Neck Pathology fellows were in training
during the academic year of this study (2007–2008). PC
cases referred to UPMC Head and Neck Division were
prospectively identified—760 cases over a 12-month period
(Aug 2007 to July 2008; excluding endocrine cases). Of
760 cases, 205 cases were salivary type tumors, which are
characterized in this study. This study is approved by
Institutional Review Board (no. 0601084).

Indexed data The following data were recorded prospective-
ly: age, gender, geographic location, and type of pathology
practice where cases originated from academic, community,
or commercial laboratory, number of slides and blocks
submitted for review, and anatomic site. We categorized initial
diagnoses as “none”, “preliminary”, or “final”. In cases where
final diagnosis was made, we further looked for the presence
of a comment “case sent for additional extradepartmental
review, addendum to follow”. When no such a comment was
present, we recorded who requested the consultation (e.g.,
clinician, patient) and how much time passed between the
original sign out date and the date case was received at
UPMC. Turn-around time (TAT) was measured in days,
including weekends and holidays. When tissue block was
required and was not submitted initially, TAT was calculated
from the day block was received. If consultation was delayed
for more than 7 days (n=36 cases), a written explanation of
the delay was included in the report (e.g., conference time,
extensive immunohistochemical [IHC] work-up). Most
consultation cases were submitted by the pathologist within
6-week period after tissue was collected. All information was
extracted from documentation submitted with pathology
material. Since we were not involved in gross evaluation of
consultation cases, we generally did not comment on
adequacy of excision.

If necessary, additional information sometimes unavail-
able to the referring pathologist, such as radiologic
appearance or clinical symptoms, was provided to us by
clinician at our request. IHC studies were performed as
previously described [12]. Most commonly used abbrevia-
tions of salivary type tumors are as follows: acinic cell
carcinoma (ACC), adenoid cystic carcinoma (AdCC),
epithelial myoepithelial carcinoma (EMCa), mucoepider-
moid carcinoma (MEC), pleomorphic adenoma (PA),
hyalinizing clear cell carcinoma of salivary origin (HCCC),
low-grade cribriform cystadenocarcinoma (LGCCAC),
polymorphous low-grade adenocarcinoma (PLGA).

Cost: A $250 fee was charged per consultation case.

Results

General characteristics of consult cases

The demographic and geographic features, submitted
material, and TAT along with other general features of
consultation cases are summarized in Table 1. The
diagnoses rendered by consultants and anatomic distribu-
tion of cases are summarized in Table 2. Hematoxylin and
eosin (H&E) slides alone were sufficient for diagnosis in
only 27% of cases (55 of 205). Tissue blocks were initially
submitted along with H&E slides in 43% of cases (89 of
205). Blocks were requested in 30% of cases following the
review of initial H&E slides (61 of 205) and were received
on average within 4.5 days.

Final or preliminary diagnoses were rendered in 153 of 205
cases (75%). Fifty-two cases were received without patholo-
gists' interpretation: 25% of cases from community practices
(36 of 142), 47% of cases from commercial laboratories
(eight of 17), and 17% from academic institutions (eight of
46). Most of the cases with a final diagnosis (50 of 73, 68%)
had a “disclaimer” in the final diagnosis or diagnostic
comment field—“consultation pending”.

Adherence to recommendations by Association of Directors
of Anatomical and Surgical Pathology [1] All cases were
accepted for consultation. The rendered diagnosis was
always communicated to the submitting pathologist as a
written report transmitted via fax. If the case was sent to
more consultants after our opinion was rendered, we were
not made aware of this fact. Gross description with cassette
summary accompanied all cases. Fifty-one of 205 cases did
not include the cover letter explaining the reason for
consultation, specific questions to be answered, or working
diagnosis. All slides were shipped in an adequate manner—
No glass slide was received broken [13]. All materials that
cannot be duplicated (tissue blocks and cytology slides)
were returned. All recuts and special studies performed at
UPMC PUH were retained.

Most common diagnostic challenges: epithelial
myoepithelial carcinoma

General features of 21 EMCa are summarized in Table 3.
Nineteen EMCas were located in the parotid gland (90.4%),
one in submandibular gland (4.3%), and one in sublingual
gland (4.3%). Tissue blocks/blank slides were provided in
ten cases and requested by consultants after initial H&E
evaluation in nine additional cases. Two cases were signed
out based on H&E and IHC performed by submitting
pathologists. Preliminary and final diagnoses rendered by
submitting pathologists in cases diagnosed by consultants
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as EMCa are summarized in Table 4 (Electronic supple-
mentary material).

Histologically, the majority of EMCa (17 of 21, 81.0%)
showed a biphasic tubular proliferation of pale eosinophilic
cuboidal inner/luminal cell layer surrounded by an often
clear cell outer myoepithelial layer (Fig. 1a). However, in
this series, clear cells dominated in only 11 of 21 cases
(52.3%). Immunohistochemically, luminal cell layer was
strongly positive for low molecular weight cytokeratin
cocktail CAM5.2 (Fig. 1b), while the outer myoepithelial
cell layer was positive for p63 (Fig. 1c), actin, and/or
calponin (Fig. 1d). Of note, nine of 21 (42.8%) cases
showed at least partial encapsulation (Fig. 1a). Of the
named variants of EMCa, oncocytic and apocrine variants
were noted in six of 21 (28.6%) cases (Fig. 1e). Here, the
bi-layered appearance was maintained. However, the
epithelial layer and often, the myoepithelial cell layers,
showed abundant granular eosinophilic cytoplasm. In the
apocrine EMCa, the epithelial component also showed
periapical snouts, large nuclei with vesicular chromatin, and
prominent nucleoli. This cell layer was positive for
androgen receptor (Fig. 1f).

Adenoid cystic carcinoma

AdCC comprised 20 of 205 (9.8%) of salivary consultation
cases. General features of AdCC are summarized in Table 3.
Site distribution was as follows: parotid gland—five (25%),
palate—two (10%), tongue—two (10%), buccal mucosa—
one (5%), maxillary sinus—three (15%), submandibular
gland—two (10%), ear—two (10%), nasal cavity—one

(5%), nasopharynx—one (5%), neck, and not otherwise
specified—one (5%). Preliminary and final diagnoses
rendered by submitting pathologists in cases diagnosed as
AdCC by consultants are summarized in Table 5 (Electron-
ic supplementary material).

All AdCC were infiltrative basaloid tumors with basement
membrane type material deposition (Fig. 2a). These tumors
were also biphasic, consisting of an outer myoepithelial and
inner ductal layers. However, unlike EMCa, both cell layers
were comprised of cells with scant cytoplasm and small
angulated, but relatively monomorphic hyperchromatic cells
(Fig. 2b and d). Ten of 20 (50%) cases had a tubular or
cribriform predominant morphology, while seven of 20
(35%) had solid predominant (Fig. 2c) morphology. The
myoepithelial contribution to the tumor diminished as the
solid component increased. Additionally, three of 20 (15%)
cases had evidence of high-grade transformation (HGT) [14].

Acinic cell carcinoma

Twenty ACC were diagnosed over the period of this study.
General features of ACC are summarized in Table 3.
Seventeen carcinomas arose in the parotid gland, two in the
upper lip (biopsies), and one in submandibular gland. Tissue
blocks were provided in seven cases and requested by
consultants after initial H&E evaluation in three additional
cases. Preliminary and final diagnoses rendered by submitting
pathologists in cases diagnosed as ACC by consultants are
summarized in Table 6 (Electronic supplementary material).

ACC in this series were characterized by a variety of growth
patterns: papillary cystic (n=5; Fig. 3d), solid (n=2; Fig. 3a),

Table 1 Demographic and other characteristics of patients and material

Demographic features Men (number)/average age (years), % 86/56 (42%)

Women (number)/average age (years), % 119/59 (58%)

Practice type (number, %) Academic 46 (22%)

Commercial 17 (8%)

Community 142 (70%)

Slides per case, average 10

Cases received with accompanying blocks 89 (43%)

Cases with blocks requested following review of original H&E slides 61 (30%)

Turn-around time 4.4 days

Contributors' diagnoses Final, with comment “consultation pending” a 50 (25%)

Final, without the comment “consultation pending” 23 (11%)

Preliminary 80 (39%)

None 52 (25%)

Geographyb 31 states; 125 different departments; top 5 contributors—PA (49c), CA (15), OH (14), FL (11); ≥5 cases were received
from 17 states

a Consultation was requested by clinicians in nine cases and patients in two cases
b One international case was received
c Of 49 PA cases, 11 were sent by University of Pittsburgh Medical Center-affiliated hospitals.
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and mixed microcystic and follicular (n=13; Fig. 1e; Table 7,
Electronic supplementary material). The key histologic
feature of ACC is the presence of zymogene granules,
sometimes more obvious on Periodic Acid Schiff stain with
diastase (PASD; Fig. 3b). In all but two cases, granules were
smaller, fewer, and less basophilic than in classic cases (a
combination of features more commonly seen in ACC arising
in minor salivary glands). No case showed dedifferentiation
or significant areas of clear cells. Prominent tumor-associated
lymphoid response was present and mentioned in the
diagnostic line in ten of 20 cases. In four cases, the

prominence of vacuolated mucous-like cells (Fig. 3c) promp-
ted the differential diagnosis of a mucoepidermoid carcinoma
and “sebaceous” differentiation. In all of these cases, mucin
appeared to be intraluminal rather than intracytoplasmic. Four
cases were further complicated when the predominant cells
were “intercalated duct-type cells” (Fig. 3f).

Consultation cases with no definitive diagnosis

In 8% of cases (17 of 205), no definitive confident
diagnosis was rendered by consultants. General features of

Table 2 Diagnoses and anatomic distribution of salivary lesions

Diagnosis Anatomic site, number of cases

(Para)nasal Ear Naso pharynx Neck Major salivary glands Oral cavity Thorax Total

Acinic cell carcinoma 18 2 20

Adenoid cystic carcinoma 4 2 1 1 7 5 20

Adenoma, NOS 4 4

Atypical PA 5 5

Basal cell adenocarcinoma 1 3 4

Basal cell adenoma 1 4 5

Carcinoma ex PA 12 12

Carcinosarcoma ex PA 1 1

Canalicular adenoma 2 1 3

Cautery artifact 1 1

Cystadenoma 1 1

EMCA 21 21

HCCC 1 1

LGCCAC 3 3

Lymphadenoma 1 1

MEC 9 8 18a

Mucocele 3 3

No definitive diagnosis 1 1 1 1 11 2 17

Oncocytic hyperplasia 1 1

Myoepithelial carcinoma 1 8 9

Myoepithelioma 8 8

Normal histology 1 1

Oncocytoma 4 4

PA 1 12 4 19b

PLGA 1 1 5 7

Salivary duct carcinoma 10 10

Sialadenoma papilliferum 2 2

Warthin tumor 1 3 4

Total 7 2 4 4 140 42 2 205a,b

Of 140 cases located in major salivary glands, 117 cases involved parotid gland, 21 submandibular gland, one submandibular and parotid glands,
one sublingual gland

NOS not otherwise specified, PA pleomorphic adenoma, EMCA epithelial myoepithelial carcinoma, HCCC hyalinizing clear cell carcinoma of
salivary origin, LGCCAC low-grade cribriform cystadenocarcinoma, PLGA polymorphous low-grade adenocarcinoma
a One MEC was located at base of skull
b One additional PA was located in lacrimal gland and one in the larynx
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these cases are summarized in Table 3. In 13 cases, it was
impossible to distinguish between a benign and malignant
process. In four cases, while the malignant nature of the
process was apparent, the exact type of the cancer remained
unclear. This subset of cases required a more extensive
review by more than one consultant within our department,
leading to a TAT of 6 days (versus 4.1 days TAT in cases
where definitive diagnosis was provided). Preliminary and
final diagnoses rendered by submitting pathologists in these
cases are summarized in Table 8 (Electronic supplementary
material). The anatomic distribution of this subset of cases
is summarized Table 9 (Electronic supplementary material).
Follow-up excisions were sent for two cases with incon-
clusive diagnosis: One case was confidently diagnosed as a
PA. In another case, although the malignant nature of the
neoplasm was firmly established (due to the presence of an
invasive growth pattern), further classification was still
impossible.

Discussion

The popularity of PC can be potentially attributed to many
factors, but among the most prominent is the progressive
evolution of sub-specialization in medicine. The refinement
of clinical oncology and surgery practice places increasing
demands on pathologists to provide a level of expertise and
sophistication that satisfies this new and changing “standard
of care”. Unfortunately, the scope of material encountered
by most practicing pathologists is still very broad and
general. To address the challenge of providing improved
expertise in each area, some academic centers adopt
subspecialty sign out practice, but for most practices, this
is not feasible. Thus, PC to designated experts in
subspecialty area has become a viable option.

The current study is the first prospective analysis of a PC
practice. While our data collection included all head and
neck lesions (excluding endocrine), for this study, we have
chosen to report on our experience with salivary type
pathology, as this was the most prominent area of our

consultative service (205 of 760 cases). The broad
geographic distribution of contributors and demographic
features of patients allow us to conclude that the problematic
diagnostic patterns documented by this study are represen-
tative of challenges experienced by a larger pathology
community. Regarding the breadth of material received
during this 12-month period, almost all salivary type entities
(as described in Head and Neck WHO Classification of
Tumors) were represented (with the exception of sebaceous
tumors, oncocytic carcinoma, and sialoblastoma). Further-
more, the demographic features of more common salivary
neoplasms are similar to those described in the largest studies
on the topic. For instance, the female predominance, age and
anatomic distribution, and prevalence of ACC in this series
mirrors those summarized in Armed Force Institute of
Pathology atlas of tumors of the salivary glands [15].

For the first time, adherence to the ADASP recommen-
dations for personal consultations is described. Twenty-five
percent of consultation requests were NOT accompanied by
final or preliminary diagnoses. This is one area for future
improvement. Some criteria of consultation practice were
never studied before. For instance, the TAT presented here
was 4.4 days. For comparison, in this study, the average
time required to receive the block once it was requested
was 4.5 days. The only other benchmarks for comparison in
the literature are the TAT provided by two retrospective
European studies conducted by referring institutions (rather
than consultants as in the present analysis): 22 days [16]
and 32.8 days [17]. The TAT does depend on the diagnostic
difficulty of the consult case. For instance, the recognition
of classic H&E features of ACC resulted in faster TAT:
these cases were signed out on average in 2.6 days. For
comparison, the general TAT for all salivary type consul-
tation cases was 4.4 days, and for cases were definitive
diagnosis was not rendered, TAT was 6 days (waiting for
additional clinical information, imaging studies, deeper
H&E levels, IHC).

In 92% of cases (188 of 205 cases), expert pathologist
provided the final diagnosis. It is difficult to appreciate the
clinical and financial impact of this service.

Table 3 General features of epithelial myoepithelial carcinomas, adenoid cystic carcinomas, acinic cell carcinomas (three most common
diagnostic challenges sent for consultation) and cases with no conclusive diagnosis

Feature, total cases EMCa, 21 AdCC, 20 ACC, 20 No conclusive diagnosis

Average age, years 61.4 59.8 46a 57

Men to women ratio 9:12 11:9 8:12 9:8

Type of practice C-15; Com–2; U-4 C-13; Com-2; U-5 C-12; Com -5; U -3 C-15; Com-1; U-1

TAT, days 4.8 4 2.6 6

Type of practice: C—community, Com—commercial laboratory, U—university

EMCa epithelial myoepithelial carcinoma, AdCC adenoid cystic carcinoma, ACC acinic cell carcinoma, TAT turn-around time (days)
a Four patients were younger than 21 [youngest—12 years of age]
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Fig. 1 Epithelial myoepithelial carcinoma diagnostic features. a
Partially encapsulated EMCa showing a biphasic ductular proliferation
of eosinophilic inner cells and clear outer myoepithelial cells, H&E,
×100. b CAM5.2 highlights luminal cells, IHC, ×200. c The outer
myoepithelial cell layer is positive for p63, IHC, ×200. d Myoepithelial

cells are highlighted by calponin, IHC, ×200. e Apocrine variant of
EMCa with epithelial layer showing abundant granular eosinophilic
cytoplasm, prominent nucleoli, H&E, ×400. f Luminal cells with
apocrine features are positive for androgen receptor, IHC, ×200
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Epithelial myoepithelial carcinoma

These tumors have proved historically to be difficult to
recognize and categorize [15]. One of the major challenges
in the accurate diagnosis is the rarity of this tumor.
Additionally, the biphasic arrangement of tumor cells can
show numerous patterns and variants [12]. Occasionally,
one component may predominate, obscuring the biphasic
nature of the tumor. As shown above, IHC stains can
“unmask” the biphasic nature.

Another issue encountered here was the deceptively
bland appearance of this low-grade malignancy. These
tumors usually infiltrate in a multinodular fashion rather
than angulated infiltrative nests. In our consult experience,
at least partial encapsulation is relatively common, raising
the possibility of a benign biphasic tumor, most notably of a

cellular PA. As we noted in our previous series [12], this
distinction may be extremely challenging particularly if the
EMCa had arisen from PA, as noted in two cases in this
study. Distinguishing features from PA include documenta-
tion of invasion, even if nodular or minimal, and absence of
chondromyxoid stroma in EMCa.

Another perhaps less apparent reason for diagnostic
difficulty is the restrictive nature of the AFIP definition
requiring that the outer cell myoepithelial cell layer shows
clear cytoplasm [15]. We characterized oncocytic and
apocrine variants of EMCa that defy the classic definition
and yet to date behave in a fashion similar to “classic”
EMCa [12]. In this study, oncocytic and apocrine variants
comprised over one fourth of our EMCa. This high
prevalence of “non-classic” EMCa is likely reflective of
“consult bias” towards unusual cases.

a

c

b

d

Fig. 2 Adenoid cystic carcinoma diagnostic features. a AdCC
showing a basaloid cribriform patterned proliferation of tumor cells
in myxohyaline matrix, H&E, ×100. b The distinguishing nuclear
characteristics of AdCC are hyperchromasia, angulation, and mono-

morphism shown here. Also present is the characteristic clefting of
tumor nests from stroma, H&E, ×400. c Solid AdCC showing
perineural invasion, H&E, ×100. d The nuclear features are similar
to the cribriform AdCC in Fig. 2b, H&E, ×400
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Fig. 3 Acinic cell carcinoma diagnostic features. a Classic well-
differentiated acinic cell carcinoma with acinic cells with basophilic
granular cytoplasm arranged in a solid pattern, H&E, ×200. b Rare
cytoplasmic zymogene granules highlighted by periodic acid shift
stain with diastase treatment (PASD resistant; PASD, ×400). c A
representative area of acinic cell carcinoma with numerous modified

serous/acinic cells showing vacuolated cytoplasm, H&E, ×200. d
Papillary-cystic pattern of acinic cell carcinoma, H&E, 100×. e Mixed
follicular and microcystic pattern of acinic cell carcinoma and tumor-
associated lymphoid stroma, H&E, 100×. f Cuboidal intercalated
duct-type cells arranged in mixed follicular and microcystic patterns;
minimal to none acinic serous differentiation, H&E, ×200
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Once the biphasic nature of a tumor is recognized and is
confirmed to be malignant by its permeative growth,
perineural, and/or angiolymphatic invasion, the differential
diagnosis narrows to AdCC, basal cell adenocarcinoma, and
oncocytic carcinoma (with respect to the oncocytic EMCa
variant). Both EMCa and AdCC are biphasic tumors with the
same phenotype—inner ductal and outer myoepithelial layers.
However, AdCC tends to be more infiltrative and comprised
of cells with more hyperchromatic and angulated nuclei with
scanter cytoplasm. We have also noted clefting of tumor nests
from the surrounding stroma/basement membrane type
material to be more common in AdCC. In EMCa, the
retraction artifact is more commonly seen between the luminal
and outer layers (personal observations). Basal cell adenocar-
cinomas to some extent are biphasic tumors that may show
central ducts and some outer myoepithelial cells. A key
distinguishing morphologic features from EMCa is the
presence of peripheral palisading of the outermost layer in
basal cell adenocarcinomas. Only some of the outer basal cells
in basal cell adenocarcinoma are myoepithelial (expressing
p63 and actin/calponin); the rest express p63 only. Oncocytic
carcinomas may show p63 positive cells; however, in
contrast to a bona fide oncocytic EMCa, these cells are
small, indistinct, and randomly distributed [18]. Apocrine
EMCa, a newly described variant [19], is also oncocytoid in
appearance but the ductal component has vacuolated
cytoplasm, periapical snouts, and nuclear pleomorphism
typical of apocrine change and reminiscent of salivary duct
carcinoma. Additionally, these areas express androgen
receptor similar to salivary duct carcinoma [20, 21].

Adenoid cystic carcinoma

AdCC, though more easily recognized, is still a significant
part of our consult practice. Contributors are aware that not
all basaloid or cribriform patterned salivary gland malig-
nancies are automatically AdCC. To some extent, the
predominant growth pattern dictates the differential diag-
nosis. For tubular/cribriform patterns, the biphasic tumor
differential mentioned above comes into play, in addition to
low-grade salivary gland malignancies such as PLGA, and
rarely benign entities such as a cellular PA or basal cell
adenoma. In contrast, solid AdCC and AdCC with HGT
evoke high-grade diagnostic considerations, including
carcinoma ex PA, salivary duct carcinoma, and non-
salivary lesions such as neuroendocrine carcinoma, basaloid
squamous cell carcinoma, or even a lymphoma. Our consult
data appear to support this concept (see Table 5, Electronic
supplementary material).

For the tubular and cribriform patterned AdCC, key
diagnostic features are the recognition of the biphasic
growth pattern and angulated dark nuclei. A historical
differential diagnostic consideration is PLGA. It is interest-

ing to note that this was not a significant issue in our
consult practice. In our opinion, this consideration has
diminished greatly with the characterization of salient
morphologic features of PLGA [22]. PLGA is not a
biphasic tumor; it is polymorphous in pattern, but fairly
uniform in cell type with characteristic ovoid nuclei with
open, “papillary thyroid carcinoma”-like chromatin [22].
PLGA is strongly positive for S100 [22].

For solid conventional AdCC, an epithelial phenotype
predominates; however, immunostains will show a residual
outer abluminal myoepithelial cell. AdCC with HGT, on the
other hand, has the appearance of a high-grade adenocarcino-
ma or undifferentiated carcinoma, and there is no longer an
abluminal myoepithelial layer. If the transformed component is
present alone, it would be indistinguishable from an adeno-
carcinoma, not otherwise specified, or a high-grade carcinoma
ex PA. Thus, one important diagnostic criterion is the
recognition of a residual conventional AdCC component [14].

Acinic cell carcinoma

We have identified three sources of problems in diagnosis
of ACC: abundance of mucous and vacuolated cells, tumor-
associated lymphoid response, and predominance of non-
specific intercalated ductal-type cells.

The importance of tumor-associated lymphoid response
as a potential diagnostic pitfall was previously highlighted
by Auclair [23]. Unlike acinic cell carcinoma, benign
salivary tissue inclusions within lymph nodes are present
in parotid gland only and demonstrate both ducts and acini
[24]. A careful search for zymogene granules on PASD
stain, combination of solid, follicular, microcystic, and
papillary-cystic pattern along with the predominantly
negative p63 immunostain (i.e., absence of epidermoid
cells) will lead to the correct diagnosis of ACC.

In addition to highlighting common diagnostic chal-
lenges presented by recognizable nosologic entities, we
outline here a subset of biopsies with inconclusive diagnosis
following expert review. When the cytologic features are
bland, the mitotic rate is low, and the classic morphologic
features for a malignant category (e.g., ACC) are absent,
the delineation of benign versus malignant process relies on
evaluation of the periphery of the lesion to assess for
invasiveness. In the absence of the tumor/normal tissue
interface, it is essentially impossible to evaluate for defining
features of malignancy: invasive growth, perineural, or
angiolymphatic invasion. This does not imply that useful
data cannot be gleaned from such biopsies. Here, morpho-
logic characterization and immunohistochemical studies
can at least narrow the differential diagnostic considera-
tions, which were offered in all cases. The most common
diagnostic line employed in this group of lesions was
“biphasic salivary neoplasm”. The differential diagnosis of
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biphasic salivary tumors included AdCC, EMCa, and
cellular PA. Of note, even when malignant nature of the
biphasic carcinoma is obvious, reliably distinguishing
between an AdCC and EMCa might still be a difficult task
(one case in this series). Clear cell neoplasms were another
perennial problem encountered on this biopsy. The differ-
ential diagnosis here is broad and occasionally includes
non-salivary/metastatic lesions. Again here, characterizing
the immunophenotype of the clear cells (i.e., epithelial
versus myoepithelial) may exclude several categories. In
some cases, the prohibitively small size of the biopsy
results in the diagnostic line “insufficient for diagnosis”.
Thus, in summary, our general practice is not to make the
“line diagnosis” of carcinoma unless at least one of the
following criteria is met:

1. High-grade cytologic features, including severe atypia,
abundant/atypical mitoses, and/or necrosis.

2. Perineural or angiolymphatic invasion.
3. Infiltration as seen at tumor/adjacent normal tissue

(stroma) interface.
4. Morphologic features absolutely classic for a malignant

category (i.e., adenoid cystic carcinoma, acinic cell
carcinoma).

Further prospective studies with follow-up are required
to validate these or other “adequacy” criteria for biopsies of
salivary type lesions.

In summary, this prospectively accrued study of personal
consultations originating from head and neck sites offers
insights into the challenges commonly encountered in salivary
gland pathology. Demographic characteristics and TAT
benchmarks are established, and adherence by both contrib-
utor and consultant to most of ADASP recommendations is
described. The commonly encountered named entities in this
PC practice include AdCC, EMCa, and ACC. We also herein
formalize a problem that is commonly encountered in salivary
gland pathology, namely the biopsy of a cytologically bland
neoplasm without tumor stromal interface, and offer recom-
mendations on reporting for these biopsies.
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Abstract To explore the mechanism of the disruption of
circadian rhythm in breast cancer, we examined the
expression of nine circadian genes in 53 newly diagnosed
breast cancers by immunohistochemical staining, mutation-
al analysis, and methylation analysis of the promoter of
circadian genes. Our results showed that 37 of the 53 breast
cancer tissues had hypermethylation on the promoters of
PER1, PER2, CRY1, or BMAL1. Twenty-five out of 53
paired noncancerous (normal) tissues had methylation on
the promoter of PER1 or CRY1. Our results indicated a
higher frequency of concurrent methylation of PER1 and

CRY1 promoters in cancerous and normal tissues. Promoter
methylation of the PER1 correlates with c-erbB2 immuno-
histochemical reaction of ≥2+ (p=0.012) and has a strong
inverse correlation with estrogen receptor positivity (p=
0.016). We further analyzed the patterns of circadian gene
expression by immunohistochemical methods and found
that homogeneous expression of PER2 or BMAL1 is
significantly associated with lymph node metastasis and
poor prognosis. PER2 heterogeneous expression correlates
with <2+ c-erbB2 immunohistochemical reaction. Hetero-
geneous expression of CLOCK is associated significantly
with 3-year survival. In conclusion, the expression pattern
of circadian genes might be a biomarker for the prognosis
of breast cancer.

Keywords Circadian genes . Promoter methylation .

Immunohistochemical analysis . Breast cancer

Introduction

In mammals, physiological and hormonal processes as well
as behavioral reactions that follow circadian rhythms are
driven by an endogenous master clock. The master clock is
located in the suprachiasmatic nucleus (SCN) of the
hypothalamus and produces self-sustaining circadian
rhythms that are synchronized by external cues. Recent
studies have shown that the circadian system is a master
and slave structure: the master pacemaker (SCN) synchro-
nizes the slave oscillators (peripheral tissues) of mammals
[1–7]. Recently, circadian rhythms similar to those operat-
ing in the SCN have been found in most mammalian cells
and peripheral tissues, and these peripheral circadian
rhythms may be driven or synchronized by the central
pacemaker in SCN [4, 5]. The human circadian rhythm is
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controlled by at least nine circadian genes, viz. period 1
(PER1), period 2 (PER2), period 3 (PER3), crypto-
chrome 1 (CRY1), cryptochrome 2 (CRY2), CLOCK,
BMAL1, casein kinase 1ε (CK1ε), and timeless (TIM)
[6–8]. The three PER genes encode PER–ARNT–SIM
(PAS) domain nuclear proteins but do not directly bind
DNA. The CLOCK and BMAL1 genes encode PAS helix–
loop–helix transcription factors. The products of these
genes are assembled into a molecular clockwork which is
composed of interlocking feedback loops in gene expres-
sion [1–10].

A study conducted in Norway where the daylight and
corresponding winter darkness each rules in different halves
of the year demonstrated an annual dynamic change of
histology in breast cancer patients [11]. Circadian rhythms
regulate many functions in the human body, including sleep
and wakefulness, body temperature, blood pressure, hor-
mone production, digestive secretion, and immune activity.
Disruption of these rhythms can have profound influence
on human health [12–16]. The disruption of circadian
rhythm is already known as a risk factor in the development
of breast cancer [16–20] but molecular changes involving
circadian genes in breast cancer cells are rarely explored. In
this study, we used immunohistochemical staining, muta-
tional analysis, and methylation analysis of the promoter to
study nine circadian genes in paired breast cancer tissues in
order to explore the contribution of circadian genes in
breast tumorigenesis.

Materials and methods

Samples

Fifty-three resected breast cancer and paired noncancer-
ous (normal) tissue samples were obtained from 53
newly diagnosed female breast cancer patients (who had
not received neoadjuvent chemotherapy) at the Chan-
ghua Christian Hospital. Women who work at night or
work night shifts occasionally were not included in this
study. The paired breast parenchyma showed fibrocystic
change and atrophy of terminal ductal lobular units. All
patients were staged as defined by the 2002 American
Joint Committee on Cancer staging system. The age of
the patients ranged from 27 to 84 years old with a
mean of 51.4 years old. The tissues were frozen
immediately after surgical resection and stored in liquid
nitrogen until extraction of either DNA or RNA. DNA
extraction was performed as previously described [21,
22]. Clinically, eight cases were stage I, 35 cases were
stage II, eight cases were stage III, and two cases were
stage IV. Pathologically, four cases were grade I, 34 cases
were grade II, and 15 cases were grade III. Histopatho-

logically, 51 cases were infiltrating ductal carcinoma and
two cases were infiltrating lobular carcinoma. This study
was approved by the Institute Review Board of the
Changhua Christian Hospital.

Analysis of circadian-related, cell cycle-related, estrogen
receptor, progesterone receptor, P53, and c-erbB-2 protein
levels by immunohistochemistry

Paraffin-embedded breast cancer tissue sections (4 µ) on
poly-1-lysine-coated slides were deparaffinized. After
treatment with 3% H2O2 in methanol, the sections were
hydrated with gradient alcohols and phosphate-buffered
saline (PBS), incubated with 10 mM citrate buffer, and
finally, heated at 100°C for 20 min in PBS. After
incubation with the mouse monoclonal antibodies for
estrogen receptor (1:50 dilution, Novo Castra, UK),
progesterone receptor(1:40 dilution, Novo Castra, UK),
P53 (1:100 dilution, Dako, Denmark), rabbit polyclonal
antibody for c-erbB-2 (1:600 dilution, Dako, Denmark),
nine circadian proteins (1:75 dilution for PER1, PER2,
and CRY1; 1:50 dilution for PER3, CLOCK, CK1ε,
BMAL1, and TIM1; 1:75 dilution for CRY2; Santa Cruz,
CA, USA), cyclin A, cyclin B, and cyclin D (1:50
dilution, Novo Castra, UK) for 20 min at room tempera-
ture, the sections were incubated with an HRP/Fab
polymer conjugate for another 30 min after being
thoroughly washed three times with PBS. The sites of
peroxidase activity were visualized using 3,3′-diamino-
benzidine tetrahydrochloride as a substrate. Hematoxylin
was used as the counter stain. The paired normal breast
tissues were used as positive controls for the circadian
proteins. The expression patterns of circadian proteins in
breast cancerous cells were examined. Cytoplasmic stain-
ing in more than 10% of cells was considered positive. A
homogeneous pattern indicates that more than 90% of
cells are positive while heterogeneous pattern marks that
less than 90% of cells are positive. For nuclei staining of
estrogen receptor, progesterone receptor, and P53, staining
in more than 10% of cells was considered positive. Anti-c-
erbB-2 antibody was utilized to stain cell membrane with
guidelines published by ASCO/CAP. Briefly, the scoring
system was as follows: no staining or membrane staining
in fewer than 10% of tumor cells, 0; faint, barely
perceptible membrane staining in more than 10 % of
tumor cells, the cells are stained only in part of the
membrane, 1+; weak to moderate complete membrane
staining observed in more than 10% of tumor cells or
strong complete membrane staining in less than 30% of
tumor cells, 2+; and strong, complete membrane staining
in more than 30% tumor cells, 3+. The immunohisto-
chemical results were evaluated by two investigators
scoring independently.
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Mutational analysis of nine circadian genes

Amplification of the coding regions of nine circadian genes
was carried out by polymerase chain reaction (PCR). The
PCR primers and the primer sequences were as described
[21]. PCR was performed in a 50 µL final volume
containing 200 nM of each primer, 200 µM of each dNTP,
3.5 mM MgCl2, 2 U Taq DNA polymerase (Promega,
Medison, WI, USA), and 1X PCR buffer. The amplification
procedure was carried out as follows: 35 cycles of PCR
reactions including denaturing at 95°C for 1 min annealing
at the temperature depending on the melting temperature
(Tm) of each primer set for 1 min and an extension cycle at
72°C for 2 min. The PCR products were subjected to gel
purification, and direct sequencing DNA sequencing was
performed by ABI Prism 310 Genetic Analyzer and the
BigDye Terminator Cycle sequencing kit (Applied Bio-
system, USA) according to the manufacturer's protocol.

Methylation-specific PCR analysis of circadian genes

Genomic DNA was modified with sodium bisulfite and
methylation-specific PCRs were performed as described
[21–23] with some modifications. Two pairs of primers for
the promoter of each circadian gene were used to determine
the methylation status of the promoter. The sequences of
primers are as described [21]. Briefly, approximately 4 µg
of genomic DNA in 40 µL H2O was denatured by
incubation with 10 µL of 1 N NaOH at 37°C for 10 min
and then modified with 30 µL of 10 mM hydroquinone and
520 µL 1.5 M sodium bisulfite (pH 5.0) at 50°C for 16 h.
DNA samples were eluted with 100 µL prewarmed H2O
(65–70°C) in a Wizard DNA purification kit (Promega,
Madison, WI, USA). We then added 50 µL 1 N NaOH to
the eluent and incubated the mixture at room temperature
for 5 min. After the pellet was precipitated with 150 µL
100% isopropanol and washed with 70% ethanol, it was
resuspended in 45 µL H2O. Modified DNA was amplified
in a total volume of 20 µL solution containing 1X PCR
buffer, 1.0 mM MgCl2, 100 ng of each primer, 0.2 mM of
each dNTP, and 2.5 U Taq polymerase. PCR was performed
in a thermal cycler for 35 cycles; each cycle consisted of
denaturation at 94°C for 1 min, annealing at 60°C for both
methylated and unmethylated primers for 1 min, extension
at 72°C for 1 min, and a final 5-min extension at 72°C.
PCR products were then loaded and electrophoresed on a
3.5% agarose gel, stained with ethidium bromide, and
visualized under UV illumination.

CpG methylase (SssI)-treated genomic DNAwas used as
a positive control for methylation-specific primers. DNA
samples extracted from the blood of healthy individuals
who had been tested negative for methylation in the
promoters of the nine circadian genes were used as positive

controls for unmethylated status. To ensure methylation
specificity, unmodified genomic DNA samples from both
the cancerous and noncancerous parts of each breast cancer
patient were used as negative controls. To confirm the
results of the methylation-specific and unmethylation-
specific PCR experiments, all the suspected PCR products
were subjected to direct sequencing.

Statistical analysis

Comparison between methylation status and clinicopatho-
logical analysis were analyzed by Fisher's exact test or chi
square test on SPSS for Windows Release 15.0 (SPSS,
Chicago, IL, USA). Variables with a p value of less than
0.05 were considered statistically significant.

Results

Mutational analysis of coding areas of nine circadian genes

To elucidate the mechanism of the disruption of circadian
genes in breast cancer, we performed direct sequencing on
cases with abnormal expression patterns for possible
mutations in the coding region of the circadian genes. No
function-related changes were found, but 15 polymor-
phisms of the circadian genes were detected in cancerous
and normal tissues (Supplement Table 1). Eleven of the 15
polymorphic sites were silent changes; the remaining four
sites resulted in changes in amino acid residues of similar
characteristics. We found no correlation between the
detected polymorphisms and the circadian gene expression
patterns. These results suggest that circadian gene muta-
tions do not play a significant role in the perturbed
expression patterns of the circadian genes in breast
cancerous cells.

Analysis of the methylation status of the promoter of nine
circadian genes

The results of methylation-specific PCR analysis of the
promoters of the nine circadian genes are shown in Fig. 1.
Using methylation-specific PER1 primers, the methylated
promoter yielded a 298-bp PCR product which was not
present in cases of the unmethylated promoter. Similarly,
the unmethylated promoter produced a 318-bp PCR product
and none was generated for the methylated promoter using
the nonmethylation-specific primers (Fig. 1a). Using the
same principle, methylation-specific and nonmethylation-
specific primers for the promoters of eight other circadian
genes were used for determining the methylation status of
the promoter of each gene (Fig. 1b–i). In total, 53 pairs of
breast cancerous and normal tissues were examined for
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promoter methylation of the nine circadian genes. No
methylation was found in the promoters of PER3, CRY2,
CLOCK, CK1ε, and TIM in both cancerous and normal
tissues of the 53 breast cancer patients. Fourteen out of 53
of the normal tissues had PER1 promoter methylation (11
cases showed similar methylation status in their paired
cancerous tissues), and 26 out of 53 of the cancerous tissues
had methylation in the PER1 promoter. Two cases (out of
53) of breast cancerous tissues had promoter methylation in
the PER2 promoter. Twenty-five out of 53 of the cancerous
tissues had CRY1 promoter methylation. Twenty-one out of
53 of the normal tissues had CRY1 promoter methylation
(11 cases had similar methylation in their paired cancerous
tissues). One case (out of 53) of breast cancerous tissue
revealed promoter methylation of both BMAL1 and PER1
genes. Results of the methylation-specific PCR experiments
were confirmed by direct sequencing of the PCR products.

The results of methylation analysis of the promoters of
the nine circadian genes are summarized in Table 1. Thirty-
seven out of the 53 breast cancerous tissues had methylation
in the promoter of at least one circadian gene. Twenty-five
out of 53 paired normal tissues had methylation in the
promoter of at least one circadian gene. In these 25 cases, 11
cases showed methylated PER1 and CRY1 promoters, three
cases had methylation in PER1 promoter, and 11 cases had
methylation in CRY 1 promoter. A higher frequency of
concurrent methylation of PER1 and CRY1 promoters in
cancerous and normal tissues was indicated.

Correlation between the methylation status of the circadian
genes and clinical–pathological features in the breast cancer
patients

We attempted to correlate circadian gene promoter methyl-
ation with clinical–pathological features in the breast cancer
patients. No correlation was observed between circadian
gene promoter methylation and progesterone receptor, P53,
tumor grade, tumor size, and clinical stage. However,
promoter methylation of the PER1 correlates with ≥2+ c-
erbB2 immunohistochemical reaction (p=0.012) and has a
strong inverse correlation with estrogen receptor positivity
(p=0.016) (Table 2).

Fig. 1 Methylation analysis of nine circadian genes in primary breast
cancers. Representative MS-PCR analysis of PER1 (a), CRY1 (b),
PER2 (c), PER3 (d), CRY2 (e), BMAL1 (f), CLOCK (g), TIM (h),
and CK1ε (i) in primary breast cancerous tissues are shown. Parallel
amplification reactions were carried out using primers specific for
unmethylated (U) or methylated (M) DNA. L 100-bp ladder markers,

N1 to N17 noncancerous tissue, T1 to T17 cancerous tissue; SssI CpG
methylase-treated DNA, G unmodified genomic DNA, M and U PCR
using methylation-specific PCR primers for bisulfite-modified DNA,
U PCR using nonmethylation-specific PCR primers for bisulfite-
modified DNA

Table 1 Methylation-specific PCR analysis of four circadian gene
promoters in 53 breast cancers

Tissue Promoter methylation

P1+P2+C1 P1+C1 P1+P2 P1+B1 P1 C1

Noncancerous 0 11 0 0 3 11

Cancerous 1 14a 1 1 10b 10c

P1 PER1, P2 PER2, C1 CRY1, B1 BMAL1
a Six cases also had methylation at their paired noncancerous tissues
b Three cases also had methylation at their noncancerous tissues
c Three cases had methylation at their paired noncancerous tissues
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Immunohistochemical analysis of circadian proteins

In order to understand the expression patterns of circadian
proteins in breast carcinoma cells and paired normal cells,
we examined cellular circadian protein expression levels by
immunohistochemical staining. The cancerous and normal

tissues were obtained simultaneously and processed under
the same conditions. Hence, both the cancerous and the
paired normal tissues are theoretically at the same circadian
clock. The results showed that most of the duct cells in the
normal parts of the breast were positively and homoge-
nously stained for antibodies directed against the circadian
proteins, indicating that the normal cells are indeed in a
similar status of circadian rhythm. In contrast, heteroge-
neously and negatively staining patterns were frequently
found in the breast carcinoma cells for one or several
antibodies of the circadian proteins. We compared the
expression of nine circadian proteins with the clinical–
pathological features of breast cancer patients (Fig. 2) and
found that the expression patterns of circadian proteins
correlates with clinical features. The results showed that the
homogeneous expression of PER2 or BMAL1 is associated
with lymph node metastasis (p<0.05) and PER2 heteroge-
neous expression correlates with <2+ c-erbB2 immunohis-
tochemical reaction. The heterogeneous expression of
CLOCK was associated with higher 3-year survival (p=
0.006) (Table 3).

Discussion

DNA methylation in the CpG-rich regions known as CpG
islands located in promoter regions is associated with gene
silencing [23–29]. Aberrant methylation or hypermethyla-
tion of normally unmethylated CpG islands in promoter
regions has been shown to occur in important cancer-
related genes in immortalized, transformed, or cancer cells

Table 2 PER1 promoter methylation status and clinical–pathological
features in breast cancer patients

Clinical parameters PER1 promoter methylation p value

Positive Negative

Age <50 13 16 0.498
≥50 13 11

ER − 20 12 0.016a

+ 6 15

PR − 17 14 0.317
+ 9 13

c-erbB2 <+ 8 14 0.012
≥++ 15 5

P53 − 11 13 0.571
+ 14 12

Grade I, II 19 19 0.827
III 7 8

Tumor size (cm) <2 2 4 0.413
≥2 24 23

Stage I, II 22 20 0.482
III, IV 4 6

ER estrogen receptor, PR progesterone receptor
a Chi square test

Fig. 2 Immunohistochemical staining of the circadian proteins in
breast cancerous tissues was shown. The expression of representative
cases of nine circadian proteins were shown in a PER1, b PER2, c

PER3, d CRY1, e CRY2, f CLOCK, g BMAL1, h CK1ε, and i TIM.
The numbers 1 and 2 represent homogeneous expression and
heterogeneous expression, respectively
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[27, 28, 30, 31]. Changes in promoter methylation have
been studied in several common human cancers including
breast cancer [21, 30–33]. In this study, we employed the
methylation-specific PCR to investigate the methylation
status of the promoters of nine circadian genes in breast
cancer. Our results revealed promoter methylation of PER1
and CRY1 genes in cancerous tissues and paired normal
breast tissues which suggests that methylation of PER1 or
CRY1 promoter may be functionally important in providing
survival benefit for cancer cells. This phenomenon has been
previously noted in other cancer-related genes such as E-
cadherin and CAV-1 [31, 34–36].

PER1, PER2, BMAL1, and CRY1 are important genes
that regulate the circadian clock [1–3]. Activation of these
genes is regulated by BMAL1 and CLOCK through the E-
box of PER, which enhances the expression of PER and
CRY. Then, PER and CRY enter into the nucleus to inhibit
the activity of BMAL1 and CLOCK in feedback. The
downregulation of BMAL1 and CLOCK results in de-
creased expression of PER and CRY leading to the
formation of the circadian clock. Interestingly, homozygous
PER1, PER2, and CRY1 mutant displayed a shorter
circadian period with reduced precision and stability [37–
40]. Thus, inactivation of these genes results in the
deregulation of breast cancer cells from the control of
the central pacemaker. Matsuo et al. [41] have shown that
the circadian clock controls the expression of cell cycle-
related genes and the intracellular circadian rhythm. They
also noted that the intracellular circadian clockwork can

control the cell-division cycle directly and unidirectionally
in proliferating cells. Inactivation of the PER1, PER2, and
CRY1 genes in breast cancer cells may result in deregula-
tion of cell cycle control which favors the proliferation of
breast cancer cells.

Recent studies have shown that a large number of genes
are controlled by the circadian clock in a tissue-specific
manner and that many of these circadian control genes
function in the rate-limiting steps of major physiological
processes [3, 13]. PER1, PER2, BMAL1, and CRY1 are
critical components in the formation of the circadian clock;
suppressed expression of these genes may have profound
effects on the development of breast cancer.

Clinicopathological analysis shows a strong inverse
correlation between PER1 promoter methylation and
estrogen receptor expression. Since no expression of
estrogen receptor may result in an aggressive tumor
phenotype and reduced survival, our results suggest that
PER1 inactivation may play an important role in the
development of breast cancer. Whether methylation of the
PER1 gene influences the estrogen receptor expression, or
vice versa, needs to be further investigated. In accordance
with our previous study [42], PER1 methylation status has
strong correlation with the expression of the c-erB2
oncogene.

We compared the circadian protein expression patterns
with clinical features of breast cancer patients, and the
results showed that the heterogeneous and homogeneous
expression patterns of different circadian proteins in

Table 3 The correlation between the clinicopathological features and the expression patterns of PER2, CLOCK, and BMAL1

PER2 CLOCK BMAL1

He Ho Total p value He Ho Total p value He Ho Total p value

Tumor size (cm) ≤2 8 2 10 0.155 6 4 10 1.000 4 6 10 0.233
>2 20 19 39 22 17 39 8 31 39

Grade Well 3 0 3 0.268 1 2 3 0.632 1 2 3 0.914
Moderate 15 11 26 16 10 26 6 20 26

Poor 9 9 18 10 8 18 4 14 28

Survival (years) ≤3 3 6 9 0.153 1 8 9 0.006a 1 8 9 0.662
>3 24 15 39 26 13 39 10 29 39

LN − 15 5 20 0.040b 13 7 20 0.382 8 12 20 0.034c

+ 12 16 28 14 14 28 3 25 28

c-erbB2 <2+ 21 6 27 0.002d 18 9 27 0.184 8 19 27 0.510
≥2+ 7 14 21 10 11 21 4 17 21

p value by chi square test or Fisher's exact test when appropriated

He heterogeneous expression, Ho homogeneous expression
a Clock heterogeneous expression was significantly associated with 3-year survival
b Per2 homogeneous expression was significantly associated with lymph node metastasis
c BMAL1 homogeneous expression was significantly associated with lymph node metastasis
d Per2 heterogeneous expression was significantly associated with c-erbB2 immunohistochemical reaction of <2+
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cancerous tissues correlates closely with lymph node
metastasis and survival time. The homogeneous expression
of PER2 or BMAL1 in breast cancer tissue is strongly
associated with lymph node metastasis and poor prognosis.
PER2 heterogeneous expression correlates with <2+ c-
erbB2 immunohistochemical reaction which is a good
indicator of better survival than those with ≥2+ in breast
cancer. The heterogeneous expression of CLOCK in breast
cancer tissues has significantly higher 3-year survival.
PER2 is considered as a tumor suppressor gene, homoge-
neous expression of PER2 may be the result of clonal
selection of terminal tumor evolution. This dominant clone
may overcome the control of PER2 results in a more
aggressive nature, such as lymph node invasion. BMAL1
corporate with PER2 to control the circadian rhythm,
homogeneous expression of BMAL1 has a similar effect
on the prognosis of breast cancer cells. The heterogeneous
expression of CLOCK in breast cancer tissues may indicate
that the cancer cells are still controlled by circadian
CLOCK in comparison with homogeneous CLOCK ex-
pression of the more aggressive cancer cells.

In conclusion, this study shows that promoter methyla-
tion of the circadian genes occurs frequently in breast
cancer tissues. Promoter methylation likely inactivates the
expression of the affected circadian genes and disrupts the
circadian rhythm of breast cancer cells. This further results
in a different mode of circadian clock regulation from that
of normal cells. Our results may provide a basis of
chronotherapy in breast cancer that is based on the
differences in the expression of circadian genes in the
cancerous and normal tissues.
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Abstract Ependymomas generally arise in the central
nervous system (CNS). Rare primary extraneural ependy-
momas have been observed. Here, we describe the first case
of an overt malignant primary extraneural ependymoma in
a young female patient. Careful reevaluation together with
extensive review of the literature and comparison of related
cases established the diagnosis after treatment failure and
tumor progression. The tumor was large and firm with
some small cysts and showed pseudorosettes with strong
glial fibrillary acidic protein (GFAP) expression. In con-
clusion, primary extraneural ependymomas have to be
included into the differential diagnosis of abdominal tumors
with pseudorosette-formation, even in unusual sites, and
GFAP-immunohistochemistry (IHC) supports the diagnosis.

Keywords Ependymoma . GFAP. EMA

Introduction

Ependymomas generally arise in the central nervous
system, though primary extraneural ependymomas have
been observed. To date, only three intraabdominal cases
have been reported.

Clinical history

We present a 27-year-old female patient with a four year
history of a primary extraneural anaplastic ependymoma
(WHO III) arising in the abdominal cavity. Tumor therapy
included several extensive tumor-debulking operations, a
high-dose imatinib chemotherapy (400 and 800 mg daily),
and an ependymoma-targeted combined carboplatin/
etoposide chemotherapy which resulted in stabilization of
the disease. One month after completion of the chemother-
apy and 4 years after the initial tumor diagnosis, disease
progressed again. Tumor debulking resulted in an im-
proved quality of life with reduced need of pain medica-
tion. Of note, the ependymoma-targeted therapy was
delayed for 6 months by misdiagnosing the tumor as a
gastrointestinal autonomic nerve tumor (GANT). An i.v.-
contrast-enhanced portal-venous phase of a standard
abdominal CT was performed in the course of re-
evaluation using a MD-CT Philips Brilliance (64-row).
The tumor was mostly hypodense and showed an inhomo-
geneous contrast enhancement. Tumor growth extended
around the liver with evidence of tumor infiltration into the
caudate lobe and stenosis of the hepatic veins near the
inferior caval vein.

Virchows Arch (2009) 454:475–478
DOI 10.1007/s00428-009-0744-8

C. Mogler : R. Penzel : P. Schirmacher
Department of General Pathology, University Hospital,
Heidelberg, Germany

P. Kohlhof :W. Mueller
Department of Neuropathology, University Hospital,
Heidelberg, Germany

L. Grenacher
Department of Radiology, University Hospital,
Heidelberg, Germany

G. M. Haag
Department of Clinical Oncology,
National Center for Tumor Disease, University Hospital,
Heidelberg, Germany

C. Mogler (*)
IPH Heidelberg,
INF 220/21,
69120 Heidelberg, Germany
e-mail: Carolin.Mogler@med.uni-heidelberg.de



Materials and methods

Automated IHC was performed on a Benchmark XT by
Ventana, Strasbourg, France for c-kit (CD117; pH 6, 1:50),
Ki-67 (MIB1; pH 6, 1:200), GFAP (pH 6, 1:25) and
epithelial membrane antigen (EMA; pH 6, 1:100) according
to standard protocols.

Results

We present the tumor specimen, which was obtained during
the first debulking operation and which was reviewed
6 months after surgery following the failure of GANT-
targeted imatinib chemotherapy. The specimen measured
13×12×7 cm in size and was macroscopically well-
delineated from surrounding peritoneum. The surface was
brownish to yellowish in appearance and featured both
dense and knotty parts with some small cysts (Fig. 1a, b).
Microscopically, the tumor featured a high cellularity.
Nuclear morphology was mostly monomorphic and char-
acterized by round to oval nuclei with “salt and pepper”
speckling of the chromatin. Intratumoral areas of more
extensive fibrillarity were present. Key histological features
of ependymoma were identified, consisting of perivascular
pseudorosettes (Fig. 1c) with perivascular anuclear zones of
dense fibrillary processes. True ependymal rosettes were
not identified, but focally tumor-derived tubules, which can
be seen in ependymomas were present (Fig. 1d). Nuclear
atypia was moderate in some parts of the tumor, but mitotic
activity was high (>25 mitoses/ten high-power fields;
Fig. 1e). Foci of geographic and palisading necroses were
present (Fig. 1f). In contrast to the macroscopic impression
of tumor delineation from surrounding tissues, widespread
tumor invasion into the adjacent peritoneum was seen
microscopically. IHC showed a homogenous strong posi-
tive reaction for GFAP (Fig. 1g, h) which was more
pronounced in the perivascular pseudorosettes. Consistent
with the diagnosis of an ependymoma, the staining pattern
for EMA was dot-like in some and cytoplasmatic in other
tumor areas (Fig. 1i, j). The proliferation index clearly
exceeded 4%, and the mitotic activity was brisk with up to
25 mitotic figures/ten high-power fields. Nuclear atypia and
palisading necroses together with the brisk mitotic activity
were considered as features of malignancy and the tumor
was classified as an anaplastic ependymoma WHO grade
III. Of note, focal c-kit expression was reported in the
tumor tissue misleading to the initial diagnosis of a GANT.
We repeated c-kit IHC on all surgical specimens of the
patient and compared the results to three anaplastic
ependymomas with typical histology. We found c-kit
expression in comparable frequencies and locations in both
the patient’s tumor specimens and the three anaplastic

ependymomas confined to single hematopoetic cells within
the tumor stroma (data not shown). The tumor specimen
removed 4 years later upon tumor progression largely
shared morphology and immunohistochemical behavior
with the primary tumor.

Discussion

Ependymomas usually develop in the brain or spinal cord
possibly by neoplastic transformation of ependymal cells of
the ventricular wall or the spinal canal. Extraneural
metastases have been well described in the literature. They
may appear sporadically at many sites in the body [1, 2]
including the abdominal cavity [2]. Primary extraneural
ependymomas are very rare, and to date, only isolated cases
have been documented [3, 4]. Primary extraneural ependy-
momas may originate from remnant embryonic neuro-
ectodermal cells due to incomplete regression [5].
Accordingly, most extraneural ependymomas were found
in or near structures of the neural axis, i.e., mediastinal,
coccygeal locations or in the filum terminale, where
ependymal rests can be found after birth [5]. Other
discussed mechanisms include upfront unidirectional ter-
atomas [6], remnants of neural tissue following the
involution of the other two germ-layer components of a
teratoma [6] or the incomplete closure of the neural arch
[7], which, similar to the findings in the ovary, would allow
for the development of a neometaplasia of heterotopic
Muellerian duct-derived tissue [8] or a heterotopic mono-
dermal tumor [9] outside the central nervous system. The
latter may explain why extraneural ependymomas are
common in the ovary [10]. In the abdominal cavity,
however, only three cases of primary extraneural ependy-
momas have been reported, to date [11–13]. Even though
the number of reported cases is very low, they seem to have
features in common with the presented case, both morpho-
logically and clinically. All patients were female. Age
ranged from 27 to 41 years. The initial finding usually was
a big solitary tumor mass exceeding 10 cm in diameter
causing unspecific abdominal complaints. Macroscopically,
these tumors tended to be firm and solid with small
intratumoral cysts. Diagnostic difficulties were encountered
in two cases [11] including the current case. In both, the
diagnosis ependymoma was established only after recur-
rence and therapeutic failure. Histomorphology of the case
presented here was dominated by a “glial” picture. Tumor
cell morphology and nuclear chromatin speckling were
suggestive of an ependymoma respecting the fact that
extraneural ependymomas can demonstrate a wider archi-
tectural variability compared to ependymomas of the CNS
[14]. Perivascular pseudorosettes were reported in all
published cases, whereas true ependymal rosettes were
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Fig. 1 Macroscopic, micro-
scopic and immunohistochemi-
cal findings. a–b Macroscopy:
firm and solid tumor mass (a)
with heterogeneous cutting sur-
face (b). c–f Histology with c
pseudorosettes (HE; ×100), d
intra-tumoral tubules (HE,
×100), e brisk mitotic activity
(HE, ×100), and f necrosis. g–j
Immunohistochemistry, g,
h strong GFAP-expression in
tumor cells highlighting pseu-
dorosettes (×200), i
ependymoma-typical dot-like
EMA-expression in some
(×400) and (j) cytoplasmatic
EMA expression in other tumor
areas (×200)
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mentioned only in one report [11]. Strong positive reaction
for GFAP, highlighting the pseudorosettes as in our case, is
a feature common to all ependymomas including the
intraabdominal variants. However, it needs to be considered
that ovarian carcinomas can also show a remarkable GFAP
expression which might lead to diagnostic predicament
especially including tumors in the lower abdomen [14].
Here, tumor location especially in relation to the ovary, the
identification of perivascular pseudorosettes and additional
immunohistochemical investigations may help to clarify the
diagnostic dilemma [14]. The majority of the tumor mass of
the presented case was found in the abdominal cavity, and
only marginal pelvic tumor extension was evident. Debulk-
ing operations did not necessitate ovariectomy indicating
tumor-free ovaries and leading us to the assumption of a
primary extraneural ependymoma arising from the abdom-
inal peritoneum. The EMA staining-pattern with intra-
cytoplasmic in some and dot-like in other tumor parts was
typical of ependymomas [15]. Extensive imaging inves-
tigations aimed at excluding the possibility of an extra-
neural metastasis of a primary cerebral ependymoma. No
further lesions were found, neither intracerebral nor extra-
neural throughout a period of 4 years demonstrating the
intraabdominal origin of the ependymoma. Clinically, the
three documented primary extraneural ependymomas of
the abdominal cavity were benign tumors. Complete
surgical tumor resection with or without adjuvant
ependymoma-targeted chemotherapy resulted in long-term
recurrence-free intervals. However, recurrences as late as
13 years after primary surgery did occur [11], and as the
presented case illustrates, malignant transformation seems
possible. In conclusion, this is the first report demonstrating
a primary extraneural anaplastic ependymoma (WHO grade
III) arising from the peritoneum in the abdominal cavity.
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Dear Editor,
In a recently published article in Virchows Archiv, Michal et
al. [1] described a very nice and detailed study of five new
cases of renal angiomyoadenomatous tumor (RAT) resulting
from their consultation activity. These authors had already
reported a first case of this new entity of renal tumors [2].

I highly appreciate the attempt to describe in detail the
histological, immunohistochemical, cytogenetic, and ultra-
structural features of this tumor. RAT is characterized
macroscopically by a sharply circumscribed tumor with
microcystic or macrocystic changes. Microscopic examina-
tion reveals a leiomyomatous stroma often forming abortive
vascular structures surrounding and encasing a distinctive
and characteristic epithelial component. This latter is
represented by adenomatous structures composed of cells
with small deeply basophilic nuclei alienated along the
basal membrane. The cytoplasm of the cells is frequently
covered by clear snouts responsible for a clear cell
appearance. The whole realizes focally a characteristic
aspect of a “shark’s smile”. Immunohistochemically, the
epithelial component of RAT is mainly positive for

cytokeratin 7 (CK7), EMA, vimentin, and carbonic anhy-
drase IX (CA-IX), whereas CD10 is negative. Analysis of
the VHL gene mutation and 3p LOH reveals both no
mutation of coding sequence of the VHL gene and any copy
number changes.

The authors discussed several differential diagnosis repre-
sented essentially by angiomyolipomas, mixed epithelial and
stromal tumors of the kidney, and clear cell renal cell
carcinoma (RCCs) particularly with an angioleiomyomatous
stroma. Unfortunately, the authors simply mention clear cell
papillary RCC (ccpRCC) as a distinct histopathological and
molecular genetic entity without comparing it to RAT.
Nevertheless, RAT shares many histopathological features of
ccpRCC [3, 4] also described as sporadic clear cell renal cell
carcinoma with diffuse cytokeratin 7 immunoreactivity
(ccRCC CK7+) [5]. CcpRCC is a recently reported entity
of renal epithelial tumors which is not described in current
World Health Organization classification system. At gross
examination, ccpRCC is a well-circumscribed tumor defined
by fibrous capsule with microcystic–macrocystic appearance.
Histologically, this tumor is composed of tubular, cystic, and/
or papillary structures lined by clear cells. Having reviewed
figures of all articles cited in this letter, it seems that clear
snouts and shark’s smile are also present in some cases of
ccpRCC (see Figs. 3 and 4g–h, pp 149 and 150 of article by
Tickoo et al. [3]). The immunoprofile of this tumor is similar
to RAT, i.e., CK7+, CA-IX+, and CD10−, and cytogenetic
findings revealed also no alterations of the VHL gene. The
follow-up of patients with ccpRCC suggests a biologically
indolent tumor as RAT, but further follow-up studies are
needed to better understand its clinical behavior.

I think therefore that these tumors could correspond in
fact to different morphological aspects of the same but
distinctive entity of renal tumors depending on the cystic or
papillary predominant architecture and the abundance of
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stroma. The gathering of reported cases of ccpRCC,
ccRCC CK7+, and RAT is important from this point of
view and could also allow to better determine their clinical
behavior.
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Abstract The authors review the role played by mutations
in mitochondrial DNA and in nuclear genes encoding
mitochondrial proteins in cancer development, with an
emphasis on the alterations of the oxidative phosphorylation
system and glycolysis.

Keywords Mitochondria . mtDNA . Tumourigenesis .

Glycolysis . OXPHOS

Introduction

The last decades witnessed the intensive utilisation of
genetics in the understanding of the etiopathogenesis of
neoplastic processes. The identification of oncogenes and
tumour-suppressor genes has allowed major advances in
prevention of hereditary cancers and early and precise
diagnosis of numerous tumour types. Cancer genetics has
also provided valuable information for prognostic and
therapy selection purposes.

Despite such advances, the limitations of the molecular
approaches, even reinforced by high throughput technologies

with all their “omics” derivatives, to disentangle the
complexity of cancer development, turned progressively
obvious and have been leading to other approaches. Some
of these approaches are leading to an increased complexity
of cancer genetics models being grouped under the umbrella
descriptive terms of systems or integrative biology, whereas
others are based on the rediscovery of developmental and
organismal biology models of cancer.

Whatever the model used as a conceptual frame for
addressing carcinogenesis, it has to incorporate a number of
imposing observational data: pronounced genotypic hetero-
geneity of most cancers, crucial role of host cells in every
neoplastic growth, key function of angiogenesis (and
vasculogenesis?) in cancer development, importance of 3D
modelling for understanding cancer initiation and cancer
progression.

The aforementioned data support the concept that cancer is
an extremely complex, chimeric new growth, a sort of highly
regulated, successful, invasive clone of our own tissues.

To address the dynamics of such “new tissue”, it is
necessary to combine genetics and epigenetics with
metabolic data. One of the most interesting (and consistent)
characteristics of neoplastic tissues from a metabolic
standpoint is the overproduction of lactic acid as a
consequence of elevated glycolysis [1, 2]. As Warburg [1]
claimed, more than 50 years ago “mutation and carcino-
genic agent are not alternatives, but empty words unless
metabolically specified”. He also pointed out that tumour
cells obtained their energy by fermentation rather than by
respiration [3] and that the damage to respiration should be
irreversible since the respiration of cancer cells never
returned to normal [1]. Elaborating on this, Warburg
advanced that “in cancer, the inhibition of respiration
continues through all the following divisions. This origi-
nally mysterious phenomenon has been explained…the

Virchows Arch (2009) 454:481–495
DOI 10.1007/s00428-009-0766-2

V. Máximo : J. Lima : P. Soares :M. Sobrinho-Simões
Department of Pathology, Medical Faculty, University of Porto,
Porto, Portugal

V. Máximo : J. Lima : P. Soares :M. Sobrinho-Simões (*)
Institute of Molecular Pathology and Immunology of the
University of Porto (IPATIMUP),
Rua Dr. Roberto Frias, S/N,
4200-465 Porto, Portugal
e-mail: ssimoes@ipatimup.pt

M. Sobrinho-Simões
Department of Pathology, Hospital S. João,
Porto, Portugal



respiratory grana are autonomous organisms… The respi-
ration connected with the grana remains damaged; when it
has once been damaged, it is for the same reason that
properties linked with genes remain damaged when genes
have been damaged” [1]. The grana are today’s mitochon-
dria and Warburg’s insights, in 1956, are almost unbeliev-
able taking into consideration the date of the double helix
discovery by Watson and Crick.

A last point to refer that Warburg also anticipated that “the
injury to respiration must not be so great that the cells are
killed for then no cancer cells could result” [1]. It took almost
50 years to demonstrate that germline mutations in subunits
B, C and D of succinate dehydrogenase account for the vast
majority of hereditary paragangliomas [4–6], whereas muta-
tions in SDHA, the flavoprotein subunit that forms the
catalytic core of complex II of mitochondrial respiratory
chain, leads to Leigh syndrome, a neurodegenerative
condition [7]. These findings support Warburg’s educated
guess and show that mitochondrial alterations may be
involved in the two extremes of the disease spectrum:
degenerative conditions caused by cell death and neoplastic
conditions apparently caused by a blockage of cell death.

In the present review, we will try to highlight the links
between mitochondrial alterations and carcinogenesis using
the available epidemiological and experimental data. For
the sake of simplicity, the review will be divided into the
following sections:

(a) “Mitochondrial DNA (mtDNA) mutations and human
tumours”

(b) “Mutations in nuclear genes encoding mitochondrial
proteins and human tumours”

(c) “In vitro models (cybrids) and animal models”
(d) “Mitochondrion-rich and oncocytic (Hürthle cell)

tumours”
(e) “Genetic and biochemical alterations in oncocytic

tumours”
(f) “Therapeutic hints”
(g) “Summary and conclusions”

Mitochondrial DNA mutations and human tumours

Although the vast majority of human genes are located in
the nucleus and are inherited equally from both parents,
there is one vital set of genes that resides in the cytoplasm
and is inherited exclusively from the mother—the mito-
chondrial DNA (mtDNA). mtDNA is located within the
mitochondria, which are double-membrane organelles, once
free-living bacteria and are responsible for producing most
of the cellular ATP (adenosine-5′-triphosphate) via the
oxidative phosphorylation (OXPHOS) in an oxygen-

dependent process [8, 9]. In the human species, there are
37 genes which are encoded by the mtDNA: two ribosomal
RNAs, 22 transfer RNAs, and 13 genes—ND1, ND2, ND3,
ND4, ND4L, ND5, ND6, CytB, COI, COII, COIII, ATPase6
and ATPase8—that encode proteins of the OXPHOS
system (Fig. 1) [8, 9].

In addition to OXPHOS, cells can also produce ATP
through glycolysis, which takes place in the cytosol and
does not require O2. OXPHOS is more efficient in
generating ATP than glycolysis; therefore, this is the
preferred cellular process, provided there is enough O2

available. Whenever there is a decrease in O2 levels, there
is a shift from OXPHOS to glycolysis and the ATP is
generated mainly through glycolysis (Pasteur effect).

In the first half of the twentieth century, Otto Warburg
[1, 2] made an outstanding discovery: Cancer cells prefer to
metabolise glucose by glycolysis, not using OXPHOS,
even in the presence of O2 (Warburg effect or aerobic
glycolysis). He further hypothesised that this phenomenon
was attributable to irreversible damages in cancer cells
OXPHOS [1]. The Warburg effect has since been demon-
strated in different types of tumours and the concomitant
increase in glucose uptake has been exploited clinically for
the detection of tumours by fluorodeoxyglucose positron
emission tomography [10]. Although aerobic glycolysis has
now been generally accepted as a metabolic hallmark of
cancer, its cause and its causal relationship with cancer
progression are still unclear.

This metabolic shift may be due to defects in OXPHOS
that force cancer cells towards glycolysis. Genetic evidence
for OXPHOS defects has been provided, during the past
10 years, with the identification of mutations in mtDNA-
encoded OXPHOS genes in most types of human cancers
[11–32].

Although most of the studies on record report homo-
plasmic mtDNA mutations in cancer cells, there is evidence
that mtDNA mutations do not need to reach homoplasmy in
order to influence tumour cell growth [19, 33]. The
dynamics of this process, i.e. the putative existence of a
trend towards homoplasmy in most neoplastic settings [34],
remains to be fully clarified.

The first comprehensive study on mtDNA alterations in
tumours was made by Polyak et al. in 1998 [16], who
screened the entire mtDNA genome and detected mutations
in seven out of ten colon cancer cell lines, which were also
present in the corresponding primary tumours. Various
studies followed the report of Polyak et al. [16] and it
became clear that mtDNA mutations were frequent events
in carcinomas of the breast, stomach, liver, prostate, kidney,
bladder, head and neck and lung [35, 36].

The mtDNA is a hotspot for mutations because the
mutation rate of mtDNA is ten to 20 times higher than that of
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nuclear DNA for a number of reasons: The mtDNA
polymerase γ replicates mtDNA with poor fidelity; there is
a high concentration of reactive oxygen species (ROS) in the
mitochondrial inner membrane (close to the mtDNA
molecule); there are no efficient mtDNA repair mechanisms
and there are no mtDNA-coating proteins like the histones in
the nucleus [9]. The mutations seem to be present throughout
the mtDNA molecule, even though the D-loop—a regulatory
non-coding region where transcription factors encoded by
the nuclear DNA bind to mtDNA—is where mutations are
more frequent. The carcinogenic significance of D-loop
alterations is unknown and, although D-loop alterations
correlate, in some studies, with clinical parameters [37], it
remains to be confirmed their role in tumourigenesis.

Mutations in the 13 protein-encoding mtDNA genes
may, in turn, have a direct effect on the protein function,
hence in the OXPHOS system. There appears not to exist a
particularly affected gene, even though the seven complex I
genes seem to accumulate more mutations. This is the case
for thyroid tumours, which are amongst the best studied in
terms of mtDNA mutations. Yeh et al. in 2000 [18] and
Maximo et al. in 2002 [21] described somatic mutations in
23% and 51.5% of thyroid tumours, respectively. In the
study by Maximo et al. [21], a significant association
between mutations in complex I genes and malignancy was
observed. Furthermore, Yeh et al. [18] found, in compar-
ison with a control population, a significant association

between germline polymorphisms in complex I genes and
the occurrence of thyroid tumours, whereas Maximo et al.
[21] observed that germline polymorphisms in complexes I
and IV were associated with the development of malignant
thyroid tumours [18, 21].

The importance of complex I and its dysfunction in
thyroid tumourigenesis advanced by Yeh et al. [18] and
Maximo et al. [21] has been supported by more recent
studies. Abu-Amero et al. [22] identified seven somatic
mutations in 19 thyroid tumours samples (36.8%), most of
them being located in complex I genes, and four mutations
in four thyroid tumour-derived cell lines, all in complex I
genes. The authors also observed that in two thyroid cancer
cell lines, there was a severe defect in complex I activity
[22], possibly due to the mutations in complex I genes.
Another thyroid cancer cell line—the XTC.UC1, derived
from a Hürthle cell thyroid carcinoma—was found to
harbour a frameshift mutation in ND1 gene (complex I)
and a missense mutation in CytB gene (complex III) [23].
These alterations were associated with a marked reduction
in the enzymatic activity of complexes I and III in
conjunction with a enhanced production of ROS [23].

The functional tumourigenic role played, in vivo, by
mtDNA mutations has been demonstrated in 2005, using
prostate and cervical cancer models, by two groups [38,
39]. The results obtained by Shidara et al. [39] support the
conclusion that the cancer-promoting effect of mtDNA

Fig. 1 Schematic representation
of the OXPHOS system and the
Krebs cycle in the mitochondria.
We have highlighted the genes/
proteins addressed in the present
review. MtDNA-encoded
OXPHOS proteins are depicted
in orange and nuclear-encoded
mitochondrial proteins are
depicted in green
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pathogenic mutations is achieved through blockage of
apoptosis, whereas Petros et al. [38] point to the influence
of mtDNA mutations in ROS overproduction, which, in
turn, would stimulate cell proliferation.

It has also been shown that mitochondrial respiration
defects in cancer cells cause activation of the AKT survival
pathway through a redox-mediated mechanism [40].

Reviewing the evidence on record, Gottlieb and Tomlinson
[41], advanced that mitochondrial dysfunction may lead to
carcinogenesis through several mechanisms: decrease in
apoptosis, increase in the production of ROS and activation
of a hypoxia-like pathway (pseudo-hypoxia; see below).

Mutations in nuclear genes encoding mitochondrial
proteins and human tumours

Whilst the aforementioned studies focussed on mtDNA
alterations, others have reported that nuclear-encoded mito-
chondrial proteins of the OXPHOS system and Krebs cycle
might also be involved in mitochondrial dysfunction and
tumourigenesis.

The most compelling evidence showing that defects in
nuclear-encoded mitochondrial proteins are involved in
tumourigenesis came out in 2000 when Baysal et al. [4]
demonstrated that germline loss-of-function mutations in
SDHD, a gene that encodes the homonym subunit of the
mitochondrial enzyme succinate dehydrogenase (SDH—
also known as complex II of the OXPHOS) cause familial
paragangliomas (PGL). Besides its role in the OXPHOS,
SDH is also involved in the Krebs cycle (Fig. 1).
Immediately after the publication of Baysal et al. [4], other
studies showed that also SDHB and SDHC, which encode
two other subunits of SDH, are mutated in familial PGL
and phaeochromocytomas [5, 6]. Furthermore, SDH alter-
ations may be involved in other types of tumours. Lima et
al. [42] studied a case of familial C-cell hyperplasia
[thought to be a pre-malignant lesion of medullary thyroid
carcinoma (MTC)] where the affected individuals presented
a germline alteration in SDHD. Subsequent studies found
that individuals with MTC presented more frequently
SDHB or SDHD polymorphisms than a control population
[43] and that MTC patients harbouring germline SDHD
polymorphisms had lower mean age at diagnosis than MTC
patients without germline SDHD polymorphisms [44].
These results suggest that SDH alterations may act as
modulators of MTC tumourigenesis.

In a recent paper, Ricketts et al. [45] investigated
whether germline mutations in SDHB, SDHC or SDHD
were associated with renal cell carcinoma (RCC) suscepti-
bility in 68 patients with no clinical evidence of a RCC
susceptibility syndrome. No mutations in SDHC or SDHD
were identified, but three of the 68 (4.4%) probands had a

germline SDHB mutation. Patients with germline SDHB
mutations presented with familial RCC (n=1) or bilateral
RCC (n=2) without any personal or family history of
phaeochromocytoma or head and neck PGL [45]. This
finding suggests that SDHB may represent a susceptibility
gene for non-syndromic RCC [45]. Curiously, downregu-
lation of GRIM-19, another nuclear-encoded OXPHOS
gene, has been associated with RCC (see below).

SDHB, SDHC and SDHD (SDH genes) were the first
nuclear genes encoding mitochondrial proteins to be consid-
ered as tumour-suppressor genes. Another nuclear-encoded
mitochondrial enzyme—fumarate hydratase (FH)—was also
found to fit into that category. Tomlinson et al. [46] reported
that heterozygous FH mutations predispose to dominantly
inherited uterine fibroids, skin leiomyomata and type II
papillary renal cell cancer, the so-called hereditary leiomyo-
mas and renal cell carcinoma (HLRCC) syndrome. In contrast
to this and partially mimicking the different outcome of
SDHA mutations, homozygous mutations of FH are associ-
ated with fumarase deficiency, a degenerative condition [47].

In addition to the involvement in apparently opposed
diseases, such as cancer and degenerative disorders, SDH
and FH share other important features. They are both part
of the Krebs cycle, where they catalyse subsequent steps
(Fig. 1) and although there is no clear overlap of the
tumour spectrum associated with SDH and FH mutations
(possibly with the exception of renal cell carcinoma), both
neoplastic syndromes give rise to tumours showing
increased microvessel density and activation of the
hypoxia pathway [48]. It is thus possible that failure of
the Krebs cycle in PGL and HLRCC tumours causes
inappropriate signalling of a hypoxic state of the neoplas-
tic cells, leading to angiogenesis and, perhaps, to clonal
expansion and tumour growth.

Maximo et al. [49] analysed a nuclear gene—GRIM-19—
which encodes a mitochondrial complex I protein [50] in
Hürthle and non-Hürthle thyroid tumours and identified
three GRIM-19 missense somatic mutations in three
Hürthle cell thyroid tumours, as well as a germline
mutation in a Hürthle cell papillary carcinoma arising in
a thyroid with multiple Hürthle cell tumours and familial
clustering [49]. No mutations were detected in any of the
20 non-Hürthle cell carcinomas tested, nor in any of the 96
blood donor samples. It was proposed that such mutations
may be tumourigenic through the dual function of GRIM-
19 in mitochondrial metabolism (as part of OXPHOS
complex I) and cell death (being involved in retinoic acid
and interferon-β induced apoptosis) [49]. In the chapter on
oncocytic tumours (below), the pathogenic meaning of
GRIM-19 mutations in thyroid oncology will be discussed.
Herein, we just want to stress that the expression of
GRIM-19 is lost or severely downregulated in a number of
primary RCC, regardless of the histotype of the tumours
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[51]. We have confirmed these findings in two clear cell
RCCs we have recently analysed (Portugal and Máximo,
unpublished results).

The evidence obtained in the setting of tumourigenesis
associated with mutations in nuclear genes encoding
OXPHOS proteins (e.g. SDH and GRIM-19) fits with the
results obtained with mtDNA mutations (see above). It
remains to be better clarified the functional role, from a
tumourigenic standpoint, of the mutations in Krebs cycle
genes (SDH and FH).

Conceptually, any alteration that disrupts either the
OXPHOS system or the Krebs cycle will have a direct
effect on the cell’s metabolism: If ATP production through
OXPHOS is no longer viable, glycolysis remains the only
way to obtain energy. There are two consequences of this
metabolic shift that constitute important advantages to
tumour cells: overproduction of lactic acid and acidification
of the media with concomitant injury to “normal” cells, as
well as oxygen-independent growth and survival. Classical
oncogenes and tumour suppressor genes such as Ras, Myc,
Akt and p53 can also drive metabolic changes and promote
glycolysis [52–55]. The altered metabolism of cancer cells
may confer a selective advantage for survival and prolifer-
ation in the unique tumour microenvironment, an adapta-
tion in which the hypoxia-inducible factor (HIF) probably
plays a major role [52–55].

Summing up, aerobic (and anaerobic) glycolysis is
constitutively upregulated in cancer cells through both
genetic and epigenetic changes caused by mitochondrial
alterations [52, 56]. It represents an evolved solution to
common environmental constraints (i.e. space) [56]. Upre-
gulation of glycolysis leads to microenvironmental acidosis
thus creating a powerful growth advantage for the acid-
resistant neoplastic cells over “normal” cells (see Summary
and conclusions).

In vitro models (cybrids) and animal models

Cybrids

The means to assess the phenotypic effects of mtDNA
mutations are not the standard cloning/transfection methods
used to study nuclear DNA genes because the mitochon-
drial genome has its own genetic code and because it is not
possible to make stable transfections directed to mtDNA.
Another major drawback is the existence of hundreds or
thousands of mtDNA copies inside one cell. Instead, it is
possible to substitute the mtDNA content of one cell line
with foreign mtDNA that contains a mutation of interest,
leading to the establishment of cybrid cell lines. These
cybrid cell lines are obtained from the fusion of a recipient
ρ0 cell line that is devoid of mitochondrial DNA and a
donor cell line (that has to be removed of the nucleus but
maintains mitochondria and mtDNA) that contains the
mtDNA of interest (Fig. 2). The major advantage of cybrid
cell lines is that they allow the distinction of the phenotypic
effects caused by mtDNA mutations from those caused by
the nuclear background of the donor cells, i.e. should the
mtDNA mutation confer a selective advantage in the donor
cell line (independently of the nuclear background), this
effect will be observed in the resulting cybrid cells lines.

This methodology has already been performed to study
mtDNA mutations, namely those that are found in human
tumours. Petros et al. [38] introduced a pathogenic
ATPase6 mutation (T8993G) in a prostate cancer cell line
and observed that the resulting cybrids induced the
formation of tumours in nude mice that were seven times
larger than those tumours induced by the same cell line
with wt mtDNA. Similarly, Shidara et al. [39] established
cybrids derived from HeLa cells and mtDNA containing
either the T8993G or T9176C pathogenic ATPase6 muta-

Fig. 2 Schematic representation
of the cybrid production
method. Starting from a cell line
without mtDNA (but with
mitochondria) and from
enucleated cells that contain the
mtDNA mutation of interest, it
is possible to perform cell fusion
resulting in a cybrid cell line
that harbours the mtDNA
mutation in a varying degree of
heteroplasmy. After culturing
this cybrid cell line, it is possible
to obtain a homoplasmic wt or
homoplasmic mutant mtDNA
cell line and a heteroplasmic cell
line
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tions and observed that mutant cybrids grew faster than the
wt in culture and that the ATP6 mutations conferred an
advantage in the early stage of tumour growth when the
cybrids were transplanted into nude mice. Interestingly,
upon transfection of a wt nuclear version of the ATPase6
gene in the mutant cybrids, these reverted the phenotype,
thus reinforcing the functional effects of the mtDNA
mutations [39]. Recently, the importance of mtDNA
mutations in the metastatic process was disclosed by
Ishikawa et al. [57], who analysed two mouse tumour cell
lines, one highly metastatic and the other poorly metastatic,
observing the results of interchanging their mtDNA; the
recipient tumour cells acquired the metastatic potential of
the transferred mtDNA, i.e. the poorly metastatic cell line
acquired metastatic potential when its mtDNAwas replaced
by the mtDNA from the metastatic cell line and vice versa
[57]. Additionally, the mtDNA conferring high metastatic
potential contained two ND6 mutations—G13997A and
13885insC—that produced a deficiency in complex I
activity and were associated with overproduction of ROS
[57]. ROS appear to play a major role in the metastatic
potential, since pre-treatment with ROS scavengers abol-
ished metastasis formation [57].

Animal models

The generation of animal models has provided some insights
on the effects of OXPHOS inactivation. Piruat et al. [58]
generated knockout mice for the SDHD gene and observed
that the homozygous null mice died at early embryonic
stages (7.5 days post-conception) whereas heterozygous
mice developed without morphological abnormalities or
major physiological dysfunction. The authors looked in
detail at the carotid body function, which is one of the most
affected organs in PGL syndrome type 1, and detected an
overactivity of the carotid body cells due to a decrease of K+

conductance and persistent Ca2+ influx into glomus cells
[58]. This overactivity was accompanied by a subtle
hypertrophy and hyperplasia of the carotid body, meaning
that the inheritance of a heterozygous defect in SDHD leads
to a state of cellular “overactivation” and, therefore, to an
increased susceptibility to tumourigenesis upon subsequent
genetic alterations [58]. In this way, OXPHOS inactivation
would be an initial step in tumour development conferring
tumourigenic potential to the cells. Piruat et al. [58] did not
observe the occurrence of tumours in this mouse model, but
it is possible that tumours would only appear later on [58].

In addition to SDHD, the functional importance of
GRIM-19 has also been highlighted by knock-out experi-
ments. Huang et al. [50] generated mice deficient in GRIM-
19 by gene targeting and showed that homologous deletion
of GRIM-19 causes embryonic lethality at embryonic
day 9.5. Interestingly, GRIM-19−/− blastocysts display

abnormal mitochondrial structure, morphology and cellular
distribution [50].

Mitochondrion-rich and oncocytic (Hürthle cell)
tumours

The accumulation of huge numbers of abnormal mitochon-
dria as seen by electron microscopy and immunohisto-
chemistry is the hallmark of oncocytic cells regardless of
the organ of origin (thyroid, parathyroid, kidney, salivary
gland,…) and of the benign or malignant nature of the
lesions [25, 59–66]. Such accumulation may also reflect a
“normal” process; for example, the parathyroid glands
normally present a variable percentage of oncocytic cells,
most probably related with cell ageing [67]. Besides the
role played by increased proliferation of mitochondria in
the cytoplasm without cell division, it is not known whether
a decreased turnover of the mitochondria may also
contribute to their accumulation in oncocytic cells [21, 68].

Oncocyte is a descriptive term for a neoplastic or non-
neoplastic cell stuffed with mitochondria that give a
granular eosinophilic appearance to its large cytoplasm. In
many instances, oxyphilic transformation is used as a
synonym for oncocytic transformation, thus leading to the
utilisation of oxyphilic tumour as a synonym for oncocytic
tumour or oncocytoma. In the thyroid, other terms are used:
Hürthle cell transformation and Hürthle cell tumours [61,
62, 69]. The question of who first described oncocytic cells
in the thyroid gland is still open, although most authors
acknowledge the 1907 Virchows Archiv article of Theodor
Langhans as the first clear report of oxyphilic cells in a
thyroid tumour [70]. Finally, there are, in some organs,
tumours composed by oncocytes that carry specific desig-
nations (e.g. Warthin’s tumour of the salivary glands).

The prominence of oncocytic cells in endocrine organs,
salivary glands, kidney and other parenchymatous organs (and
in their respective tumours), in contrast to the rarity of oncocytic
cells in the mucosa and respective tumours of the digestive and
respiratory tract, suggests that this alteration occurs in tissues
with low proliferative index and reduced turnover, i.e. in stable
cells with a very long intermitotic interval.

Following this rationale, the accumulation of mitochon-
dria in neoplastic lesions indicates a low proliferative
turnover and is thus associated, in most instances, to benign
neoplasms or malignant tumours of low malignancy (as if the
cells of the digestive and respiratory tract and of their
tumours divide too quickly or die/desquamate too soon to
allow the accumulation of abnormal mitochondria) [21, 25].
It takes many years before the accumulation of mitochon-
dria reaches the “oncocytic” threshold (three or four
thousand mitochondria per cell) thus justifying the utilisa-
tion, in some circumstances, of the term “oncocytoid”.
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The great majority of oncocytic tumours are epithelial-
derived tumours, but there are also on record examples of
oncocytomas occurring in non-epithelial settings. In a
recent review, we have summarised the different sites,
other than the thyroid, where oncocytomas have been
reported to occur in 499 papers published in English in the
last 55 years. During the same period, more than 600 papers
on thyroid oncocytic tumours have been published [34].

Hürthle cells can be observed in all sorts of thyroiditis
(and are prominent in Hashimoto’s thyroiditis of adult and
elderly patients), nodular goitre, adenoma, follicular carci-
noma, papillary carcinoma (PTC) and poorly differentiated
carcinoma of the thyroid. Undifferentiated (anaplastic)
carcinomas composed of Hürthle cells are extremely rare
probably because the neoplastic cells divide too rapidly to
allow the accumulation of mitochondria. With the exception
of undifferentiated carcinoma, every type of benign or
malignant thyroid tumour has its oncocytic counterpart.
This concept has been incorporated in the third edition of
the WHO Book on Endocrine Tumours in which the “old”
Hürthle cell (oncocytic) carcinoma has been substituted by
the oncocytic variants of follicular carcinoma, PTC and
poorly differentiated carcinoma [71].

In the thyroid, Hürthle cells are not restricted to follicular
cell-derived tumours. There are also some medullary carcino-
mas composed of Hürthle cells that are morphologically
indistinguishable from those derived from the follicular cells
[72]. The occurrence of Hürthle cell transformation in
medullary thyroid carcinoma fits with its occurrence in other
neuroendocrine tumours throughout the body [73–75].

The presence of abundant mitochondria in the cytoplasm
of the neoplastic cells may be seen throughout the entire
tumour (“primary” oxyphilia, indicating that the carcino-
genic hit has occurred in cells with pre-existing mitochon-
drial abnormalities) or just in some parts of the tumour
(“secondary” oxyphilia, indicating that the mitochondrial
abnormalities have occurred after tumour development)
[25].

The criteria used in the diagnosis of the oncocytic variant of
PTC and of follicular carcinoma are those used in the
diagnosis of conventional tumours [76]. Although it is now
widely accepted that most oncocytic tumours of the thyroid
are benign, one should search actively for capsular and
vascular invasion and for PTC nuclei, whenever dealing with
any oncocytic tumour [76]. It has also been shown that the
typical molecular features of conventional PTC and follicular
carcinoma are also present in their oncocytic counterparts
[77, 78]. This has been recently confirmed with regard to the
BRAF V600E mutation, which is detected in about 50%
cases of conventional PTC, as well as in about 50% of cases
of the oncocytic variant of PTC [79]. This mutation is also
very prevalent in Warthin’s like PTC which is characteris-
tically composed by oncocytic cells [80].

The prognostic factors associated to Hürthle cell carci-
nomas do not differ from those that were found to carry
meaningful information in non-Hürthle cell carcinomas
[81–85]. It remains, however, controversial whether the
category of Hürthle cell variant of follicular carcinoma
carries per se a worse prognosis. Some authors claim that
these carcinomas spread to the perithyroid soft tissues and
give rise to metastases more often than do conventional
follicular carcinomas [85], but it remains to be seen whether
or not the higher prevalence of nodal metastases in this
setting reflects the inclusion, in the series, of cases of
Hürthle cell variant of PTC erroneously classified as
follicular carcinoma. The overall mortality rate of patients
with Hürthle cell carcinoma [81] appears to be higher than
those of patients with papillary or follicular carcinoma [86]
without Hürthle cell features, as a consequence, partly at
least, of the poor responsiveness of Hürthle cells to
radioiodine therapy [86, 87].

Parathyroid adenomas composed predominantly (more
than 90%) or exclusively of oxyphilic cells are uncommon.
According toApel andAsa [88], they constitute 4.4% to 8.4%
of all parathyroid adenomas and usually remain clinically
silent, whereas Giorgadze et al. [89] advanced that oxyphilic
parathyroid adenomas, although rare, tend to be large and are
often associated with minimal hyperparathyroidism.

Oxyphilic carcinomas of the parathyroid are frequently
functional tumours, associated with high serum calcium,
presenting higher Ki-67 and lower p27 than oxyphilic
adenomas [90]. Oxyphilic carcinomas are associated with
recurrent disease and death in about 50% of the cases.
These figures do not substantially differ from those of
patients with chief cell carcinoma of the parathyroid [90].

Warthin’s tumour is the second most common salivary
gland tumour, arising almost always in the parotid gland
(accounts for about 15% of all epithelial tumours of the
parotid gland), occasionally causing pain or facial nerve
paralysis [91]. Warthin’s tumours are constituted by cystic
spaces, lined by a double layer of oncocytic cells of
questionable neoplastic nature that rest on a lymphoid
stroma [92]. Some are multi-focal and about 10% are
bilateral but malignant transformation is very rare [91].
Smokers have approximately eight times higher risk for
developing these tumours than non-smokers [93]. Onco-
cytic carcinoma of the salivary glands is a very rare high-
grade carcinoma.

Renal oncocytomas, the most common benign solid renal
tumour, are thought to originate from the intercalated cells of
the renal collecting duct and account for about 3–7% of all
renal tumours [94]. About 2–12% of oncocytomas are multi-
focal, and 4–14% are bilateral [95]. Almost all cases of
oncocytoma behave in a benign fashion with no recurrence,
metastasis or mortality. Some atypical features, such as
nuclear pleomorphism, perinephric fat involvement, focal
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necrosis and even extension to branches of the renal vein, do
not seem to worsen significantly the prognosis [95].

Genetic and biochemical alterations in oncocytic
tumours

The best studied oncocytic tumours in terms of mtDNA are
those of the thyroid. A large deletion encompassing 4,977 bp
of mtDNA, known as the mtDNA common deletion (CD), is
almost always detected and was proposed as a hallmark of
oncocytic thyroid tumours [21, 25, 96, 97]. This deletion
removes seven OXPHOS genes (ATPase6, ATPase8, COIII,
ND3, ND4L, ND4 and ND5) and five tRNAs (glycine,
arginine, histidine, serine and leucine), thus resulting in
severe impairment of the OXPHOS system.

The mtDNA CD was found in every thyroid tumour with
oncocytic features, irrespectively of the histological sub-
types; the mtDNA CD was also present in non-oncocytic
thyroid tumours, but with significantly lower frequency and
relative lower amount [21].

Traditionally, the association between mtDNA CD and
oncocytic phenotype has been explained through a positive
feedbackmechanism: The severe impairment of the OXPHOS
system (as a consequence of the mtDNA CD) would engage
and activate nuclear genes that control mitochondrial number,
resulting in an increase in the mitochondrial mass [98, 99].

The analysis of the prevalence of mtDNA mutations has
shown that missense somatic mutations in complex I genes
(without any apparent concentration in a single gene) were
more frequently detected in malignant tumours than in
adenomas [21]. A significant association was also observed
between D-loop somatic mutations and the occurrence of
somatic mutations in other mtDNA genes [21]. We have
summarised in Fig. 3 all but silent mtDNA somatic
mutations reported to date in oncocytic tumours. A large
number (n=253) of mtDNA variants (alterations present both
in tumour and adjacent thyroid tissue) were disclosed in all
tumour types. The variants affecting genes of complex I and
IV were significantly more frequent in patients with
malignant tumours than in patients with benign tumours,
whereas those affecting complex V genes—almost all in
ATPase6 (34/37) and most of them missense (27/34)—were
associated with the presence of oncocytic features in the
tumours of the patients [21]. For a thorough review on
mitochondria and oncocytic tumours, see Lima et al. [34].

Gasparre et al. [29] analysed breast and thyroid
oncocytic tumours and found that 26 of the 45 (57.8%)
oncocytic thyroid samples harboured 30 somatic mtDNA
mutations, 25 of which were located in complex I genes; in
12 of the 45 cases (26.7%), the mutations were considered
as disruptive (either frameshift or non-sense), and they were
all located in complex I genes [29]. The association of

disruptive complex I mutations with the Hürthle cell
phenotype was strengthened by the finding that the only
breast tumour that presented a disruptive somatic mtDNA
mutation (also located in a complex I gene) was a
mitochondrion-rich tumour [29].

To address the correlation between mtDNA mutations
and oncocytic phenotype, Gasparre et al. [29] established
primary cultures from two thyroid tumours, each with a
disruptive mtDNA mutation. Intriguingly, none of the
primary cultures showed evidence of the disruptive mtDNA
mutations found in the original biopsies and, moreover, the
oncocytic phenotype was lost during culture [29]. It was
suggested that mtDNA mutations are negatively selected
under the culture conditions [29], thus reinforcing the
assumption that, in vivo, hypoxic conditions play a major
role in the positive selection of the mtDNA mutations and
the oncocytic phenotype.

Few publications have analysed mtDNA alterations in
renal oncocytomas. Welter et al. [100] used restriction
endonucleases to search for mtDNA abnormalities in six
renal oncocytomas and observed that every tumour dis-
played an extra band, which was not noted in the
corresponding normal tissue; these findings were not
reproduced by Brooks et al. [101], who did not observe
any mtDNA alterations in five renal oncocytomas. Tallini
et al. [20] did not find alterations in COXI and D-loop
region in ten renal oncocytomas. In addition, these authors
also analysed the presence of the mtDNA CD, but failed to
detect an increased frequency in comparison to controls
[20]. Recently, we observed the mtDNA CD in 11 of 14
renal oncocytomas (79%) and in seven of the 14 cases
(50%) in the respective adjacent normal parenchyma
(Portugal et al., unpublished observation).

Simonnet et al. [102] observed that renal oncocytomas
displayed a normal or slightly elevated activity of complexes
II–V of the OXPHOS system, whereas complex I was not
detectable in two-dimension electrophoresis; in addition,
renal oncocytomas also showed a fivefold increase in citrate
synthase (an indicator of mitochondrial proliferation) [102].
The absence of complex I, together with an increase in the
remaining complexes and citrate synthase, led to the
conclusion that the mitochondrial proliferation in renal
oncocytomas might be a compensatory mechanism for a
decreased OXPHOS activity [102, 103]. Mayr et al. [104]
confirmed the observations of Simonnet et al. [103], showing
that the enzymatic activity of complex I was undetectable or
greatly reduced in the tumour samples as well as lack of
assembled complex I. Furthermore, mtDNA mutation anal-
ysis showed frameshift mutations either in ND1, ND4 or
ND5 in nine of 15 tumours [104].

Muller-Hocker et al. [67] showed that defects of the
respiratory chain are present during cell ageing in the
oncocytic cells of normal parathyroids. Muller-Hocker [59]
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described also random cytochrome-C-oxidase deficiency in
oncocytic parathyroid adenomas, whereas no abnormalities
were detected in other enzymes of the respiratory chain
(SDH and ATP synthase). Genetic studies are necessary to

see if the aforementioned mitochondrial protein alterations
reflect mtDNA alterations.

Lewis et al. [19] observed, using two-colour fluorescent
in situ hybridisation, that all oncocytic cells in Warthin’s

Fig. 3 Schematic representation of mtDNA somatic mutations found
in human oncocytomas and in the XTC.UC1 thyroid oncocytoma cell
line. Only missense, non-sense or frameshift mutations are depicted.
Numbers indicate the mutation position according to the Cambridge

reference sequence; mutations in thyroid oncocytomas are represented
in black, in breast oncocytomas in red and in the thyroid oncocytoma
cell line in blue. Picture taken and adapted with permission from
MITOMAP [121] and Lima et al. [34]
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tumours contained mitochondria showing a reduction on
normal mtDNA signal and that oncocytic cells had mixed
populations of normal and deleted mtDNA (heteroplasmy),
but no cells had exclusively deleted mtDNA. Lewis et al.
[19] also found the presence of a low level of mtDNA
deletions in normal parotid epithelial cells of smoker
patients, a finding that supports the assumption that these
deletions may precede the oncocytic phenotype.

Biochemical analyses of oncocytic thyroid tumours
revealed that the ATP synthesis in the tumour cells is
impaired, suggesting an inactivation of the OXPHOS
system [28, 105]. Savagner et al. [28] studied seven fresh
oncocytic thyroid tumours and respective controls, having
found that the ATP synthesis was lower in all the tumours,
with a parallel overexpression of uncoupling protein 2,
which is a protein that uncouples the electron flow in the
OXPHOS system from the ATP production in complex V.
Savagner et al. [28] also found that two mitochondrial
genes—ND2 and ND5—were overexpressed in relation to
normal thyroid tissue. Confirming these observations, two
other studies, using microarrays, have found that the
majority of the peptide-encoding mtDNA genes were
overexpressed in thyroid oncocytic tumours [106, 107].
These results suggest that the defective ATP production
observed in this setting may explain the characteristic
mitochondrial proliferation of oncocytic cells.

Using differential display, it was disclosed, amongst
other alterations, an overexpression of the gene encoding
the core I subunit of the complex III of the mitochondrial
OXPHOS system in a follicular carcinoma composed of
Hürthle cells [108]. However, in a large series of thyroid
tumours, core I overexpression was found to be associated
with benign and malignant tumours of the thyroid with
microfollicular growth pattern, independently of the pres-
ence of Hürthle cells [108].

A last point to refer is that the association between
GRIM-19 mutations and Hürthle cell phenotype [49] has
not been confirmed in renal oncocytomas, nor in Warthin’s
tumour of the salivary glands (Portugal, Guimarães et al.,
unpublished results). In the thyroid, familial forms of
benign and malignant Hürthle cell tumours may be due to
a germline mutation in GRIM-19 (see above) [49].
Downregulation of GRIM-19 has been shown to confer a
growth advantage on cells and to reduce the likelihood
that they will enter apoptosis [51]. The detection of a
RET/PTC1 re-arrangement in one case of the oncocytic
variant of PTC in which there was also a GRIM-19
mutation [49] suggests that the latter mutation may serve
as a predisposing alteration for the occurrence of tumours
with cell oxyphilia; other alterations such as RET/PTC
rearrangement or BRAF mutation may be necessary for the
acquisition of the malignant phenotype (for a thorough
review, see [109]).

Therapeutic hints

Although the cause of the metabolic shift towards glycolysis
of cancer tissues remains to be fully clarified, the glycolytic
phenotype is such a common end product of diverse
molecular abnormalities that the Warburg effect may turn
into the Achilles’ heel of cancer cells from a therapeutic
standpoint [52, 56, 110, 111]. Since early carcinogenesis is
thought to occur in a hypoxic microenvironment, Gatenby
and Gillies [56] proposed that the transformed cells initially
have to rely on glycolysis for energy production. As
discussed above, this early metabolic adaptation appears to
offer a proliferative advantage, suppressing apoptosis.
Furthermore, the “byproducts” of glycolysis (i.e. lactate and
acidosis) contribute to the breakdown of the extracellular
matrix, facilitate cell mobility and increase the metastatic
potential [56, 112]. In a recent study, Bonnet et al. [113]
compared several cancer cell lines with normal cell lines and
found that cancer cells had more hyper-polarised mitochon-
dria, having hypothesised that if this metabolic-electrical
remodelling is an adaptive response, then its reversal might
increase apoptosis and inhibit cancer growth [113]. Bonnet
et al. [113] used dichloroacetate (DCA), a small molecule
and a well-characterised inhibitor of pyruvate dehydrogenase
kinase (PDK). Inhibition of PDK by DCA in A549 cells
shifts pyruvate metabolism from glycolysis and lactate
production to glucose oxidation in the mitochondria. This
metabolic shift was associated with increased production of
ROS, efflux of pro-apoptotic mediators from the mitochon-
dria, induction of mitochondria-dependent apoptosis and
decreased tumour growth [113].

In 2001, Ko et al. [111] showed that a small molecule
named 3-bromopyruvate (3BrPA) was a potent inhibitor of
the glycolytic activity in tumour cells [111]. 3-BrPA is not
only an analogue of lactic acid but also highly reactive. Due
to its structural analogy to lactic acid, it is believed that 3-
BrPA may take advantage of the Warburg effect by
selectively entering cancer cells via the enhanced number
of lactic acid transporters that are present in such cells and,
once inside, using its alkylating properties to block energy
production. Ko et al. [111] showed that 3BrPA had little or
no effect on normal hepatocytes used as control population,
but destroyed almost all the hepatoma cells; it has been
shown, moreover, that 3-BrPAworks also in vivo [111, 112].

Summary and conclusions

Mitochondria are key organelles in cellular homeostasis
taking part in vital processes, such as ATP production via the
OXPHOS system, and programmed cell death (apoptosis)
via cytochrome C release from the mitochondrial inter-
membrane space. In 1956, Otto Warburg [114] showed that
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human tumours displayed elevated glycolysis and reduced
rate of OXPHOS, even in the presence of oxygen and
suggested that defects in OXPHOS could underlie many
forms of cancer. In the last decade, the finding of mtDNA
mutations, as well as of mutations in nuclear genes encoding
mitochondrial proteins in many types of sporadic and
familial human tumours with and without oncocytic (Hürthle
cell) features, has provided a genetic basis for the mitochon-
drial dysfunction observed in human tumourigenesis.

The mechanisms by which mtDNA and nuclear DNA
mutations and the resulting defective mitochondrial proteins
involved in OXPHOS and/or Krebs cycle can lead to or
promote tumourigenesis are not fully understood. It has been
advanced that the outcome of such mechanisms would be
enhanced glycolysis, with a concomitant survival advantage
in hypoxic and acidic microenvironments, as well as an escape
from the excessive ROS formation (which may lead to
apoptosis) of a malfunctioning OXPHOS.

There is epidemiological and experimental evidence
showing that some pathogenic mtDNA mutations, as well
as mutations in a few mitochondrial coding nuclear genes
(GRIM-19, SDH, FH), create a favourable environment for
tumour development by conferring growth advantage to
cells. However, extra-hits, such as LOH and mutations in
other oncogenes and/or tumour-suppressor genes, appear to
be required for tumour progression, including malignant
transformation.

There is also emerging evidence suggesting that mito-
chondrial dysfunction may lead to the activation of HIF 1-
alpha (HIF-1α), therefore triggering the hypoxia pathway in

the tumourigenic process. The activation of this pathway
would result in the transcription of a number of genes known
to be associated with human tumourigenesis, such as those
involved in glucose metabolism, angiogenesis, extra-cellular
matrix modification, motility and survival [115–119].

The two cartoons shown in Figs. 4 and 5 summarise the
way the relationship between mitochondrial alterations,
hypoxia (and pseudo-hypoxia) and carcinogenesis may be
envisaged using the available epidemiological and experi-
mental evidence.

Fig. 5 Schematic representation of the possible mechanisms of HIF-
1α stabilisation due to mitochondrial dysfunction in tumour cells

Fig. 4 Schematic representation of the putative role of alterations in nuclear or mtDNA-encoded mitochondrial proteins both in the oncocytic
phenotype and in tumourigenesis. Picture adapted from Sobrinho-Simoes et al. [69]
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The role played by the increased activity of HIF-1α in
cancer development has been repeatedly aknowledged both
in connection with mitochondrial alterations [32, 57, 120]
and in other settings [115–119]. The discussion of such role
rests beyond the scope of the present review.
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Abstract With the free movement of people in the
European Union, medical mobility has increased signifi-
cantly. This is notably the case for disciplines for which
shortage of well-trained staff has occurred. Pathology is
among those specialties and effectively the discipline is
confronted with a striking increase in mobility among
trainees and qualified specialists. The presumption under-
lying unlimited mobility is that the competencies of the
medical specialists in the European countries are more or
less equal, including significant similarities in the post-
graduate training programs. In order to assess whether
reality corresponds with this presumption, we conducted a
survey of the content and practice requirements of the
curricula in the EU and affiliated countries. The results
indicate a striking heterogeneity in the training program
content and practice requirements. To name a few elements:
duration of the training program varied between 4 and
6 years; the number of autopsies required varied between
none at all and 300; the number of biopsies required varied
between none at all and 15,000. We conclude that
harmonization of training outcomes in Europe is a goal
that needs to be pursued. This will be difficult to reach
through harmonization of training programs, as these are
co-determined by political, cultural, and administrative

factors, difficult to influence. Harmonization might be
attained by defining the general and specific competencies
at the end of training and subsequent testing them through a
test to which all trainees in Europe are subjected.

Keywords Postgraduate education . Europe

Introduction

The European Union and its affiliates counts about 30
countries that are all entirely autonomous regarding under-
and postgraduate medical education, licensing, specialty
diplomas, and CME. In these countries postgraduate
training programs for the medical specialties are usually
under regulation by government supervised governing
bodies, in which (a variety) of medical specialties are
represented. Representatives tend to be delegated by a
professional society, which typically has created a commit-
tee for postgraduate education, in charge of defining
program content and monitoring training outcome, the
latter often in the format of an examination. The responsible
professional societies may be largely practice oriented, or
more academically or both. In practice, those who bear
academic responsibility for postgraduate education are
often not necessarily represented in these governing bodies.

According to EU legislation, any member-country is
obliged to recognize the medical certificates of any other
member-country as equivalent. This has stimulated reflec-
tion as to how to get to an integrated European approach,
within the Union Européenne des Médecins Spécialistes
(UEMS). The backbone of UEMS are the 37 Specialist
Sections and the corresponding European Boards, repre-
senting the majority of European specialties. Specialist
Sections, including pathology, are composed of two
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delegates per member state who represent the national
professional organization for medical specialists in a
particular specialty. How delegates are appointed varies
per country. Sections may admit additional members with
specific expertise. For example the Section/Board of
Pathology includes representatives of the European Society
of Pathology, the European Association of Junior Doctors,
the European Federation of Cytological Societies in
combination with the International Academy of Cytology,
Forensic Pathology and the European Confederation of
European Neuropathological Societies (Euro-CNS).

As yet, the Section/Board has made several attempts to
harmonize training programs and developed the European
Pathology Board Examination, an MCQ test assessing basic
knowledge and morphological recognition skills that every
practicing pathologist should dispose of. The examination
was originally only intended for pathologists certified in
one of the EU countries. For several reasons they hardly
participate in this examination. As a matter of fact, nearly
all participants are non EU (in the 2008 test 32 out of 35)
candidates who hope to gain access to pathology practice in
an EU member state. This raises the question whether this
examination still makes sense as a European test.

How pathology trainees in the EU acquire their
knowledge and skills is left entirely up to the specialty
boards in the individual member-countries. As evidence-
based principles in diagnostic pathology are far from
universally applied [1] this potentially constitutes and
important risk for heterogeneous pathology practice. The
EU has no common definition of basic training requirements
nor have common rules for the accreditation of training
institutions been developed.

In this structure, primary responsibility for the conception
of a European framework for supranational curriculum
planning is formally confided to UEMS pathology. In practice,
however, UEMS pathology is lacking in executive power. The
pathologists representing national governing bodies or profes-
sional societies in the UEMS Section and Board are not
necessarily those directly responsible for the national training
program and do not necessarily have key academic affiliations
or responsibilities. Consequently, the Section/Board disposes
of little means to impose a supranational vision on national
governing bodies, which remain largely autonomous. This
complexity, the significant lack of congruence between
academic and administrative responsibilities and the preva-
lence of national regulations over supranational aspirations,
has hampered the development of a common blueprint for
postgraduate education in pathology.

However, harmonization remains an important goal, as
increasing mobility in the pathology field is a reality, given
the shortage of pathologists in most European countries. A
recent initiative to overcome this problem has been the
creation of the European Association of Pathology Chairs

and Program Directors (EAPCP), which has brought
together those directly responsible for under- and postgrad-
uate pathology education.

Curious as to the real bandwidth of qualifying criteria,
against the background of this lack of common ground, we
set out to obtain details of the postgraduate training
programs in pathology for the member countries and
(potentially) affiliated countries of the European Union. A
questionnaire was sent to national representatives, for a
number of countries several representatives, with the aim to
verify if within a single country ‘unity of doctrine’ exists in
reality. This paper reports on the results of this survey and
proposes strategies that might be explored in order to attain
the necessary harmonization in training outcomes.

Materials and methods

A questionnaire was developed (Table 1) and sent to a
representative of each country represented in the European
Section/Board of Pathology. In case of non-response, a
reminder was sent and for some countries additional
contacts were addressed in order to obtain a complete data
set. Personal interactions with representatives from most
countries clarified open issues and provided additional
detail where deemed necessary.

Results

The response rate was high: we obtained an appropriately
completed questionnaire from 26 of 30 EU and affiliated
countries. In some countries, we received several slightly
different responses in view of their decentralized approach
to postgraduate training regulation (e.g., in Germany,
confided to the ‘Länder’). The complete dataset is provided
as supplementary information (supplement 1). From eight
countries, we obtained the URL of a website where detailed
information concerning qualifying requirements and train-
ing programs can be obtained. These are likewise contained
in the supplementary information.

Program duration, overall structure

The minimum required duration of postgraduate training
varies between 4 (eight countries) and 6 (one country) years
(Table 2). In most (17) countries the duration is 5 years, but
6 years in one country. In eight countries, clinical training is
required (mostly 1 year, but 6 months in one country),
which may (for 6-year training programs) or may not (for
4-year training programs) be included in the overall listed
duration. Remarkably, the 4-year programs are mostly in
the ‘new’ European member countries.
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In 20 countries, obligatory courses are part of the
training program, eight of these without specification of
the number of course hours for the total training program.
For the other eight, the number of course hours varied
between 48 and 300 per year.

With few exceptions, the reaction to the question
whether or not the trainee developed a certain level of
autonomy during the program was affirmative. Strikingly,
however, on the question whether or not the trainee was
allowed to sign out cases without supervision, the response
was mostly negative: in only eight countries residents are
allowed to sign out cases autonomously before final
qualification.

Practice requirements

Remarkable heterogeneity characterizes the practice re-
quirements for certification (Table 3). Most countries
specify some level of activity for specific fields, although
in six countries no numbers are set. This obviously does not
imply that a trainee can qualify without having practiced
diagnostic pathology; the responsibility for judging an
adequate level of proficiency may be ultimately left to the
director of the training program and/or the final program
examination (Table 4).

For autopsies the required numbers varies between 60
and 300. In most countries fetal autopsies are included in
the autopsy count, although for some countries a maximum
number of fetal autopsies in the total count has been set. In

at least two countries (France and Greece), qualification as
specialist pathologist can be obtained (almost) without any
autopsy practice. For biopsies the required number varies
between 600 and 15,000. In two countries (Switzerland and
Lithuania) the number of biopsies within subspecialty fields
is defined. For cytology the numbers required varies
between 500 and 10,000. In several countries a specified

Table 1 (continued)

Table 2 Program duration and overall structure

Number of countries

Duration of training

4 year 8

5 year 17

6 year 1

Clinical year required

Yes 8

(one 6 months)

No 18

Development of autonomy

Yes 22

No or ? 4

Independent sign out before graduation

Yes 8

No or ? 18

Obligatory courses

Yes 18

No or ? 8
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number has been set for gynecological and non-gynecological
cytology.

In most countries with explicit practice requirements, no
numbers have been set for frozen section diagnosis.
Effectively, in several countries frozen sections are not
performed by trainees but only by qualified pathologists. In
countries with specified numbers, these vary between 50
and 500.

Exposure to laboratory methods in pathology

The questionnaire specified ‘hands on’ experience in
laboratory methods. What exactly this implies is difficult
to grasp from the survey documents. It can be assumed that
in case of an affirmative answer at least some personal
practice in the specific laboratory method is required. Many
countries (14) require some practice in histological techni-
ques and about the same proportion in immunohistochem-
istry (12). The number of countries requiring experience in
electron microscopy (seven) or morphometry (five) is
lower. Of note is that experience in molecular pathology
is required in only five countries and in fluorescent in situ
hybridization (FISH) in only 3.

Examination

The majority of the countries have over time adopted an
examination system for quality control towards the end of
the training period (Table 4). Nonetheless, in six countries,
no central examination system exists and the director of the
training program bears full responsibility for the certifica-
tion of the candidate. In many countries the examination
has a strong practice-oriented content. This might imply
some form of testing of macroscopical examination skills
and specimen sampling, included in nine countries. Reporting
an autopsy, based upon a combination of examination of
macroscopical specimens and the accompanying histology is
included in 11 countries. Cytology slides and histology slides
are almost invariably included in the examination (16 and 18,
respectively; 14 out of 20 examining countries). Knowledge
is tested through multiple choice questions in eight
countries and through open questions in 13. Oral examina-
tions were explicitly stated by two countries, although in
reality this figure is probably higher as most practice-
oriented examination parts tend to be conducted through
direct interaction between an examiner and the candidate,
which can be considered as a form of an oral examination.

Table 3 Practice requirements

Number of countries

Autopsies

None specified 4

<100 1

100–200 19

>200 2

Biopsies

None specified 6

<3,000 3

3,000–10,000 13

>10,000 2

Frozen sections

None specified 16

<100 2

>100 5

Cytology

None specified 6

<3,000 7

>3,000 11

Technical competencies

Histology 12

Immunohistochemistry 10

Electron microscopy 7

Morphometry 5

Molecular pathology 3

FISH 1

Table 4 Final examination

Number of countries Type of examination Number of countries

Without final examination 6

With final examination 20 MCQ 8

Open questions 13

Of which oral 2

Cutting in 9

Histology 18

Cytology 16

Autopsy 11

With intermediate progress examinations 4 (of which 1 anonymous)
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In only four countries, intermediate ‘progress’ tests are
organized, one of which anonymous underlining its
formative character.

Research, selection, international exchange, and cpc
participation

Research is not universally considered a priority: in only
nine countries active participation in a research project is
required and in only four countries a published paper is
required in order to qualify as a specialist.

Selection of trainees is very different between the
different countries. The extremes are, on the one end of
the spectrum, the countries where freshly graduated
physicians have to sit a national ranking test. Ranking
according to the score determines access to specialty
training: the higher the ranking, the more options are open.
In this system, usually the trainees are assigned to a
program and the director of the program has limited
influence on the choice of candidate trainees. On the other
end of the spectrum, fresh graduates apply for open trainee
positions and the decision as to who to enlist is entirely
taken by the director of the program. We do consider how
graduates are selected for a training program an important
issue. It is highly likely that the evolution of a training
program is at least in part determined by the composition of
the trainee group and therefore the selection process might
have significant impact on the outcome of training.

International exchange seems not to be a priority, although
many countries do promote and support participation in
international courses. Most countries (20) advocate active
participation of trainees in clinicopathological conferences,
usually with the responsibility to present and discuss cases.

A final question was whether or not trainees perform
microscopical examinations of all the cases for which they
had assumed the macroscopical examination. The impor-
tance of the question is the tendency in some departments
to use residents as an easy labor force for tasks regarded as
less qualified, but that do not necessarily provide added
value to the training program. In nine countries, residents
routinely perform macroscopical examination of specimens
which they do not see again for microscopical examination
and of which they do not edit the report.

Discussion

Harmonization of pathology training has for nearly 20 years
been the main aim of the Specialist Section/Board of
Pathology of the UEMS. Despite the fact that the members
of this body repeatedly agreed upon a common training and
testing program, and were willing to support this in their
national bodies, the proposed measures did not result in the

intended harmonization and implementation of these
initiatives in the national programs largely failed. In the
meantime, in the EU the reciprocal recognition of certifi-
cates has resulted in a significant movement of European
doctors, among whom many were pathologists, and the
need for new initiatives to achieve the harmonization goal
have become more and more evident [2]. We felt that
detailed insight in the present training situation would allow
us to develop more balanced efforts and better targeted
actions. So what does the survey tell us?

First of all, heterogeneity in the training programs is
striking. For none of the investigated items any sign of
effective harmonization was perceived. The differences in
training duration, training content, responsibilities of the
trainees, research experience, and testing and examination
appear to be enormous. It is evident that none of the well-
intended initiatives in the past has resulted in any
improvement of the existing diversity. The reasons for this
failure lie primarily in the decentralized responsibility for
postgraduate training and specialist certification: entirely at
a national level. Most countries (understandingly) want to
stick to their own concept of a program, which in their
judgment has functioned well for decades. A striking
conclusion is that some pathologists trained in Europe
cannot assure adequate autopsy practice. This calls for
explicit measures, as has been proposed for example in the
form of a distinct subspecialty for autopsy pathology [3].

Secondly, pathology curricula in the European countries
are still largely oriented towards classical pathology
practice. The amount of exposure to new methods in
diagnostic pathology (notably molecular pathology) is very
limited and that in an era full of new challenges and plenty
more to come in the 30 or so years that the average trainee
will practice the discipline. Training programs ideally
should continuously identify new needs and develop
effective approaches towards responding efficiently to
new requirements [4, 5]. A more balanced mixture of
formal teaching and the prototypical ‘learning by doing’
might need to be considered [6].

Thirdly, validation of training outcome is very heteroge-
neous. National exams, which are not even universally applied
as a measure of quality control of training outcome, are very
different in structure and content. This might be one reason
why the gradual increase in autonomy, proclaimed by most
countries, has not resulted in much functional autonomy: rare
are the training programs allowing advanced trainees to sign
out cases independently, the ultimate reflection of autonomy.
Longitudinal case-based evaluation [7] might provide a
formal basis for allowing an advanced resident to gain
professional independence. A European approach towards
pathology training outcome validation might also facilitate
transatlantic competence recognition, as has been called for
in this era of globalization [8].
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We must conclude that harmonization of training
programs is an illusion and should no longer be pursued.
Moreover it is not the program, but the outcome that
counts. Since the practice of pathology is relatively uniform
in Europe (and around the world) a much more pragmatic
and realistic approach would be to agree upon the
competencies at the end of training and to develop tools
to measure competencies all along the training period, as
has been implemented elsewhere [7, 9–11]. The Resident in
Service Examination, a similar approach, is now imple-
mented in 100% of the training programs in the United
States [12]. Following such approaches the profile of the
European pathologist has been conceived by the EAPCP
and tools to monitor training outcomes, aiming at the
European profile, are in full swing development. The main
tool for monitoring of training outcome will consist of a
formative progress test that is histo- and cytopathology
practice-oriented, deployed through the internet as was
already advocated long ago [13], can be used by the
residents on a voluntary and anonymous basis for self-
evaluation, and by institutions for comparing overall out-
come of their program with that of others. Moreover, such a
test can also be used by practicing pathologists to compare
their knowledge with that of their peers.

What to do? Sensing the need to face these challenges
the EAPCP was created with as primary aim to mount a
European network of professionals responsible for the
quality and the execution of the pathology training program
in their institutes. The survey this paper is based upon is one
of the initiatives taken by the EAPCP. The results obtained
have helped the EAPCP in developing a description of the
profile of the European pathologist at the end of her/his
training, in terms of general and specific learning objectives.
The document includes general guidelines as to how to
develop these outcome parameters into a curriculum and
how to evaluate in a structured way the progress of the
trainee all along the training period and provides the basis
for a European progress test, which will allow trainees
to self-evaluate and training bodies all over Europe to com-
pare training outcomes. As the UEMS Section/Board of
Pathology remains an important professional-political plat-
form to consolidate such initiatives and increase their impact,
the EAPCP needs to collaborate with it and in fact the UEMS
Section/Board of Pathology has agreed to collaborate. This
will assure proper input from the relevant stakeholders and
allow adequate representation of the interests of pathology as

a medical discipline. The EAPCP might eventually act as a
bridge between the bodies that determine the fate of
pathology in Europe: the European Society of Pathology
providing scientific and educational input with its annual
congresses and postgraduate education programs, the UEMS
Section/Board of Pathology providing professional and
political input at a European level and the national pathology
organizations, powerful third party in this complex process.
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Abstract In order to survey the diagnostic reporting of
melanomas by European pathologists and assess their
current practice and opinions on the information required
in the final report, a web-based questionnaire was diffused
through the members of the Dermatopathology Working
Group of the European Society of Pathology. Forty replies
from different pathology laboratories were collected (49%).
Main prognostic parameters related to the primary tumor,
including Breslow thickness, presence of ulceration, and
Clark’s level, as well as additional features, are reported by
a large majority of laboratories. Presence of regression is
reported by 90% of respondents but with different
recording items. For sentinel lymph node (SLN) biopsy
for melanoma, the conventional panel of antibodies
includes S-100, Melan A, and HMB45. Dissection of the
SLN is performed by “bivalve” or “bread loaf” approach.
The number of sections cut and stained varies. Forty-four
percent of respondents report depths of metastases from the

capsule, while the majority report maximum dimension of
the largest deposit. Results indicate that pathology reports
for primary cutaneous melanoma and SLN vary between
laboratories across Europe. Although the most important
prognostic features are universally reported, key features
which impact on prognosis and treatment are often omitted
and others still require standardization.

Keywords Melanoma . Histopathology report

Introduction

Melanoma is the major cause of skin cancer mortality, with
its incidence rising worldwide [1,2]. The progress in public
education has made the early detection of the disease
possible, so pathologists today are dealing with an
increasing load of skin biopsies with melanoma. Since
many specialties are involved in the management of
melanoma, integral components of high-quality care of
melanoma patients are effective communication of appro-
priate information. When dealing with a melanoma, an
accurate histological diagnosis is only the first step towards
a rational and effective treatment. Besides diagnosis,
several histopathological parameters constitute accepted
prognostic factors and should also be included in the final
pathology report [3–9]. Features not currently included in
the latest editions of the American Joint Committee on
Cancer (AJCC) and the International Union Against Cancer
staging manuals might be also important [5,8,10].

In many pathology laboratories, standardized synoptic
reports for melanoma have been formulated, so that key
elements of the histological assessment are not overlooked

Virchows Arch (2009) 454:505–511
DOI 10.1007/s00428-009-0763-5

A. Batistatou (*)
Department of Pathology, University of Ioannina,
Medical School, University Campus,
P.O. Box 1186, 451 10 Ioannina, Greece
e-mail: abatista@cc.uoi.gr

M. G. Cook
Department of Histopathology,
Royal Surrey County Hospital and University of Surrey,
Guildford, UK

D. Massi
Department of Human Pathology and Oncology,
University of Florence,
Florence, Italy



and clear communication with the clinician is achieved.
Following such a proforma could assist the pathologist to
provide all the information that is relevant and important
for the clinical approach to the patient. A report could be
also used as a means of education of pathologists, in order
to pay attention to clinically important features. It is beyond
doubt that pathologists who sign the report have the
responsibility for the communicated information and that
practices vary due to personal beliefs and demands by the
referring clinician and institutional policies. Therefore,
pathology reports for primary cutaneous melanoma vary
between laboratories in Europe.

The aim of the present study is to record these differences,
as well as to assess the beliefs of pathologists as to what is the
essential information that should be included in the final
pathology report for cutaneous melanoma.

Material and methods

In order to survey the European pathologists who diagnose
melanomas, assess their current practice, and record their
opinions on the essential information to be included in the
final pathology report, a 50-point questionnaire was
prepared (“Appendix”). This was sent to all 81 current
members of the European Society of Pathology Dermato-
pathology Working Group, by e-mail or by regular mail, if
the former was not available.

The questions were related to six areas:

1. Details of respondents with respect to country and
practice (specialized melanoma and/or active sentinel
lymph node surgical unit or not, number of melanomas
diagnosed per year)

2. Pathologists’ practice regarding standardized patholo-
gist report and reporting of accepted prognostic factors

3. Pathologists’ opinions regarding standardized patholo-
gy report and accepted prognostic factors

4. Pathologists’ practice and opinions regarding parame-
ters not included in the AJCC 2002

5. Pathologists’ practice and beliefs regarding sentinel
lymph node (SLN).

6. Free text comments and opinions were sought regard-
ing other features that should be included in the final
pathology report for melanoma

Results

Respondents

In total, 40 replies were received (49%). The response rate
is attributed in part to the fact that occasionally pathologists

from the same laboratory completed only one question-
naire. The preliminary results from this survey were
presented during the 21st European Congress of Pathology
in Istanbul, Turkey, on September 2007. Respondents who
reported their opinion and practice were based in the
following European Countries: Croatia, Czech Republic,
Finland, France, Germany, Greece, Italy, Netherlands,
Portugal, Romania, Serbia, Slovenia, Spain, Switzerland,
and UK. In addition, a few respondents/members were
located in countries outside Europe at the time of the
questionnaire: Canada, Israel, Turkey, and USA. Regarding
activity, 18/40 (~32%) respondents work at units/hospitals
diagnosing <50 cutaneous melanomas per year; 11/40
(~28%) diagnose 50–100 melanomas per year; ten of 40
(~25%) diagnose 100–300 melanomas per year and six of
40 (15%) diagnose >300 melanomas per year. Fifty-eight
percent (23/40) of respondents regularly assess SLN for
melanoma metastases. Fifteen percent (six of 40) does not
assess SLN at all and has not answered the relevant
questions.

Pathology report, relevant histopathological parameters

Forty-five percent of respondents (18/40) do not use a
standardized pathology report, but only 18% (7/40) thinks
that a standardized pathology report is not necessary
(Table 1). The anatomic site is reported by 68% (27/40)
of respondents and some propose to include it in the clinical
data. The histological subtype is reported by 90% (36/40)
of respondents. It is pointed by respondents that the
histological subtype is of debatable/uncertain/limited im-
portance and that originally described histotypes do not
reflect the morphological profile of currently diagnosed
melanomas. Twenty-eight percent (11/40) of respondents
do not include the growth phase in the pathology report. All
respondents report Breslow thickness. It is usually mea-
sured with an ocular micrometer and less often by
computer-assisted methods (8%, three of 40). All but two
respondents (38/40) believe that the Clark level of invasion
should be reported. All but one respondent (39/40) believe
that ulceration should be included in the final pathology
report and reports it. However, there is disagreement on the
report of the extent of ulceration since the majority (60%,
24/40) does not report it. Those who report the extent of
ulceration follow variable methods for its estimation. They
estimate it in millimeter or as a percentage or they
categorize it as focal–extensive or superficial–deep. Many
respondents (72%, 29/40) include the predominant cell type
in their report, while 35% (14/40) believes that it should not
be included. The dermal mitotic rate is reported by 80%
(32/40) of respondents. Methods of assessing and reporting
vary: some count mitoses and report them as number per
square millimeter or per high-power fields (HPF) or per
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5HPF; others initially screen for hot spots at ×10 and then
use rougher estimates (high, moderate, low mitotic activi-
ty). Vascular or lymphatic invasion is reported, if present,
by all respondents, usually without differentiation between
lymphatic or vascular (95%). Only two of 40 (5%) use
immunohistochemistry in order to identify the vessel type
(CD34, D2-40). Perineural invasion is reported if present.

The presence of tumor-infiltrating lymphocytes (TILs) is
usually included (78%, 31/40) in the pathology report and
graded as brisk, nonbrisk, and absent. Most respondents do
not attempt immunosubtyping, while others do (5%) and
report the subpopulations identified. Regression is usually
reported (90%, 36/40). There is great variation on the mode
of reporting: present/absent, absent/scarce/moderate/severe,
present/partial/complete, in millimeter, or as a percentage.
The presence of associated nevus and satellite lesions is
reported if they are present. Thirteen percent (five of 40)
does not report the distance from the nearest margins. The
summarized results of this survey are presented in Table 1.
Other features that respondents have proposed that could be
included in the pathology report are: the presence of second
cell-type component, the percentage of MIB-1-positive
neoplastic cells, the density of pigmentation, the presence
of necrosis, the presence of sun damage in surrounding
skin, an estimate of metastatic potential, the immunohisto-
chemical expression of p16 and β-catenin, results of other
immunostaining if it is done, the presence of adnexal
infiltration, the names of second opinions when done, as
well as the pathological staging (T, TNM).

Sentinel lymph node biopsy for melanoma

Immunohistochemistry is usually used as an additional aid
in identifying metastases (Table 1). The conventional panel
of antibodies included S-100 (74%), Melan A (65%), and
HMB45 (62%). Some respondents use additional markers,
i.e., CD68, antityrosine, microphthalmia transcription factor,
and melanoma cocktail. There is discrepancy on the dissection
procedure of the SLN. Most respondents “bivalve” it (48%);
others “bread loaf” it (42%), while 10% takes random
sections.

The number of sections cut and stained also varies as
follows: 9% takes only one section; 47% takes one to
five sections; 29% takes five to ten and 15% examines
ten to 20 sections. The cutting of sections is done
sequentially by 33% and at steps by 66% of respond-
ents. Forty-four percent (15/34) of respondents report on
the depths of the metastases from the capsule, while
68% (23/34) reports of the maximum dimension of the
largest deposit. All but one report on the presence of
nevus cells within SLN.

Discussion

While there is considerable published information on the
features of melanoma that are important for its progression
and clinical management, there is very little information
about the current practice of reporting melanoma in Europe
[1,11,12]. This is the first comprehensive assessment on

Table 1 Summarized results of the survey

Question number Yes No

5 55% (22/40) 45% (18/40)

6 82% (33/40) 18% (7/40)

7 68% (27/40) 32% (13/40)

8 90% (36/40) 10% (4/40)

9 90% (36/40) 10% (4/40)

10 85% (34/40) 15% (6/40)

11 72% (29/40) 28% (11/40)

12 78% (31/40) 22% (9/40)

13 100% (40/40) 0% (0/40)

14 100% (40/40) 0% (0/40)

16 95% (38/40) 5% (2/40)

17 95% (38/40) 5% (2/40)

18 97% (39/40) 3% (1/40)

19 97% (39/40) 3% (1/40)

20 40% (16/40) 60% (24/40)

21 45% (18/40) 55% (22/40)

22 72% (29/40) 28% (11/40)

23 65% (26/40) 35% (14/40)

24 80% (32/40) 20% (8/40)

25 72% (29/40) 28% (11/40)

26 100% (40/40) 0% (0/40)

27 92% (37/40) 8% (3/40)

28 100% (40/40) 0% (0/40)

29 92% (37/40) 8% (3/40)

30 78% (31/40) 22% (9/40)

31 72% (29/40) 28% (11/40)

32 90% (36/40) 10% (4/40)

33 90% (36/40) 10% (4/40)

34 100% (40/40) 0% (0/40)

35 95% (38/40) 5% (2/40)

36 100% (40/40) 0% (0/40)

37 97% (39/40) 3% (1/40)

38 87% (35/40) 13% (5/40)

39 85% (34/40) 15% (6/40)

41 58% (23/40) 42% (17/40)

42 88% (30/34) 12% (4/34)

47 44% (15/34) 56% (19/34)

48 68% (23/34) 32% (11/34)

49 71% (24/34) 29% (10/34)

50 97% (33/34) 3% (1/34)
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European pathologists’ views and practice and demon-
strates the lack of consensus on several important issues.

Of the most important microscopic features, there is
agreement on the measurement and reporting of Breslow
thickness, which is the strongest prognostic index for
melanoma [13]. In fact, the T attribute of the TNM staging
system is primarily defined by the thickness of the
melanoma, measured at a right angle to the adjacent normal
skin, from the top of the granular layer of the overlying skin
epidermis (or the base of the ulcer, if the lesion is ulcerated)
to the deepest invading melanoma cell. In the 2002 AJCC
staging system, it is grouped in 1-mm intervals.

The Clark level of invasion is believed by many
respondents to be important for reporting, even if only for
historical reasons, since, as some point out, it is less
important than thickness [14,15]. Increasing levels of
invasion correlate with a decrease in survival, although this
feature has most value if analyzed as a single variable and
not as part of a multivariate analysis [9].

Ulceration is based on microscopic examination and is
defined in the literature proposed by the AJCC as the
absence of intact epidermis over any part of the primary
melanoma. Its presence is regarded as an indicator of
biological aggressiveness. Ulceration is a dominant prog-
nostic factor in cutaneous melanoma without metastasis and
a significant stage-modifying factor in the 2002 AJCC
classification [6,16]. There is positive correlation between
ulceration and melanoma thickness. Pathologists have
understood the significance of ulceration, but, as shown in
our survey, there is considerable discrepancy on the mode
of measuring and reporting it [17,18]. It has been reported
that the disagreement between pathologists on reporting
ulceration can be significantly lowered if a more precise
definition of ulceration is used, i.e., full-thickness epider-
mal defect, evidence of host response and thinning, and
effacement or reactive hyperplasia of the surrounding
dermis [18].

Recognition and definition of the growth phase of
melanoma is important for understanding the multistep
model (Clark model) of melanoma progression [11].
Furthermore, vertical growth phase is an adverse prognostic
factor. However, in our survey, growth phase is not reported
by approximately one third of pathologists. The histological
subtype is often reported although its prognostic signifi-
cance is uncertain and less important than the growth
patterns and depth of invasion [19–22]. Furthermore, it is
known in clinical practice that several cases do not fit well
in any certain category, creating the need for new candidate
entities.

The dermal mitotic rate is not currently included in the
accepted prognostic parameters and the 2002 AJCC
classification; however, it is believed to be of high
prognostic value and is important particularly in thin

melanomas [23–25]. A recent study on thin cutaneous
melanoma (≤ 1 mm) has identified level, tumor cell mitotic
rate, and sex as additional prognostic factors and suggested
that tumor cell mitotic rate should be incorporated into the
next iteration of AJCC staging [26]. The majority of
respondents report the mitotic rate in invasive melanomas;
however, there is discrepancy in the mode of reporting.
Based on published studies, the most desirable mode of
reporting mitoses is in terms of number of mitoses per
square millimeter.

The presence of regression in primary melanomas is a
well-known phenomenon, but its prognostic significance
has been disputed [27–31]. Some investigators consider
regression as an indicator of poor prognosis, particularly
in thin melanomas, while more recent reports have shown
that regression is actually a favorable process, especially
in thin melanomas [31]. Respondents are obviously aware
of the significance of regression since the vast majority
includes its presence in the final report. However, the
unfamiliarity of observers with the pathological features of
regression is reflected in the variability of reporting its
extent. This is possibly due to the variable microscopic
features in various stages of regression. A prominent
mononuclear infiltrate is followed by destruction of
melanoma cells and the appearance of melanophages,
fibrosis, and vascular changes. A staging scheme has been
recently proposed, with stage 1 including cases with loss
of part of the dermal component, stage 2 including cases
with complete loss of the dermal and retaining of the
junctional component, and stage 3 including cases with
loss of both dermal and junctional components in the
involved segment of melanoma [31].

The host immune responses are important for melanoma,
but they are difficult to evaluate and standardize. The
presence of TILs is of debatable/doubtful value until
redefined, but pathologists generally report them [32,33].

The presence of vascular or lymphatic invasion does not
affect the T category but is reported [34,35]. Furthermore,
vascular invasion may be difficult to identify with the
routine hematoxylin–eosin stain, requiring aid by immuno-
histochemistry. The presence of perineural invasion is
reported if present since it may correlate with increased
risk for local recurrence.

Sentinel lymph node biopsy is a widely accepted
indicator of patient prognosis and has been established as
an important factor in clinical management of melanoma
patients [36–39]. Regarding SLN, an encouraging result
from this survey is that standardized gross and microscopic
assessment is followed [37,38]. Most pathologists follow
accepted protocols for dissection and microscopic exami-
nation [38]. Further microscopic features, such as the
microanatomic location and the size of the metastases, are
reported, and this practice indicates that respondents
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understand the importance of prediction of nonsentinel
lymph node involvement.

In conclusion, the evidence gathered and presented
herein supports the notion that pathologist members of the
European Society of Pathology who report cutaneous
melanomas mostly follow common practices, although with
individualization. There is some controversy about the
features that are essential and those that are desirable;
however, overall, the most important features are reported.
However, passive distribution of practice guidelines seems
to be insufficient to accomplish community-wide quality
improvement in melanoma pathology reporting.

The next step for achieving the best clinical practice
would be the development of Europe-wide guidelines for
the optimal pathology report of melanoma. Currently
formulated pathology reports are followed locally or
nationally in some countries. The goal is to achieve,
through active communication between all members of
the Dermatopathology Working Group of the European
Society of Pathology, a consensus statement on an
acceptable and adequate pathology report to be used in all
Europe.
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Appendix: Questionnaire

1. In which country is your pathology laboratory?
2. Are you working in a specialized Melanoma Unit?
3. Do you have an active sentinel lymph node Surgical

Unit in your hospital?
4. How many primary cutaneous melanomas do you

diagnose per year?
5. Do you use a standardized pathology report for

melanoma?
6. Do you think that a standardized pathology report for

melanoma is necessary?
7. In your final pathology report for melanoma, is the

anatomic site included?
8. Do you think that the anatomic site should be included

in the final pathology report for melanoma?
9. In your final pathology report for melanoma, is the

histological subtype included?
10. Do you think that the histological subtype should be

included in the final pathology report for melanoma?
11. In your final pathology report for melanoma, is

growth phase included?
12. Do you think that the growth phase should be

included in the final pathology report for melanoma?
13. In your final pathology report for melanoma, is the

Breslow thickness included?

14. Do you think that the Breslow thickness should be
included in the final Pathology report for melanoma?

15. For measuring Breslow thickness, do you use an
ocular micrometer or other tools?

16. In your final pathology report for melanoma, is the
Clark level of invasion included?

17. Do you think that the Clark level of invasion should be
included in the final pathology report for melanoma?

18. In your final pathology report for melanoma, is the
presence of ulceration included?

19. Do you think that the presence of ulceration should be
included in the final pathology report for melanoma?

20. In your final pathology report for melanoma, is the
extent of ulceration included?

Comment: If the answer is YES, please specify how do you
measure and how do you report the extent of ulceration (in
millimeter, as a percentage of the melanoma surface, etc.)

21. Do you think that the extent of ulceration should be
included in the final pathology report for melanoma?

22. In your final pathology report for melanoma, is the
predominant cell type included?

23. Do you think that the predominant cell type should be
included in the final pathology report for melanoma?

24. In your final pathology report for melanoma, is the
dermal mitotic rate included?

Comment: If the answer is YES, please specify how do
you measure and how do you report the mitotic rate (per
square millimeter, high–low, etc.)

25. Do you think that the dermal mitotic rate should be
included in the final pathology report for melanoma?

26. In your final pathology report for melanoma, is the
vascular or lymphatic invasion included?

Comment: If the answer is YES, please specify if you try
to separate between blood or lymphatic vascular invasion
and how.

27. Do you think that the vascular or lymphatic invasion
should be included in the final pathology report for
melanoma?

28. In your final pathology report for melanoma, is the
perineural invasion included?

29. Do you think that the perineural invasion should
be included in the final pathology report for
melanoma?

30. In your final pathology report for melanoma, is the
presence of tumor-infiltrating lymphocytes (TILs)
included?

Comment: If the answer is YES, please specify how do you
report it (e.g., brisk–nonbrisk–absent) and if you try to separate
the subpopulations (e.g., with immunohistochemistry).
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31. Do you think that the presence of tumor-infiltrating
lymphocytes (TILs) should be included in the final
pathology report for melanoma?

32. In your final pathology report for melanoma, is the
regression included?

Comment: If the answer is YES, please specify how do
you measure and how do you report the extent of regression
(in millimeter, as a percentage of the tumor, etc.)

33. Do you think that regression should be included in the
final pathology report for melanoma?

34. In your final pathology report for melanoma, is the
presence of associated nevus included?

35. Do you think that the presence of associated nevus
should be included in the final pathology report for
melanoma?

36. In your final pathology report for melanoma, is the
presence of satellite lesions included?

37. Do you think that the presence of satellite lesions
should be included in the final pathology report for
melanoma?

38. In your final pathology report for melanoma, is the
distance from the nearest lateral and deep margins
included?

39. Do you think that the distance from the nearest lateral
and deep margins should be included in the final
pathology report for melanoma?

40. What other features do you think that should be
included in the final pathology report for primary
cutaneous melanoma?

41. Do you regularly assess SLN for melanoma
metastases?

42. Do you use immunohistochemistry to help identify
metastases?

43. If yes, which antibodies do you use?
44. How do you dissect the lymph node?
a. “Bread loaf”
b. “Bivalve”
c. Random

45. How many sections do you request to be cut and
stained?

(a) 1
(b) 1–5
(c) 5–10
(d) 10–20
46. If more than 1, are they:
(a) Sequential
(b) At steps
47. Do you measure and report the depths of the

metastases from the capsule?
48. Do you measure and report the maximum dimension

of the largest deposit?

49. Do you report the site of the metastasis within the
SLN?

(e.g., subcapsular, subcapsular and parenchymal, paren-
chymal only, multifocal, extensive)

50. Do you report the presence of nevus cells within
SLN?
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Abstract Mucosal melanomas have genetic alterations
distinct from those in cutaneous melanomas. For example,
NRAS- and BRAF-activating mutations occur frequently in
cutaneous melanomas, but not in mucosal melanomas. We
examined 16 esophageal melanomas for genetic alterations
in NRAS, BRAF, and KIT to determine whether they exhibit
genetic features common to melanomas arising from other
mucosal sites. A sequencing analysis identified NRAS
mutations in six cases; notably, four of these mutations
were located in exon 1, an uncommon mutation site in
cutaneous and other mucosal melanomas. BRAF and KIT
mutations were found in one case each. Immunohistochem-
istry showed KIT expression in four cases, including the
tumor with a KIT mutation and two other intramucosal
tumors. The low frequency of BRAF mutations and the
presence of a KIT mutation-positive case are findings
similar to those of mucosal melanomas of other sites, but
the prevalence of NRAS mutations was even higher than
that of cutaneous melanomas. The present study implies
that esophageal melanomas have genetic alterations unique
from those observed in other mucosal melanomas.

Keywords NRAS .BRAF .KIT . Esophageal melanoma

Introduction

Melanomas show distinct patterns of genetic alterations
depending on their sites of origin. The anatomical site-

specific patterns of genetic alterations have been discussed
in relation to the extent of ultraviolet exposure. NRAS and
BRAF are the most frequently mutated oncogenes in
melanomas. Both mutant N-Ras and B-Raf promote
tumorigenesis through the constitutive activation of the
MAP kinase pathway. Earlier studies suggested that NRAS
mutations were frequent among melanomas arising from
sun-exposed skin [1, 2]. Subsequently, BRAF-activating
mutations were also identified in a significant proportion of
melanomas [3]. Curtin et al. analyzed NRAS and BRAF
mutations as well as DNA copy number changes in a large
cohort of melanomas [4]. They utilized the presence of
solar elastosis as a histological hallmark of chronic sun
exposure and indicated that the majority of melanomas
occurring on skin without chronic sun-induced damage had
either NRAS or BRAF mutations whereas melanomas
arising on skin with chronic sun-induced damage, acral
sites, and mucosal membranes had mostly wild-type NRAS
and BRAF. At the same time, they demonstrated that each
group of melanomas exhibited distinct patterns of DNA
copy number changes.

In addition to NRAS and BRAF mutations, a subset of
melanomas contains KIT mutations [5–7]. Remarkably, the
prevalence of KIT mutations also varies depending on the
site of tumor origin, with the highest prevalence observed
in mucosal melanomas [5]. Thus, genetic alterations in
melanomas show site/organ-specific patterns and mucosal
melanomas have distinct genetic features from those of
cutaneous melanomas.

Esophageal melanomas are exceedingly rare, but highly
aggressive neoplasms [8–10]. Previous studies have
reported that melanomas constitute only 0.1–0.3% of all
esophageal tumors [11, 12]. The rarity of this tumor is
reasonable, considering the fact that the esophagus usually
lacks melanocytes [13]. In addition, the esophagus is not
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exposed to ultraviolet radiation, a major risk factor for
melanomas. Because of the rarity of this lesion, data on
genetic alterations in esophageal melanomas is scarce.
However, the characterization of their genetic features,
including how they differ from cutaneous melanomas and
melanomas of other mucosal sites would contribute to the
understanding of site/organ-specific genetic alterations in
melanomas. Furthermore, considering the development of
specific kinase inhibitors, such information could be critical
for choosing an appropriate treatment. In this paper, we
present the results of a mutational analysis of NRAS, BRAF,
and KIT in 16 cases of esophageal melanomas.

Materials and methods

Sixteen surgically resected esophageal melanomas were
examined in the present study (Table 1). The samples were
routinely fixed with 10% formalin and embedded in
paraffin. Five-micrometer-thick sections of each specimen
were stained briefly with hematoxylin and eosin and used
for DNA extraction. The tumor and nontumor areas were
separately dissected using sterilized toothpicks under a
microscope. Tissues obtained from the proper muscle layer
distant from the tumors were used as nontumor samples.
The dissected samples were incubated in 100 µL of DNA
extraction buffer (50 mmol/L Tris–HCl, pH 8.0, 1 mmol/L

ethylenediaminetetraacetic acid, 0.5% (v/v) Tween 20,
200 µg/mL proteinase K) at 37°C overnight. Proteinase K
was inactivated by heating at 100°C for 10 min. The DNA
samples were subjected to polymerase chain reaction (PCR)
directly or after purification. When required, the samples
were purified using a QIAquick PCR Purification Kit
(Qiagen, Hilden, Germany). PCR was performed for
3 min at 95°C for initial denaturing, followed by 35 or 40
cycles at 94°C for 15 s, 58°C for 20 s, and 72°C for 60 s
and a final extension at 72°C for 5 min. The primers that
were used are listed in Table 2. The PCR products were
electrophoresed in a 2% (w/v) agarose gel, visualized under
UV light with ethidium bromide staining, and recovered
using a QIAquick Gel Extraction Kit (Qiagen). Isolated
PCR products were sequenced bidirectionally on an
Applied Biosystems 3130 Genetic Analyzer (Applied
Biosystems, Foster, CA, USA) using the same primers
used for amplification. Each experiment, including DNA
extraction, was done at least twice.

Immunohistochemical staining was performed using the
avidin–biotin complex method. The primary antibody used
was polyclonal anti-KIT (A4502; 1:100 dilution; Dako,
Denmark). 3-3′-Diaminobenzidine tetrahydrochloride was
used as a chromogen. The sections were counterstained with
hematoxylin. Mast cells in the sections were used as positive
controls. For negative controls, the tissue was processed in the
same way but the primary antibody was omitted. The staining

Table 1 Results of mutational analysis and immunohistochemistry

Case no. Age/sex Depth of invasion BRAF NRAS KIT KIT IHC

Nucleotide Amino
acid

Nucleotide Amino
acid

Nucleotide Amino
acid

1 62/M Mucosa − − − +++ (membranous)

2 67/M Mucosa − − − +++ (membranous)

3 48/M Submucosa − − − −
4 57/F Submucosa − A183T Q61H − −
5 64/M Submucosa − − − −
6 67/M Submucosa − − − −
7 72/M Submucosa − G35C G12A − −
8 73/M Submucosa − − − −
9 48/M Muscularis propria − − C1727T L576P +++ (cytoplasmic)

10 68/M Muscularis propria T1799A V600E − − −
11 69/M Muscularis propria − G34C G12R − −
12 70/M Muscularis propria − G38C G13A − −
13 63/M Adventitia − A183T Q61H − −
14 64/M Adventitia − − − −
15 68/M Adventitia − G37C G13R − −
16 71/M Adventitia − − − ++ (membranous)

IHC immunohistochemistry
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results were evaluated based on the amount of immuno-
positive tumor cells as follows: − [<5%], + [5–25%], ++ [25–
75%], +++ [>75%]. When KIT is expressed, the staining
intensity and the subcellular localization were also evaluated.

Results

The results of the mutational analysis are summarized in
Table 1. A BRAF mutation was found in one case, while
NRAS mutations were observed in six cases (Fig. 1). Four
of six NRAS mutations were located in exon 1, and all these
mutations were G to C transversions. All BRAF and NRAS
mutations were missense mutations that had been previ-
ously identified as being oncogenic. A missense KIT
mutation was observed in one case. The mutation affected
the juxtamembrane domain of KIT. The wild-type sequence
signal was very low for this mutation, suggesting that it was
a homozygous mutation. All samples from nontumor areas
showed wild-type sequences, indicating the somatic nature
of the mutations. All the mutations that were observed were
mutually exclusive.

Immunohistochemistry showed no or only focal and
equivocal KIT expression in 12 cases (Fig. 2a). The case
with the KIT mutation showed strong cytoplasmic expression
(Fig. 2b), and another case showed heterogeneous staining
with approximately 70% of the area exhibiting moderate
membranous expression (Fig. 2c). Based on the heteroge-
neous KIT expression, we performed an additional muta-
tional analysis. The KIT-positive and KIT-negative areas
were separately subjected to sequencing analysis, but no KIT
mutations were observed in either sample. Two early-stage
melanomas limited to the mucosal layer exhibited strong and
diffuse membranous KIT expression (Fig. 2d).

Discussion

NRAS and BRAF mutations are the most common genetic
alterations in melanomas. An extensive literature review by
Hocker and Tsao reported overall mutation rates of 26% for
NRAS and 42% for BRAF in cutaneous melanomas [14]. In

contrast, several studies concurred that these mutations are
significantly less prevalent in mucosal melanomas with
reported frequencies of 5–14% for NRAS and 0–10% for
BRAF [2, 4, 15–17].

Our results showed that BRAF mutations are uncommon
among esophageal melanomas as in mucosal melanomas of
other organs. Unexpectedly, however, six of the 16 melano-
mas were found to harbor NRAS-activating mutations. While
our series may not be sufficiently large to determine the
mutational frequency conclusively, the prevalence of NRAS
mutation-positive cases in the present series was even higher
than that observed in cutaneous melanomas. Notably, four of
the six mutations were located in exon 1 of NRAS and all
these mutations were G to C transversions. This finding is
intriguing as NRAS mutations in melanomas predominantly
affect codon 61 within exon 2 and G to C transversion is a
rare type of mutations for these sites [14].

Furthermore, previous studies showed that a few
recurrent mutations are responsible for the vast majority
of NRAS mutations in melanomas. The literature review by
Hocker and Tsao showed that three mutations, G35A,
C181A, and A182G, accounted for 82% of NRAS mutations
of the 255 substitutions at the NRAS locus [14]. However,
surprisingly, none of the six mutations identified in this
study were identical to these most common NRAS muta-
tions. These observations suggest that esophageal melano-
mas have a high frequency of NRAS mutations with a
unique mutation spectrum.

Our literature review identified only one study analyzing
NRAS and BRAF mutations in esophageal melanomas. Wong
et al. examined three cases of esophageal melanomas, two of
which had NRAS-activating mutations affecting codons 12
and 61, respectively [17]. On the other hand, only two BRAF
and three NRAS mutations were identified in 33 mucosal
melanomas arising outside of the esophagus in their series.
While the number of subjects in their study was small, their
result is consistent with our finding that esophageal
melanomas have a high prevalence of NRAS mutations.

A KIT mutation was identified in one case, indicating
that a subset of esophageal melanomas harbor KIT-
activating mutations as in other mucosal melanomas. An
identical mutation has been reported in gastrointestinal

Table 2 Primers used in the present study

Forward primer Reverse primer

BRAF exon15 TGTTTGCTCTGATAGGAAAATG CTGATGGGACCCACTCCAT

NRAS exon 1 CAGGTTCTTGCTGGTGTGAAATGACTGAG CTACCACTGGGCCTCACCTCTATGG

NRAS exon 2 AACAAGTGGTTATAGATGGTGA CGTTAGAGGTTAATATCCGCA

KIT exon 11 TTTCCCTTTCTCCCCACAG AAAGCCCCTGTTTCATACTGAC

KIT exon 13 TGCTAAAATGCATGTTTCCAAT CAGCTTGGACACGGCTTTAC

KIT exon 17 TTTCTTTTCTCCTCCAACCTAA TGTCAAGCAGAGAATGGGTACT
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stromal tumors and anal melanomas [7, 18], and this
mutation has been shown to be associated with a sensitivity
to dasatinib and imatinib, inhibitors of SRC/ABL and KIT
[7]. While the frequency of this mutation was not high in
the present series, the identification of a KIT mutation is
important, since it provides an immediate therapeutic
application. Indeed, the successful treatments of melanomas
with KIT mutations by imatinib have been recently reported
[19, 20].

Of note, the case with the KIT mutation also exhibited
the strong expression of KIT protein, whereas the majority
of the mutation-negative melanomas did not express KIT,
as determined using immunohistochemistry. This finding
agrees with the results of previous studies on mucosal
melanomas of other sites and suggests that immunohisto-
chemistry is useful for excluding KIT mutation-negative

cases prior to genetic testing [6, 7]. We also found KIT
expression in two early-stage tumors. The expression of
KIT in early-stage cutaneous melanomas has also been
previously reported [21, 22]. Since non-neoplastic melano-
cytes express KIT, the expression of KIT in early-stage
melanomas might be regarded as the retention of physio-
logical expression in melanocytes [21]. Overall, our
observations suggest that immunohistochemistry for KIT
may be useful for prescreening KIT mutation-positive cases
among advanced esophageal melanomas.

The present study indicates that esophageal melanomas
have a high frequency of NRAS mutations unlike mucosal
melanomas of other sites. Furthermore, the mutational
spectrum of NRAS is distinct from those commonly
observed in melanomas. Even among mucosal melanomas,
the patterns of genetic alterations are likely distinct between

Fig. 1 Representative mutations
of BRAF, NRAS, and KIT in
esophageal melanomas.
Heterozygous BRAF V600E and
NRAS G13R mutations and
homozygous P576L KIT
mutation are shown

Fig. 2 KIT expression in esoph-
ageal melanomas. a This case
lacks KIT expression. Few mast
cells show positive staining
(arrowheads; case 13). b Tumor
cells show diffuse cytoplasmic
staining (case 9). c An area of the
tumor cells shows membranous
expression (case 16). d Tumor
cells proliferating within the
epithelial layer show
membranous expression (case 2)
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differing sites of origin. Our observations also suggest that
not only the degree of ultraviolet exposure, but also organ-
specific factors may significantly influence the mutational
spectrum in melanomas.
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Abstract BRCA1-associated breast cancer frequently
presents with estrogen-receptor (ERα) and progesterone-
receptor (PR) negativity, grade 3, and early onset. In
contrast, in BRCA1-deficient mice, ERα is highly expressed
in early tumorigenesis. In a retrospective cohort study on
587 breast cancer patients with deleterious BRCA1 muta-
tions, the correlation of ER, PR status, grading, age of
onset, and tumor size was investigated. ERα and PR
expression decreased from 62% in ductal carcinoma in situ
(DCIS) to 20% and 16% in pT3, respectively (p value for
ER 0.025 and PR 0.035, Fisher’s exact test). The
percentage of grade 1/2 tumors decreased from 44% in
DCIS to 17% in pT3 (p value 0.074). Moreover, ER/PR
positivity increased with increasing age. Our data suggest
that early stage BRCA1-associated breast cancers are more
frequently ERα and PR positive and low grade than
advanced stages.

Keywords BRCA1 . Breast cancer . Estrogen receptor .

Progesterone receptor

Introduction

Women with deleterious mutations in the breast cancer
susceptibility gene BRCA1 are predisposed to breast and
ovarian cancer with an estimated lifetime risk of about 80%
[1–3].

As BRCA1 acts as a tumor-suppressor gene, the
inactivation of the wild-type allele is thought to be
mandatory for cancer development. Although the potential
for disruption of function of the second BRCA1 allele exists
in all somatic cells with inherited germ-line mutations, the
increased risk of cancer in mutation carriers is most evident
in hormone-sensitive tissues, such as breast and ovarian
tissue in women and prostate tissue in men. The BRCA1
protein has been implicated in DNA damage repair, cell
cycle checkpoint control, and transcriptional regulation [4].
The specific suppression of breast and ovarian carcinogenesis
by the BRCA1 gene has been attributed to its regulation of
estrogen receptor alpha (ERα) and progesterone receptor
(PR) [5, 6], which play important roles in breast develop-
ment [7, 8]. BRCA1 directly interacts with ER and down
regulates ligand-dependent and -independent transcription
activities [9, 10]. In line with these findings, it could be
shown that ERα is highly expressed in the premalignant
mammary gland and initiation stages of tumorigenesis in a
mouse model lacking the full-length form of BRCA1 [11]. In
contrast, normal breast tissue of human BRCA1 mutation
carriers stains positive for ER to the same extent as in
women with wild-type BRCA1. The majority of BRCA
related breast cancers are ERα and PR negative and of high
grade [12, 13]. Clinical observations, however, indicate that
reduced exposure to steroidal hormones after removal of the
ovaries leads to a reduction in breast cancer risk around 50%
[14]. Additionally, tamoxifen reduces contralateral breast
cancer risk in BRCA mutation carriers [15].
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King et al. presented data indicating that PR is highly
and aberrantly expressed in normal breast epithelium of
BRCA1 mutation carriers [16]. They could show that this is
due to the diminution of PR ubiquitination and degradation
in the absence of functional BRCA1. Furthermore, the
treatment of the BRCA1-deficient mice with the progesterone
antagonist mifepristone (RU 486) prevented mammary
tumorigenesis [17]. These observations indicate that ovarian
hormones contribute to breast cancer development in BRCA1
mutation carriers. Therefore, the purpose of this study was to
analyze ERα and PR expression during breast cancer
development in BRCA1 mutation carriers.

Study population and methods

The German Consortium for Hereditary Breast and Ovarian
Cancer (GCHBOC) comprises 12 university centers. Using
uniform inclusion criteria and standard operating procedures,
families with clustering or early onset of breast or ovarian
cancer are registered and tested for the presence of
deleterious germ line mutations in BRCA1 and BRCA2.
Comprehensive data on familial cancer history including a
detailed pedigree, pathology reports, and results of molecular
testing are documented in a central database using standard-
ized electronic case report forms. Inclusion criteria and
methods for genetic testing are described elsewhere [18]. All
patients gave their written informed consent to be enrolled in
the registry. The registry has been approved by the
institutional review boards of each participating center.

Between 1997 and 2008, 8,622 women underwent
BRCA genetic testing. Overall, 2,655 women were identi-
fied with a polymorphism, 340 women with an unclassified
variant (UV), and 1,853 with a deleterious mutation in the
BRCA1 gene. Of the BRCA1 mutation carriers, 1,042 had
developed breast cancer between 1976 and 2008. Of the
latter, medical reports were available from 587 women.

In order to exclude a potential recruitment bias, we
compared the median age of onset of the 587 women
included in our study with the median age of onset of 455
women who could not be included in the study because of
missing data. The median age of onset for the study group
is 39 years (range 23–80 years) and for the 455 excluded
women, 40 years (range 17–81 years), i.e., there was no
difference in menopausal status which may have exerted a
major effect on hormonal receptor status.

In the case of metachronous tumors, only the first breast
cancer was considered. Patients with pT4 tumors were
excluded because these tumors represent a small and
inhomogeneous group of malignancies with different tumor
extent and partially inflammatory component. A total of
587 patients with complete clinical and pathology reports
including ERα, PR status, pT status, and age at diagnosis

were analyzed. In 541 patients, information on tumor
grading was available.

We stratified the patients by tumor size, histological
grade, and age and calculated the percentage of ER/PR-
positive tumors for each stratum. The median age of onset
our study participants was 39 years (range 23 to 80 years),
38 years (25 to 66 years) for patients with ductal carcinoma
in situ (DCIS), 39 years (23 to 80 years) for patients with
T1, 38 years (23 to 79 years) for patients with T2, and
39 years (24 to 54 years) for patients with T3. There was no
significant difference in the age pattern between tumor
sizes. Sixty-five patients were younger than 30 years at the
time of the first breast cancer diagnosis; 251 were between
30 and 39 years, 193 between 40 and 49 years, 51 between
50 and 59 years, and 27 above 60 years of age.

Tumor pathology

Information regarding the histological type of breast cancer,
ER and PR status, and grading were obtained from
institutional pathology reports and were reviewed by
reference pathologists. All carcinoma in situ and invasive
breast cancer specimens were routinely evaluated for ER
and PR status using immunohistochemistry. Monoclonal
antibodies were used to stain for ERα and PR. Three
classification systems, i.e., percentage of positive-stained
nuclei, Remmele score, and Allred score, have been applied
according to the current S3 guideline [19]. Tumors were
considered hormone-responsive in the case of >10% positive
cell nuclei, Allred score >=4, or Remmele score >=2. As the
revised St. Gallen guideline 2005 considers tumors exhibiting
1% to 10% positive nuclei of uncertain endocrine responsive-
ness, there remained some impreciseness in the categorization
of tumors with very low ERα and PR expression.

Statistical analysis

Two-sided Fisher’s exact test was used to asses the
association between hormone receptor positivity, tumor
size, grading, and age at diagnosis. A p value equal to or
less than 0.05 was considered statistically significant. All
statistical analyses were performed using SPSS 15.0.1.1
(SPSS Inc., Chicago, IL, USA) for Windows.

Results

Thirteen women were diagnosed with DCIS, 321 women with
pT1-size tumors, 228 women with pT2 tumor, and 25 women
with pT3 tumor. Detailed characteristics are given in Table 1.
The ERα and PR expression gradually diminished (Fig. 1)
from 62% in pTis to 20.0% in pT3 for ERα and from 61.5%
to 16.0% for PR, respectively (p=0.025 and p=0.035). In
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541 patients, we had information on histological grade,
ERα, and PR status. The proportion of cancers that were
ERα-positive decreased considerably from grade 1 to 3
(grade 1, 57.1% ERα positive; grade 2, 45.6%; and grade 3,

17.8% ERα positive; p value <0.001). A similar relationship
was found for PR status and grading (grade 1, 42.9% PR
positive; grade 2, 39.5%; and grade 3, 20.7% PR positive;
p value <0.001; Fig. 2). It is well known that ERα and PR
are expressed in an age-dependent manner in sporadic breast
cancer which was seen in our cohort of BRCA1 mutation
carriers as well. We observed an increase in ERα and PR
positivity for tumors diagnosed under 30 years (24.6% ERα
and 20.0% PR) to tumors diagnosed above 60 years (55.6%
ER and 40.7% PR; Fig. 3; ptrend=0.009 and ptrend=0.004,
respectively).

Additionally, we found a trend for an association
between histological grading and tumor size. Grade 1/2
tumors decreased from 44.4% in DCIS to 16.7% in pT3
tumors (p value 0.074; Fig. 4).

Discussion

Numerous studies pointed out that 70–90% of invasive
BRCA1-associated breast cancers do not express ERα
which is in line with our observation [20, 21]. The overall
frequency of high-grade tumors (G3) in our study popula-
tion was 71.5% which is slightly lower than that reported
by Atchley et al. (85.4%) but consistent with the results by
Foulkes et al. (73.6%) [20, 21]. However, most studies did
not stratify the patients according to tumor size. For

Fig. 1 Percentage of ER and PR positive breast cancer by tumor size
in 587 BRCA1 mutation carriers

Characteristics BRCA1 mutation carriers (n=587)

Tumor size, no. (%)

pTis 13 (2.3)

T1 321 (54.7)

T2 228 (38.7)

T3 25 (4.3)

Grading, no. (%)

G1 7 (1.2)

G2 147 (25.1)

G3 387 (65.9)

Not specified 46 (7.8)

Estrogen receptor status, no. (%)

Positive 158 (26.9)

Negative 429 (73.1)

Progesterone receptor status, no. (%)

Positive 159 (27.0)

Negative 428 (73.0)

Age (years) at first breast cancer, no. (%)

<29 65 (11.0)

30–39 251 (42.9)

40–49 193 (32.8)

50–59 51 (8.7)

>60 27 (4.6)

Table 1 Clinicopathological
characteristics of BRCA1-
associated breast cancer cases
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instance, among 56 BRCA1 mutation carriers described by
Atchley et al., 71.5% presented with advanced tumor stage
(pT2–3) compared to only 43.0% (pT2–3) in our study
population [20]. Foulkes et al. even excluded patients with
preinvasive stages (DCIS) from their evaluation [21].

In our study, we found an inverse correlation between
hormone receptor status and tumor size. In agreement with
our data, Li et al. found that ERα is highly expressed in
initiation stages of tumorigenesis in BRCA1-deficient mice
[11]. The majority of cells in hyperplasia (95.8%),
carcinoma in situ (94.7%), and small tumors <0.5 cm in
diameter (82.4%) were ERα positive and gradually de-
creased to less than 1% positivity in larger tumors of
approximately 2 cm in size.

We detected an inverse correlation between ERα and PR
expression and grading which is in agreement with Atchley
et al. who found that the proportion of tumors that were
ERα-positive decreased as the histological grade increased
[20].

Finally, we observed an increase in the percentage of
tumors that were ERα/PR positive with increasing age.
Accordingly, Vaziri et al. found that ERα and PR were less
frequently expressed in tumors of BRCA1 mutation carriers
(25% ERα/PR) than in controls (59.5% ERα and 57.1%
PR) if breast cancer appeared before age 50 [22]. A similar
trend was observed by Foulkes et al. who found that 19% of
BRCA1-related breast cancers were ERα-positive cancers
occurring in women in their premenopausal years compared
to 38.0% in postmenopausal years after age 55 [21].

A potential limitation of our study is the impreciseness in
the classification of tumors with very low hormone receptor

Fig. 4 Association of grading and tumor size in 587 BRCA1 mutation
carriers

Fig. 2 Percentage of ER and PR positive breast cancer by grading in
541 BRCA1 mutation carriers

Fig. 3 Percentage of ER and PR positive breast cancer by age of
onset in 587 BRCA1 mutation carriers
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levels, i.e., tumors with 1–10% positively stained nuclei
have been considered non-endocrine responsive in the past
while they are considered of uncertain responsiveness since
2005 (St. Gallen, S3 GL). Therefore, the percentage of
hormone responsive BRCA1-associated tumors might have
been slightly higher which should not have a major influence
on the observed association between hormone receptor levels
and tumor progression.

Our observations point to a role of hormones in early
BRCA1-associated carcinogenesis rather than in tumor
progression. This is further supported by the observation
that oophorectomy in human BRCA1 mutation carriers and
in mouse mutants significantly reduced the frequency of
breast cancer formation [23, 24]. Taken together, these data
suggest that BRCA1-related breast carcinogenesis is sensitive
to anti-hormonal prevention.

In this context, Narod et al. and Metcalfe et al.
demonstrated that prophylactic tamoxifen intake signifi-
cantly reduced the risk for contralateral breast cancer in
BRCA1 mutation carriers [15, 23]. However, these obser-
vations conflict with results by Jones et al. [25]. They
described a proliferative effect of tamoxifen on mammary
cancer development in BRCA1-depleted mice while oopho-
rectomy was protective. This was explained by an agonistic
activity of tamoxifen in the absence of functional BRCA1.

An alternative strategy may therefore be the targeting of
PR which showed a concomitant expression with ERα in
our cohort. PR expression is even elevated in benign tissue
adjacent to BRCA1-associated breast cancers [16]. This is
further supported by Poole et al. who pointed out that
BRCA1 deficiency in mice correlates with PR accumulation
[17]. They were able to show that functional BRCA1 leads
to degradation of PR by ubiquitination. Consequently,
administration of the progesterone antagonist mifepristone
(RU 486) substantially reduced branching and tumor
development in these mice. Our finding of predominantly
PR positive staining in early tumor formation in BRCA1
mutation carriers supports the assumption that progesterone
is involved in breast cancer development. Therefore, PR is
a promising new target for the prevention of BRCA1-
associated carcinogenesis that deserves further investigation.
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Abstract A role for the EGF system, in particular HER1 and
2, in growth of the endometrium has been suggested but
HER1 and 2 have not been studied in all locations of
endometriosis and in ovarian endometrioid adenocarcinoma
(OEC) which is a rare form of malignant transformation of
endometriosis. Immunohistochemistry (IHC) was used for
studying HER1 and HER2 in ovarian (n=10), peritoneal (n=
10), colorectal endometriosis (n=20) and OEC (n=10).
Fluorescent in situ hybridisation (FISH) was used for
analysing the status of HER2 gene in colorectal endometri-
osis and OEC. All samples were negative for HER2 in both
glandular and stromal cells and in glandular cells for HER1
by IHC. In 15 out of 20 colorectal endometriosis, there was a
weak expression in stromal cells. Following FISH, two
colorectal samples had a partial 17 aneusomy and three
OEC, a 17 polysomy. The other samples were 17 disomic
without HER2 amplification; HER1 and 2 do not seem to
have a role in endometriosis physiopathology.

Keywords Endometriosis . HER . Endometrioid ovarian
cancer . Immunohistochemistry . Fluorescent in situ
hybridisation

Introduction

Growth factors receptors are crucial in regulating growth,
differentiation and motility of various tumour cells [1]. One
of the most studied growth factor receptor systems is the
epidermal growth factor receptor (EGFR) family. This
family consists of four distinct, but structurally similar,
transmembrane tyrosine kinase (TK) receptors, named
HER1/erbB-1 (better known as epidermal growth factor
receptor [EGFR]), HER2/erbB-2, HER3/erbB-3 and HER4/
erbB-4. HER2 gene is located on the 17 chromosome.

Gene amplification and/or protein overexpression of
EGFR have been observed in a variety of solid epithelial
tumours. Examples include the lung, colorectal, urinary
tract, bladder, breast, head and neck, oesophageal and
gastric carcinomas. In breast carcinomas, approximately 6%
show HER1 amplification with EGFR protein overexpres-
sion [2]. Overexpression of HER1 has been correlated with
high grade and progression of tumours [3] and expression
of HER2 (cerb-B2 protein) has been demonstrated in
normal as well as in malignant epithelial cells of the female
genital tract [4–6]. Ejskjaer et al. observed cyclical
expression of the four EGF receptors and two of their
ligands, and localised all four receptors and four ligands in
endometrial biopsies [7]. The highest expression of HER1
has been observed during the proliferative phase and during
the early secretory phase for HER2 [7]. Niikura et al.
reported EGFR expression in 58.3% of normal endometri-
um, in 100% of endometrial hyperplasia, and in 67.5% of
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endometrial carcinoma [8]. Three receptors (HER1, HER2
and HER4) and two detectable ligands (TGF-alpha and HB-
EGF) were found significantly higher expressed in endo-
metrial cancer than in healthy menopausal endometrium
[9]. These results suggest a fundamental role for the EGF
system in the cyclical growth of the endometrium and,
potentially, in the development of endometriosis.

Endometriosis is defined by the presence of endometrial
glands and stroma outside the cavity of the uterus. The
incidence of endometriosis in the female population ranges
from 5% to 15%, reaching 50% in women with infertility
[10, 11]. The most frequent locations of endometriosis are
the peritoneum and ovaries (endometriomas), followed by
deep infiltrating endometriosis (DIE) [12]. Among DIE,
colorectal endometriosis is one of the most severe form
altering quality of life [13]. Although molecular mecha-
nisms remain to be defined, an increasing body of data
suggests the possible transformation of endometriotic cells
in endometrioid or clear cell carcinoma [14]. In addition,
one EGFR gene polymorphism has been recently associated
with susceptibility to endometriosis [15], and Melega et al.
reported that about 21% of endometriosis are EGFR
positive and oestrogen receptor negative, suggesting a
potential role of epidermal growth factor in the growth
and maintenance of endometrial ectopia [16]. Finally, the
development of new therapeutic agents targeting EGFR has
attracted attention to treat various HER positive tumours.
So far, few data concerning HER1 and HER2 expression in
endometriosis are available and the small published series
which only include peritoneal or ovarian endometriosis, but
no DIE lesions, report contradictory results [17, 18].

These data prompted us to evaluate the status of HER1
and HER2 by immunohistochemistry (IHC) and by fluo-
rescent in situ hybridisation (FISH) in a large series of
lesions consisting of peritoneal, ovarian and colorectal
endometriosis and ovarian endometrioid adenocarcinomas.

Materials and methods

Materials

Tissue samples were obtained from women undergoing
surgery in the Gynecology Department of Tenon Hospital,
Paris, between 2001 and 2003. Specimens consisted of ten
ovarian endometriotic cysts, ten peritoneal endometriosis, 20
colorectal endometriosis and ten endometrioid ovarian adeno-
carcinomas. Diagnosis of endometriosis was first made by
direct visualisation (laparoscopy or laparotomy) during
surgery then confirmed by histological examination of the
corresponding specimens. All the samples were provided by
scheduled surgery, no sample was retrieved specifically for the
study. None of the women were receiving hormone therapy at

the time of sampling. All the patients with colorectal
endometriosis had surgery for chronic pains.

Immunohistochemistry

Sections (4 µm thick) were deparaffinated in xylene and
rehydrated through a graded series of ethanol solutions. For
HER1, after antigen retrieval with protease I (37°C, 8 min),
sections were automatically immunostained (benchmark
Ventana®) using a prediluted antibody (Ventana®) followed
by incubation with the Ultraview Universal kit (Ventana®)
containing the secondary antibody. For HER2, after antigen
retrieval with citrate buffer pH 7.3 (98°C, 20 min), sections
were automatically immunostained (Dakoautostainer®) with
the polyclonal antibody from DAKO® (dilution of 1/850)
followed by incubation with the N-histofine kit containing the
secondary antibody.

Each slide consisted of one pathologic specimen and an
external positive control. Positive controls for HER1 and
HER2 were sections of placenta and of breast cancer,
respectively. Samples were considered negative when no
labelled cells were observed on the tissue section, and
positive in all other cases. Expression was studied in both
glandular and stromal cells.

Fluorescent in situ hybridisation

FISH was performed using direct-labelled probes
(DAKO®) specific for HER2. Sections (4 µm thick) were
deparaffinated in xylene and rehydrated through a graded
series of ethanol solutions. We followed the procedure as
recommended by manufacturers with only one modifica-
tion: slides and probes were denaturated separately (slides
in formamide at 72°C during 8 min, probes at 85°C
during 6 min). Cells were counterstained with 18 µl of
4,6-diamidino-2-phenylindole (DAPI) for 5 min and then
viewed under a fluorescent microscope equipped with
multi-bandpass filters to visualise colours simultaneously.
One hundred nuclei were counted.

Results

HER1 and HER2 immunohistochemistry

HER1 immunostaining showed that glandular and stromal
cells were both negative in all cases of ovarian and
peritoneal endometriosis as well as in tumour cells of
endometrioid adenocarcinomas. In 15 out of the 20 samples
of colorectal endometriosis, glandular cells were also found
negative, whereas a weak expression was observed in
stromal cells (in the other five colorectal samples, both
glandular and stromal cells were negative).
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HER2 immunostaining showed that glandular and
stromal cells were both negative in all cases of ovarian,
peritoneal and colorectal endometriosis as well as in tumour
cells of endometrioid adenocarcinomas.

HER2 fluorescent in situ hybridisation

HER2 gene is located on the 17 chromosome. HER2 gene
status was studied by FISH and showed: (1) 18 colorectal
endometriosis with a 17 disomy and no gene amplification
(Fig. 1); (2) two colorectal samples with a partial 17
aneusomy: one sample with 20% of glandular cells with 17
trisomy and a second sample with 50% cells of glandular
cells with 17 trisomy (Fig. 2) and (3) three cases of
endometrioid adenocarcinoma had a 17 polysomy: one
sample with 80% cells with three to four copies of the
chromosome 17, one with 40% cells with 17 trisomy and
one with 60% cells with 17 trisomy and 20% cells with four
to six copies of the chromosome 17. The seven other cases
of endometrioid adenocarcinoma were all disomic.

Discussion

The intimate mechanisms of endometriosis pathogenesis
are still poorly understood and, as a consequence, medical
treatments are usually quite limited and surgery is often the
only option for advanced stages or deep infiltrating
endometriosis. On the other hand, aggressive locations of
endometriosis share similarities with tumour characteristics
and targeted therapies could represent an interesting
therapeutic alternative. Ovarian endometrioid adenocarci-
noma can be a rare form of malignant transformation of

endometriosis, which is the reason why it seemed interest-
ing to study both types of specimens.

We found no expression of HER1 or HER2 in glandular
and stromal cells in the three principal locations of
endometriosis, namely ovarian, peritoneal and colorectal
(besides a weak expression in stromal cells in 15/20
colorectal samples which are difficult to interpret). These
results are in line with those of Schneider et al. showing the
absence of HER2 expression in a small series of endo-
metriotic samples which, however, did not include severe
forms of the disease [18]. In the same way, Nasu et al. also
found no HER2 expression in epithelial and stromal cells,
in a limited series of six endometriomas [17]. To the best of
our knowledge, no expression of these two receptors was
observed in ovarian endometrioid adenocarcinoma, a rare
form of malignant transformation of endometriosis. This
suggests that the EGF system may not be a target of interest
for the treatment of endometriosis, but contrasts with the
data of Marwah et al. showing that HER-2/neu expression
was positive in 8% of benign ovarian cases and 38% of
ovarian cancer and that HER-2/neu expression was signif-
icantly associated with high-grade ovarian tumours [19].
However, no case of endometriotic cyst was included in
this series. Our data are also in keeping with in vitro study
showing that Trastuzumab did not inhibited cell prolifera-
tion in an ovarian cell line (SKOV3) expressing low level
of HER2 and in accordance with those of Malamou-Mitsi et
al. finding a positive immunostaining for HER2 in only
18% of ovarian cancer which had no prognostic relevance
after multivariate analysis [20, 21]. Nevertheless, in a
preliminary study, Sasaki et al. suggested that ovarian
cancer with an overexpression of HER-2/neu had a trend
for chemoresistance [22].

Fig. 1 Colorectal endometriosis with 17 disomy (centromere probes
in red and HER2 probe in green)

Fig. 2 Trisomy 17 in glandular cells of colorectal endometriosis
(three spots green and red in the cell indicated with the white arrow)
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The study of HER2 status was performed by IHC and
FISH since although usually well correlated, the results of
both techniques have been recently discordant in 8% to
10% of tumours [23, 24]. Moreover, even if it is used for
targeting therapy, monosomy of the 17 chromosome or loss
of HER2 if found (showed by FISH and not by IHC) could
have been useful to better understand pathogenesis of
endometriosis. In the present study, 18 of 20 colorectal
endometriosis exhibited a 17 disomy with no HER2 gene
amplification and the remaining two colorectal samples had
a partial 17 aneusomy. To our knowledge, no similar results
have been previously reported raising the issue of the
implication of 17 aneusomy in the pathogenesis of deep
infiltrating endometriosis. Inagaki et al. found no signifi-
cant differences in the frequency and genotype distribution
of the EGFR+2073 A/T and EGF+61 G/A polymorphisms
between endometriosis patients with all disease stages and
controls suggesting that these alterations are not associated
with an increased risk of endometriosis [25]. These results
partly contrast with those of Hsieh et al. suggesting that
EGFR, a regulator of angiogenesis and mediator of
sex steroid-induced cell growth and differentiation, partic-
ularly gene 2073*T-related genotypes and allele are
associated with higher susceptibilities to endometriosis
and leiomyoma [15]. We also observed a 17 polysomy in
three cases of endometrioid adenocarcinoma while the other
seven cases were all disomic. In a previous study, the HER-
2/neu status was not found to correlate with progression of
disease during first-line chemotherapy. Gene amplification
of the HER-2/neu gene was found in all 3+-scored ovarian
carcinomas [26]. Noack et al. have evaluated the expression
of the same onco-protein in ovarian endometrioid adeno-
carcinoma arising in an endometriotic cyst [27]. Evaluating
genomic instability by comparative genomic hybridization,
apart from HER-2, all onco-proteins tested (bcl-2, c-MYC,
cyclin D1, p53 and KIT) were more strongly expressed in
epithelial cells of the adenocarcinoma than in cells of the
endometriotic cyst. These results reinforce data suggesting
that HER2 was not implicated in the malignant transfor-
mation of endometriotic cyst [27].

The best way to assess HER1 status is a matter of
debate. In lung adenocarcinomas, the two known types of
genetic alterations, namely mutations and amplifications,
are so frequently associated that the optimal testing
approach between mutation analysis and gene copy number
analysis (by FISH or CISH) is under discussion [28]. Li et
al. reported that, among EGFR-mutated cases, approxi-
mately 50% show increased EGFR gene copy number [29].
Conversely, 75% of cases with increased EGFR gene copy
number show mutations [30]. Detection of EGFR mutation
seems however to be a better predictor of outcome in
patients treated with EGFR tyrosine kinase inhibitors
(EGFR TKI) than EGFR copy number [31]. Therefore, for

some authors, HER1 study by immunochemistry plays little
role in selecting patients. In spite of this, the Tarceva
(erlotinib, EGFR TKI) package only mentions EGFR IHC
for determining treatment eligibility. In gastric carcinoma,
patients with EGFR overexpression had unfavourable
prognosis and correlation between IHC and FISH results
was highly statistically significant since only one of the 371
cases was negative by IHC and positive by FISH [32]. This
is why we decided to study the HER1 status only by IHC.

In conclusion, HER1 and HER2 are neither overex-
pressed in endometriosis, whatever its location, nor in
ovarian endometrioid adenocarcinoma suggesting that the
EGF pathway may not be a relevant target for medical
therapy in these two pathological entities.
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Abstract Autoimmune pancreatitis (AIP) has been estab-
lished as a special entity of chronic pancreatitis (CP).
However, its clinical distinction from pancreatic cancer and
other types of CP is still difficult. The aim of this study was
to evaluate the efficacy of pancreatic core needle biopsy for
the diagnosis of AIP. In 44 core needle biopsy specimens,
we assessed the following microscopic features: granulo-
cytic epithelial lesions (GELs), more than ten IgG4-positive
plasma cells/HPF, more than ten eosinophilic granulocytes/
HPF, cellular fibrosis with inflammation, lymphoplasmacytic
infiltration, and venulitis. All biopsies that showed four or
more of the six features (22 of 44) were obtained from 21 of 26
patients whose clinical diagnosis and follow-up were consis-
tent with AIP. All non-AIP CP patients (n=14) showed three
or less than three of the features in their biopsies. GELs were
only observed in biopsy specimens from AIP patients. In
conclusion, our data indicate that the six criteria we applied
were able to recognize AIP in 76% of biopsy specimens
using a cut-off level of four. When the specimens that
revealed only three features but showed GELs were added,
the sensitivity rose to 86%. Pancreatic core needle biopsy

can therefore make a significant contribution to the diagnosis
of AIP.

Keywords Autoimmune pancreatitis . Diagnosis .

Pancreatic biopsy . Granulocytic epithelial lesion . IgG4

Introduction

Autoimmune pancreatitis (AIP) has been established as a
special entity of chronic pancreatitis (CP) that is responsive
to steroid treatment. However, its clinical distinction from
pancreatic cancer and other entities of CP is difficult
because of the similarity of these diseases and the lack of
a reliable marker of AIP [1].

According to the criteria of the Japan Pancreas Society, AIP
can be diagnosed on the basis of imaging findings together
with either laboratory findings (elevated levels of serum
gammaglobulin and/or IgG or presence of autoantibodies) or
histopathological findings (marked lymphoplasmacytic infil-
tration and fibrosis) [2, 3]. The criteria of the Korean
working group include imaging, laboratory findings, histo-
logical findings, and response to steroid treatment. For the
diagnosis of AIP, the imaging criterion is required along with
any one of the other three features [4]. The criteria of the
Mayo Clinic (HISORt criteria) are histopathology (marked
lymphoplasmacytic infiltration and infiltration of more than
ten IgG4-positive plasma cells per high power field (HPF)),
imaging, serology, presence of other organ involvement, and
response to steroid treatment [5]. In contrast to the other
working groups, the Mayo Clinic group already diagnoses
AIP if only the histology is positive. The fact that with the
HISORt criteria AIP can be diagnosed on the basis of typical
histopathological features alone gives pancreatic core needle
biopsy a special significance. However, the role of pancreatic

Virchows Arch (2009) 454:531–539
DOI 10.1007/s00428-009-0747-5

S. Detlefsen (*) :G. Klöppel
Department of Pathology,
University Hospital Schleswig-Holstein,
Campus Kiel, Arnold-Heller-Str.3, Haus 14,
24105 Kiel, Germany
e-mail: S.Detlefsen@gmx.net

S. Detlefsen :A. Mohr Drewes
Department of Gastroenterology, Mech-Sense, Aalborg Hospital,
Aalborg, Denmark

S. Detlefsen :M. Vyberg
Department of Pathology, Aalborg Hospital,
Aalborg, Denmark



core needle biopsy in the diagnosis of AIP is still
controversial because the available data are sparse and its
usefulness is not generally accepted. In a previous study, we
found diagnostically relevant lesions in three of four core
needle biopsy specimens [6]. In other studies, the effective-
ness of core needle biopsy in diagnosing AIP was less
significant [5, 7, 8]. This also held for fine-needle aspiration
cytology, which was even thought to be barely suggestive of
or even inadequate for the diagnosis of AIP [9–13].

We studied 44 pancreatic core needle biopsy specimens
from 40 patients, which were obtained to establish the
diagnosis of AIP or pancreatic cancer or alcoholic chronic
pancreatitis. Most of the histopathological features we used
for the diagnosis of AIP were recently established in resection
specimens [6, 13–15]. Using six microscopic features of AIP,
we wanted to know how many of these features are needed
in a biopsy specimen to enable the diagnosis of AIP. In
addition, we attempted to identify features whose presence in
a biopsy enables the diagnosis of AIP also in those cases that
lack significant infiltration with IgG4-positive plasma cells.

Materials and methods

Core needle biopsies

Forty-four pancreatic core needle biopsy specimens with CP
were reviewed from 40 patients whose history, symptoms,
and imaging criteria were suggestive of either AIP, pancre-
atic cancer, or alcoholic CP. Thirty-one specimens were
retrieved from the consultation files of the Department of
Pathology, University Hospital Schleswig-Holstein, Campus
Kiel, Germany, and 13 from the files of the Department of
Pathology, Aalborg Hospital, Denmark. The core needle
biopsy specimens were obtained by transabdominal ultra-
sound (US)-guided core needle biopsy (n=33), intraoper-
ative core needle biopsy (n=7), endoscopic US-guided core
needle biopsy (n=3), and transabdominal computed-
tomography-guided core needle biopsy (n=1). The biopsies
were obtained from lesions localized in the pancreatic head
(n=37), the pancreatic head–body (n=3), the pancreatic
body (n=1), the pancreatic tail (n=2), and the entire
pancreas (n=1). The mean length of the biopsy cylinders
(with a width of approximately 1.2 mm) was 16.5 mm
(range 4 to 48 mm). All biopsy specimens were fixed in
formalin and embedded in paraffin. The sections were
stained with hematoxylin and eosin. The mean number of
slides evaluated per biopsy was 2.1 (range 1 to 11).

Immunohistochemistry

One slide from every biopsy specimen was immunostained
for IgG4 using a monoclonal mouse antibody (The Binding

Site, Birmingham, UK, clone HP6025) and the EnVision
staining technique (Dako A/S, Glostrup, Denmark) with a
working dilution of 1:100. The slides were first pretreated by
boiling in citrate-buffered saline for 3.5 min. Endogenous
phosphatase activity was blocked with 1 mM levamisole in
the substrate solution. Normal tonsillar tissue served as
controls.

Patients

Clinical information was obtained from either the medical
and surgical records of the patients, from a questionnaire
answered by the clinician and/or pathologist in charge, and/
or by direct consultation with the clinician in charge.

During follow-up, 26 of the 40 patients fulfilled the criteria
of theMayo Clinic (HISORt criteria) and were diagnosed with
AIP (16 men and ten women; mean age 51.2 years; range 10
to 79 years; Table 1) [5]. None of these patients developed
malignant disease or had evidence of pancreatic pseudocysts
or calculi. The mean follow-up period was 24 months, range
3 to 48 months. Eight of the 26 patients had other
autoimmune-related diseases. Nineteen of the 26 patients
were later treated with steroids, 18 of whom showed a clear-
cut response. IgG4 serum levels were available in 12 patients
(they were elevated in three and normal in nine).

Fourteen of the 40 patients (seven men and seven
women; mean age 53.1 years; range 29 to 72 years) had
non-AIP CP. These patients were diagnosed with alcoholic
CP (n=7) or tumor-associated, obstructive CP (n=7;
Table 2). In none of the seven tumor-associated core needle
biopsy specimens, there was malignant cell infiltration.
They derived from the margin of the tumor showing only
fibrosis and inflammation. The mean follow-up period was
22.9 months, range 4 to 48 months.

Histopathological examination

Each core needle biopsy was evaluated for the presence of
six microscopic AIP features [6, 13, 15–19]:

1. Granulocytic epithelial lesion (GEL): Focal disruption
and destruction of the duct epithelium resulting from
invasion of neutrophilic granulocytes into the lumen of
medium- or large-sized interlobular ducts and/or inva-
sion of neutrophilic granulocytes into the lumen of
three or more small intralobular ducts together with
neutrophilic infiltration between acinar cells (Fig. 1a).

2. IgG4-positive plasma cell infiltration: more than ten
IgG4-positive plasma cells in at least one HPF at a
magnification of ×400 (0.2 mm2; Fig. 1b).

3. Eosinophilic infiltration: more than ten eosinophilic
granulocytes in at least one HPF at a magnification
of ×400 (0.2 mm2; Fig. 2a).

532 Virchows Arch (2009) 454:531–539



4. Cellular fibrosis with inflammation: Fibrotic tissue
usually arranged in a perilobular pattern and inter-
mingled with myofibroblasts and at least 20 lympho-
cytes and/or plasma cells, if present in at least one field
of view at a magnification of ×200 (0.6 mm2; Fig. 2b).

5. Lymphoplasmacytic infiltration: two patterns were
distinguished, periductal lymphoplasmacytic infiltra-
tion and diffuse infiltration. The diffuse infiltrate
covered >30% of the total area of the biopsy specimen
(Fig. 3a).

6. Venulitis: Dense lymphocytic infiltration in the tissue
surrounding one or several venules, often accompanied
by vessel obliteration and endothelial damage (Fig. 3b).

Statistical analysis

Statistical analysis was carried out using SigmaStat 3.0.
Results obtained in core biopsy specimens from AIP
patients and core biopsy specimens from patients diagnosed

Table 1 Clinicopathological features of 26 patients whose pancreatic core needle biopsy specimen was suggestive of AIP and whose follow-up
was consistent with this diagnosis

CASE no. Age Sex Other autoimmune
disease

Total no. of
AIP features in
the specimen

GELs present
in the specimen

>10 IgG4-positive
plasma cells/HPF
in the specimen

Serum
IgG4

Steroid
therapy

1 62 M No 3 No No ND ND

2 10 M Chronic glomerulonephritis,
Evan's syndrome

4 Yes No N EF

3 46 M No 5 No Yes ND EF

4 50 M Chronic parotitis 4 No No ND EF

5 40 F No 4 No Yes ND EF

6 73 F No 4 Yes No N EF

7 46 F No 5 Yes No ND ND

8 75 M No 4 No Yes E NCE

9 64 M No 4 No Yes ND ND

10 72 F No 4 Yes No ND EF

11 51 M Inflammatory subcutaneous
pseudotumor

5 Yes No ND ND

12 59 M No 3 No No E EF

13aa 36 F No 4 Yes No N EF

13ba 36 F No 5 Yes No N EF

14 32 M No 3 Yes No N EF

15 26 M Suspected autoimmune hepatitis 6 Yes Yes ND EF

16 53 M Ulcerative colitis,
Hashimoto's thyroiditis

5 No Yes N EF

17 58 M No 3 No Yes E EF

18 79 F No 4 No Yes N EF

19 53 M No 5 Yes No N EF

20 19 F No 3 Yes No N EF

21 54 F Hashimoto's thyroiditis 4 Yes No N EF

22aa 57 M No 3 No Yes ND ND

22ba 57 M No 5 No Yes ND ND

23aa 38 M Intrahepatic cholangiogram
with PSC-like changes

3 Yes No ND EF

23ba 38 M Intrahepatic cholangiogram
with PSC-like changes

4 Yes No ND EF

24 60 F Wegener's granulomatosis 4 No Yes ND EF

25 53 F No 4 No Yes ND ND

26 65 M No 4 No No ND ND

F female, M male, PSC primary sclerosing cholangitis, E elevated, N normal, ND not determined, EF effective, NCE no clear-cut effect
a Patients from whom two biopsy specimens were obtained at an interval of several weeks.
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with other types of CP were evaluated using Fisher's exact
test (Table 3) and the χ2 test for tabulated data (Table 4).
The level of significance was set at p<0.05.

Results

In 22 of the 44 pancreatic core biopsy specimens, four or
more of the six features were present Table 3. There was no
clear correlation between the length of the biopsy cylinder
and the number of features observed in the tissue. The 22
specimens were obtained from 21 of 26 patients whose
clinical diagnosis was consistent with AIP (Table 1). In the

remaining 22 of 44 specimens, 11 showed three features.
Seven of these were from seven of 26 patients with the
clinical diagnosis of AIP. Only four of 11 specimens with
three features were associated with non-AIP CP (Table 2).
All biopsy specimens with two or fewer features were from
non-AIP CP patients (Table 3). Among the 29 biopsy
specimens from the 26 AIP patients, there were 14 biopsy
specimens that revealed GELs, a feature that was not
observed in any of the 15 non-AIP CP biopsy specimens
(Table 1; Fig. 1a). If the three biopsy specimens that
showed only three features, including GELs, were added to
the 22 specimens showing four or more criteria, all of
which came from 21 of 26 AIP patients, a total of 25 of 29

Fig. 1 Pancreatic core needle biopsy specimens from AIP patients. a Granulocytic epithelial lesions (hematoxylin and eosin, ×200). b Increased
numbers of IgG4 immunopositive plasma cells (×200)

Fig. 2 Pancreatic core needle biopsy specimens from AIP patients. a Infiltration by eosinophilic granulocytes (hematoxylin and eosin, ×400). b
Cellular fibrosis with an inflammatory infiltrate replacing acinar tissue (hematoxylin and eosin, ×200)
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(86%) biopsy specimens (from 23 of 26 AIP patients) were
associated with AIP.

More than ten IgG4-positive cells were found in 14 of 44
biopsy specimens (Fig. 1b), of which 12 of 29 were from
11 of 26 AIP patients (Table 4). These 12 of 29 specimens
were negative for GELs and eosinophilic granulocytes
(>10/HPF), except for one case that revealed both IgG4-
positive plasma cells and GELs (Table 1). Of the 17 IgG4-
negative AIP specimens, on the other hand, 11 revealed
positivity for eosinophils and 13 for GELs. Among the
seven AIP specimens that showed only three features, five
showed either GELs (three of seven) or more than ten
IgG4-positive plasma cells (two of seven). In the remaining
two of seven specimens, other features were present.
Cellular fibrosis was found in almost all AIP specimens
(28 of 29; Table 4; Fig. 2b). However, it was also found in

six of 15 specimens from non-AIP CP patients (Table 4).
Next in frequency were lymphoplasmacytic infiltration (27
of 29; Fig. 3a) and venulitis (19 of 29; Fig. 3b), but both
features were also recorded in biopsy specimens from non-
AIP CP patients, though only in a few instances (Table 4).
The number of AIP features noted in the AIP core needle
biopsy specimens was significantly higher than the fre-
quency recorded in the biopsy specimens from the non-AIP
CP patients (p<0.001).

In 11 of the 44 pancreatic core needle biopsy specimens,
two or fewer of the six features were present (Tables 2 and 3).
All 11 specimens were obtained from 11 of 14 patients
whose clinical diagnosis was consistent with non-AIP CP. In
addition, there were four specimens obtained from non-AIP
CP patients that contained three of the features. Hence, none
of the 15 core biopsy specimens from 14 patients diagnosed

Fig. 3 Pancreatic core needle biopsy specimens from AIP patients. a Periductal lymphoplasmacytic infiltration (hematoxylin and eosin, ×100). b
Venulitis (hematoxylin and eosin, ×200)

Table 3 Number of microscopic features per specimen observed in 29
core needle biopsy specimens from 26 patients whose clinical
diagnosis and follow-up were consistent with autoimmune pancreatitis
(AIP) and in 15 core needle biopsy specimens from 14 patients with
symptoms consistent with non-AIP chronic pancreatitis (non-AIP CP)
consisting of alcoholic CP and tumor-associated, obstructive CP

Number of features
per specimen

AIP Non-AIP CP

0 0% (0/29) 33.3% (5/15)

1 0% (0/29) 13.3% (2/15)

2 0% (0/29) 26.7% (4/15)

3 24.1% (7/29) 26.7% (4/15)

4 48.3% (14/29) 0% (0/15)

5 24.1% (7/29) 0% (0/15)

6 3.5% (1/29) 0% (0/15)

Table 4 Frequency of the individual features in pancreatic core
needle biopsy specimens

Feature AIP Non-AIP CP

Granulocytic epithelial lesion (GEL) 48.3% (14/29) 0% (0/15)

>10 IgG4 positive plasma cells/HPF 41.4% (12/29) 13.3% (2/15)

>10 eosinophilic granulocytes/HPF 62.1% (18/29) 33.3% (5/15)

Cellular fibrosis with inflammation 96.6% (28/29) 40.0% (6/15)

Lymphoplasmacytic infiltration 93.1% (27/29) 33.3% (5/15)

Venulitis 65.5% (19/29) 26.7% (4/15)

Twenty-nine specimens derived from 26 patients whose clinical
diagnosis and follow-up were consistent with autoimmune pancreatitis
(AIP). The remaining 15 specimens were from 14 patients with
symptoms consistent with non-AIP chronic pancreatitis (non-AIP CP),
consisting of alcoholic CP and tumor-associated, obstructive CP
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with other types of CP showed more than three of the
features or GELs (Table 3). Infiltration by more than ten
IgG4-positive plasma cells/HPF was observed in two of the
non-AIP CP specimens (Table 4). Cellular fibrosis and
lymphoplasmacytic infiltration were seen in six of 15 and
five of 15 cases, respectively. The latter feature was lacking a
periductal association, but instead showing a diffuse
pattern. Infiltration by more than ten eosinophilic granulo-
cytes/HPF and changes compatible with venulitis were
recorded in five of 15 and four of 15 specimens,
respectively. The difference in frequency of each of the
six features between AIP and non-AIP CP specimens was
not statistically significant (p=0.8; Table 4).

Discussion

AIP shows distinct histopathological features that allow it
to be diagnosed in pancreatic resection specimens without
great difficulty and that distinguish it clearly from other
types of CP and also from ductal adenocarcinoma [6, 15,
20, 21]. However, in pancreatic biopsy specimens, AIP
seems to be difficult to recognize [5, 7, 9, 22]. Hence, the
usefulness of pancreatic biopsy for the diagnosis of AIP has
been debated [23]. In this study, we reviewed 44 pancreatic
core needle biopsy specimens from 40 patients. These
specimens were obtained to establish the diagnosis of AIP
or alcoholic CP or pancreatic cancer. Most of the
histopathological AIP features that we used in this study
had been recently defined in pancreatic specimens obtained
by surgical resection [6]. Our data show that with the six
chosen microscopic features, we were able to recognize
AIP in 76% (22 of 29) of core needle biopsy specimens
from 21 of 26 patients whose clinical diagnosis was
compatible with AIP, when we used a cut-off level of four
features. Moreover, this figure rose to 86% (25 of 29),
when we added those specimens that showed three features
but contained GELs. On the other hand, all cases that
showed two or fewer features came from non-AIP CP
patients. The number of features observed was not clearly
correlated to the length of the biopsy cylinder.

Few data exist on the usefulness of pancreatic core
needle biopsy for the diagnosis of AIP. In 2004, we
evaluated five wedge biopsy specimens and four core
needle biopsy specimens [6]. Among the core needle
biopsy specimens, one was regarded as diagnostic, two as
“suggestive of AIP”, and one as “inconclusive” [6]. In a
series of five core needle biopsy specimens, Deshpande
found only one to be diagnostic because the two histolog-
ical hallmarks of AIP, periductal collar of inflammation and
venulitis, were only present in this specimen [8]. Levy
reported on three AIP cases for which trucut biopsy
specimens were available. They were able to establish the

diagnosis of AIP in two of the three cases [24]. In another
study including 16 pancreatic core needle biopsy specimens
deriving from AIP patients, seven showed the “full
spectrum” of characteristic histological changes [5]. The
largest survey of core biopsy specimens so far came from
22 Japanese AIP patients [7]. In this study, which relied on
the presence of periductal lymphoplasmacytic infiltrates,
cellular fibrosis and venulitis as well as the demonstration
of more than ten IgG4-positive plasma cells per HPF as a
diagnostic criterion of AIP, the diagnosis was only made in
six of 22 (27%) cases.

In our series of 44 core needle biopsy specimens from
the pancreas, 22 showed four of the six features we had
chosen. All of these 22 biopsy specimens were obtained
from 21 patients whose clinical diagnosis and follow-up
were consistent with AIP. In contrast, the specimens
obtained from patients with non-AIP CP never displayed
more than three of the six features, and seven of 15
(obtained from seven patients) revealed none or only one of
them. This suggests that the presence of four or more of the
microscopic features that we chose is highly diagnostic of
AIP in a pancreatic core needle biopsy specimen.

Among the applied features, most crucial and discrim-
inative were the presence of GELs and the demonstration of
more than ten IgG4-positive plasma cells per HPF (Table 4).
GELs were not noted in non-AIP CP cases, suggesting that
GELs can be regarded as diagnostic of AIP. Apart from the
AIP cases, more than ten IgG4-positive plasma cells were
also seen in two of 15 non-AIP CP cases, implying that the
abundance of IgG4-positive plasma cells is suggestive of,
but not specific to, AIP. Although these two features, the
presence of GELs and the abundance of IgG4-positive
plasma cells, play a crucial role in the diagnosis of AIP,
they also have their limitations in view of the two types of
AIP that can be currently distinguished. As we and others
have shown, GELs and IgG4 positivity are features that
may distinguish two subgroups of AIP [6, 25, 26]. One
subgroup displays GELs and seems to lack increased
numbers of IgG4-positive plasma cells in the pancreas and
probably also elevated serum IgG4 levels. This AIP
subtype has also been called “ductocentric AIP” [27] or
“idiopathic duct destructive pancreatitis” [25]. In our series
of resection specimens, it accounted for almost 45% of the
AIP cases [6]. In the present study, 13 of 29 (45%) AIP core
needle biopsies from 11 of 26 patients were IgG4−/GEL+,
while one of 29 AIP biopsies from ten of 26 patients were
IgG4+/GEL+, and 11 of 29 AIP biopsies were IgG4+/GEL−.
Importantly, we took into account GELs not only when
present in medium- and large-sized interlobular ducts but
also when seen in small intralobular ducts.

The second subtype, which was found to be GEL
negative, appears to correspond to the AIP subtype that has
been called “lymphoplasmacytic sclerosing pancreatitis”

Virchows Arch (2009) 454:531–539 537



[25] or “lobulocentric AIP” [27]. This subtype seems to
present with abundant IgG4-positive plasma cells within the
lymphoplasmacytic infiltrates [26]. These data provide an
explanation why in our current study almost half of the
AIP specimens were IgG4 negative, but at the same time
GEL positive, or vice versa. The features IgG4 positivity and
GEL may therefore be complementary to each other as they
appear to characterize two different subtypes of AIP. It is
interesting to note that the relative frequency of the two AIP
subtypes in Europe and the US seems to differ from that in
East Asia. While in Europe each subtype can be expected in
about 40–50% of the cases (in our present biopsy series they
amount to 38% and 45%, respectively), the GEL-positive AIP
subtype seems to be rare in East Asia [1, 28–35].

Because the presence of GELs seems to be specific to
one subtype of AIP, a diagnosis of AIP can be made if
GELs are recognized in a biopsy specimen, regardless of
the number of other features found. Among the microscopic
features that were less discriminative were the demonstra-
tion of a lymphoplasmacytic infiltration, cellular perilobular
fibrosis with inflammation, venulitis, and increased numbers
of eosinophilic granulocytes because each of these changes
were also identified in a small number of non-AIP CP cases.
Therefore, it was necessary to set a cut-off level for the
number of criteria that are required for the diagnosis of AIP
in a pancreatic core needle biopsy specimen.

In conclusion, our microscopic criteria were able to
recognize AIP in 22 of 29 (76%) core needle biopsy
specimens from 21 of 26 AIP patients when using a cut-off
level of four features and in 25 of 29 biopsies (86%) from 23
of 26 AIP patients when the GEL-positive cases were added.
Core needle biopsy is therefore in many patients a useful
adjunct for recognizing AIP and distinguishing it from other
diseases such as alcoholic CP or obstructive CP secondary to
pancreatic cancer. However, our criteria for the diagnosis of
AIP in pancreatic core needle biopsies have to be tested on a
larger number of patients in a prospective study before the
utility of our findings can be fully appreciated.
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Abstract Cell locomotion, including cancer cell invasion,
is closely associated with the dynamics of cytoskeletal
structures. Previous in vitro studies indicated that tubulin
isotype composition may affect polymerization properties
and dynamics of microtubules. Colorectal cancer is a good
model for studying tumour invasion because of the easily
detectable invasive front. Hence, we investigated the
localization of βIII-tubulin in colorectal cancer specimens.
Immunohistochemical staining for βIII-tubulin was evident
in cancer cells apparently budding from adjacent malignant
cells with a higher differentiation and negative staining. An
association between βIII-tubulin immunoreactivity and
tumour budding grade was demonstrated. To the best of
our knowledge, this is the first report documenting a
preferential localization of βIII-tubulin in the invading
epithelium. From this finding arises the possibility that
changes in tubulin isotypes could modulate the invading
activity of cancer cells. Further investigations are needed to
determine whether our findings have clinical implications.

Keywords Colorectal cancer . Immunohistochemistry .

βIII-tubulin . Tumour budding . Cytoskeleton . Invasion

Introduction

The treatment of cancer is a worldwide problem. Unfortu-
nately, the anticancer drugs that are presently used in the
clinic have only limited success. To provide a significant
clinical advance, new concepts have to be introduced to aid
the design of new tools for therapy. The understanding of
mechanisms of tumour growth and progression is critical
for development of novel anticancer drugs. Metastatic
dissemination of the cancer is primarily responsible for
treatment failure, morbidity and death in cancer patients.
Once cancer cells have spread and formed secondary
masses (metastases), cancers are largely incurable despite
the progress in medicine.

Invasion is a significant step in metastasing cascade in
malignant tumours. Cell locomotion, including cancer cell
invasion, is closely associated with the dynamics of cytoskel-
etal structures. Microtubules are indispensable for the direc-
tional migration of cells. Tubulin, the major constituent
protein of microtubules, is a heterodimer of α and β subunits.
Both α and β exist in multiple isotypic forms. Previous in
vitro studies indicated that tubulin isotype composition may
affect polymerization properties and dynamics of micro-
tubules. It was shown in vitro that the growing and shortening
dynamics of microtubules depends on the isotypic composi-
tion of the tubulin itself [1–4]. Microtubules assembled from
the purified αβIII isotype were considerably more dynamic
than microtubules made from the αβII or αβIV isotypes or
from unfractionated phosphocellulose-purified tubulin [4].
Furthermore, increasing the proportion of the αβII isotype in
a mixture of the αβII and αβIII isotypes suppressed
microtubule dynamics, demonstrating that microtubule dy-
namics can be influenced by the tubulin isotype composition
[4]. Moreover, different tubulin isotypes are associated with
different sensitivity of cancer cells to chemotherapeutic
agents. Microtubules composed of either βIII- or βIV-tubulin
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are considerably less sensitive to the suppressive effects of
Taxol on microtubule dynamics, than microtubules assem-
bled from βII or unfractionated tubulin [5]. Studies with
taxol, colchicine and estramustine indicate that drug inter-
actions with tubulin isotypes differ [2, 6–9] and might
contribute to cell resistance to antimitotics [10–12].

Colorectal cancer (CRC) is a major global health problem
with more than a million new cases diagnosed worldwide
every year. Moreover, colorectal cancer is a good model for
studying tumour invasion because of the easily detectable
invasive front. The invasive edge of human CRC is
characterised in most cases by presence of tumour budding
which is associated with poor prognosis [13, 14].

In the present study, we report the localization of βIII-
tubulin in human CRC specimens.

Materials and methods

Tissue samples

For this study, formalin-fixed, paraffin-embedded surgical
specimens of 32 tumours from 31 patients with non-mucous
well- andmoderately differentiated colorectal adenocarcinomas
were retrieved (Table 1). The tissue specimens were dissected
from the edge of the tumours to ensure that they contained the
invasive part of the tumours. All tumour samples were
examined histopathologically. Tumour stage was defined
according to the TNM classification (sixth edition) [15].
Tumour budding was defined as the presence of isolated cells
or small cell clusters scattered in the stroma at the invasive
margin of the tumour [13].

Table 1 Patients and clinicopathological data

Tumour Patient Age Gender TNM Localization Number of tumour buds per field

1 1 66 F T2 N0 M0 Rectum 21

2 2 54 F T3 N0 M0 Ascending 30

3 3 62 M T3 N0 M0 Sigmoid 40

4 4 78 M T3 N0 M0 Sigmoid 5

5 5 73 M T3 N0 M0 Sigmoid 49

6 6 77 F T4 N2 M0 Sigmoid 4

7 6 77 F T3 N2 M0 Rectum 32

8 7 47 M T3 N2 M0 Transverse 58

9 8 80 M T2 N0 M0 Rectum 74

10 9 68 F T3 N0 M0 Sigmoid 106

11 10 67 F T3 N0 M0 Rectum 46

12 11 71 F T1 N0 M0 Sigmoid 25

13 12 77 F T3 N0 M0 Sigmoid 141

14 13 65 M T4 N0 M0 Transverse 51

15 14 65 M T3 N2 M1 Rectum 42

16 15 70 M T3 N1 M0 Ascending 12

17 16 74 F T3 N0 M0 Sigmoid 21

18 17 79 M T4 N1 M1 Sigmoid 32

19 18 60 M T4 N1 M0 Sigmoid 11

20 19 77 M T3 N1 M1 Caecum 24

21 20 57 F T3 N1 M0 Ascending 16

22 21 67 F T3 N0 M0 Rectum 10

23 22 50 M T4 N2 M0 Sigmoid 21

24 23 66 F T3 N0 M0 Rectum 0

25 24 50 F T2 N1 M0 Sigmoid 38

26 25 70 F T4 N2 M0 Sigmoid 45

27 26 77 F T3 N0 M0 Transverse 38

28 27 57 F T3 N2 M0 Sigmoid 17

29 28 56 M T3 N2 M0 Rectum 39

30 29 60 M T3 N1 M0 Descending 5

31 30 76 M T3 N0 M0 Transverse 0

32 31 81 F T3 N0 M0 Rectum 57
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Antibodies

Monoclonal mouse antibodies to βIII-tubulin (clone 5G8
[16–18] 1:1,000, Promega, Madison, WI) and cytokeratin
(clone AE1/AE3, DAKO Inc., Denmark) were used at the
working dilution of 1:1,000 and 1:100, respectively. The
anti-βIII-tubulin was raised against a peptide (EAQGPK)
corresponding to the C-terminus of βIII-tubulin.

Immunohistochemical-staining procedures

Sections (4 µm thick) were cut from the tissue blocks and
mounted on silane-coated slides and later deparaffinized in
xylene and rehydrated in alcohol. Antigen retrieval was
carried out using citrate buffer (pH 6.0) in a microwave
oven at 850 W for 16 min. After antigen retrieval, sections
were cooled for 20 min. After washing twice in Tris-
buffered saline (TBS), the endogenous peroxidase activity
was suppressed by a solution of 3% hydrogen peroxide for
20 min. After three washes in TBS, nonspecific reaction
was blocked by incubating with 1% bovine serum albumin
for 30 min. Sections were incubated with anti-βIII-tubulin
antibody overnight at 4°C. Sections were then rinsed twice
with TBS. Bound antibodies were detected with EnVision
system (DAKO Inc., Denmark). Diaminobenzidine (DAB)
was used as the chromogen, and sections were lightly
counterstained with Mayer’s haematoxylin and mounted. As
a negative control, the same procedure was applied omitting
the primary antibody. Sections of CRC slides with intense
reactivity were used as a positive control for the immunohis-
tochemical reaction. Sections were stained in the samemanner
with anti-cytokeratin antibody to confirm the presence of
tumour budding.

Budding

Tumour budding was quantified on slides stained with anti-
cytokeratin antibody. An isolated undifferentiated cell or
cancer cell cluster in the deepest invasive margin composed
of fewer than five cancer cells was defined as budding
focus. After selecting a field in which budding intensity

was considered maximal, the number of budding foci was
counted using a ×20 objective lens (the field of vision was
0.933 mm2). Cancers were then divided into three groups:
low-, moderate- and high-grade budding. Cut-offs were
estimated along 33rd and 66th percentile.

Fig. 1 Immunohistochemical staining of βIII-tubulin (a, c) and
cytokeratin AE1/AE3 (b) in sections of colorectal cancer detected by
peroxidase-mediated DAB staining (brown). a Colonic adenocarcino-
ma showing non-homogeneous staining of epithelial cells with foci of
more intense labelling at the invasion front (original magnification×
100). b Tumour budding identified by anti-cytokeratin antibody
(arrowheads). c The same area stained by anti-βIII-tubulin antibody.
Here, strong cytoplasmic staining for βIII-tubulin is evident in a
number of cancer cells apparently budding from adjacent malignant
epithelium showing a higher differentiation and negative βIII-tubulin.
Note positive staining of tumour buds (arrowheads) and the
“invading” parts of tumour glands (arrows; b, c original magnifica-
tion×200)

b
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Evaluation of immunohistochemical stainings

All specimens were evaluated using a Leica DMLB
microscope with N PLAN objectives. Images were acquired
at ×200 using a DC200 Leica digital camera [1,798×1,438
pixels] from ten noncoincident random fields from the
central area and 10 noncoincident consecutive fields from
invasive margin of each tumour. The most peripheral areas
of each tumour within one field of vision (×200) were
considered as the invasive margin, the remaining part was
defined as the centre. In order to exclude the possibility of

any coincidence of the acquired fields all images were
printed and compared by pathologists. No coincidence was
revealed.

The obtained images were analysed by the image
analysis software, ImageScope v. 9.0.19.1516 (Aperio
Technologies, Inc.). The epithelial compartment was drawn
out using Bamboo pen tablet (Wacom Co. Ltd.). Epithelial
compartments were outlined using Pen Tool of ImageScope
and thus selected for subsequent analysis. Artefacts, glands
lumens, areas of necrotic and apoptotic debris were
excluded from analyses with Negative Pen Tool. Small

Table 2 Expression of βIII-tubulin in central area and invasive margin of human CRC: Quantitative IHC evaluation

Tumour n Positivity, % Invasive margin Central area

wP, % mP, % sP, % n Positivity, % wP, % mP, % sP, %

1 147 96.06* 18.41 28.46 49.19* 244 83.27 28.27* 31.24* 23.76

2 174 80.78* 25.72* 31.62* 23.45* 210 26.17 14.41 9.25 2.50

3 126 53.55* 20.95* 20.48* 12.12* 228 12.31 7.32 3.48 1.52

4 173 66.07* 25.45 23.25 17.38* 308 55.82 25.79 22.85 7.17

5 124 21.63* 13.67 6.62* 1.35* 179 20.26 12.90 5.85 1.51

6 145 29.60 14.43 9.75 5.41 198 30.83 18.67* 9.43 2.73

7 303 72.59* 35.81 24.86* 11.93* 269 66.39 43.83* 18.12 4.44

8 210 37.03 18.52 14.22* 4.29* 264 29.25 20.54* 7.29 1.42

9 253 60.57* 20.92 26.39* 13.27* 268 45.68 19.75 17.85 8.08

10 164 74.73* 26.54* 33.48* 14.71* 181 22.92 14.77 6.77 1.38

11 181 41.22 16.46 14.57 10.20 148 39.49 17.70 14.60 7.19

12 201 16.79* 4.62* 8.37* 3.80* 188 5.70 2.32 2.94 0.44

13 317 46.94* 19.88* 23.77* 3.29* 135 11.43 7.15 4.09 0.18

14 157 78.25* 17.82 46.72* 13.71* 260 49.82 17.02 28.05 4.74

15 135 69.26* 37.53 21.55* 10.19* 147 59.28 37.29 16.47 5.51

16 103 1.57* 1.14* 0.31* 0.12* 143 0.49 0.19 0.21 0.10

17 115 69.58* 33.97* 22.25* 13.36* 123 36.89 15.81 14.54 6.54

18 199 29.42* 19.35* 9.14* 0.93* 197 15.26 10.84 3.93 0.50

19 201 23.09* 9.80* 9.80* 3.49* 149 17.85 5.16 8.49 4.21

20 96 67.36* 30.91* 24.09* 12.36* 129 10.87 8.11 1.86 0.91

21 133 15.70* 2.84* 4.60* 8.27* 172 6.91 1.16 1.95 3.80

22 149 5.53* 1.55* 3.28* 0.70* 232 0.45 0.17 0.25 0.03

23 175 3.98* 0.92* 1.51* 1.55* 264 0.75 0.18 0.22 0.35

24 157 3.23* 1.47* 1.24* 0.52* 270 2.45 1.38 0.86 0.22

25 110 11.96* 1.30* 8.10* 2.56* 180 4.59 0.42 2.65 1.53

26 186 16.63* 1.27* 4.51* 10.84* 103 6.66 0.46 1.64 4.56

27 131 65.80* 3.20* 20.02* 42.58* 177 9.19 0.50 5.02 3.67

28 110 17.94* 6.51* 9.34* 2.09* 146 5.81 2.96 2.38 0.47

29 271 26.83* 3.40* 12.46* 10.98* 218 7.80 1.55 3.88 2.36

30 216 35.19* 7.19* 19.23* 8.77* 249 8.91 3.18 4.37 1.36

31 126 3.10 1.87 0.88 0.35 434 6.19* 4.71* 1.36* 0.12

32 194 24.32* 3.78* 11.01* 9.53* 250 6.07 1.22 2.60 2.25

* Significantly higher values (Mann–Whitney’s U-test p<0.05)

n Number of epithelial regions
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glands, nests and clusters of epithelial cells were selected as
an entire region, whereas larger glands and sheets of
epithelium were divided into separate regions according to
the opportunity to draw a curve without break.

The Positive Pixel Count Algorithm v.9 was used for
quantitative evaluation of IHC. The thresholds for weak,
medium and strong intensity of staining were set as default.
From the automatically calculated parameters, the following
were selected for our study:

Number of weak positive pixels (Nwp),
Number of positive pixels (Np),
Number of strong positive pixels (Nsp),

Total number (number positive + number negative)
(TN),
Positivity (number positive/TN).

Using the above-mentioned parameters we have calcu-
lated some additional ones according to formulas

Weak positivity wPð Þ ¼ Nwp=TN� 100
Moderate positivity mPð Þ ¼ Np=TN� 100
Strong positivity sPð Þ ¼ Nsp=TN� 100

were wP, mP and sP denotes the percentage of weakly,
moderately and strongly stained pixels correspondingly. All

Fig. 2 βIII-tubulin positivity (total, weak, moderate and strong
positivity) in central areas and invasive margin in CRCs. a Higher
overall positivity in the invasive margin (Wilcoxon test, p=0.000002);
b Higher weak positivity in the invasive margin (Wilcoxon test, p=
0.007); c Higher moderate positivity in the invasive margin (Wilcoxon

test, p=0.000004); d Higher strong positivity in the invasive margin
(Wilcoxon test, p=0.000002). Median values are shown by an empty
square; the box represents values between the 25th and the 75th
percentiles; and the lower and upper bars indicate non-outlier range; an
open circle and asterisk represent outliers and extremes, respectively
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parameters were calculated for every epithelial region
separately.

Statistics

Mann–Whitney’s U-test, Wilcoxon matched pairs test and
Kruskal–Wallis test were used to analyse data. A p-value
<0.05 was considered to indicate statistical significance.

Results

Tumour budding was detected in 29 cases (90.6%) by
AE1/AE3 immunohistochemistry. The results of quantita-
tive evaluation of tumour budding are shown in Table 1.

The cut-offs along the 33rd and 66th percentile were
established as 20 and 40 budding foci per field of vision,
respectively.

Positive staining with anti-βIII-tubulin antibody was
observed in all cases. While normal colonic epithelium was
negative, heterogeneous labelling of tumour tissue, with
weakly, moderately, strongly stained and negative areas was
observed. The reactivity was most prominent at the invasion
front of tumours (Fig. 1a). In four cases, βIII-tubulin
expression was weak and limited to a few tumour cells.
Malignant cells in the region of tumour budding expressed
βIII-tubulin in 28/29 cases. Staining for βIII-tubulin was
evident in cancer cells apparently budding from adjacent
malignant cells which exhibited a higher degree of differen-
tiation and negative staining for βIII-tubulin (Fig. 1b and c).

Fig. 3 Box plots featuring βIII-tubulin positivity (total, weak,
moderate and strong positivity) after stratification according to tumour
budding grade. Differences were significant by Kruskal–Wallis test for
total, moderate and strong positivity. a p=0.0218; b p=0.0911; c p=

0.0280; d p=0.0399. Median values are shown by an open square; the
box represents values between the 25th and the 75th percentiles; and
the lower and upper bars indicate non-outlier range
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The results of quantitative IHC evaluation of βIII-tubulin
staining are detailed in Table 2 and Fig. 2. Total, weak,
moderate and strong positivity of tumour cells at the invasive
front was significantly higher in 28, 21, 27 and 29 cases,
respectively. In one case, there were no differences between
central and invasive parts and in two cases the immunostain-
ing was stronger in the central area of the tumours. We
considered the expression to be upregulated if total positivity
or intensive positivity (moderate or strong) were significantly
higher. In general, we can say that the expression of βIII-
tubulin was upregulated at the invasive front in 29/32
tumours. Wilcoxon matched pairs test also revealed the
significant (p<0.05) upregulation of βIII-tubulin expression
at the invasive margin of tumours (Fig. 2).

Tumours with higher grade of tumour budding had
significantly more intensive staining of the invasive margin
with anti-βIII-tubulin antibodies (Fig. 3). No difference was
revealed for the central areas of cancers.

Discussion

A consistent finding in our study was the prominent βIII-
tubulin immunoreactivity in cancer cells at the invasion front
of most cases of CRC. In these cancers, the strongest
staining was found in the cancer cells that appeared to be
budding from the adjacent neoplastic glands. Moreover, we
have demonstrated here that βIII-tubulin immunoreactivity is
associated with tumour budding grade. In CRC, budding is
associated with more aggressive behaviour. Because of the
amoeboid morphology of budding cells and the presence of
dendritic processes or pseudopodia extending from cancer
cells [19, 20], we believe that these buds consist of migrating
cells and that βIII-tubulin expression in these cells is linked
to their motility.

Previously, βIII-tubulin was considered to be located
exclusively in nervous tissue and even was used as a marker
of neuronal origin [21–23]. Later works have shown that
βIII-tubulin is expressed in a variety of tumours, particular
those that are aggressive and likely to metastasize [24–26].
Furthermore, tumours with βIII-tubulin expression were
found to be more resistant to several chemotherapy drugs
(estramustine, taxol, paclitaxel, docetaxel) [8, 10, 11, 27–29].
As was already mentioned, microtubules assembled from βIII

isotype are significantly more dynamic than others.
Little is known about regulation of βIII-tubulin expres-

sion. It is coded by TUBB3 gene. Recently, it was shown
that hypoxia increases the expression of this gene [30] and
that aberrant expression of βIII-tubulin might be regulated
by epigenetic modulation (DNA methylation and chromatin
acetylation) [31].

To the best of our knowledge, this is the first report
documenting a preferential localization of βIII-tubulin in the

invading epithelium of CRC. This finding raises the
possibility that changes in tubulin isotype composition could
play a role in the invasive activity of cancer cells. Moreover,
if the invasive and the central tumour cells contain different
tubulin isotypes then drugs targeting those in the invasive
cell would prevent metastasis more effectively than others.
We believe that the results obtained from colorectal cancer
studies could appear to be fundamental for all malignancies
of epithelial origin. Further investigations are needed to
determine whether our findings have clinical implications.
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Abstract Spindle cell carcinoma (SpCC) is a biphasic
tumor composed of squamous cell carcinoma (SCC) and
malignant spindle cells. There is mounting evidence that
epithelial–mesenchymal transition (EMT) plays an impor-
tant role in the pathogenesis of SpCC. Transcription
repression has recently emerged as a fundamental mecha-
nism triggering EMT in experimental models. Our aim is to
analyze the expression of transcription repressors Snail,
Slug, Twist, and SIP1 in SpCC of the head and neck in
comparison to SCC, matched for location and stage. Thirty
cases of SpCC and 30 cases of SCC of the head and neck

were included. Snail, Slug, Twist, and SIP1 expression was
analyzed on mRNA and protein levels, using real-time
reverse transcription–polymerase chain reaction (RT-PCR)
and immunohistochemistry. By RT-PCR, we found upre-
gulation of mRNA for transcription factors Snail, Slug,
Twist, and SIP1 in SpCC when compared to SCC. This
upregulation was statistically significant for Slug, Twist,
and SIP1 but nonsignificant for Snail. Immunohistochem-
istry was performed for Snail, Slug, and SIP1 and
demonstrated a positive reaction for Slug and SIP1 in all
cases and for Snail in two thirds of SpCC cases. Our
finding of upregulation of all four tested transcription
factors supports the hypothesis that EMT plays an
important role in the pathogenesis of SpCC of the head
and neck.

Keywords Spindle cell carcinoma . Pathogenesis .

Transcription repression . Snail . Slug . SIP1 . Twist

Introduction

Spindle cell carcinoma (SpCC) is a rare variant of epithelial
neoplasm composed of squamous cell carcinoma (SCC)
and a malignant spindle cell component. It has been
detected in various sites throughout the body, including
the respiratory tract, breast, skin, urogenital and gastroin-
testinal tract, and salivary glands. In the head and neck, it is
most often localized in the larynx and oral cavity, followed
by the skin, tonsils, sinonasal tract, and pharynx [1, 2].

SpCC is characterized by spindle cells usually forming
the bulk of the tumor and the SCC component represented
by in situ carcinoma and/or invasive SCC. The histogenesis
of SpCC has not been elucidated, but there is increasing
evidence indicating a monoclonal neoplasm derived from a
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single stem cell giving rise to epithelial and mesenchymal
components [3, 4]. Little is known about the mechanisms
triggering the spindle cell phenotype as well as an altered
immunoprofile in SpCC. It has recently been suggested that
epithelial–mesenchymal transition (EMT) might play an
important role in the pathogenesis of SpCC [5–9]. EMT has
been postulated as a versatile mechanism that facilitates
cellular reposition during embryonal development and
contributes to the pathogenesis of diseases such as tissue
fibrosis, carcinogenesis, and metastasis formation [10–13].
The key step of EMT is believed to be the downregulation
of E-cadherin expression leading to disruption of adherens
junctions, which results in marked phenotypic changes
and a highly motile fibroblastoid, mesenchymal pheno-
type, allowing them to move through the extracellular
matrix [10].

There are several mechanisms that might be responsible
for the loss of E-cadherin in EMT, but hypermethylation of
the E-cadherin promoter and transcription repression are
emerging as predominant in most carcinomas [14]. Several
factors have been described as transcription repressors of E-
cadherin gene and other genes encoding proteins involved
in EMT as well as in cell proliferation, cell survival, and
angiogenesis. These factors include members of the zinc
finger transcription repressor superfamily (e.g., Snail,
Slug), the basic helix–loop–helix (bHLH) family (e.g.,
Twist), and the ZEB family (e.g., ZEB1 and ZEB2, also
known as SIP1) [14–16].

Apart from Snail, little is known about other transcrip-
tion repressors in SpCC. The aim of our study was,
therefore, to analyze the expression of transcription repress-
ors Snail, Slug, Twist, and SIP1 in SpCC, compared to
conventional SCC, in order to establish their significance in
the pathogenesis of SpCC.

Materials and methods

Tissue samples

The study included 30 patients with SpCC of the head and
neck and 30 patients with moderately differentiated SCC of
similar locations. The same patients were described in our
previous study [9]. Among patients with SpCC, there were
25 men and five women, aged 39 to 91 years (mean 66.2±
12.1 years). Among patients with SCC, there were 24 men
and six women, aged 38 to 84 years (mean 55.4±8.8 years).
Tumors were located in the larynx (14 cases), hypopharynx
(four cases), oropharynx (four cases), oral cavity (four
cases), skin (two cases), and paranasal sinuses (two cases).
Tissue samples were fixed in 10% buffered formalin,
embedded in paraffin, and cut at 4 µ for hematoxylin and
eosin slides.

Immunohistochemistry

Antigen retrieval and staining with monoclonal antibodies
against Snail (Dr. E. Kremmer, GSF—National Research
Centre for Environment and Health, Munich; clone
Sn9H2), Slug (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), and SIP1 (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) was performed in an automatic immunos-
tainer (Discovery, Ventana, Tucson, Arizona, USA). We did
not perform an immunohistochemical analysis of Twist
because there was no suitable specific and sensitive
antibody available. Sections were treated with biotinylated
secondary antibody, followed by incubation with peroxi-
dase conjugated streptavidin. Visualization of the immuno-
reaction was carried out with 3.3′-diaminobenzidine and
counterstained with hematoxylin. Fibrosarcoma served as a
positive control for Snail, Slug, and SIP1. Only cells
exhibiting nuclear reaction were considered positive [17,
18]. Negative controls omitting the primary antibodies were
also included.

The percentage of positive cells was estimated using an
image analysis system (Cell and Tissue Analysis, Leica,
Germany) and graded as 0, no staining; 1, up to 10% of
positive cells; 2, 11–50% of positive cells; 3, 51–80% of
positive cells; and 4, more than 80% of positive cells.

Isolation of total RNA

For molecular investigation, 30 paired tumor/normal tissue
samples of SpCC and SCC were chosen. Total RNA was
extracted from formalin-fixed, paraffin-embedded tissue
using 8 µm sections with a RNeasy FFPE Kit (Qiagen,
Hilden, Germany), according to the manufacturer's instruc-
tions. The RNeasy FFPE Kit is optimized to reverse
formaldehyde modification providing recovery of RNA
fragments for application such as quantitative polymerase
chain reaction (PCR). RNA concentrations were measured
with a BioPhotometer (Eppendorf AG, Hamburg, Ger-
many) at 260 and 280 nm (A260/280). Only samples with
A260/280 value higher than 1.8 were used for further study.

Usually, 80–300 ng RNA were isolated and 50–
100 ng RNA was used for each one-step real-time
reverse transcription–polymerase chain reaction (RT-
PCR) reaction.

Quantitative real-time PCR

One-step quantitative real-time PCR analyses of mRNA for
Snail, Slug, Twist, and SIP1 were performed using the
LightCycler 2.0 Instrument and Software (Roche, Man-
nheim, Germany). Intron-spanning primers and probes for
the TaqMan system designed to exclude annealing to
genomic DNAwere used, as previously described (Table 1)
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[19, 20]. One-step quantitative real-time PCR was per-
formed with QuantiTect Probe RT-PCR Kit (Qiagen,
Hilden, Germany) using 0.2 µL RT Mix, 0.4 µL of the
primers, 0.2 µL of the probe, and 50–100 ng template
RNA in a 20-µL final reaction mixture. After 20 min
incubation at 50°C for reverse transcription, HotStar Taq
DNA Polymerase was activated by incubation for 15 min
at 95°C. Each of the 45 PCR cycles consisted of quick
denaturation at 95°C and hybridization of the probe and
primers for 1 min at 60°C.

Quantitation of expression

Relative expression levels of target sequences were
determined by the calibrator-normalized relative quanti-
fication with efficiency correction. This method calcu-
lates the relative amount of target to reference in all
samples and compares this ratio to the relative amount
of target and reference in a positive sample called
calibrator.

The quantity of target and reference gene is a function of
the real-time PCR efficiencies and the crossing point
deviation of a target gene versus a reference gene. HPRT1
was most constitutively expressed in the majority of
samples and was, therefore, included as a reference gene.
Amplification efficiency of the target and reference genes
was determined by using relative standards, serially fivefold
dilutions of a calibrator and analyzed in triplicate for the
genes of interest and a reference gene. The resulting data
were used to generate standard curves for calculation of
PCR efficiencies.

The relative expression of the target gene was expressed
as the target/reference ratio of each sample divided by the
target/reference ratio of the calibrator. First, the relative
ratio of target to reference was calculated to adjust

variances in the quality of the RNA and the amount of
the cDNA input. The target/reference ratio of each sample
was then divided by the target/reference ratio of the
calibrator providing a constant point between PCR runs.

The ratio of Snail, Slug, Twist, and SIP1 expression
between tumor and corresponding normal tissue greater
than 2 were termed upregulation and those less than 0.5
were termed downregulation.

Statistical analysis

The results were analyzed by Mann–Whitney test and chi-
square test using SPSS for Windows 16.0; p values less
than 0.05 were considered statistically significant.

Results

Expression of Snail, Slug, Twist, and SIP1 mRNA
in spindle cell carcinoma

Analyzing 30 cases of SpCC in comparison to nontumorous
tissue, relative upregulation of Snail, Slug, Twist, and SIP1
was found in 14 (47%), 22 (73%), 20 (67%), and 12 (40%)
cases, respectively. In 17 (57%) cases, there were no
differences in SIP1 expression between SpCC and matched
normal tissue. The ratio of the relative expression levels of
Snail, Slug, Twist, and SIP1 between tumor and normal
tissue is shown in Fig. 1.

The ratio of relative expression levels between tumor
and nontumorous tissue (T/N), particularly of Snail,
showed a broad range due to the very low expression of
Snail in nontumorous tissue in six cases. In these cases, the
slope of PCR curves reflecting PCR efficiency were
characteristically distinguished from the expected value

Table 1 Sequence of the TaqMan primers and probes used

Target gene Sequence 5′–3′ Size of PCR
product (bp)

Reference

Snail fw TGCAGGACTCTAATCCAAGTTTACCC 71 Rosivatz et al. [19]
r GTGGGATGGCTGCCAGC

p TCCAGCAGCCCTACACCAGGCC

Slug fw TGTGTGGACTACCGCTGC 63 Castro Alves et al. [20]
r TCCGGAAAGAGGAGAGAGG

p TTCCACGCCCAGCTACCCAATG

Twist fw TGTCCGCGTCCCACTAGC 92 Rosivatz et al. [19]
r TGTCCATTTTCTCCTTCTCTGGA

p CAGCAGGGCCGGAGACCTAGATGT

SIP1 fw GCGGCATATGGTGACACACAA 80 Rosivatz et al. [19]
r CATTTGAACTTGCGATTACCTGC

p CAGATCAGCACCAAATGCTAACCCAAGG

fw forward, r reverse, p probe
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calculated from serial dilutions of the calibrator, although
threshold cycles were detected around 30–32 cycles. We,
therefore, concluded that these samples expressed a very
low level of Snail mRNA rather than considering the
calculated value.

Expression of Snail, Slug, Twist, and SIP1 mRNA
in squamous cell carcinoma

In 30 cases of SCC, the relative expression of Slug and
SIP1 was comparable to normal mucosa in 27 (87%) cases
and 21 (68 %) cases. The relative expression of Snail
showed upregulation in nine (29%) cases, while SIP1 was
not upregulated in any case of SCC compared to non-
tumorous tissue. There was marked downregulation of
mRNA expression compared to normal tissue in 11 (35%)
cases for Snail, 21 (68%) cases for Twist, and nine (29%)
cases for SIP1.

Expression of Snail, Slug, Twist, and SIP1 mRNA
in spindle cell carcinoma compared to squamous cell
carcinoma

Comparing the T/N ratio of Snail, Slug, Twist, and SIP1
expression in SpCC versus the T/N ratio in SCC, we found
different expressions of all examined transcription factors
as shown in Fig. 1. Statistically significant upregulation
was confirmed for Slug (p<0.00), Twist (p<0.00), and
SIP1 (p<0.00).

Immunohistochemical analysis of Snail, Slug, and SIP1
in spindle cell carcinoma

A summary of immunohistochemical results is shown in
Table 2. Positive reaction for Snail was found in the spindle
cells of 19 SpCC cases (Fig. 2a), while a positive reaction
for Slug (Fig. 3a) and SIP1 was detected in all cases.

Snail, Slug, and SIP1 were also expressed in numer-
ous mononuclear inflammatory cells and endothelial cells
in blood vessels within the tumors and in stromal
myofibroblasts.

In the SCC component of SpCC, the expression patterns
were similar to those in SCC described in the next section.

Immunohistochemical analysis of Snail, Slug, and SIP1
in squamous cell carcinoma

A summary of immunohistochemical results is shown in
Table 2. Positive reaction for Snail (Fig. 2b) was found in
four cases and for Slug (Fig. 3b) and SIP1 in the majority
of SCC cases. Snail, Slug, and SIP1 were also expressed in
numerous mononuclear inflammatory cells and endothelial
cells in blood vessels within the tumors and in stromal
myofibroblasts.

Immunohistochemical analysis of Snail, Slug, and SIP1
in normal mucosa

In the normal mucosa, there was no positive staining for
Snail. Slug and SIP1 exhibited a nuclear reaction and

Table 2 Immunohistochemical results for Snail, Slug, and SIP1 in SpCC and SCC

Percentage of positive tumor cells Number of Snail positive cases Number of Slug positive cases Number of SIP1 positive cases

SpCC SCC SpCC SCC SpCC SCC

0 11 26 0 5 0 7

1–10 8 4 5 14 9 19

11–50 9 0 11 9 13 4

51–80 2 0 11 2 7 0

>80 0 0 3 0 0 0

Fig. 1 Relative expression ratio of Snail, Slug, Twist, and SIP1
comparing tumor with matched normal tissue. Horizontal bars (mean
of expression ratio) represent the expression patterns of Snail, Slug,
Twist, and SIP1 (logarithmically scaled) for SpCC and SCC
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showed similar distribution patterns: they were expressed in
the basal and suprabasal layers of the squamous epithelium,
in scattered mononuclear inflammatory cells in the lamina
propria, in occasional stromal cells, and faintly in endothe-
lial cells.

Statistical analysis

The frequency and intensity of Snail, Slug, and SIP1
expression was significantly higher in SpCC than in SCC
(p=0.0001 for Snail, p=0.001 for Slug, and p<0.000 for
SIP1). In SpCC, no significant correlation was observed
between Snail, Slug, and SIP1 versus cadherins, keratin,
and vimentin (data not shown).

Discussion

EMT is a process that allows epithelial cells to separate
from their neighbors and migrate to distal regions. During
EMT, epithelial cells turn off epithelial genes and turn on
mesenchymal genes. They lose the apical–basal polarity,
reorganize the actin cytoskeleton, and change to a spindle,
mesenchymal phenotype. EMT is fundamental during

normal development in processes such as mesoderm and
neural crest formation. It is also reactivated in a variety of
pathologic conditions in later life, including wound healing,
fibrosis, and progression of carcinoma [10, 11, 21]. Our
study provides further evidence that EMT might also play
an important role in the pathogenesis of SpCC of the head
and neck. This is based on our finding of upregulation of
transcription repressors Snail, Slug, SIP1, and Twist,
important inducers of EMT, on both mRNA and protein
levels.

Using RT-PCR, we found upregulation of mRNA for
transcription factors Snail, Slug, Twist, and SIP1 in SpCC
of the head and neck when compared to SCC with a similar
stage and tumor location. This upregulation was statistically
significant for Slug, Twist, and SIP1 but nonsignificant for
Snail. Immunohistochemistry was performed for Snail,
Slug, and SIP1 and demonstrated a positive reaction for
Slug and SIP1 in all cases and for Snail in two thirds of
SpCC cases. There was, thus, a rough correlation between
mRNA and protein expression.

In SCC, by RT-PCR, we found upregulation of Snail and
downregulation of Twist, whereas SIP1 and Slug expres-
sion was similar as in the normal tissue. The results for
Slug and SIP1 were further supported by immunohisto-

Fig. 2 Immunohistochemistry for Snail. a SpCC: positive reaction in approximately 20% of tumor cells. Original magnification ×40. b SCC:
positive reaction in rare tumor cells. Original magnification ×40
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chemistry, which showed only focal staining for SIP1 and
Slug in the majority of SCC cases. Upregulation of Snail is
consistent with previous studies, describing various patterns
of transcription factors expression in many carcinomas,
presumably the result of transient EMT, which has been
postulated to be responsible for tumor progression and
metastasizing [16, 22].

Transcription repression has recently emerged as a
fundamental mechanism for the induction of EMT. Other
mechanisms include gene mutation, promoter hypermethy-
lation, enhanced degradation, chromatin rearrangements,
and post-translational truncation or modification [20, 23,
24]. Transcription repression can be mediated by factors
from the Snail, ZEB, and bHLH families. The Snail
superfamily of zinc finger transcription repressors includes
Snail and Snail-2, also known as Slug, Snail-like, Scratch1,
and Scratch2 [25]. The ZEB family includes ZEB1 (also
known as TCF8 and δEF1) and ZEB2 (also known as
ZFXH1B and SMAD interacting protein 1 [SIP1]). The most
important members of the bHLH family are Twist, E47 (also
known as TCF3), and E2-2 (also known as TCF4) [26].

In experimental models, these factors all induce a similar
phenotype when overexpressed, eliciting complete EMT at
both morphologic and behavioral levels [27]. The exact

mechanisms of transcription repressors have not been
completely elucidated, but one of the most important
targets is E-cadherin. Transcription factors bind to consen-
sus E-box sequences in the E-cadherin gene promoter and
downregulate E-cadherin transcription [26]. The result is a
functional loss of E-cadherin, which is believed to be one
of the hallmarks of EMT. Some studies indicate that Snail
and Slug repress E-cadherin in different ways: Snail binds
to E-cadherin with a higher affinity than Slug and leads to
initiation of EMT through downregulation of E-cadherin,
whereas Slug may contribute to the maintenance of the
mesenchymal phenotype by sustained repression of E-
cadherin [28].

The majority of studies have focused on E-cadherin in
EMT in general and on E-cadherin as a target for
transcription repressors in particular. However, there is
emerging evidence that transcription repressors not only
repress E-cadherin, thus affecting adherens junctions, but
also induce the disassembly of other cell junctional
complexes, such as tight junctions, desmosomes, and gap
junctions [22, 29–31]. Moreover, Savagner et al. demon-
strated in an experimental model of EMT that adherens
junction components, such as E-cadherin, were only
modestly relocalized but still present, whereas desmosomal

Fig. 3 Immunohistochemistry for Slug. a SpCC: positive reaction in approximately 90% of tumor cells. Original magnification ×40. b SCC:
positive reaction in rare tumor cells. Original magnification ×40
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components disappeared completely from cell–cell contact
areas [29].

Our observations in SpCC are consistent with the results
of experimental studies. We found a loss of desmosomal
cadherins (Zidar, unpublished observation) and altered
expression of classical cadherins in all cases [9]. Our
finding of the strongest Slug expression among transcrip-
tion repressors in SpCC is consistent with the suggested
role of Slug in EMT [28]: Slug is supposed to be necessary
for the maintenance of the spindle phenotype, which is the
main morphologic feature of SpCC.

In conclusion, our finding of upregulation of all tested
transcription factors further supports the hypothesis that
EMT might play an important role in the pathogenesis of
SpCC, as suggested by some previous studies [5–9].
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Abstract Focal nodular hyperplasia (FNH) of the liver is
considered to develop as a hyperplastic response to a
preexisting vascular abnormality. From the pathogenic
point of view, we studied histological alterations in the
extranodular background liver tissue of FNH (FNH-bg-
liver). We compared ten FNH-bg-livers with ten non-FNH
cases (non-FNH-liver) and found small uniform nodule
formations with ring-like siderosis in the FNH-bg-livers
(4/7, 57%) but not in the non-FNH-livers. Abnormal small
arteries not accompanied by portal tracts were observed in
six of six FNH-bg-livers for which immunohistochemical
study was available, while this was observed in only three
of the ten non-FNH-livers. CD34-positive sinusoids around
the portal tracts were observed in only the FNH-bg-livers
(3/6, 50%). Further, two of ten FNH-bg-livers had ectopic
pancreatic tissue. Ring-like siderosis, abnormal small
arteries, CD34-positive sinusoids, and ectopic pancreatic
tissue were characteristic in the extranodular background
liver tissue in cases of FNH.

Keywords Focal nodular hyperplasia . Liver . Siderosis .

Ectopic pancreas

Introduction

Classical focal nodular hyperplasia (FNH) is a well-
circumscribed lesion that is composed of proliferating benign
hepatocytes with a characteristic stellate central fibrous scar,
and it includes vascular abnormalities such as stenotic portal
veins, thickened arteries, and numerous smaller vessels. The
stellate central fibrous scar, however, is seen in less than 50%
of cases [1, 2]. The vascular abnormality exists exclusively in
FNH and is the most important diagnostic clue for FNH [3,
4]. The scar may be the result of ischemic changes or
necrosis because of the vascular abnormalities. Therefore, it
has recently been accepted that FNH is a hyperplastic
response to a preexisting vascular abnormality rather than a
neoplastic mass despite a study reporting the monoclonal
nature of FNH [5–9].

On the other hand, the formation of multiple masses is
another characteristic feature of FNH, and this feature is
found in about 30% of cases [2]. Occasionally, however,
the lesions are inconspicuous, which makes their identifi-
cation difficult. A case of progression of multiple FNH after
resection of a solitary FNH has also been reported [4].

Although most past reports have noted that the extra-
nodular background liver tissue of FNH patients is normal
or nearly normal, the existence of vascular abnormalities
and multiple FNH masses in liver implies that the
background liver tissue of FNH may undergo subtle
alterations, and precursory changes that are caused by
factors are the same as those that cause FNH. In fact, there
is one report that simply mentions that the extranodular area
in 73% of FNH cases exhibited changes that were similar to
but milder than those in the nodule [10]. Here, we studied
the histological alterations and precursory changes that
occur in the extranodular background liver tissue of FNH
from the pathogenic viewpoint.
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Materials and methods

Case selection

Liver tissue specimens were obtained by partial hepa-
tectomy or tumorectomy from ten patients with FNH
(two male patients and eight female patients with a
mean age at diagnosis of 41.0 years). All ten FNHs had
macroscopic stellate scars and fibrous septa in the
lesions. The pathological diagnosis of FNH was con-
firmed by two experienced pathologists. As control
cases, ten non-cirrhotic tissues were surgically resected
from patients with metastasis from colorectal carcinoma.
The extranodular background liver tissue of the FNH
(FNH-bg-livers) and metastatic liver tumor (non-FNH-
livers) was obtained from an area at a distance of at
least 1 cm from the masses.

Histopathological features after staining
with hematoxylin–eosin and Berlin blue

The liver tissues were fixed in 10% neutral-buffered
formalin and then embedded in paraffin. The histopatho-
logical features of 4-μm-thick sections that were stained
with hematoxylin–eosin were studied. Further, additional 4-
μm-thick sections were stained with Berlin blue for
visualizing iron deposits.

Immunohistochemistry

To detect abnormal arteries and alterations in the sinusoidal
endothelium, immunohistochemical analysis was per-
formed. The Ventana XT System Benchmark (Ventana
Japan, Tokyo, Japan) was used to stain additional 4-μm-
thick sections with a primary antibody against mouse
monoclonal antibodies to CD34 Class II (1:50; clone
QBEnd-10, DAKO Japan, Tokyo, Japan) and smooth-
muscle actin (SMA; 1:100; clone 1A4, DAKO Japan,
Tokyo, Japan) after antigen retrieval with CC1 (Ventana
Japan, Tokyo, Japan). To visualize the reaction, labeling
was carried out using the streptavidin–biotin complex
technique (I-VIEW DAB Universal Kit, Ventana Japan,
Tokyo, Japan) that was performed according to the
manufacturer’s instructions. Four FNH-bg-livers were not
available for immunohistochemistry.

Statistical analysis

Fisher’s exact test was used to compare the frequency of
appearance of the findings examined between FNH-bg-
livers and non-FNH-livers. A two-sided p value of less than
0.05 was considered to indicate a statistically significant
difference.

Results

Small uniform nodule formation with accentuating hepatic
lobule

We found small uniform nodule formations that accentuated
the hepatic lobule in seven (7/10, 70%) FNH-bg-livers
(Figs. 1 and 2, Tables 1 and 2) but only two (2/10, 20%)
non-FNH-livers. The small uniform nodules accentuating
the hepatic lobules were composed of clear swollen
hepatocytes in the central area around the central vein
(zone 3) and dark small hepatocytes in peripheral areas
(zone 1) of the hepatic lobule.

No fibrous septum was found. Staining with Berlin blue
revealed ring-like iron deposits along the periphery of the
nodules (ring-like siderosis) in four of eight cases in which
Berlin blue staining was available (4/8, 50%; Fig. 2b). On
the other hand, no ring-like siderosis was observed in the
non-FNH-livers. The frequency of appearance of ring-like
siderosis was significantly different between FNH-bg-liver
and non-FNH-liver (p=0.021).

In a case in which partial hepatectomy was performed,
the nodule formation and ring-like siderosis was observed
more than 8 cm from the lesion (Fig. 1).

Abnormal unpaired arteries and alteration of sinusoidal
endothelium

An abnormal unpaired small artery was defined as a
muscular small artery not accompanied by a bile duct or
portal vein (Fig. 3a, b). The presence of SMA in the artery
was confirmed by an immunohistochemical staining with
an antibody to SMA. Abnormal small arteries were present
in FNH-bg-livers in six of six cases in which immunohis-
tochemical study was available (6/6, 100%). However, only
three cases with non-FNH-livers had abnormal small
arteries (3/10, 30%; Table 1). The difference of frequency
of appearance was statistically significant (p=0.021). Three
FNH-bg-livers had more than five abnormal arteries per ten
high-power fields; these livers are indicated as double
positive (++) in Table 1.

Trait alteration of the sinusoidal endothelium as revealed
by the immunoactivity with CD34 was observed only
around the portal tracts in FNH-bg-livers (3/6, 50%;
Fig. 3c).

Other findings

In other findings, two of ten FNH-bg-livers had ectopic
pancreatic tissue intermingled with the intrahepatic peri-
biliary glands in medium-sized portal tracts (2/10, 20%).
No pancreatic ectopia was detected in the non-FNH-livers
(Tables 1 and 2, Figs. 1 and 3d).
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Discussion

An international working party defined FNH as a lesion
supplied by large arteries [2]. Abnormal hepatic circulation
is a key feature that precedes the development of FNH [3,
4]. A common histopathological finding is stenosis and/or
dilatation of portal veins and muscular thickening of the
arterial wall in FNH nodules. Further, a radiological finding
of FNH was a hypervascular tumor with intense staining of
the capillaries during the parenchymal phase of the
angiogram. A central feeding blood supply through an
anomalously enlarged artery is also a characteristic angio-
graphic finding [11, 12]. The radiological as well as
histopathological findings support the preexistence of
histological alterations in the extranodular background liver
tissue of FNH. Only one report studied the histological
alterations in FNH-bg-livers, but it lacked a detailed
description [10].

Abnormal unpaired small arteries that were not accom-
panied by obvious fibrous tissue or bile ducts were
highlighted by immunohistochemical staining for SMA.
The incidence of abnormal unpaired small arteries was
considerably higher in FNH-bg-livers (100%) than in non-
FNH-livers (30%). Abnormal unpaired small arteries are
rarely seen in normal or even cirrhotic livers, but increased

numbers of abnormal unpaired arteries are frequently
observed in hepatocellular carcinoma [13, 14]. In hepato-
cellular carcinoma, abnormal unpaired arteries are believed
to arise from the blood vessels in the fibrous septa and
extend into the nodule as neovasculization. However, it is
not clear whether the abnormal unpaired small arteries in an
FNH-bg-liver are a result of neovasculization or congenital
malformation.

Further, a high incidence (50%) of CD34-positive
sinusoidal endothelium around the portal tracts was only
seen in the FNH-bg-livers. Only a few sinusoidal endothe-
lial cells in acinar zone 1 of normal liver parenchyma
express CD34, while the sinusoidal endothelium among
tumor cell nests in hepatocellular carcinomas frequently
express CD34 [13, 15]. It has been reported that in FNH
nodules, the sinusoids along the periphery of the central
scar express CD34 [16]. CD34 expression is considered to
be indicative of capillarization of the sinusoids that are in
the process of developing into the predominant arterial
blood supply [13, 17]. Therefore, we consider CD34
expression in FNH-bg-livers as an indication of hemody-
namic alteration in the extranodular area as well as the
intranodular area.

The small uniform nodules in the FNH-bg-livers of 70%
of FNH cases are also an interesting finding. These nodules

Fig. 1 Gross findings of focal nodular hyperplasia and extranodular background liver tissue obtained with partial hepatectomy. Histological
findings of areas a and b are shown in Fig. 2a, b and 3d
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resemble those found in nodular regenerative hyperplasia
(NRH). It has been proposed that FNH and NRH may be
related to abnormal hepatic circulation [18]. However, the
nodules in FNH-bg-livers accentuate the hepatic lobule and
have a central vein, whereas a portal tract is present at the
center of the nodules in NRH. Although nodules were also
observed in 20% of the non-FNH livers, ring-like siderosis
was only observed in the nodules in FNH-bg-livers.
Secondary siderosis is usually found in patients with
neonatal iron overload, hematological disorders, chronic
hepatitis, cirrhosis, alcoholic liver disease, or steatosis.
Apart from HFE gene mutation in primary hemochromato-

sis, the precise cause of iron deposition in various liver
diseases is unknown [19]. Iron deposition in the extra-
nodular background liver with FNH has not been reported.
We propose the following pathogenesis for the ring-like
siderosis in FNH-bg-liver: (1) FNH alters blood perfusion
and leads to microhemorrhage and/or local iron overload, or
(2) preexisting iron deposition causes FNH development.
One case report in which it was found that iron overload led
to a significant increase in the size of the FNH nodules
supports the second proposal [20].

Ectopic pancreatic tissue in the liver is rare. In a study of
1,000 consecutive autopsy cases, heterotopic pancreatic

Fig. 2 Nodular formation and
ring-like siderosis in the extra-
nodular background liver of fo-
cal nodular hyperplasia. a
Hepatic lobules are accentuated
by relatively eosinophilic liver
parenchyma of zone 1. b Berlin
blue stain enhances the nodular
pattern by staining the siderosis
of zone 1. The findings defined
as ring-like siderosis were ob-
served in half the FNH-bg-livers

Table 1 Nodular formation, ferrugination, and immunohistochemistry in background liver tissue of FNH

No. Age Sex Abnormal small artery CD34-positive sinusoid Nodular formation Ring-like siderosis Ectopic pancreas

1 34 F + − + + +

2 39 F + + − − +

3 38 F + + + + − −
4 41 M + + − + + −
5 60 F + + − + + −
6 64 F + + − − −
7 38 M N/A N/A + + −
8 36 F N/A N/A + − −
9 35 F N/A N/A + N/A −
10 25 F N/A N/A − N/A −
Total 100% (6/6) 50% (3/6) 70% (7/10) 50% (4/8) 20% (2/10)
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tissue was found in only 4.1% of livers [21]. Surprisingly,
we found pancreatic heterotopias in two of ten (20%) FNH
patients. Although that could be incidental, the high
incidence of heterotopic pancreatic tissue might support
the hypothesis that some congenital malformation is related
to the pathogenesis of FNH.

In summary, we found abnormal unpaired arteries,
CD34-positive sinusoidal endothelium, small uniform nod-
ular formation with ring-like siderosis, and ectopic pancre-
atic tissue in the extranodular liver parenchyma of FNH
patients. These are characteristic histopathologic findings in
liver parenchyma around FNH.

Fig. 3 Other findings of FNH-bg-livers. a Abnormal unpaired small
artery that was not accompanied by a bile duct or portal vein was
observed in all FNH-bg-livers. b The wall of the abnormal unpaired
small artery is positive for smooth muscle actin. c CD34-positive

sinusoids were observed around the portal tract in half of FNH-bg-
livers. d Ectopic pancreas tissue presented in two of ten FNH-bg-
livers

Table 2 Comparison of FNH-liver with non-FNH liver

Abnormal small artery CD34-positive sinusoid Nodular formation Ring-like siderosis Ectopic pancreas

FNH 100% (6/6) 50% (3/6) 70% (7/10) 50% (4/8) 20% (2/10)

Non-FNH 30% (3/10) 0% (0/10) 20% (2/10) 0% (0/10) 0% (0/10)

p valuea 0.021 N.S. N.S. 0.045 N.S.

N.S. not significant
a Two-sided p value of Fisher’s exact test
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Abstract The immunoexpression of the antiangiogenic
factor semaphorin3A (SEMA3A) was evaluated in a series
of meningiomas. Then, its correlations with the microvessel
density (MVD) of the tumors and with the clinicopatho-
logical parameters as well with the survival time or
recurrence-free interval were investigated. A positive
SEMA3A immunostaining was found in most of meningi-
omas and a significant association was found between a
high expression of this protein and a low MVD of the
tumors. Moreover, a low SEMA3A immunoexpression was
significantly correlated with a higher recurrence rate of
meningiomas. In conclusion, our findings suggest a role for
SEMA3A as an antiangiogenic factor in meningiomas with
its decrease being associated with the development of
recurrences. The supplementation of SEMA3A might be
used in novel therapeutic antiangiogenic strategies to
prevent the recurrence of highly vascularized meningiomas.

Keywords SEMA3A . CD105 . Neoangiogenesis .

Meningioma . Prognosis

Introduction

Meningiomas represent frequent neoplasms [1] mainly
characterized by a benign histology and an indolent
clinical course. The most powerful prognosticators for
these neoplasias include the histological grade and the
extent of surgical resection; nonetheless, an adverse
clinical course in terms of mortality and morbidity has
been also associated with the degree of tumor vascularity
and with the extent of peritumoral vasogenic edema [2, 3].
In particular, we have recently shown that the quantity of
intratumoral neoangiogenesis, reflected by the microvessel
density (MVD) quantified through the specific marker
CD105, is significantly correlated with a high histological
grade and growth fraction as well as with a shorter overall
and recurrence-free survival in human meningiomas [3].
As known, neoangiogenesis is dependent on the balance
between angiogenic and antiangiogenic regulators [4].
Among the antiangiogenic factors, attention has been
recently focused on semaphorin3A (SEMA3A), which
belongs to the class 3 semaphorins (SEMAs), a class of
proteins secreted by vertebrates with a role in axon
guidance [5]. SEMA3A exerts its action through the
binding to neuropilin-1 (NRP-1), a protein initially
identified on neuronal cells but which is also expressed
on the endothelial cells as a transmembrane receptor.
SEMA3A inhibits the proliferation of endothelial cells and
induces their apoptosis following its binding to NRP-1 [6].
NRP-1 also functions as an additional receptor for the
vascular endothelial growth factor (VEGF). It is known
that VEGF is an activator of neoangiogenesis via the
binding to VEGF receptors (VEGF-R), but it has been
shown that, in the absence of VEGF-R expression, VEGF
activity may be mediated by NRP-1 [7]. In addition, NRP-1
may also enhance the effects of VEGF binding to
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VEGF-R2 [8]. Therefore, SEMA3A behaves as an
antiangiogenic factor both directly, through the binding
to NRP-1, and indirectly, through the competitive inhibi-
tion of VEGF binding to NRP-1 [9, 10]. In the present
study, we analyzed for the first time SEMA3A immunohis-
tochemical expression in a series of human meningiomas of
different histotype and histological grade and correlated it
with the MVD revealed in the same tumors by CD105
immunohistochemical detection. Our purpose was to verify
whether the quantity of neoangiogenesis differed together
with the amount of SEMA3A expression in human
meningiomas, in coherence with a possible role of SEMA3A
as a negative regulator of neoangiogenesis in these tumors.
The correlations between SEMA3A expression and the
clinicopathological parameters, such as the histological
grade or the proliferation index, as well as the overall and
recurrence-free survival of these neoplasias were also
assessed in an attempt to evaluate the eventual histoprog-
nostic value of this marker in human meningiomas.

Materials and methods

Forty-five cases of surgically resected meningiomas,
obtained from 21 female (47%) and 24 male (53%)
patients (age range 31–84 years; mean age 64 years) and
occurred between 1996 and 1998, were taken from the
files of the Unit of Pathology, M. Bufalini Hospital,
Cesena, Italy. More precisely, 18 cases, diagnosed as
atypical meningiomas, were randomly selected. Subse-
quently, a comparable number of cases comprising
meningothelial, transitional, and fibrous histotypes were
considered. Moreover, cases of meningiomas displaying
a more unusual histotype and occurring in the same years
were also recruited. Finally, three anaplastic meningio-
mas were added to the cohort. All cases were histolog-
ically re-evaluated according to the World Health
Organization (WHO) 2007 classification system [11].
Finally, the cohort of the study comprised: eight menin-
gothelial (17%), seven transitional (15%), three fibrous
(6%), three microcystic (6%), two secretory (4%), one
chordoid (2%), 18 (40%) atypical, and three anaplastic
(6%) meningiomas. Thus, according to the WHO 2007
classification [1], 23 cases displayed a histological grade I,
19 a histological grade II, and three a histological grade
III. The tumor localization was subdivided into three sites:
convexity (40%), parasagittal (35%), and basal (25%). For
each case, Simpson's grade of surgical resection [11] was
available. On the basis of Simpson's grade, two main
groups were considered: the first one (66%) representing
grade 1 tumors (complete excision, including dura and
bone), the second group (34%) comprising both grade 2
(complete excision plus apparently reliable coagulation of

dural attachments) and grade 3 (complete excision of
the solid tumor, but with insufficient dural coagulation
or bone excision) meningiomas. The Ki-67 labeling
index (LI), reflecting the tumor growth fraction, was
available in all cases, whereby the follow-up data,
including the patients survival and recurrences, were
available in 42 out of 45 (93%) cases. Recurrence was
defined as the detection of a recurrent tumor by
neuroradiological investigations in those patients with a
previous complete surgical excision. In the meningiomas
of the cohort, the tumor neoangiogenesis was quantified
through the assessment of MVD performed by using the
immunohistochemical detection of the specific marker
for neoangiogenesis CD105 (endoglin) as previously
described [3, 12–14].

Immunohistochemistry

All meningiomas were fixed in 10% neutral formalin for
24 h at room temperature, embedded in paraffin at 55°C,
and cut into parallel consecutive 4-µm thick sections for
the subsequent immunohistochemical study. Briefly, the
endogenous peroxidase activity was blocked with 0.1%
H2O2 in methanol for 20 min; then, normal sheep serum
was applied for 30 min to prevent unspecific adherence of
serum proteins. The SEMA3A antigen was unmasked by
microwave oven pretreatment in 10 mM, pH 6.0 sodium
citrate buffer for three cycles for 5 min, whereas for
CD105 epitope retrieval, specimens were pretreated with
proteinase K (S3020, Dako Cytomation) at room temper-
ature for 15 min. Sections were successively incubated at
4°C overnight with the primary polyclonal antibody
against SEMA3A sc-10720 (Santa Cruz Biotechnology,
Santa Cruz, CA; w.d. 1:25) and with the primary
monoclonal antibody against CD105 (Dako, Denmark;
clone SN6h, w.d. 1:50). The bound primary antibodies
were visualized by avidin–biotin–peroxidase detection
using the Vectastain Rabbit/Mouse Elite Kit, according
to the manufacturer's instructions. To reveal the immu-
nostaining, the sections were incubated in darkness for
10 min with 3,3′-diaminobenzidine tetrahydrochloride
(Sigma Chemical, St. Louis, MO, USA) in the amount of
100 mg in 200 mL 0.03% hydrogen peroxide in
phosphate-buffered saline (PBS). Nuclear counterstaining
was performed by Mayer's haemalum. Specificity of the
binding was assessed by omitting the primary antiserum
or replacing it with normal rabbit serum or PBS solution
(pH 7.4). Moreover, renal tubules within specimens of
fetal kidney and the syncytiotrophoblast present in speci-
mens of human term placenta were used as positive
controls for SEMA3A [15] and CD105 [16] immunohis-
tochemical reactions, respectively. In parallel sections
obtained from the same tissue blocks, Ki-67 antigen was
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unmasked by retrieval procedures (10 mM, pH 6.0 sodium
citrate buffer heated in a microwave oven for three cycles
for 5 min) and then Ki-67 antiserum (clone MIB-1, Dako,
Glostrup, Denmark; w.d. 1:50) was applied for 30 min at
room temperature.

Quantification and statistics

With reference to SEMA3A immunohistochemical assay,
sections were estimated by a light microscopy with ×20 and
×40 objective lens and ×10 eyepiece. The assessment of the
immunostained section was performed by two independent
pathologists blinded to the clinicopathological data.
SEMA3A expression was based on the presence of a
cytoplasmic staining. Staining intensity (SI) was graded as
0 (negative), 1 (weak), 2 (moderate), and 3 (strong); the
area of staining positivity (ASP), recorded as the percentage
of positive cells, was assessed by providing the following
values: 0 (<5%), 1 (5–25%), 2 (26–50%), 3 (51–75%), and
4 (76–100%). Then, an intensity distribution (ID) score was
generated for each case by multiplying the values of SI and
ASP. Cases displaying a score of 0 were considered as
negative for SEMA3A.

The quantification of microvessels was performed as
previously described [12–14]. Briefly, the three most
vascularized areas detected by CD105 were initially
selected (so-called hot spots) under ×40 field. Then,
microvessels were counted in each of these areas under a
×400 field. Single endothelial cells or clusters of endothe-
lial cells, with or without a lumen, were considered to be
individual vessels. The mean value of three ×400 field
(0.30 mm2) counts was recorded as the MVD of the section.
Then, the MVD value was converted into the mean number
of microvessels per square millimeter for the statistical
analyses. The vessels were counted using a Zeiss micro-
scope by two independent observers blinded to the
clinicopathological data.

The Ki-67 LI was calculated as the mean percentage by
counting the stained nuclei of tumor cells for 1,000 cells in
three representative neoplastic fields; all degrees of nuclear
SI were taken into consideration. A Ki-67 value of 4% was
utilized as a cut-off point to determine low and high Ki-67
expression, as suggested by Perry et al. [17].

The median ID score value (ID score of 3) was used
as the cut-off to define low (ID score of 0–2) and high
(ID score of 3–12) SEMA3A expression and the Fisher's
exact and chi-squared tests were performed in order to
analyze the statistical correlations between SEMA3A
immunohistochemical expression and the clinicopatholog-
ical parameters of the meningiomas. Mann–Whitney and
Kruskal–Wallis tests were used to evaluate the correlations
between the MVD and the clinicopathological variables of
the tumors.

Overall survival and recurrence-free survival were
assessed by the Kaplan–Meier method, with the date of
primary surgery as the entry data. Patients that died of
diseases independent from the meningioma (myocardial
infarction, other malignant neoplasias not involving the
central nervous system) were censored. The endpoint for
the recurrence-free survival analysis was the length of
survival to the detection of a recurrent tumor. The Mantel–
Cox log–rank test was applied to assess the strength of
association between survival time or recurrence-free inter-
val and each of the parameters (age and gender of the
patient, site, Simpson's grade, histologic grade, MVD,
Ki-67 LI, and SEMA3A expression of the tumor) as a
single variable. Successively, a multivariate analysis (Cox
regression model) was utilized to determine the indepen-
dent effect of each variable on survival.

For SEMA3A and MVD overall and recurrence-free
survival analyses, cases were subdivided into two groups
by using the median MVD value (CD105-MVD median
value=20) and the median SEMA3A ID score, respectively,
as the cut-off values.

A probability (P) value less than 0.05 was considered
statistically significant. Data were analyzed using the SPSS
package version 6.1.3 (SPSS, Chicago, IL, USA).

Results

The clinicopathological characteristics, the MVD counts,
and the SEMA3A immunohistochemical data relative to the
45 analyzed meningiomas are shown in Table 1. SEMA3A
immunohistochemical expression, with a variable ID score,
was identified in 42 out of 45 (93%) cases. The
immunostaining, demonstrated by the presence of stained
brown granular immunoreaction products, was evident in
the cytoplasm of the neoplastic cells (Fig. 1).

CD105-positive vessels were identified in 33 out of 45
(73%) meningiomas. A high (ID score of 3–12) SEMA3A
immunoexpression was present in ten out of 12 (83%) of
the CD105-negative cases, which were all but one grade I
tumors (Table 1). Besides, among grade I meningiomas,
the microcystic displayed a low (ID score of 0–2)
SEMA3A expression, in association with a high MVD
(above 20 vessels/mm2) (Table 1). A significant associa-
tion was found between a high SEMA3A immunohisto-
chemical expression and a MVD below 20 vessels/mm2

(P=0.0365) (Table 2). Correspondingly, significantly
lower MVD counts were evidenced in SEMA3A highly
expressing tumors (P=0.0106) (Table 3) (Fig. 2).

A variously represented Ki-67 nuclear reactivity was
found in meningiomas, with a rate of stained cells ranging
from 0.5% to 30% (mean value of 6.8%). Despite the high
(20% or 30%) Ki-67 LI value encountered, some cases
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were classified as atypical and not as malignant meningi-
omas since the criterion of 20 or more mitoses per ten high-
power fields in order to classify them as grade 3 tumors was
not fulfilled [22].

No significant correlations were found between
SEMA3A immunoexpression amount and the age and
gender of the patients or the site, the grade, the Ki-67 LI,
and the Simpson's grade of the tumors (Table 2). By
contrast, when the statistical correlations between the MVD
counts and the various clinicopathological parameters were
investigated, a significantly higher MVD was found in the
meningiomas characterized by a sagittal site (P=0.0091)
and a high histological grade (P=0.0003) and Ki-67 LI
(P=0.0001) (Table 3). Regarding the clinical course,
univariate analyses identified a high histological grade, a
Ki-67 LI higher than 4% (Fig. 2), and a MVD count equal
or higher than 20 vessels/mm2 as significant negative
prognostic factors for the patients' specific survival to
meningiomas (Tables 4 and 5). Multivariate analysis
indicated that only Ki-67 LI was an independent prognostic
factor (Tables 4 and 5).

Among the 30 patients with a Simpson's grade 1
meningioma, four had developed recurrences. Follow-up
ranged from 5 to 120 months. Univariate analyses showed
that a MVD ≥20 vessels/mm2, a Ki-67 LI >4%, a high
histologic grade, and a low SEMA3A immunoexpression
(Fig. 2) were significant prognostic factors for recurrence
(Table 6).

Discussion

The quantity of neoangiogenesis, reflected by the MVD,
has been demonstrated as a prognostic parameter, correlated
with a higher biological aggressiveness, in several types of
human neoplasias, including meningiomas [3, 18, 19].
Actually, as long as a neoplastic mass is supplied by the
only host vessels, it retains a limited volume and a low
doubling time. By contrast, when the formation of new
capillaries is induced by the neoplastic cells through the
secretion of proangiogenic factors, the nutrients provided
by the newly formed vessels allow a more rapid growth and
the progression of the tumor [20, 21]. In meningiomas,
neoangiogenesis appears to be positively regulated by
VEGF produced by the neoplastic cells; indeed, the
expression of this factor significantly increases together
with the MVD of these neoplasms [22, 23]. It has been
recently demonstrated that the proangiogenic activity of
VEGF may be antagonized by the antiangiogenic factor
SEMA3A [5, 9]; nonetheless, the expression of SEMA3A
has been never investigated in meningiomas up to now. In
view of this, in the present study, we analyzed SEMA3A
immunohistochemical expression in a series of human36
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meningiomas and evaluated its eventual correlations with
the MVD quantified in the same tumors.

A positive SEMA3A immunostaining was evidenced in
93% of meningiomas; among the positive tumors, 49%
exhibited a low SEMA3A expression, whereas a high
immunoexpression was encountered in 51% of cases. The

expression of SEMA3A in neoplastic elements is not a
novel finding; indeed, SEMA3A expression had been
previously demonstrated in glioma [24] and mesothelioma
[25] cell lines as well as in neoplastic tissues such as clear
cell renal cell carcinoma [26] and pancreatic [27] and
ovarian neoplasms [28].

Fig. 1 A meningothelial (a; SEMA3A stain; original magnification,
×100), a fibrous (b; SEMA3A stain; original magnification, ×100),
and a secretory (c; SEMA3A stain; original magnification, ×100)
meningioma showing a strong SEMA3A immunostaining. d A
microcystic meningioma negative for SEMA3A (SEMA3A stain;

original magnification, ×100) e An atypical meningioma with a grade
1 intense SEMA3A staining in the cytoplasm of the neoplastic cells
(SEMA3A stain; original magnification, ×200). f No SEMA3A
immunostaining was evidenced in the neoplastic cells of an anaplastic
meningioma (SEMA3A stain; original magnification, ×400)
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In the present study, CD105 was chosen for the
assessment of the MVD of the analyzed tumors for its
previously demonstrated higher specificity in comparison to
pan-endothelial markers in the evaluation of meningiomas
neoangiogenesis [3]. It is a 180-kDa transmembrane
glycoprotein predominantly expressed on the endothelial
cells of newly formed vessels in tissues undergoing active
angiogenesis, such as tumors [29]. On the whole, CD105
immunostained vessels were found in 73% of the menin-
giomas of our cohort. Interestingly, a high SEMA3A
immunohistochemical expression was encountered in the
majority of CD105-negative cases; in addition, a significant
correlation was found between a low MVD and a high
SEMA3A expression, with the highly SEMA3A-expressing
tumors characterized by significantly lower MVD counts in
comparison to the meningiomas showing a low SEMA3A
expression. These data seem to indicate the existence of a
negative correlation between the expression of SEMA3A
and the MVD, consistently with a hypothetic antiangio-
genic role of this protein in meningiomas. Besides, the
microcystic meningiomas, which, in spite of their histolog-
ical grade I, are highly vascularized tumors [3, 30],

displayed a low SEMA3A immunohistochemical expres-
sion in association with an intense neoangiogenesis, as
reflected by their high MVD. A tendency towards a
negative correlation between SEMA3A expression and
MVD had been already reported in ovarian neoplasms
[28], but it was not significant. Nonetheless, it is tempting
to speculate that MVD did not actually reflect neoangio-
genesis in this study [28]; indeed, the pan-endothelial
marker CD34, and not a specific marker for neoangio-
genesis, such as CD105, had been used for the MVD
assessment.

When the tumors of our cohort were stratified by the
histological grade, no significant differences in terms of
SEMA3A expression were found between grades 1, 2,
and 3 meningiomas. By contrast, as already observed in a
previous study [3], significantly higher MVD counts were
evidenced in higher-grade tumors. Thus, in grades 2 and 3
tumors, neoangiogenesis might be stimulated by an increase
in the secretion of VEGF, as already suggested by other
studies [23, 24], without a significant difference in the
semaphorin expression. Hence, if the antiangiogenic role of
SEMA3A in human meningiomas is confirmed in future
studies, it is suitable that an exogenous supplementation of

Table 2 Statistical correlations between SEMA3A ID score and
clinicopathological parameters as well as MVD investigated through
Fisher's exact test and the chi-squared test

Variable SEMA3A ID score P value

0–2 3–12

Gender 0.376
Male 10 14

Female 12 9

Age 0.768
≤65 years 11 10

>65 years 11 13

Site 0.009
Convexity 11 7

Sagittal 10 6

Basal 1 10

Grade 0.392
1 9 14

2 11 8

3 2 1

Ki-67 LI 0.236
≤4% 10 15

>4% 12 8

Simpson's grade 0.757
Grade 1 14 16

Grade 2–3 8 7

MVD 0.0365
<20 vessels/mm2 6 14

≥20 vessels/mm2 16 9

Table 3 Statistical correlations between MVD and clinicopathologi-
cal parameters as well as SEMA3A ID score analyzed through Mann–
Whitney and Kruskal–Wallis tests

Variable n Mean rank P

Gender 0.446
Male 24 24.39

Female 21 21.40

Age 0.284
≤65 years 21 20.76

>65 years 24 24.95

Site 0.009
Convexity 18 22.67

Sagittal 16 28.53

Basal 11 14.05

Grade 0.0003
1 23 0.63

2 19 29.31

3 3 34.50

Ki-67 LI 0.0001
≤4% 25 16.28

>4% 20 31.40

Simpson's grade 0.1815
Grade 1 30 21.15

Grade 2–3 15 26.70

SEMA3A ID score 0.010
0–2 22 28.11

3–12 23 18.10

Virchows Arch (2009) 454:563–571 569



this protein would tip the balance towards antiangiogenesis
in the higher-grade meningiomas. If so, SEMA3A might be
used, together with anti-VEGF antibodies, as a novel
antiangiogenic therapy to reduce the blood supply to these
tumors.

In our study, we also analyzed the prognostic value of
SEMA3A expression on the patients overall and
recurrence-free survival to meningiomas. Whereas no
association emerged with the former, a low SEMA3A
expression was significantly associated to the development
of recurrences in the group of patients harboring a

Simpson's grade 1 meningioma. It has been suggested
that the development of recurrences of totally resected
(Simpson's grade 1) meningiomas may be related to the
presence of microscopic clusters of neoplastic cells left in
the dura mater or in the arachnoid membrane [31, 32] and
we may hypothesize that this event depends upon the
biological activity of these cells. As specified above, we
found that the recurrent tumors of our series displayed a
significantly lower SEMA3A expression, as well as signif-
icantly higher MVD and growth fraction. Thus, we may
speculate that surgically unremoved neoplastic foci of these
tumors may grow and give rise to recurrent tumors for their
higher capability to stimulate the neoangiogenic process in
relationship to a low level of SEMA3A expression.
Unfortunately, due to the small number of recurrent cases
in our cohort, multivariate analysis could not be performed in
order to assess whether the SEMA3A ID score is an
independent factor for meningioma-specific recurrence rate.

In conclusion, this pilot study suggests that SEMA3A
may negatively regulate neoangiogenesis in meningiomas
and that a low SEMA3A expression behaves as a negative
prognostic factor for the development of recurrences in
these tumors. If further studies confirm these findings, the
supplementation of SEMA3A may be used in novel
therapeutic antiangiogenic strategies to prevent the recur-
rence of highly vascularized meningiomas.

Fig. 2 Kaplan–Meier meningioma recurrence-free survival curve.
Cases characterized by a low (ID score of 0–2) SEMA3A expression
displayed a significantly higher recurrence rate in comparison to
meningiomas showing a high SEMA3A immunoexpression (ID score
of 3–12)

Table 4 Univariate survival analyses in 42 patients with meningioma

Parameter Univariate analysis

χ2 df P

Gender 0.3330 1 0.5639

Age 0.9585 1 0.3276

Site 0.9522 2 0.6212

Grade 6.1852 1 0.0129

Ki-67 LI 8.4092 1 0.0037

Simpson's grade 2.1688 1 0.1408

MVD 8.1966 1 0.0042

SEMA3A ID score 0.02569 1 0.8727

Table 5 Multivariate survival analyses in 42 patients with meningioma

Variable Multivariate analysis

β SE Exp (β) P

Ki-67 LI 2.4630 1.0730 11.7398 0.0217

Table 6 Univariate analysis for recurrences in 30 patients with a
Simpson's grade 1 meningioma

Parameter Univariate analysis

χ2 df P

Gender 0.9251 1 0.3361

Age 0.1055 1 0.7454

Site 0.8171 2 0.6646

Grade 5.8306 1 0.0157

Ki-67 LI 8.2699 1 0.0040

MVD 4.9424 1 0.0262

SEMA3A ID score 4.2018 1 0.0404
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Abstract Clinical management of incidental prostate can-
cer (IPC) remains challenging since its clinical course can-
not be predicted by conventional histopathology. Aiming to
define predictive factors in IPC, we correlated the immu-
nohistochemically detected expression of prostate-specific
antigen (PSA), prostatic acid phosphatase (PSAP), alpha-
methylacyl-CoA racemase (AMACR, p504s), and androgen
receptor in transurethral resection specimens with Gleason
scores and histologic staging on the corresponding radicals
in a cohort of 54 patients (mean age, 65.9 years; range, 49–
80 years). PSAP expression showed a significant correla-
tion with tumor staging (ρ=−0.37; p=0.02) but not with
Gleason scores (ρ=−0.06; p=0.69). K-statistics revealed a
highly significant moderate interobserver agreement
concerning the evaluation of PSAP staining (K=0.47; p<
0.001). In contrast, the other markers assessed failed to
correlate with conventional histopathology. Therefore,
PSAP might be predictive of tumor stage in IPC and
represent a valuable adjunct for clinical decisions in terms
of individual therapeutic management.

Keywords Incidental prostate cancer .

Radical prostatectomy . Histopathologic tumor staging .

Immunohistochemistry . Prostatic acid phosphatase (PSAP)

Introduction

Incidental prostate cancer (IPC) is defined as a clinically
unapparent tumor discovered after histologic examination
of the specimen obtained by open prostatectomy or trans-
urethral resection of the prostate (TURP) [1]. Its overall
incidence in TURPs performed for clinically benign prostatic
hypertrophy is estimated to range between 13% and 22%
and varies with age and section technique employed [2].

Since the original appreciation of the heterogeneity of
IPC by Jewett in 1975, numerous staging systems have
been advanced, and subdivision of the disease into two
histopathologic stages (T1a and T1b) according to the latest
TNM classification system has gained wide acceptance in
oncologic practice nowadays [3, 4].

However, clinical management of individual patients
with IPC remains challenging due to considerable overlap in
the natural history of the disease. Since separating tumors
that will follow a long natural history from those that will
progress rapidly is not possible at present, the frequently
encountered indolent course of the disease has led to a policy
of conservative treatment, although a significant number of
patients suffer rapid progression and eventual death from
what initially began as IPC [2]. Therefore, advanced
prognostic parameters are clearly needed, since conventional
histopathology seems to be of limited value in predicting
individual outcome in IPC.

Focusing on markers commonly established in diagnos-
tic surgical pathology practice, we present the first
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comprehensive study aiming to hint at so far neglected
predictive factors in IPC. Therefore, prostate-specific
antigen (PSA), prostatic acid phosphatase (PSAP), alpha-
methylacyl-CoA racemase (AMACR, p504s), and androgen
receptor (AR) were immunohistochemically assessed in
transurethral resection specimens (TURP) and correlated
with Gleason scores and histologic staging performed on
the corresponding radical prostatectomies (RPs) in a cohort
of 54 patients.

Materials and methods

Selection of patients

Retrospective computerized database analysis was per-
formed in order to identify all patients with newly diag-
nosed clinically unapparent (neither palpable nor visible by
imaging using transrectal 7-MHz ultrasonography) IPC
based on the histopathologic examination of TURP speci-
mens resected due to symptomatic prostatic hypertrophy. In
all cases, the transurethral resected tissue was entirely
subjected to histopathologic examination in order to enable
proper tumor staging, which was straightforward in all
cases based upon the estimation of tumor spread because
equivocal cases (still T1a versus just T1b) did not occur. All
patients subsequently underwent RP in the period of time
between 1999 and 2008 at the Departments of Urology
affiliated to two hospitals in Berlin (Charité-University
Medicine and Vivantes Clinic am Urban) and five hospitals
in Brandenburg (HELIOS Clinic Bad Saarow, Clinic
Hoyerswerda, Röhn Clinic Frankfurt (Oder), Clinic Baut-
zen, and Ernst-von-Bergmann Clinic Potsdam). This analy-
sis yielded a total of 54 patients (mean age, 65.9 years;

range, 49–80 years). None of the patients received
radiotherapy, androgen deprivation, 5-alpha-reductase in-
hibitor (i.e., Finasteride) therapy, repeat TURP, or needle
biopsy before radical surgery. The following data were
recorded: serum PSA level at the time of TURP (unavail-
able in three patients), histopathologic staging (performed
on TURP chips and RPs) and Gleason scores (performed on
RPs) as well as surgical margin and nodal status. Since
histologic examination of TURP chips revealed only
limited foci of cancer in a subset of patients investigated,
Gleason scores assigned on RP specimens were used for
statistical correlations. In radicals harboring multifocal
cancer, the composition of the dominant tumor nodule
was appropriate for assigning the Gleason score represen-
tative of the entire tumor. Additionally, Gleason scores were
assigned in 17 (31.5%) of the transurethral resected speci-
mens. The remaining 37 (68.5%) TURP specimens har-
bored only limited foci of cancer, which were considered
inappropriate for any Gleason score to be reliably assigned.
Intervals of serum PSA levels at the time of TURP and
pertinent histopathologic parameters of the study cohort are
summarized in Table 1.

Central review of histopathology and TMA construction

Hematoxylin and eosin (HE)-stained TURP chips were
reviewed by two independent clinical pathologists (S.G.
and A.E.) in order to select one representative section from
each patient to be used for tissue microarray (TMA)
construction. During this review, special attention was paid
to the presence and distribution of electrocautery artifacts,
which might affect immunohistochemical results. However,
cautery artifacts were negligible in the tumor-bearing areas
of all TURP chips investigated. Prostatic intraepithelial

Intervals of serum PSA levels at the time of TURP Absolute (relative) number of cases

Serum PSA≤4.0 ng/ml/4.1–10 ng/ml/>10 ng/ml 24(47%)/13(25.5%)/14(27.5%)

Histopathologic staging (n=54) and Gleason scores (n=17) performed on TURP chips

T1a/1b 27(50%)/27(50%)

Gleason scores 4–6 17(100%)

Gleason score 7 0

Gleason scores 8–10 0

Histopathologic staging (n=54) and Gleason scores (n=54) performed on RP specimens

Gleason scores 4–6 45(83.3%)

Gleason score 7 5(9.3%)

Gleason scores 8–10 4(7.4%)

pT2 48(88.9%)

pT3a/3b 2(3.7%)/4(7.5%)

pN0/pN1 54(100%)/0(0%)

R0/R1 54(100%)/0(0%)

Table 1 Pertinent histopatho-
logic parameters of the study
cohort and intervals of serum
PSA levels at the time of TURP
(n=54; serum PSA unavailable
in three patients)
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neoplasia was not present in any of the specimens assessed.
Histopathologically, all specimens assessed represented
acinar adenocarcinomas. Ductal adenocarcinomas or any
other variants of prostate cancer were not investigated in
our study.

Then, the corresponding wax-embedded tissue blocks
were retrieved from the pathology archives of the different
hospitals involved. Tumor-bearing areas for tissue retrieval
were marked on HE-stained sections, punched out of the
paraffin block (1.5-mm punch diameter), and inserted into a
recipient block as previously described [5]. The tissue array
was cut into 4-µm sections without any sectioning aids like
tapes or additionally coated slides.

Owing to tissue loss during arraying and sectioning, a
total of 44 samples (81.5%) were still available for immuno-
staining of PSA, PSAP, and AR. For staining of AMACR, 43
samples (79.6%) were retained, respectively.

Immunohistochemistry

Freshly cut 4-µm-thick TMA sections were used for
immunohistochemistry. Following deparaffinization with
graded alcohols and xylene, antigen demasking was
achieved by heat retrieval (100°C) in 0.01 M citrate buffer
for 30 min, automatically performed by Bond™ system
(Visionbiosystems, Australia). Then, primary antibodies
directed against PSA (1:100 dilution; monoclonal; Dako-
Cytomation, Denmark A/S), PSAP (1:80 dilution; mono-
clonal; BioGenex, San Ramon, CA, USA), AR (1:100
dilution; polyclonal; Medac, Hamburg, Germany), and
AMACR (1:100 dilution; monoclonal; BioLogo, Seattle,
WA, USA) were employed and incubated at room temper-
ature for 1 h.

Subsequently, sections were washed with PBS and
incubated with rabbit anti-mouse IgG 1:50 and following

that mouse peroxidase–antiperoxidase conjugate 1:200. The
enzymatic reaction was developed in a freshly prepared
solution of diaminobenzidine (0.5 mg/ml; Sigma, Deisen-
hofen, Germany) and 0.01% hydrogen peroxide in water.

For each marker studied, negative controls were pre-
pared by omitting the primary antibody. Sections from a RP
specimen not belonging to the study cohort that contained
acinar adenocarcinoma as well as benign prostatic glands
served as positive controls.

The immunostained sections were evaluated in succes-
sion by two independent clinical histopathologists (S.G.
and A.E.) blinded with respect to the specimens and to the
staining grade previously signed out by the other patholo-
gist. Semiquantification of marker expression was accom-
plished using the ×20 objective. Briefly, positive staining
was defined as to having more than 5% of tumor cells
showing cytoplasmic (PSA, PSAP, and AMACR) or
nuclear (AR) staining. For all markers assessed, the staining
intensity was graded as negative (0), weak (1+), moderate
(2+), or strong (3+). Different examples of PSAP expres-
sion are illustrated in Figs 1, 2, 3, and 4 (×20 objective).

Statistical analysis

For each marker evaluated, mean values calculated from the
data obtained from both independent pathologists for each
tumor sample were used for statistical correlations. The
Spearman correlation was used to determine the magnitude
and direction of the association between marker expression
and histopathologic grading and staging performed on RP
specimens. Cohen weighted kappa (K)-statistics were used
to assess the interobserver variability concerning staining
evaluation of PSAP, AMACR, and AR expression. Briefly,
K-statistics are a measure of overall agreement without
requiring assumptions concerning the “correct” grade of

Fig. 1 IPC without PSAP expression (grade 0). Anti-PSAP, ×20
objective

Fig. 2 IPC showing weak cytoplasmic PSAP expression (grade 1+).
Anti-PSAP, ×20 objective
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marker expression. The value of K ranges from –1.0 to
+1.0. A value of 0 indicates chance agreement only, while a
value of +1.0 indicates perfect agreement. A negative value
implies systematic disagreement between observers. It is
generally accepted that a value of 0.001–0.20 indicates
slight agreement, 0.201–0.40 fair agreement, 0.401–0.60
moderate agreement, 0.601–0.80 substantial agreement, and
0.801–0.99 excellent agreement, respectively.

Since one pathologist involved did not assign score 3+ to
any of the PSA immunostained specimens, K-statistics
could not be employed and were replaced by the Spearman
correlation in order to asses interobserver agreement con-
cerning evaluation of PSA staining.

p Values <0.05 were considered significant. All calcula-
tions were performed using the statistical software package
SPSS 13.0.

Results

Correlation between conventional histopathologic
parameters and serum PSA levels at the time of TURP

All tumors were found to be at least stage pT2a on the
corresponding RP specimens.

Gleason scores assigned on a subset of TURP chips (n=
17) failed to correlate with histologic staging performed on
all TURP chips (ρ=−0.13; p=0.6) and on the corre-
sponding RPs (ρ=0.33; p=0.2) but showed a significant
positive correlation with Gleason scores assigned on the
corresponding radicals (ρ=0.97; p<0.001), respectively.
Among the 17 cases in which Gleason scores have been
assigned on TURP chips, one case (5.9%) revealed higher
Gleason score on its corresponding RP specimen (TURP
chips, Gleason pattern 3+3; subsequent RP specimen,

Gleason pattern 3+4, respectively). The remaining 16 cases
(94.1%) were found to have identical Gleason scores on
their subsequent RPs, respectively.

There was a significant positive correlation between
Gleason scores assigned on the RPs and histologic staging
on the RPs in our cohort (correlation coefficient ρ=0.27; p=
0.04). However, histologic staging performed on TURP chips
(T1a and T1b) failed to significantly correlate with Gleason
scores (ρ=0.08; p=0.6) and with histologic staging (ρ=0.03;
p=0.8) performed on the RP specimens, respectively.

Serum PSA levels at the time of TURP failed to correlate
with Gleason scores (ρ=0.19; p=0.17) and with histologic
staging (ρ=0.23; p=0.12) performed on the RP specimens.

Marker expression in the tumor samples

PSA and PSAP showed uniform expression at the apical
portion of the glandular epithelium in 36 (81.8%) and 40
(91%) of the IPC investigated. AMACR showed cytoplas-
mic subluminal circumferential staining in 38 (88.4%) of
the tumors assessed. In contrast, nuclear AR expression was
found to be slightly heterogeneous in terms of distribution
and staining intensity and was observed in 43 (97.7%) of
the IPC evaluated. The distribution of marker expression is
summarized in Tables 2 and 3.

Correlation between marker expression and conventional
histopathologic criteria as well as reproducibility
of staining evaluation

PSAP expression showed a significant inverse correlation
with histologic staging (ρ=−0.37; p=0.02) but not with
Gleason scores (ρ=−0.06; p=0.69) performed on RPs. In
contrast, there was no significant correlation between con-
ventional histopathology and expression of PSA (staging,

Fig. 3 IPC displaying moderate cytoplasmic PSAP expression (grade
2+). Anti-PSAP, ×20 objective

Fig. 4 IPC with strong cytoplasmic PSAP expression (grade 3+).
Anti-PSAP, ×20 objective
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ρ=−0.12, p=0.42; grading, ρ=−0.11, p=0.49), AR (staging,
ρ=−0.19, p=0.22; grading, ρ=0.02; p=0.92), and AMACR
(staging, ρ=0.09, p=0.55; grading, ρ=0.24, p=0.13).

K-Statistics revealed a highly significant moderate
agreement for PSAP staining (K=0.47, p<0.001), a highly
significant fair agreement for AMACR staining (K=0.34,
p<0.001) and a significant slight agreement for AR stain-
ing (K=0.18, p=0.03). Concerning PSA staining, the
staining grades independently assigned by both patholo-
gists showed a highly significant correlation (ρ=0.88; p<
0.001), respectively.

Discussion

Although the majority of IPC are clinically insignificant,
the speed of progression of individual tumors remains
unpredictable [6]. Paul et al. recommended RP to be
performed in patients who are candidates for curative
therapy, since according to their findings, TURP did not
represent an adverse prognostic factor compared with
patients who were diagnosed by needle biopsy, and recent
studies reported the mortality rate for transurethral prostate
resection to be 0.1% [7, 8]. In light of this, RP might be
advocated at least in a subgroup of patients suffering from
aggressive IPC.

Only few studies have previously assessed the prognos-
tic role of conventional histomorphology in IPC. The
results of these investigations are summarized in Table 4

Grade of marker staining T1a T1b pT2a pT2b pT2c pT3a pT3b

PSA

0 2 6 2 2 3 1 0

1 6 7 7 1 3 0 2

2 7 7 8 1 4 0 1

3 6 3 5 0 3 0 1

PSAP

0 3 1 2 0 1 1 0

1 2 4 2 0 2 0 2

2 5 3 2 0 5 0 1

3 11 15 16 4 5 0 1

AMACR (p504s)

0 2 3 1 1 3 0 0

1 4 3 4 1 0 0 2

2 7 6 11 0 1 1 0

3 7 11 6 2 8 0 2

AR

0 0 1 0 0 1 0 0

1 4 3 3 1 3 0 0

2 6 5 5 1 3 0 2

3 11 14 14 3 5 1 2

Table 2 Distribution of marker
expression in dependence on
histopathologic tumor staging
performed on TURP chips (T1a
and T1b) and on the
corresponding RP specimens
(pT2a–3b; n=44 for PSA,
PSAP, and AR staining; n=43
for AMACR staining)

Table 3 Distribution of marker expression in dependence on the
Gleason scores assigned on RP specimens (n=44 for PSA, PSAP, and
AR staining; n=43 for AMACR staining)

Grade of
marker staining

Gleason
scores 4–6

Gleason
score 7

Gleason
scores 8–10

PSA

0 5 3 0

1 10 0 3

2 12 1 1

3 8 1 0

PSAP

0 3 1 0

1 2 2 1

2 7 0 1

3 23 2 2

AMACR (p504s)

0 1 0 0

1 6 1 0

2 7 2 2

3 21 2 2

AR

0 4 1 0

1 4 1 2

2 11 2 0

3 15 1 2
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and suggest that the prognostic role of conventional histo-
pathology seems to be of limited value [9–13]. Therefore,
efforts should be directed at defining the natural history of
individual IPC.

Since RP is only rarely performed after the detection of
IPC in TURP specimens, we decided to collect cases from
several institutions in the region of Berlin and Brandenburg.
With this material, we are able to present the first
comprehensive immunohistochemical study aiming to
correlate the expression of markers established in diagnos-
tic surgical pathology practice with conventional histopath-
ologic outcome parameters in a cohort of 54 patients who
underwent RP due to IPC.

Looking at our cohort, three notions merit discussion.
First, approximately 11.2% of clinically unapparent tumors
were found to be at least stage pT3a on subsequent RP. This
figure might be explained by the frequent multicentricity of
ICP and is in keeping with the well-known low sensitivity
of digital rectal examination [14, 15]. Second, approxi-
mately 17% of IPC were assigned with Gleason score ≥7 on
RP in our cohort. Although definite allocation of the zonal
origin of cancer is felt to be inappropriate in our cohort,
these tumors might have arisen in the peripheral zone of the
gland with subsequent intraglandular spread toward the
transition zone. This hypothesis is supported by the sig-
nificant correlation between Gleason scores and histologic
staging on RPs observed in our study. Finally, due to the
limited foci of cancer available for histologic examination,
assigning Gleason scores was felt to be appropriate only in
a subset of 17 (31.5%) TURP chips assessed. Despite the
significant correlation between grading assigned on TURP
chips and on their corresponding radicals, this figure strong-
ly limits conventional grading to be used as a prognostic
parameter in IPC in our cohort and, therefore, underscores
the role of PSAP expression as a possible adjunct for
predicting histologic staging on the subsequent radicals in
this scenario in order to enable individual prognostic
ramification.

The inverse correlation between PSAP expression and
tumor stage observed in our cohort might be explained by a
gradual loss of cellular enzyme synthesis occurring during
tumor spread and is felt to be in keeping with the less
intense PSAP staining encountered in poorly differentiated
prostate cancer [16]. The lacking correlation between PSAP
expression and Gleason scores in our series might be
attributable to the limited number of cases assessed.
Therefore, larger studies are clearly needed in order to
confirm our findings and to determine reliable cut-point
values of marker expression for identification of aggressive
cancer.

In accordance with previous studies, PSA staining
intensity decreased from moderately to poorly differentiated
IPC and was found to be inversely correlated with tumor
staging in our study, although both findings failed to be
significant probably due to the limited number of cases
evaluated [17].

Our data failed to establish any significant correlation
between AR expression and histologic staging or grading of
IPC. However, we observed decreased AR expression in
advanced IPC, which might be functionally involved in the
accompanying decline in PSA expression by the AR-
mediated control of cellular PSA production by circulating
androgens [18].

AMACR, a peroxisomal and mitochondrial enzyme
involved in the oxidation of branched-chain fatty acids
and cholesterol metabolites, correlates with histopathologic
grading in noninvasive bladder cancer and proved to be a
sensitive and specific biomarker for the diagnosis of
prostate cancer (PC) [19, 20]. However, its diagnostic
utility in IPC has not been evaluated yet. In our cohort,
AMACR expression was immunohistochemically detect-
able in 88.4% of IPC assessed but failed to correlate with
Gleason scores and with histologic staging performed on
the corresponding RPs. The interpretation of these data
remains speculative. However, AMACR is known to
display less intense and more heterogeneous staining in
uncommon variants of PC (e.g., atrophic, foamy gland, and
pseudohyperplastic PC) [21]. Therefore, owing to the
heterogeneity previously described to occur in IPC, larger
studies are needed aiming to clarify the diagnostic and
prognostic role of AMACR expression in IPC [3].

Conclusion

Conventional histomorphology appears to be of limited
predictive value in IPC. Our data suggest that PSAP might
be a so far neglected prognostic marker in IPC since its
immunohistochemically semiquantified expression in
TURP chips might be predictive of the histopathologic
tumor stage on the subsequent RP specimen. This novel

Table 4 Prognostic implications of conventional histopathologic
parameters in IPC

Study Conclusion

[9] Stage T1a IPC appears to have low progression
potential compared with T1b IPC

[10] Stage T1b IPC shows a progression rate of
approximately 33%

[11] The greatest threat of patients with IPC seems
to be involvement of the peripheral rather
than the transition zone resected during TURP

[12] Evidence of residual disease at repeat TURP is a
hallmark of high progression

[13] Larger tumor volume and high histologic grade
are associated with greater tumor aggressiveness
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finding might be a valuable adjunct for clinical decisions
concerning individual therapeutic management.

However, this encouraging step toward defining individ-
ual outcome parameters in IPC awaits to be confirmed by
larger studies, which should aim to define reliable cut-point
values of marker expression for separating clinically ag-
gressive tumors from those which will probably not progress
during the expected lifetime of the patient concerned.
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Abstract To identify a possible role of lymphocytic
infiltrates in failure mechanism of the metal-on-metal hip
resurfacing arthroplasty, the extent of lymphocytic infiltra-
tion was compared with reasons for prosthesis failure in a
series of retrieval specimens. One hundred eighty-one
femoral head and neck remnants were subjected to
thorough analysis of histological findings and clinical data.
Lymphocytic infiltrates were considered weak to moderate
in 52 (28.7%) and excessive in ten (5.5%) cases. Six cases
with excessive lymphocytic infiltrates belonged to the
group of 33 (18.2%) revisions without obvious cause

(periprosthetic fracture, component loosening, and infec-
tion) for prosthesis failure. Excessive lymphocytic infil-
trates were strongly linked to the presence of proliferative
desquamative synovitis (p<0.0001). Both the excessive
lymphocytic infiltrates and proliferative desquamative
synovitis were associated with female gender (p<0.05).
We hypothesize that a specific cause of groin pain might be
related to excessive intraosseous lymphocytic infiltrates and
explained possibly by the hypersensitivity reaction of the
delayed type after the hip resurfacing arthroplasty. Prolif-
erative desquamative synovitis might constitute another
morphologic feature associated with the delayed type
hypersensitivity reaction.

Keywords Hip resurfacing . Arthroplasty failure .

Hypersensitivity . Groin pain .Metal-on-metal .

T lymphocyte

Introduction

With the application of metal-on-metal bearings, surface
arthroplasty is being performed in a growing number of
centers worldwide [1]. Short-term clinical follow-up
reports have been encouraging [2, 3] although femoral
neck fractures [4, 5] and femoral component loosening [6]
have been identified as causes of its early- to medium-
onset failure. Other clinically and macroscopically clearly
defined causes of the revision surgery are failure of the
acetabular component and infection. Other clinically less
well-defined causes for groin pain and consecutive
revision surgery include metal hypersensitivity in an
unknown fraction of cases after metal-on-metal hip
replacements [7, 19–21, 23]. Some of these cases may
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manifest themselves as unexplained groin pain, joint
effusions leading to enlarged bursae or groin masses, and
periprosthetic osteolysis after 2 or 3 years [7, 8].

We had recently observed cases with extensive lympho-
cytic infiltrates in femoral head remnants removed after
prosthesis failure involving metal-on-metal bearings. To
identify possible causes for such extensive lymphocytic
infiltrates after failure of hip resurfacing arthroplasty, the
extent of lymphocytic infiltration was compared with
morphologically or clinically defined causes for prosthesis
failure. The results of our analysis suggest that excessive
lymphocytic infiltrations might constitute a feature of metal
hypersensitivity of the delayed type.

Materials and methods

Patient cohort Formalin-fixed material from 181 femoral
head remnants submitted to our laboratories from January
2004 to September 2008 were examined. Data on clinical
diagnosis of the index surgical procedure were submitted in
127 (70.2%) cases, including 98 advanced stages of
osteoarthritis, 13 hip dysplasia, nine avascular osteonec-
rosis of femoral head, and seven posttraumatic lesions.
Clinical diagnosis of rheumatoid arthritis (seven cases) was
an exclusion criterion for present study. The cohort
included 81 male (age 55.5 years±8.9) and 76 female
patients (54.7±9.8). Data on implantation time was avail-
able on 148 (81.8%) of our patients.

Femoral head bone tissue of 26 females (age
71.1 years±7.0) and 14 male patients (69.4±6.8) who

underwent total hip arthroplasty for advanced stages of
primary osteoarthritis was also used as a control.

Methods A central 4-mm-thick slice was cut from the
revised hips in the femoral neck plane using a water-cooled
diamond coated saw (EXACT 310). The slice was macro-
scopically photographed, X-rayed, and then embedded in
methyl methacrylate (Fig. 1). The remaining bone tissue of
the femoral head and when provided also the femoral neck
remnant was removed using acetone and used for further
histological analysis [9]. One other slice perpendicular to
the former was completely plastic embedded and stained
with Kossa, toluidine blue, and Goldner trichrome dyes.
When some soft tissue from synovial membrane adhered to
the femoral neck, this was plastic-embedded and reviewed
histologically. When required, additional parallel sections
from plastic-embedded tissue as well as additional paraffin-
embedded specimens were prepared after EDTA decalcifi-
cation in order to perform further histological analyses
including immunohistochemistry.

Femoral head specimens were cut in parallel sections in
the medial–lateral plane and macroscopically photographed
and X-rayed (Fig. 2). From each femoral head, four
sections were plastic-embedded and stained with toluidine
blue in addition to Goldner trichrome dyes.

Histopathology The lymphocyte content of the bone
(Fig. 3) was estimated as negative (no evident lymphocytic
infiltration), weak to moderate (less 300 lymphocytes per
high power field (HPF)), and excessive (≥300 lymphocytes
per HPF) in areas with maximum intraosseous lymphocytic

Fig. 1 Macroscopic and contact X-ray analysis of the retrieved femoral
remnant. A central slice (white arrows) with in situ femoral component
(a) was cut by means of a water-cooled diamond band coated saw. At
the surface of non-cemented acetabular component, adherent fibrous
tissue (yellow arrow) was evident. Macroscopic (b) and contact X-ray

analysis of the slice were performed in order to identify osseous
changes and patterns of cementation. On the contact radiography (c),
cement mantle thickness at the dome (yellow arrows) and the depth of
cement penetration (red arrows) can be well documented in addition
to possible osteolytic as well as osteosclerotic osseous lesions
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infiltration both under the bone–cement interface and
within the deeper osseous tissue of femoral remnant.

Representative sections of bone tissue with lymphocytic
infiltrates were immunohistochemically analyzed using a panel
of antibodies to lymphocytes (CD45), B lymphocytes (CD20),
T lymphocytes (CD3, CD4), follicular dendritic cells (CD23),
and macrophages (CD68). Proliferative activity of lympho-
cytes was also analyzed immunohistochemically (Ki67).

In addition, the type of the inflammatory or reactive
changes of adherent soft tissue (Fig. 4) was classified as
follows. Reactive synovitis was considered in cases with only
discrete lymphocytic infiltrates and/or histiocytic infiltrates as
well as some low degree of synovial stromal proliferation in
addition to focal finding of osseous or cartilaginous detritus.
Fibrinous synovitis was diagnosed when some discrete
proliferation of synoviocytes was seen in addition to fibrinoid
exsudation without signs of infectious genesis. Proliferative
desquamative synovitis showed florid proliferation of syno-
viocytes with only blunt recognizable superficial border of
activated synovium and abundant exsudation and scattered
desquamated synoviocytes in addition to discrete to abundant
lymphocytic infiltrates within deeper synovial membrane.
Histological examination did not reveal any cement or metal

particles within cytoplasm of synoviocytes. Purulent synovitis
was diagnosed in cases with moderate degree of stromal and
synovial proliferation in addition to edema and fibrinous
exsudation. Furthermore, synovial and periprosthetic mem-
brane tissue with one or more polymorph neutrophile
leukocytes per HPF on average after examination of ten
fields was considered infectious [10].

Statistics Statistical analyses were performed using SPSS
15.0 for Windows (SPSS, Chicago, IL, USA) software.
Since time to revision surgery deviated clearly from a normal
distribution, non-parametric analytical methods were applied
(Kruskal–Wallis test, Chi-squared test). The standard devi-
ation (SD) is used throughout to describe the spread around
the mean. The type I error probability was set to 5%.

Results

The review of all available sections of our 181 cases in
combination with clinical information revealed evidence for
femoral head and neck fractures in 119 (65.7%), femoral

Fig. 2 Control tissues. A central slice was cut in medial-lateral plane
by means of a water-cooled diamond band coated saw. Macroscopi-
cally (a), femoral head with focal complete loss of hyaline cartilage
(yellow arrows), initial formation of subchondral pseudocysts (red
arrows), and osteophyte at the margins (blue arrows) were evident.
Contact radiography (b) highlighted the osteolytic pseudocystic
defects (red arrows) and marginal osteophyte formations (blue

arrows). The amount and morphologic patterns of intraosseous
lymphocytic infiltration were analyzed histologically. In the majority
of cases, smaller perivascular lymphocytic infiltrations (red arrows in
c–e) were found throughout the bone marrow with depleted
hematopoesis (c). Several cases showed also diffuse homogenous
eosinophilic colored interstitium of the bone marrow (star), consistent
with bone marrow edema (d/e)
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Fig. 3 Intraosseous lymphocytic infiltration. Deep cement interdigi-
tations (star) were frequently surrounded by hyperemic fibrous tissue
and scattered lymphocytic infiltrates (red arrow; a). Excessive
lymphocyte infiltration (red arrows) almost completely displacing
the bone marrow was apparent in several bone tissue remnants after hip
resurfacing arthroplasty (b). Lymphocyte infiltrate was located adjacent
to cement interdigitations (stars; b). Within the deeper bone marrow
tissue, both excessive perivascular and irregular nodular lymphocytic

infiltrates (red arrow) were identified (c; toluidine blue, ×50).
Immunohistochemical reactions exhibited positive reaction against
lymphocyte marker (CD45; d). Clearly, T lymphocytes (CD3) domi-
nated (e). Rarely, lymph follicle germinative center (red arrows) was
apparent (f). In the latter, CD23-positive follicular dendritic cells (red
arrows) were demonstrated immunohistochemically (g). Proliferative
activity (Ki67) of lymphocyte infiltration (h)

Fig. 4 Morphological changes of synovial tissue after the hip
resurfacing arthroplasty. Few scattered lymphocytes and histiocytes
(yellow arrow) in addition to several particles of osseous detritus (red
arrows) were characteristic for reactive synovitis (a). Fibrinous
exsudate (yellow arrow) in the absence of inflammatory infiltrates
were found in cases with fibrinous synovitis (b). Cases with
desquamated synoviocytes within the bluish exsudate (yellow star),

marked proliferation of synoviocytes (red star), and moderate
histiocytic as well as lymphocytic infiltration of deeper soft tissues
(yellow arrow) were referred to as the proliferative desquamative
synovitis (c). Severe edema, infiltration of polymorph neutrophile
leucocytes (yellow star), and purulent exsudation were characteristic
for infectious/purulent synovitis (d; toluidine blue, ×50)
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component instability in 34 (18.8%), acetabular component
failure in 13 (7.2%), and infection in six (3.3%) cases. A total
of 24 (13.3%) cases showedmultiple of these features. Finally,
there were 33 cases (18.2%) in those macroscopic and X-ray
examination of specimen that did not provide an evidence for
specific causes of resurfacing arthroplasty failure.

Hips with acetabular failure (in situ, 418.4 days±362.9)
were revised later than cases with periprosthetic fracture
(157.5±189.7) but earlier than other non-fractural failures
(605.8±502.2; p<0.0001). Similarly, cases with well-
defined cause for revision surgery (246.1±323.2) were
implanted significantly shorter than hips with non-obvious
cause for revision (491.7±475.3; p=0.0007; Table 1).

The quantitation of lymphocytic infiltrations revealed no
lymphocytes in 119 (65.7%), weak to moderate in 52
(28.7%), and excessive infiltrates in ten (5.5%) patients. A
comparison with identified causes for prosthesis failure
revealed that excessive lymphocytic infiltrates were strong-
ly linked to the absence of macroscopically or clinically
identifiable causes for prosthesis failure (p<.0001; Table 1).
Excessive lymphocyte infiltrates were seen in six (18.2%)
of 33 patients without identified causes of revision as
compared to four (3.1%) of 127 patients with at least one
identified cause of prosthesis failure.

The finding of intraosseous excessive lymphocytic infil-
tration was significantly associated with female gender (p=
0.0231). Among patients with known gender, excessive
lymphocytic infiltration was found in only one of 71 males
(1.2%) but in seven of 76 (9.2%) female patients. Excessive
lymphocytic infiltrates were mostly located immediately
underneath the bone–implant interface (ten cases). Further-
more, both the intramedullary perivascular (seven speci-
mens) and diffuse dense (six cases) lymphocytic infiltrates
were apparent in most specimens. Excessive pseudolym-
phomatous infiltrates presented with positivity for CD45 and
CD3, characteristic for T lymphocytes. Germinative center of
intraosseous lymph follicles containing CD23 positive
follicular dendritic cells were demonstrated immunohisto-
chemically in two cases. Proliferative activity of intraosseous
lymphocyte infiltration defined as Ki 67-positivity was <5%.

Two (5.9%) femoral remnants with excessive lymphocytic
infiltrates belonged into the group of 34 hips with instability of
the femoral component, and eight (5.2%) cases were found in
the group of 147 well-fixed implants (p=0.5927).

Eosinophile granulocytic infiltration or vasculitis with
fibrinoid necrosis of the vessel wall was not apparent within
both osseous and soft synovial tissue in our series. In one case,
focal superficial necrobiosis at the lateral edge of the
prosthesis (Fig. 5) was found. In the same case, one arteriole
within the inflammatory infiltrate was demonstrated.

The mean time to revision surgery in cases with excessive
intraosseous lymphocytic infiltrates was approximately
13 months (390.3 days±202.6).

In the control group, focal intramedullary and perivascular
intraosseous lymphocytic infiltrates (44.9 lymphocytes/HPF±
62.7; Fig. 2) were detected in 35 cases. Lymph follicles with
germinative centers or CD23 positive follicular dendritic
cells were not apparent.

While the synovium was not available in the majority of
cases with head fractures, adherent synovial soft tissue was
found in 107 (59.1%) submitted femoral remnant specimens.
Histological changes within the synovium were classified as
reactive in 80 (74.8%), fibrinous in 12 (11.2%), proliferative
desquamative in 12 (11.2%), and as purulent synovitis in
three (2.8%) patients. There was a close relationship between
excessive lymphocytic intraosseous infiltrates and prolifer-
ative desquamative type of synovitis (p<0.0001; Table 2).
Accordingly, proliferative desquamative synovitis was also
more frequent in female (nine (18.4%) of 49) than in male
(two (4.8%) of 42) patients (p=0.0255).

The mean time to revision surgery in cases with
desquamative synovitis was approximately 11.5 months
(351.8 days±204.5) in the present study.

Discussion

To learn more on the significance of excessive lymphocytic
infiltrates in revision specimens after the hip resurfacing
arthroplasty with metal-on-metal bearings, we quantified

Table 1 Failure patterns of the hip resurfacing arthroplasty and intraosseous lymphocytic infiltrates

Lymphocyte Infiltration Samples Mean in situ time [days] SD

Absent Weak to moderate Excessive

Periprosthetic fracture 103 (86.6%) 14 (11.8%) 2 (1.7%) 119 157.5 189.7

Femoral instability 15 (44.1%) 17 (50.0%) 2 (5.9%) 34 488.6 480.9

Acetabular failure 6 (46.4%) 7 (53.8%) 0 (0%) 13 418.4 362.9

Sepsis/arthritis 3 (50.0%) 3 (50%) 0 (0%) 6 453.0 320.1

Not obvious diagnosis 7 (21.2%) 20 (60.6%) 6 (18.2%) 33 491.7 475.3

Significant differences are highlighted in the body of text
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intraosseous lymphocytic infiltrates and compared these
findings with clinico-pathological data.

The categorization of potential causes for prosthesis
failure was based on the available clinical data and the
results of our pathology work-up. At least one condition
(fractural failure, instability of the femoral or acetabular
component, infectious complications) that could potentially
explain prosthesis failure was identified in 148 of 181
patients. We assume that the 33 remaining patients without
identifiable cause for arthroplasty failure mostly presented
with unexplained groin pain, probably caused by
implantation-related intra- and periarticular complications,
including femoro-acetabular and iliopsoas impingement as
well as metal wear or hypersensitivity reaction [7].

Based on the strong association found between excessive
lymphocytic infiltrates and the absence of a defined cause for
prosthesis failure, we speculate that abundant lymphocytic
infiltration is a characteristic feature for one “non-visible”
cause for implant failure associated with groin pain after hip
replacement. Among clinically and macroscopically non-

visible causes for groin pain after the index surgical
procedure, hypersensitivity reaction might be the most
conveniently linked to abundant lymphocytic infiltrates.
Excessive lymphocytic infiltrates were located predominantly
superficially under the bone–implant interface in our
series. Clearly, T lymphocytes dominated. Accumulation
of lymphocytes is a common feature of hypersensitivity
reactions in contact dermatitis [11–13], adverse tattoo
[14, 15], drug [16], and orthodontic reactions [17, 18].
Most recently, other authors had also described excessive
lymphocytic infiltrates in periprosthetic iliopsoas muscle
and deep connective tissues from patients with suggested
metal hypersensitivity [7, 19–21]. These lesions were
described as “aseptic lymphocyte-dominated vascular
associated lesion” by some investigators [22–24]. We
have found similar lesion only in one of our ten cases with
excessive lymphocyte infiltration. Interestingly, superficial
bone tissue necrobiosis [25] at margin of the implant
appeared in the same case. As tissue necrosis does not
belong to specific histological findings by dermatological

Fig. 5 Bone tissue necrobiosis.
Zone of necrobiosis (yellow
star) was located close to the
lateral edge of the prosthesis.
Edema and dilated blood
vessels in addition to scattered
histiocytes were found at
the border of necrosis (red star).
Excessive lymphomatous
infiltrates (yellow arrows)
displaced the adjacent fatty bone
marrow (a). Muscular arteriole
(red arrows) was detected with-
in dense pseudolymphomatous
infiltrate of the femoral remnant
(b; toluidine blue, ×100)

Table 2 Relationship between intraosseous lymphocytic infiltrations and distinct types of synovitis

Synovis

Reactive Fibrinous Proliferative desquamative Purulent Total

Intramedullary Lymphocyte Infiltration Absent 42 (76.4%) 9 (16.4%) 3 (5.5%) 1 (1.8%) 55

Weak to moderate 37 (84.1%) 3 (6.8%) 2 (4.5%) 2 (4.5%) 44

Excessive 1 (12.5%) 0 (0%) 7 (87.5%) 0 (0%) 8

Total 80 (74.8%) 12 (11.2%) 12 (11.2%) 3 (2.8%) 107

Significant relationships are highlighted in the body of text
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or other organ hypersensitivity reactions, we suggest that it
can be at least partly caused by the impaired blood supply
of tissues located close to the joint cavity, which is filled
with inflammatory exsudate under pressure in typical cases
suggestive of metal hypersensitivity [7, 19–21]. At the
border of the described necrobiosis and in some other cases
with excessive osseous lymphocytic infiltrates, a few scattered
histiocytes were found close to the bone–implant interface.
Ingested wear particles were visible within a cytoplasm of
some of these cells. However, histiocytic infiltration was not
apparent within deeper intramedullary spaces.

Our hypothesis that metal hypersensitivity might cause
excessive intraosseous lymphocytic infiltrates is further sup-
ported by the strong association of lymphocytic infiltrations
with female gender. Seven of eight patients with dense
lymphocytic infiltrates were female in our study. Several
studies had found a two- to tenfold higher frequency of metal
hypersensitivity in females than in male patients [20–24]. It is
believed that the female preponderance is caused by the more
frequent exposure of women to metals by using earrings, ear
piercing [11, 26–32], and other jewelry [11, 26–30].

In contrast to some recent studies on lymphocyte
infiltrations within periprosthetic membranes and neo-
capsular tissues [33, 34], the majority of failures obtained
in the current study were revised for periprosthetic
fractures. Periprosthetic membrane at the bone–cement
interface was minimal or virtually absent in some speci-
mens. Furthermore, lymphocyte infiltration of deeper
osseous tissues was also taken into account, and even more
conservative criterion (300 lymphocytes/HPF) was defined
to characterize the excessive lymphocytic infiltrate within
the femoral remnant bone tissue. Interestingly, seven of 35
control cases with primary osteoarthritis showed more than
100 intraosseous lymphocytes per high power field (max-
imum 260 lymphocytes/HPF).

Similarly, with the recently proposed classification of
chronic synovitis from native joint biopsies [35], besides the
extent of inflammatory lympho-histiocytic infiltration of
periprosthetic synovium, both the degree of the proliferation
of synoviocytes and character of inflammatory exsudate
were used as diagnostic criteria for synovial changes for the
purpose of the current study. In the presence of joint
replacement device, such high-grade synovitis [35]/prolifer-
ative desquamative synovitis suggestive of hypersensitivity
reaction might possibly cause higher pressure of the joint
effusion and facilitate its propagation into damaged or
weakened soft and bone tissues. This might be another
important mechanism of intraosseous influx of wear particles
facilitating the osteolysis and prosthesis loosening [36, 37] as
well as the enlargement of periarticular bursae, consistent
with other compartments of the effective joint space [36, 37].

The association found between the excessive lympho-
cytic infiltrates and proliferative desquamative synovitis is

also consistent with the suggestion that metal hypersensi-
tivity might possibly cause both changes. Several recent
reports have described marked joint effusion leading to
enlarged bursae or groin masses in patients with unex-
plained groin pain caused possibly by metal hypersensitivity
[7, 19–21]. It appears to be likely that desquamative
synovitis has caused effusions in these cases. Again, this
hypothesis would fit with the strong female predominance
of proliferative desquamative synovitis as nine of 11 of
these patients were female in our cohort.

Prevalence of the suggested hypersensitivity reaction of
delayed type to metal after the hip resurfacing arthroplasty is
not known. Based on the assumption that up to 5% of the hip
replacements eventually fail and excessive lymphocytic
infiltrates were found in ten of 181 failed prostheses in this
study, one could speculate that significant metal hypersensi-
tivity leading to revision surgery may occur in about ten of
3,600 resurfacing hip arthroplasties. A recent report described
four patients who had underwent exploratory surgery for
unexplained groin pain out of a total of approximately 1,500
implantations with finding of dense lymphocytic infiltration
of periprosthetic soft tissues and large straw or brown watery
to creamy fluid joint effusion under pressure [7].

Independent of the origin of lymphocytic infiltrates in
the bone from patients with prosthesis failure, it is
noteworthy that lymphocytic populations can be excessive
and mimic lymphoma in some patients. Dense pseudolym-
phomatous infiltrates had indeed led to the suspicion of
diagnosis of lymphoma in three patients of our series.
While one of these patients was lost of follow-up, no
evidence for lymphoma was clinically seen after a careful
work-up and a follow-up period of 18 and 24 months in the
remaining two patients.

In summary, the present study might possibly provide an
additional evidence for a link between morphologic features
like the excessive intraosseous lymphocytic infiltrates at the
bone–implant interface or severe proliferative desquamative
synovitis and the metal hypersensitivity of delayed type.
Histological analysis of explanted bone may be instrumen-
tal for diagnosing an important cause for prosthesis failure
and help to avoid implantation of other metal materials in
affected patients.
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Abstract Intrahepatic cholangiocarcinoma is subdivided as
mass-forming, periductal-infiltrating, and intraductal-
growing types. Intraductal-growing type is an entity
described in recent years as mucin-producing intrahepatic
cholangiocarcinoma or intrahepatic (biliary) intraductal
papillary mucinous neoplasia (b-IPMN). b-IPMN is classi-
fied as adenoma, borderline tumor, carcinoma in situ, and
carcinoma, from benign to malignant. Using a different
classification, b-IPMNs are subdivided into intestinal,
pancreatobiliary, gastric, or oncocytic based on morphology
of the cells forming the lesion and expression of MUC1,
MUC2, and MUC5 gene proteins in the mucin family. The
clinical and histopathological features of b-IPMN diagnosed
in three cases are presented herein. Case 1 was classified as
borderline. Case 2 was diagnosed as carcinoma in situ. Case
3 had large invasive areas, and was diagnosed as carcinoma.
In all three cases, immunohistochemical investigation
revealed MUC1 and MUC5AC to be positive, and MUC2
to be negative. We present herein three cases diagnosed with
the clinical and pathological findings of a new entity in the
literature, b-IPMN, and we discuss the macroscopic,
histological, and immunohistochemical features.

Keywords Papillary neoplasia . Bile ducts . Liver .Mucin .

Cholangiocarcinoma

Introduction

Cholangiocarcinoma (CC) arises from intrahepatic or
extrahepatic bile ducts and shows various histological types
and growth patterns [1]. Intrahepatic CC is subdivided into
three groups as mass-forming, periductal-infiltrating, and
intraductal-growing types [2–5]. Intraductal-growing type
is an entity that has been described in recent years, and
designated as mucin-producing intrahepatic CC or intra-
hepatic (biliary) intraductal papillary mucinous neoplasia
(b-IPMN) [3, 6, 7]. b-IPMN comprises a histological
spectrum that ranges from benign to malignant and can be
seen as adenoma, borderline tumor, carcinoma in situ, and
carcinoma [2, 3]. Using a different classification, b-IPMN is
subdivided on the basis of histology and mucin gene
protein (MUC1, MUC2, and MUC5) expression into four
subtypes as pancreatobiliary, gastric, intestinal, or oncocytic
[2, 8–11]. We present three cases with the diagnosis of b-
IPMN together with their clinical and histopathological
findings.

Clinical history

Two male patients (cases 1 and 2; 54 and 65 years old),
both without biliary disease, presented with icterus and pain
and sensitivity on the epigastrium and right upper quadrant.
Liver function tests were elevated in both patients, both
albumin (3.3 and 3 g/dl, respectively) and total protein (5.4
and 5.3 g/dl) levels were decreased, and bilirubin and
lactate dehydrogenase levels were slightly elevated. In
addition, CEA and CA 19-9 elevation and leukocytosis
were determined in case 2. Ultrasonographic radiological
examination in case 1 revealed left lobe hypoplasia of the
liver and a 2-cm lesion in the 4A segment next to the portal
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vein, which made pressure, cystic at the periphery and
hyperechoic in the center.

In case 2, dilated intrahepatic bile ducts in the left lobe
of the liver and a 4-cm lobulated echogenicity in the left
common bile duct were noted.

In cases 1 and 2, the liver masses were examined clinically
and radiologically and, respectively, segmentectomy and left
lobectomy were applied.

The third case was a 60-year-old male who underwent
liver transplantation because of hepatitis B cirrhosis.

Materials and methods

The specimens were fixed in 10% buffered formalin,
embedded in paraffin, routinely processed, cut in 4-µm-
thick sections, and stained with hematoxylin and eosin (H
& E) as well as periodic acid-Schiff–Alcian blue (PAS–AB)
stain according to standard procedures.

Immunohistochemical studies using the biotin–streptavi-
din peroxidase technique were performed using antibodies
against cytokeratin 7 (CK7), cytokeratin 20 (CK20),
MUC1, MUC2, and MUC5AC.

Results

Macroscopic examination of the segmentectomy specimen
in case 1 measuring 10×8×4 cm revealed dilated intra-
hepatic bile ducts containing mucinous material. The bile
ducts were dilated and a papillary lesion of 2 cm was
observed within the dilated bile duct.

Microscopic examination of the tumor in case 1 showed
that dilated bile ducts were lined by biliary epithelium
displaying papillary structures. The cells showed oncocytic
properties, large eosinophilic granular cytoplasm, and
prominent nucleoli. Some of them showed moderate to
severe degree of dysplastic changes. The tumor showed
intraductal growth pattern and no liver parenchymal
invasion was seen. Normal hepatic parenchyma was
observed among the papillary structures. In the immuno-
histochemical analysis, MUC1, MUC5AC, and patchy
cytokeratin7 immunopositivities were observed. Immunos-
taining for MUC2 and cytokeratin20 was negative. Based
on these properties, case 1 was classified as borderline and
showed oncocytic properties (Fig. 1).

At the lobectomy specimen in case 2, measuring 20×
8.5×6 cm, a mucoid and papillary lesion of 4 cm were seen
in the dilated left common bile duct. The tumor had a large
amount of mucin. The other bile ducts in the lobectomy
were dilated too (Fig. 2).

Microscopic evaluation showed a largely exophytic
tumor containing intra- and extracellular mucinous material

which with periodic acid-Schiff–Alcian blue staining
positive concluded. The dilated bile ducts were lined by
biliary epithelium displaying simple and complex papillary
structures. The papillae were lined by one to several layers
of cuboidal to low columnar cells with acidophilic
cytoplasm and round nuclei with prominent nucleoli. There
was cytologic dysplasia but no evidence of stromal invasion
was noted. He was diagnosed as carcinoma in situ. The
tumor cells showed immunohistochemical staining for
MUC1, MUC5AC, and cytokeratin7; however, cells were
negative for MUC2 and cytokeratin20 (Fig. 3). With these
histomorphological and immunohistochemical properties,
the tumor was evaluated as pancreatobiliary type.

At the explant material of the third case developed an
irregular 2.2-cm mass on cirrhosis base and four satellite
lesions were seen. Microscopic examination of the third
tumor showed large invasive areas, and tubulary and
papillary development of cuboidal cells with acidophilic
cytoplasm, round nuclei, and prominent nucleoli was seen.
This invasive tumor was immunohistochemically positive
for MUC1, MUC5AC, and cytokeratin7 and the others
negative for MUC2 and cytokeratin20 (Fig. 4). Based on
this histological and immunohistochemical findings, case 3
was diagnosed as pancreatobiliary type and as carcinoma.

Twelve months after the surgery, all three cases were
alive without any evidences of tumor recurrence after
excision.

In this report, three cases diagnosed with the clinical and
pathological findings of a new entity in the literature, b-
IPMN, are presented and the macroscopic, histological, and
immunohistochemical features are discussed.

Discussion

Biliary dysplasia is described as multilayering, piled-up
nuclei, an increased nucleo-cytoplasmic ratio, a partial loss
of nuclear polarity, and nuclear hyperchromasia in biliary
epithelial cells [3, 12]. According to the WHO classification
of liver tumors, biliary intraductal lesions are divided into
flat-type biliary dysplasia and papillary-type biliary intra-
epithelial neoplasia.

Intraductal papillary neoplasia has a good prognosis and
mucin production compared with the others [1, 13, 14]. The
most important factors in the etiology of intraductal
papillary neoplasia are stone, infection, pancreatic injury,
and biliary hyperplasia on the base [1, 3, 15, 16].

Cholangiocarcinoma arises from intrahepatic or extrahe-
patic bile ducts and shows various histological types and
growth patterns [1]. Intrahepatic CC is the second most
frequently seen liver malignancy after hepatocellular
carcinoma and is known to develop in patients with
hepatolithiasis [3, 12]. Intrahepatic CC is divided into three
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types as mass forming, periductal infiltrating, and intra-
ductal growing [2–5]. The mass-forming type has a regular
shape and forms an expansile and solid nodule or mass in
the hepatic parenchyma. The periductal-infiltrating type is
diffusely infiltrative around the portal tractus. The
intraductal-growing type has a better prognosis, and has
no bile wall invasion or is located in minimally dilated
intrahepatic large bile ducts. The affected bile ducts usually
show marked localized dilatation [3–5].

Biliary papillomatosis and intraductal intrahepatic CC,
known as liver biliary intraductal papillary neoplasia, show
the spectrum of papillary biliary neoplasia [1, 2]. Biliary
papillomatosis is a rare entity and is classified as either
mucin-hypersecreting type or non-mucin-producing type [1,
17]. Intraductal intrahepatic CC is the least common type
and is known as mucin-producing intrahepatic CC or b-
IPMN [3, 6, 7]. Recent studies revealed striking similarities
between b-IPMN and intraductal papillary mucinous
neoplasia of the pancreas (p-IPMN) in its histopathological

Fig. 2 Macroscopic evaluation of the tumor in case 2 shows a 4-cm
lobulated, mucoid, and papillary mass (arrow) in the dilated intra-
hepatic bile duct

Fig. 1 Borderline tumor in case 1. a The tumor showed oncocytic properties and intraductal growth pattern. HE, ×200. b HE, ×200. c Papillary
structures composed of cells with large eosinophilic cytoplasm and prominent nucleoli. HE, ×400. d MUC1, ×100. e MUC5AC, ×200
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features, production of a large amount of mucin, patho-
physiological characteristics, and clinical findings [2, 3, 8–
10, 14, 18, 19].

Biliary intraductal papillary neoplasia of the liver has a
histological spectrum from low- and high-grade papillary
growing to in situ and invasive carcinoma and sometimes to
a mucinous carcinoma [2, 3, 19]. b-IPMN is classified as
adenoma, borderline tumor, carcinoma in situ, and carcino-
ma, from benign to malignant [2, 14, 18–20]. The three
cases that we presented in this study showed a wide range
of spectrum as borderline tumor, carcinoma in situ, and
carcinoma. In one study, Chen et al. [3] divided biliary
intraductal papillary neoplasia into four groups, defined as:
type 1 = low-grade dysplasia, type 2 = high-grade
dysplasia, type 3 = in situ and microinvasive adenocarci-
noma, and type 4 = types 2 and 3 biliary lesions with
variable invasion of adenocarcinoma. Type 3 is similar to
intraductal-growing type of intrahepatic CC. Type 4
includes the intraductal-growing type with variable stromal

invasion and intraductal papillary carcinoma foci of
periductal-infiltrating type or mass-forming type [1, 3].

Shibahara et al. [9] showed the criteria for diagnosis of
mucin-producing bile duct tumors to be similar to those of
IPMN of the pancreas: (1) radiographic fluid retention in
cystic lesion and/or dilated bile ducts; (2) confirmation of
the fluid as mucin by percutaneous transhepatic biliary
drainage and/or endoscopic retrograde cholangiography
and/or surgical specimens; (3) development from intra-
hepatic or extrahepatic bile ducts; and (4) cystic formation
and/or dilatation of bile ducts.

Some studies have reported consistently different histo-
logical appearance and mucin core proteins (MUC) of b-
IPMN, similar to p-IPMN [2, 8–10, 14, 18]. As a result, on
the basis of their histology and mucin expression, four
subtypes of b-IPMN are currently defined: gastric, intestinal,
pancreatobiliary, or oncocytic type [2, 8–11, 14, 18, 21].

The gastric type includes the cells resembling gastric
foveola. They have eosinophilic cytoplasm and nuclei

Fig. 3 Carcinoma in situ in case 2. a The tumor had an intra- and extracellular mucin component, prominent papillary formation. HE, ×100. b
The papillae with cuboidal cells. HE, ×200. c The cells with round nuclei with prominent nucleoli. HE, ×400. d MUC1, ×100. e MUC5AC, ×200
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located at the basal layer. The intestinal type consists of
cells with basophilic cytoplasm and oval nuclei with
pseudostratification like intestinal villous neoplasia [8, 11,
14, 18, 22, 23]. The pancreatobiliary and oncocytic types
have both cuboidal cells, but the histological appearances
are different [9]. The pancreatobiliary type has a complex
papillary structure, and includes cuboidal cells with hyper-
chromatic nuclei resembling cholangio-papillary carcino-
ma. The cells of the oncocytic type with abundant
eosinophilic granular cytoplasm and big rounded nuclei
and prominent nucleoli resemble oncocytic carcinoma cells
[8, 11, 14, 18, 22, 23].

The mucin core protein expressions of these subtypes are
variable [2, 8, 11, 14, 18]. Furukawa et al. [11] published in
a consensus study the MUC expressions in the different
subtypes of IPMN (Table 1).

MUC1 is expressed in invasive ductal adenocarcinoma
of the pancreas. It is positive in the pancreatobiliary type of
p-IPMN and focal positive in the oncocytic type. MUC2 is

found in intestinal gland secretion and is considered to be a
marker of intestinal differentiation [2, 8, 11, 14, 18]. It is
generally negative in pancreatobiliary and oncocytic sub-
types, but Zen et al. [18] showed some of pancreatobiliary
IPMNs were focally positive with MUC2. MUC5AC is not
detected in the normal pancreas and is expressed by
mucous surface cells of the stomach. MUC5AC is

Table 1 The four histological types of biliary intraductal papillary
mucinous neoplasia according to mucin core protein contents, a
consensus study [11]

MUC1 MUC2 MUC5AC

Gastric − − +

Intestinal − + +

Pancreatobiliary + − +

Oncocytic + − +

Fig. 4 Tubulary and papillary development of invasive carcinoma in case 3. a HE, ×100. b HE, ×200. c Cuboidal cells with acidophilic
cytoplasm, round nuclei, and prominent nucleoli. HE, ×400. d MUC1, ×100. e MUC5AC, ×200
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consistently detected in all types of IPMN [2, 8, 11, 14, 18,
22, 23].

Results of MUC staining in oncocytic variant of IPMN
are variable. Some researchers showed focal MUC1 and
MUC2 positivity; on the other hand, others have reported
little or no MUC1 and MUC2 expression [9, 14, 18].
Rouzbahman et al. [19] found MUC2 focal positive in two
cases in four oncocytic-type biliary tract neoplasia.

In the three cases we present here, MUC1 and MUC5AC
were positive, MUC2 was negative. The diagnosis was
oncocytic type in the first case because of their oncocytic
properties and in the other two cases the diagnoses were
pancreatobiliary type.

In recently published studies, patients with biliary tract
malignancies who were MUC1-positive and MUC2-
negative immunohistochemically showed poorer survival
than MUC1-negative and MUC2-positive patients [9, 10].
Furthermore, IPMN expressing MUC5AC alone had a good
prognosis [19]. MUC5AC expression is correlated with
tumors that show an expansive growth pattern and low
degrees of invasion and metastasis [9, 10]. Ishida et al. [21]
showed that the gastric type IPMN is less aggressive
clinically and patients with intestinal type IPMNs had poor
prognoses.

All of our cases were alive after 12 months and have no
evidence of tumor recurrences.

In conclusion, we report herein three cases diagnosed as
the new entity of b-IPMN, and we describe the different
histological spectrum as borderline, carcinoma in situ, and
invasive carcinoma. Examination of the cell morphology
showed development from the oncocytic cells in one, while
the others developed from the pancreatobiliary cells;
development from intestinal type cells is seen less. MUC1
and MUC5AC were positive on immunohistochemical
examination in all three tumors, while MUC2 was negative.

Conflict of interest statement We declare that we have no conflict
of interest.
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CASE REPORT

Leiomyomatous nodules in a cellular angiofibroma:
a hitherto unreported finding
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Abstract Cellular angiofibroma is a benign tumor of the
superficial soft tissues of the vulvovaginal and inguinoscrotal
regions of adult patients. Histologically, it is characterized by
bland spindle cells arranged without any pattern in a stroma
with thin collagen fibrils and evenly distributed small- to
medium-sized blood vessels with hyalinized walls. The case
of a 44-year-old female with a perineal cellular angiofibroma
containing small leiomyomatous nodules is described in this
case report. These nodules could probably be originated from
smooth muscle differentiation of the spindle cell component
of an otherwise conventional cellular angiofibroma. To our
knowledge, the finding of distinct leiomyomatous nodules
within a cellular angiofibroma has not been previously
reported.

Keywords Cellular angiofibroma . Leiomyomatous
nodules . Immunohistochemistry . Perineal tumor

Introduction

Cellular angiofibroma was first described by Nucci et al. in
1997 [1]. Since the original report, only three series and
some case reports have been published [2–4]. Cellular
angiofibroma typically presents in the superficial soft
tissues of the vulvovaginal region of females and the
inguinoscrotal region of males. In the latter, it has also been
called angiomyofibroblastoma-like tumor. Histologically, it
is characterized by a moderately cellular proliferation of

bland spindle cells randomly distributed within a richly
vascularized stroma.

Hereby, a case of cellular angiofibroma containing
nodular foci of leiomyomatous differentiation is presented.
To our knowledge, this feature has not been previously
reported.

Clinical history

A 44-year-old female presented to our hospital with a
perineal mass of 1-year duration. An ultrasound and
magnetic resonance examination revealed a soft tissue
tumor located in the posterior right perineal region. A
needle biopsy was performed. After the diagnosis of the
biopsy was rendered, the patient underwent a surgical
resection of the mass. During the procedure, a well-
demarcated tumor located between the rectum and the
vagina and adhered to the elevator muscle of the anus was
found. A marginal tumorectomy was performed.

Material and methods

The biopsy and the surgical specimen were fixed in 10%
buffered formalin and embedded in paraffin. Sections of
4 μm were obtained for conventional histopathological
stainings and immunohistochemical study. Immunohisto-
chemistry was performed using the EnVision detection
system (Dako, Glostrup, Denmark), diaminobenzidine as
chromogen, and antibodies against the following antigens:
muscle-specific actin (MSA; clone HHF35, dilution 1/400;
Dako), smooth muscle actin (SMA; clone 1A4, dilution
1/100; Master Diagnóstica, Granada, Spain), desmin (clone
D33, dilution 1/200; Dako), h-caldesmon (clone h-CD,
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dilution 1/50; Dako), calponin (clone CALP, dilution 1/200;
Dako), CD34 (clone QBend-10, dilution 1/50; Dako), S100
protein (polyclonal, dilution 1/2,000; Dako), estrogen
receptor alpha (ER; clone 1D5, dilution 1/100; Dako), and
progesterone receptor (PR; clone PgR 636, dilution 1/50;
Dako). Heat-induced epitope retrieval was achieved by
pressure cooker in citrate buffer at pH 6.0 boiling for 2 min
before incubation with anti-SMA or by water bath in Tris/
EDTA buffer at pH 9.0 for 30 min before incubation with
the remaining primary antibodies. All of them were cooled
for 15 min in the buffer before incubation with the primary
antibody. Incubation with all primary antibodies was
performed at room temperature for 30 min. Sections were
counterstained with hematoxylin.

Results

The biopsy consisted of a moderately cellular mesenchymal
proliferation composed of spindle cells with a short
fusiform, bland nucleus, and a palely acidophilic cytoplasm
with bipolar dendritic processes. The cells were disposed
without any pattern within a stroma containing slightly
eosinophilic, delicate collagen fibers and numerous evenly
distributed thin-walled blood vessels. Mitotic figures were
not seen. A diagnosis of cellular angiofibroma was
rendered.

The surgical specimen was grossly formed by a 95×65×
45 mm bilobated, grayish white, elastic mass. The cut
surface was bright and showed several small white
protruding nodules (Fig. 1), the largest one measuring
4 mm in diameter. No areas of necrosis were found.

Histologically, the nodules were composed of spindle cells
with a uniform ovoid to fusiform nucleus and an eosinophilic

fibrillary cytoplasm with poorly delimited borders. The cells
were arranged in fascicles separated by scarce fibrous
stroma without a prominent vascular component (Fig. 2).
No cytological atypia was observed. The mitotic index was
lower than one mitosis per ten high-power fields. The rest
of the tumor had the same morphology as that seen in
the biopsy, a classical cellular angiofibroma (Fig. 3). The
borders between the two areas were well-demarcated
(Fig. 4).

The immunohistochemical study showed reactivity for
ER and PR in the two components of the tumor. The cells
in the small nodules strongly and diffusely coexpressed
MSA, SMA, desmin, h-caldesmon (Fig. 4b), and calponin.

Fig. 1 Gross view showing three small white nodules (arrows)
protruding from the cut surface of the lesion

Fig. 2 Nodule composed of mature smooth muscle cells arranged in a
fascicular pattern

Fig. 3 Bland spindle cells disposed without any pattern amongst
numerous blood vessels within a fibrillary stroma
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The muscle markers were negative in the remainder of the
tumor. CD34 highlighted the vascular component staining
the endothelia and was negative in the spindle cells. S100
protein expression was not present.

Discussion

Cellular angiofibroma is a benign tumor of the superficial
soft tissues of the vulvovaginal and the inguinoscrotal
regions of adult patients. Other superficial and deep pelvic
and extrapelvic locations have rarely been documented.
Cellular angiofibroma usually presents as a well-delimited
mass, histologically characterized by two components:
bland spindle cells and numerous blood vessels. The
spindle cells are randomly distributed throughout the lesion

without any particular pattern. The vascular component is
composed of evenly distributed small- to medium-sized
vessels with frequent mural hyalinization [2–4]. Immuno-
histochemically, cellular angiofibroma is positive for
vimentin and variably expresses CD34 (50–60% of the
cases), ER (35–40%), PR (55%), MSA (35%), SMA (20%),
and desmin (10%) [2,4].

In our case, nodules with histological and immuno-
phenotypical features of leiomyomatous differentiation
were found within a conventional cellular angiofibroma.
Whether they were originated from smooth muscle
differentiation of the spindle cell component or derived
from the vessel walls can be speculated. However,
since the morphology of the nodules was not consistent
with angioleiomyomas, the former possibility is favored.
Leiomyomatous differentiation had not been previously
described in cellular angiofibromas, although it has
rarely been reported in mammary myofibroblastoma [5],
a tumor that shows overlapping histological features with
cellular angiofibroma. A more common feature is the
presence of a variable number of adipocytic cells within
cellular angiofibromas. It occurs in approximately one
fourth of the cases and, in most of them, the fat component
is scarce and located in the periphery of the tumors.
However, it can occasionally be abundant and randomly
distributed. A typical cellular angiofibroma containing a
distinct nodule of pleomorphic liposarcoma has been
reported [4].

Although an origin from or a differentiation to hor-
monally responsive subepithelial stromal cells has been
suggested for some mesenchymal tumors of the lower
female genital tract, based on their selective location and
their coexpression of desmin and hormonal receptors, the
line of differentiation of cellular angiofibroma remains to
be clarified. Recently, genetic aberrations involving chro-
mosomes 13q and 16, common to spindle cell lipoma and
mammary-type myofibroblastoma of soft tissue have been
reported in three cases of cellular angiofibroma [6,7]. The
close relationship between these three lesions is further
supported by their overlapping histological and immuno-
phenotypical features. Fibroblastic and preadipocytic lines
of differentiation have previously been postulated for
spindle cell lipoma [4].

In conclusion, a case of a perineal cellular angiofibroma
with leiomyomatous nodules in an adult female patient is
presented. A focal smooth muscle differentiation of the
spindle cell component of the cellular angiofibroma is
proposed as the pathogenetic mechanism. To the best of our
knowledge, this finding has not been previously reported.

Conflict of interest statement I declare that I have no conflict of
interest.

Fig. 4 The well-demarcated limit between a leiomyomatous nodule (on
the left) and the conventional cellular angiofibroma (on the right) is
shown by hematoxylin–eosin staining (a) and immunohistochemistry
for h-caldesmon (b)
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Cancer invasion and metastasis: interacting ecosystems
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Abstract Malignant tumors invade and metastasize. They
consist of cancer cells, evolving through genetic and
epigenetic modulation, mixed with tumor-associated host
cells, emerging from resident or bone marrow-derived
precursors. These cells establish ecosystems to activate
cellular programs for local invasion and distant metastasis.
Characteristic of such malignancy-related activities is
communication inside ecosystems between cells, ligands,
receptor protein complexes, and signaling pathways as well
as between ecosystems comprising the primary tumor,
lymph node and distant metastasis, bone marrow and blood
and lymph circulation. Complexity is another characteristic,
resulting from: heterogeneity of the cell populations; the
numbers of promoter and suppressor genes, their levels of
regulation, and the pleiotropic activities of their products;
biological redundancy of the molecular mechanisms under-
pinning invasion-related activities. Clinical attention is paid
to putative new targets, namely host cells, individual

molecules and their signaling pathways, as well as the
effects of current treatment on invasion and metastasis.

Keywords Tumor-associated host cells . Metastatic site .

Circulation . Bone marrow . Promoter and suppressor genes .

Therapy guidance

Introduction

Tumors are malignant when they grow and invade into
neighboring tissues, e.g. brain gliomas, or when they
metastasize, e.g. melanoma of the skin. Accordingly, tumor
volume, depth of invasion, and presence of metastases in
lymph nodes or in distant organs, as characterized by the
TNM staging system, are major prognostic factors. Tumors
consist of cancer cells and tumor-associated host cells. The
cancer cells originate from cancer initiating cells, also called
cancer stem cells; they grow without restriction following
genomic alterations that serve as founder mutations. Genetic
instability causes further mutations making the cancer cell
population heterogeneous with respect to many character-
istics, including invasion and metastasis. Various concepts are
launched to explain progression of the malignant phenotype
emphasizing selection or adaptation, late or early acquisition
of metastatic capability, transient or permanent changes of the
cell populations, evolution of cancer cells inside or outside the
primary tumor (Fig. 1). The tumor-associated host cells
represent about half of the total number of cells in malignant
tumors. They comprise endothelial cells, leukocytes and
macrophages, fibroblasts, nerve cells, and adipocytes. Some
of these host cells are resident, building together with the
cancer cells a “recognizable caricature of the histology of the
organ from which the tumor derives” [1]. Others come from
the bone marrow moving in through the tumor vasculature.
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All of these host cells influence tumor behavior at both the
primary and the metastatic sites.

New methodology has facilitated the direct observation of
the activities of invasive and metastatic cells including their
interaction with the host, in vivo as well as in vitro. High
throughput genomic and proteomic analysis has forced us to
consider the enormous molecular complexity and the surpris-
ing biological redundancy of the mechanisms underlying
these cellular activities. Covering, be it only a minor part of,
the molecular aspects of invasion and metastasis is beyond the
scope of the present review. We will compare former lists of
invasion and metastasis suppressor and promoter genes [2, 3]
with the genes found in metastatic signatures resulting from
high throughput microarray analysis. At the proteomic level,
protein complexes, their levels of regulation, and their
signaling pathways will be discussed using examples that
already have clinical applications.

The ecosystem concept considers cancer as a system
operating inside a living organism; all its elements are
continuously interacting and changes in a single element
may dramatically alter the whole system. Central to the
concept is the idea that the cancer cells and the tumor-
associated host cells are continually engaged in interrela-
tionships with every other element of the ecosystem. When
analyzing cancer as a disease, we will consider five
ecosystems situated inside the human body, namely the
primary tumor, the bone marrow, the circulation, the sites of

lymph node, and of distant metastases. It is our working
hypothesis that, like inside the individual ecosystems, there
is a continuous interaction between these ecosystems. To
invade, tumors, i.e. cancer cells interacting with host cells,
activate programs that implicate a number of cellular
activities, namely: homotypic cell–cell adhesion, heterotyp-
ic cell–cell and cell–matrix adhesion, hydrolysis, migration,
survival, and growth. Although none of these activities per
se is cancer specific, it is conceivable that spatio-temporal
programs combining different activities may well be so.
Carcinoma invasion results in interruption of the basement
membrane and intermingling of epithelial cells with tumor-
associated host cells from the stroma. At the molecular
level, protein complexes involved in these activities interact
with one another underpinning the invasion programs. We
will consider metastasis as a multistep process of invasion
engaging similar programs that bring cancer cells into
lymph nodes and distant organs, where they establish
secondary tumors similar to the primary ones.

New insights into the molecular cell biology of cancer raise
clinically important questions. Are markers of invasion and
metastasis applicable to diagnosis and to individualization and
image-guidance of therapy? Can anti-invasive and anti-
metastatic strategies be applied to the treatment of cancer?
Are tumor-associated host cells effective targets for therapy,
both local and systemic, next to or as an alternative for the
cancer cells?We have recently discussed the question whether

Fig. 1 Models of tumor development. Cancer initiating cells (CIC),
also called cancer stem cells, can self-renew and initiate tumor
formation by generating a heterogeneous population of noninvasive
(yellow and light blue) and further invasive, nonmetastatic (lime and
turquoise) and metastatic (red) cells. Darwinian selection of rare
genetic variants produces metastases in a later stage of tumor
development [8]. Metastasis form cascades of secondary metastasis,
displaying increasing homogeneity. Inherently nonmetastatic (green)
cells may contribute to metastasis [119]. Nonmetastatic (light blue)

cells may escape at an early stage of tumor development and undergo
progression at the site of metastasis [123, 165]. Some authors suggest
that CIC may serve as seeds for metastasis [136, 148]. Joining the
cancer cell population before the acquisition of invasive capacity are
tumor-associated host cells, a. o. myofibroblasts (bright green),
macrophages (brown), leukocytes (rose), and endothelial cells (or-
ange). Thin arrows, transition between cell types; thick arrows,
displacement; thick gray line, epithelial basement membrane
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or not radiotherapy might stimulate invasion and metastasis
[4]. Here, we shall extend this question to other forms of ther-
apy, namely surgery, hormonal therapy, and chemotherapy.

The present review is not meant to be comprehensive.
The examples discussed are chosen for their putative
clinical application. We will concentrate on recent refer-
ences (2003–2008) with preference for reviews that contain
extensive lists of original references.

Methodology

Ecosystems of invasion and metastasis

Various in vivo and in vitro assays are used to analyze
mechanisms of invasion and metastasis. Such assays allow
manipulations and read outs that are not possible in the
patient. Clinical observations and data from surgical pathol-
ogy remain, nevertheless, invaluable sources of information.
Some assays aim at a close mimic of the natural situation
whereas others are limited to invasion-or metastasis-
associated cellular phenotypes. Each of these assays is
considered as an ecosystem that is defined by the nature and
the position of its elements, each of which may influence the
outcome. The relevance of an assay depends upon its
capability to distinguish between “noninvasive” and “inva-
sive” or “nonmetastatic” and “metastatic”, the final test being
the application of the results to the natural situation in human
cancer. Seeding of cancer cells onto extracellular matrices is
the most widely used in vitro method. The matrigel chemo-
invasion assay evaluates the capacity of cells to invade from
an upper chamber through a reconstituted basement mem-
brane into a lower chamber that contains a chemoattractant.
Similarly, the collagen invasion assay evaluates the capacity
of cells to penetrate into a major constituent of the stromal
matrix, namely collagen type 1. The system consists of a 3D
gel made from a biological preparation of collagen type 1 that
may contain other matrix components as well as pleiotropic
matrix-associated factors. The need for reconstitution of the
natural ecosystem is illustrated by the finding that human
cancer cells fail to invade into such matrices unless they are
added with tumor-associated host cells or factors produced by
these [5]. Confrontations of cancer cells with tissue frag-
ments in organotypical culture are less popular than the
matrix assays because of the time-consuming histological
analysis [6].

In vivo models comprise spontaneous and chemically
induced tumors, transplantation of cells into syngeneic or
immunosuppressed animals and constitutional or condition-
al tumorigenesis in transgenic animals [7]. A paradigm
syngeneic model of metastasis is the B16 melanoma that
originated spontaneously in an inbred C57/BL6 mouse [8].
For human cancer cells, researchers use immunosuppressed

mice: nude mice lacking functional T cells with T-cell-
independent B-cell immune response being preserved, or
severe combined immunodeficiency (SCID) mice, lacking
both T and B cells with macrophages and NK cells present.
The site of transplantation is a major determinant of the
invasive and metastatic phenotype. Orthotopic transplanta-
tion, at a site that is representative of the origin of the cell
line or the tumor, results in invasive and eventually
metastatic tumors, whereas paratopic, usually subcutane-
ous, injection of the same cells produces noninvasive
tumors. Humanization of the mouse orthotopic site was
realized through injection of human fibroblasts into the
cleared mammary fat pad of SCID mice before implantation
of the mammary epithelial cells [9]. The organization of the
inoculum is another determinant of invasion and metastasis,
as illustrated by the Surgical Orthotopic Implantation model
[10]. Here, implantation of tissue fragments has a much
higher rate of invasion and metastasis than injection of cell
suspensions.

Genetically engineered mice permit alteration of sup-
pressor and promoter genes characteristic of human tumors,
e. g. brain glioma [11]. Tumor progression can be followed
in the Pb-Tag transgenic adenocarcinoma of the mouse
prostate model, where expression of SV40 early genes
(Tag) is directed to prostate epithelium by the promoter of
rat probasin (Pb). Here, progression is predictable in time
from mild hyperplasia to severe hyperplasia to adenocarci-
noma GI and GIII and finally metastasis frequently in
lymph nodes and lungs, sometimes also in the bone [12].
Progression from the noninvasive towards the invasive and
metastatic phenotype through downregulation of E-
cadherin was demonstrated in the Rip Tag mouse model
[13]. A specific metastasis gene was demonstrated by
Ambartsumian et al. [14]. GRS/A mice have a high
incidence of mammary tumors that are locally invasive
but rarely metastasize. When successfully bred to pheno-
typically normal transgenic mice that overexpress the mts1
gene under a mouse mammary tumor virus long terminal
repeat promoter in the lactating mammary gland, the hybrid
GRS/Amts1 females do develop also metastases.

Methods of observation

Fluorescent labeling has greatly facilitated the observation
of cancer cells inside living tissues in vivo and in 3-D
cultures (Fig. 2). With dual-color cells, expressing red
fluorescent protein in the cytoplasm and histone H2B-
linked green fluorescent protein (GFP) in the nucleus,
highly sensitive whole-mouse imaging systems like epi-
fluorescence and multiphoton laser scan permit the visual-
ization in the live animal of the subcellular changes that
occur during circulation, arrest in the capillaries, and
extravasation [10]. Visualization of pro-invasive hydrolases
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like matrix metalloproteinases is possible with contrast
agents linked to matrix metalloproteinase (MMP) inhibitors
or to MMP selective and specific substrates combined with
optical probes that emit in a spectrum where tissues have
low absorption and reduced scattering [15]. Laser capture
microdissection collects defined cell populations from
heterogeneous ecosystems. It so provides histologically
enriched cell populations and brings molecular analysis to
the tissue level [16]. High throughput screening techniques
such as oligonucleotide microarrays and proteomic analysis

have become very popular for the identification of genes
and their proteins implicated in metastasis because they are
applicable to both experimental and clinical material. The
interpretation of the overwhelming amount of data gener-
ated in this way is, however, debated because of striking
differences between results from different laboratories
studying the same type of tumors with little overlap in
individual genes and because of the very high numbers of
genes differentially expressed between nonmetastatic and
metastatic cells [17–19].

Fig. 2 Imaging of in vitro invasion in 3-D culture. a Spheroids of
GFP-labeled iHDF (immortalized human dermal fibroblasts) are inside
collagen type 1 gels for 24 h without (control) or with EGF, bFGF,
TGF-β or combinations of these as indicated. b Binary images were

generated from fluorescent cultures with Image J for quantitation,
which is not achievable by phase contrast microscopy. c Invasion is
quantified as surface occupied by the cells that invaded centripetally
from the spheroid. From Denys et al. with permission [166]
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Molecular aspects of invasion and metastasis

Genomics

Molecular alterations implicated in invasion and metastasis
have been described at the genomic (genetic and epigenet-
ic), transcriptional, translational, and post-translational
level. Cancer is a genomic disease, implicating inactivation
of tumor suppressor genes and activation of promoter
genes. Some of these genes are more specifically involved
in invasion and metastasis (Tables 1 and 2). Mechanisms of
gene inactivation in human cancer comprise loss of
heterozygosity, deletion, mutation, chromatin modification,
and promoter methylation, the latter being reversible
through reactivation of silenced genes [20]. Mechanisms
of gene activation comprise mutation, multiplication,
translocation, and promoter acetylation. A glance at Tables 1
and 2 shows that invasion and metastasis genes encode
proteins that serve at various steps of cell signaling, namely
as autocrine and paracrine ligands, receptors, signal trans-
ducers, transcription factors, or their modulators and
mediators of cellular response.

These genes were selected on the basis of the following
observations (references in [3]): (1) the genomic change is
present in invasive (metastatic) lesions or their precursors
and not in benign lesions or normal precursor tissues of a
given tumor type; more rigorously, in invasive and benign

areas that are obtained by microdissection from the same
tumor. (2) The genomic change marks the difference
between invasive and noninvasive variants of a cell line
derived from the same tissue. (3) Transfection of cells with
sense or anti-sense cDNA or siRNA causes conversion of
the invasive (metastatic) phenotype. (4) Transgenic animals
expressing or silencing the gene of interest in a specific
tissue develop tumors with different invasive (metastatic)
behavior. Given the criteria for the choice of the genes
listed in Tables 1 and 2, one would expect a broad overlap
with the genes that emerged from the microarray expression
profiles of primary tumors as compared to metastases or of
tumors with a better versus a worse prognosis.

Why relatively few genes, originally described as
promoters and suppressors of invasion and metastasis are
found in the poor prognosis or metastasis signatures is hard
to explain. Neither do we have an explanation for the lack
of overlap in signatures obtained by different workers for
the same type of tumors [18]. A signature of 79
differentially expressed genes correctly separated primary
tumors and lymph node metastases in breast cancer and
predicted clinical outcome in the 20–30% of node-positive
patients that remain free of metastasis within the next 15–
30 years [21]. Surprisingly, there is only one overlapping
gene, namely TGF-β3, with the 70 gene Amsterdam
signature [22] and none with the 76 gene Rotterdam
signature [23].

Table 1 Promoter genes implicated in invasion and metastasis

Genea Protein function Microarrayb

Acronym Locus Name

CTNNB1 3p22–p21.3 Catenin, Beta-1 Transcriptional regulator

EIF4E 4q21–q25 Eukaryotic translation initiation factor 4E mRNA cap-binding protein [171]

ERBB2 (HER2) 17q21.1 Avian erythroblastic leukemia viral homolog 2 Receptor tyrosine kinase [172, 173]

EZH2 7q35–q36 Enhancer of zeste homolog 2 Transcriptional regulator [25, 174]

FGF3 11q13 Fibroblast growth factor 3 Heparin-binding growth factor [172]

KRAS 12p12.1 Kirsten rat sarcoma viral oncogene homolog Small GTPase

HRAS 11p15.5 Harvey rat sarcoma viral oncogene homolog Small GTPase

MET (HGFR) 7q31 Hepatocyte growth factor receptor Receptor tyrosine kinase [38]

MTA1 14q32.3 Metastasis-associated protein 1 Transcriptional regulator [38]

MYC 8q24.12 Myelocytomatosis viral oncogene homolog Transcription factor [172, 175]

PIK3CG 7q22.3 Phosphatidylinositol 3-kinase catalytic gamma Protein and lipid tyrosine kinaseS100

S100A4 (mts1) 1q21 S100 calcium-binding protein A4 Calcium-binding protein

SMAD2 18q21 Sma- and Ma-related protein 2 MAD homolog Transcription factor [176]

SNAI1 20q13.1 Snail homolog 1 Zn-finger transcription factor

SRC 20q12–q13 Rous sarcoma virus protein Non-receptor tyrosine kinase [38]

TIAM1 21q22.1 T-cell lymphoma invasion and metastasis 1 Rho GEF

a Involvement of genes in invasion and metastasis are in references [2, 3, 161]
b Genes found to be implicated in metastasis by cDNA microarray. We found no overlap in the lists published by Eccles et al. [17], Montel et al.
[19], van ‘t Veer et al. [22], Eckhardt et al., and [24] Suzuki et al. [26]
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Microarray-based profiling has reopened the discussion
about tumor progression (Fig. 1). The conclusion that
similarities between primary tumor and distant metastasis
plead for an early escape of cancer cells and progression at
the site of metastasis whereas differences support late
escape and clonal selection at the primary site is considered
as an oversimplification that does not match clinical and
autopsy findings [1, 17]. The problem words here are
“differences” and “similarities”. Are numerical values
easier to interpret? In a xenogeneic breast cancer model
(MDA-MB453), matched pairs of metastasis-competent

and metastasis-incompetent human clonal cell lines derived
from the same breast cancer cell line, as confirmed by
chromosome analysis and by fingerprinting, were inoculat-
ed in the mammary fat pad. Primary tumors differed from
their lymph node and lung metastasis by 26 and 114
transcripts, respectively [19]. In a spontaneous BALB/
cfC3H breast cancer model, metastatic to lymph nodes and
bone, 125 know genes differed significantly more than
twofold with 36 and 89 genes expressed at higher levels in
weakly metastatic and in highly metastatic tumors, respec-
tively [24]. In a comparison between primary ovarian

Table 2 Suppressor genes implicated in invasion and metastasis

Genea Protein function Microarrayb

Acronym Locus Name

AKAP12 6q24–q25 A-kinase Anchor Protein 12 Concentrates and immmobilizes protein

ARHGDIB
(RhoGDI2)

12p12.3 Rho GDP dissociation inhibitor beta Adaptor protein

BRMS1 11q13.1–q13.2 Breast cancer metastasis-suppressor 1 Transcriptional regulator [177]

CASP8 2q33 Caspase-8 Cysteine aspartate-specific
protease

CBX5 12q13.13 Chromobox homolog 5 DNA-binding protein

CD44 11p13 CD44 antigen Hyaluronate and osteopontin receptor [23]

CDH1 16q22.1 Cadherin 1 Adherens junction protein [38]

CLDN1 3q28–q29 Claudin-1 Tight junction protein [25]

CRMP1 4p16.1 Collapsin response mediator protein 1 Signal transducing phosphoprotein

CRSP3 6q22.33–q24.1 Cofactor required for Sp1 transcriptional
activation subunit 3

Transcriptional regulator

DRG1 22q12.2 Developmentally regulated GTP-binding
protein 1

High molecular mass GTPase

GPR68 (OGR1) 14q31 G-protein-coupled receptor 68 G-protein-coupled receptor [174]

GSN 9q34 Gelsolin Actin-severing protein

KAI1 11p11.2 Prostate cancer antimetastasis gene TCR/CD3 Tetraspanin coreceptor

KISS1 1q32 KISS1 metastasis suppressor Multifunctional peptide

MAP2K4 17p11.2 Mitogen-activated protein kinase kinase 4 Serine/threonine kinase [178]

NME1 (NM23) 17q21.3 Nonmetastatic cells, protein expressed in Nucleoside diphosphate kinase [179]

PEBP1 (RKIP) 12q24.23 Phosphatidylethanolamine-binding protein 1 Raf kinase inhibitor

PTEN 10q23.3 Phosphatase and tensin homologue deleted
on chromosome 10

Protein and lipid phosphatase [175]

PTPN11 12q24.1 Protein-tyrosine phosphatase,
non-receptor-type 11

Tyrosine phosphatase

RB1 13q14.2 Retinoblastoma 1 Transcriptional regulator

RRM1 11p15.5 Ribonucleotide reductase, M1 subunit Cell cycle regulator

SERPINB5 18q21.3 Serpin peptidase inhibitor 5 Protease inhibitor

SMAD4 18q21.1 Sma- and Ma-related protein 4 Transcription factor

TIMP2 17q25 Tissue inhibitor of metalloproteinase 2 Protease inhibitor

TP53 17p13.1 Tumour protein p53 Transcriptional regulator

VDUP (TXNIP) 1q21.1 Vitamin D3-upregulated protein Thioredoxin-binding protein [21]

VHL 3p26–p25 Von Hippel–Lindau tumor suppressor Ubiquitinylation

a Involvement of genes in invasion and metastasis are in references [2, 3, 161]
b Genes found to be implicated in metastasis by cDNA microarray. We found no overlap in the lists published by Eccles et al. [17], Montel et al.
[19], van ‘t Veer et al. [22], Eckhardt et al. [24], Suzuki et al. [26]
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tumors and their omental metastases 35 differences, out of
20,000 cDNAs on the chip, are interpreted as both lesions
being “essentially alike” [25]. Suzuki et al. found “very
similar” expression signatures between lymph node metas-
tases and matched primary breast carcinomas [26]. They
do, however, emphasize that a small number of genes are
differentially expressed between tumors and metastases in a
consistent manner, suggesting that these genes are mecha-
nistically important. Several genes identified in the metas-
tasis signatures are stromal in origin, presumably pertaining
to the cohort of tumor-associated host cells. Examples for
breast cancer are the wound response signature [27] and the
26-gene stroma-derived predictor of prognosis [28].

Single nucleotide polymorphisms (SNPs) are variations
in DNA sequence across the gene that are common in the
population. SNPs within promoters affect the expression of
invasion promoter and suppressor genes, such as MMPs/
tissue inhibitors of metalloproteinases (TIMPs) [29], E-
cadherin [30], and integrin β4 [31]. Analysis of germ line
SNPs addresses the question whether or not some people
are genetically predisposed to metastasis [32]. Signal-
induced proliferation-associated gene 1 (SIPA1) is such a
metastasis efficiency gene, in which SNPs are associated
with metastasis [33].

Taken together the microarray analyses have greatly
increased the number of candidate promoter and suppressor
genes implicated in invasion and metastasis, but had not yet
deepened our understanding of its mechanisms.

Proteomics

The number of proteins involved in invasion and metastasis
is much larger than the number of promoter and suppressor
genes, many of which encode transcriptional and transla-
tional regulators. The transcription of CDH1 encoding the
invasion-suppressor E-cadherin is regulated by Snail, Slug,
ZEBs (ZEB1=δEF1; ZEB2=SIP1), and bHLH, receiving
signals from more than 20 autocrine and paracrine ligands
that reach them via multiple signal transduction pathways
[34]. These transcription factors are themselves regulated
post-transcriptionally through phosphorylation and sumoy-
lation; their transcriptional repression is mediated through
interaction with corepressors like HDAC. Adding to the
complexity is the fact that CDH1 transcription factors also
modulate other genes.

Micro(mi)RNAs are small noncoding RNAs that regu-
late target gene expression post-transcriptionally. They may
silence target genes either by degrading mRNA molecules
or by inhibiting their translation [35]. miRNAs influence
invasion and metastasis, as they modulate the translation of
suppressor genes, such as PTEN, CD44, SERPINB5, or of
promoter genes, such as RAS, respectively [36]. The
mRNA cap-binding protein eLF-4E, engaged with elF-4F

in the translation initiation complex, contributes to meta-
static progression by selectively upregulating the translation
of key malignancy-related proteins [37]. Translational
modulation may explain also why, in the study of breast
cancer primary tumors and lymph node metastases, expres-
sion at other transcriptional level, as shown by cDNA
microarrays, does not always match the expression at the
protein level, as evident from tissue microarray and from
immunohistochemistry performed on selected markers [38].

N- or O-glycosylation of membrane surface receptors
may modulate their function, altering tumor cell adhesion
or motility, and promoting or inhibiting invasion and
metastasis [39]. E-cadherin glycosylation by GlcNAc-TIII
prolongs its turnover rate and increases its stability at the
plasma membrane, so enhancing cell–cell adhesion and
inhibiting invasion and metastasis [40].

Phosphorylation/dephosphorylation on tyrosine (Y) and
serine/threonine (S/T) residues is a major regulator of the
activity of invasion- and metastasis-related proteins. Re-
ceptor tyrosine kinases, such as epidermal growth factor
receptor (EGFR), vascular EGFR (VEGFR), mesenchymal-
epithelial transition factor (c-MET), and many others, are
transmembrane glycoproteins autophosphorylating Y resi-
dues upon binding of ATP and activation of their kinase
domain. Such Y-phosphorylation initiates the signal trans-
duction that leads to the cellular activities implicated in
invasion and metastasis. Constitutive activation of such
receptors also occurs upon mutation of Y residues that are
responsible for silencing of the kinase domain. Upon Y-
phosphorylation, modulated by receptor and non-receptor
Y-kinases and Y-phosphatases [41], β-catenin may leave
the invasion-suppressor E-cadherin complex and serve pro-
invasive signaling through the Wnt signaling pathway. By
contrast, S/T-phosphorylation by GSK-3β in the APC
complex directs β-catenin towards the ubiquitin-
proteasome degradation pathway, suppressing pro-invasive
signaling.

Proteolysis not only serves degradation but also activates
latent forms of ligands. For TGF-β, integrins offer common
docking points for latent TGF-β and activating proteinases
bringing both into close vicinity. Alternatively, the interac-
tion between integrins and LLC results in conformational
changes that liberates active TGF-β [42]. Proteolysis has a
major role in the production of soluble forms of receptors,
such as sE- and N-cadherin, sVEGFR, etc.

Most proteins implicated in invasion- and metastasis-
related cellular activities belong to larger families, members
of which serve different activities and which may switch
from one isotype to another during tumor progression. In
the cadherin family of transmembrane glycoproteins, E
(epithelial)-cadherin is an invasion suppressor, N(eural)-
cadherin is an invasion promoter, whereas P(placental)-
cadherin is a promoter in some types of tumors and a
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suppressor in other types. P-cadherin enhances invasion and
migration in experimental breast cancer models and
correlates with high-grade, poor-prognosis human breast
tumors [43]. In melanoma, P-cadherin functions as a pro-
adhesive molecule, linking melanocytes to keratinocytes,
and inhibiting invasion and metastasis [44]. Switching
increases aggressiveness as exemplified by the change from
E- to N-cadherin expression in melanoma, prostate, breast,
and pancreatic cancer in line with its stimulation of motility
in vitro and metastasis in vivo [45]. N-cadherin favors the
interaction between cancer cells and tumor-associated host
cells, such as endothelial cells and myofibroblasts [46].
Transcriptional repression of E-cadherin and upregulation
of N-cadherin by the same transcription factor Twist is
reported in prostate cancer cells [47]. Alternatively, tran-
scriptional repression of E-cadherin may free p120 catenin
to bind and stabilize N-cadherin.

In the epidermal growth factor family, heterotypic
dimerization between members serves activation of the
orphan receptor EGFR2 (Neu; HER2) [48]. In the pro-
angiogenic vascular endothelial growth factor family [49],
the four members bind preferentially to one of four
receptors and stimulate either blood or lymph angiogenesis.
The family of MMPs contains 23 metzincin proteinases
capable of degrading extracellular matrix proteins and of
processing many bioactive molecules [50, 51]. They differ
in substrate specificity, in source, being produced by tumor-
associated host cells or by cancer cells, in cellular
localization, being secreted or membrane-linked, in ecosys-
tem, occupying the primary tumor as well as distant
metastasis.

Proteins form complexes, bearing an ever growing
number of molecules, from which depart numerous signal-
ing pathways evoking several cellular responses [52]. Such
dynamic complexes, called proteomes, are based on
domains that interact with modified peptides (e.g. SH2
with p-Tyr), with peptides (e.g. PDZ with Val-COOH), with
the same domain (e.g. PDZ with PDZ), or with phospho-
lipids (e.g. FYVE with PI-3-P) [53].

Ecosystems of invasion and metastasis

Tumors: cancer cells and host cells

Malignant tumors are not just collections of genetically
altered cancer cells but consist also of tumor-associated
host cells [17, 54] (Fig. 3). Interaction between these
various cell types produces ecosystems at the level of the
primary tumor, lymph node metastases, and distant metas-
tases. Communication between the latter implicates two
other, tumor-related, ecosystems, namely the bone marrow
and the lymph and blood circulation, the latter serving as a

transport system for cells and signals. All the above-
mentioned ecosystems pertain to another ecosystem, name-
ly the host organism.

That host elements influence invasion and metastasis is
suggested by a number of observations both in vivo and in
vitro. Metastasis is organ-specific as first described by
Paget who launched the “seed and soil” concept [55].
Recruitment of host cells by disseminated cancer cells is
necessary to create the organotypic histological organiza-
tion that is reminiscent of the primary tumor [1]. In
transplanted tumors, the site of implantation determines
malignancy; orthotopic implantation, at the site of origin of
the transplant, gives rise to invasive and metastatic tumors
whereas ectopic implants, usually in the subcutis, produce
noninvasive and nonmetastatic tumors. The lack of inva-

Fig. 3 Tumor-associated host cells in colorectal cancer. Parafine
sections from a colorectal cancer, removed after neoadjuvant chemo-
radiotherapy; immunolabeling with an antibody against a-SMA
(smooth muscle actin) recognizing myofibroblasts (a) and against
CD34 recognizing endothelial cells (b); counterstaining with hema-
toxylin. Note numerous inflammatory cells (arrows). Scale bar=
10 μm. Unpublished results in collaboration with P. Demetter,
Department of Pathology, Erasmus Hospital, ULB, Brussels. ELSEV-
IER license number to reprint Figure 2 [166] is 2190781177416

606 Virchows Arch (2009) 454:599–622



siveness of cancer cells in vitro fails to predict their
invasive behavior upon transplantation into immunosup-
pressed mice [56, 57]. Epithelial cancer cells isolated from
a rat colon tumor failed to invade into tissue fragments or
into extracellular matrices in vitro, whereas fresh tumor
isolates, containing the cancer cells and host cells, were
invasive in the same in vitro systems [58].

Given that a founder genetic alteration of the epithelial
cancer initiating cell serves as the momentum of tumor
formation, the question arises at what time host cells
become associated with the tumor. Circumstantial evidence
suggests that the association starts before the tumor
becomes invasive (Fig. 4). However, when during prema-
lignant development the tumors start to send specific
signals to the host is completely unknown. Such signals
may initiate a chain reaction, such as described for
noninvasive tumors activating macrophages and so causing
the angiogenic switch that leads to malignant transforma-
tion [59]. As a working hypothesis we accept that, in all the
above-mentioned ecosystems of noninvasive and invasive
primary tumors or metastases, phenotypic changes may be
initiated by tumor-associated host cells as well as by cancer
cells.

Tumor-associated host cells

Tumor-associated host cells do communicate not only with
cancer cells but also with each other (Fig. 5a, b). They are
abundant in the more invasive tumors with a worse
prognosis and poor treatment possibilities, such as pancre-
atic cancer, which is characterized by extensive host cell
reaction comprising fibroblasts, pancreatic stellate cells,
leukocytes and macrophages, aberrant endothelial cells,
nerve fibers, and other bone marrow-derived progenitor
cells [60].

Endothelial cells

Endothelial cells are recruited by the tumor from progenitor
cells or from resident vessels to form a new network of
blood and lymph vessels. Direct intravital observations
showed that blood angiogenesis precedes lymphangio-
genesis [61]. The vessels sustain the tumor’s metabolism
with nutrients and oxygen; they open the way for the
extravasation, into the tumor, of circulating host cells and
for the intravasation, into the circulation, of metastatic
cancer cells. The pro-invasive and pro-metastatic role of
angiogenesis is supported by ample clinical and experi-
mental evidence. Angiogenesis is a sign of worse progno-
sis, as exemplified dramatically by cutaneous melanoma
[62]. In nonmetastatic breast cancer vascularization mea-
sured by Chalkley morphometry is a predictor of micro-
metastasis in the bone marrow [63]. Accordingly,
overexpression of pro-angiogenic molecules like VEGF
marks a poor prognosis in melanoma, in gastric, colorectal,
pancreatic, breast, prostate, and lung cancer [64]. Like
blood angiogenesis, lymph angiogenesis is a marker of
worse prognosis in breast cancer and melanoma [65, 66]. In
inflammatory breast cancer, which is associated with
regional lymph node metastasis in most cases, there are a
higher number of lymph vessels than in the noninflamma-
tory counterparts, suggesting a contribution of lymph
angiogenesis to nodal spread. In most experimental models,
peritumoral lymphangiogensis is a prerequisite for metas-
tasis to regional lymph nodes [67].

Angiogenesis is modulated in a paracrine manner by the
balance between suppressors such as angiostatin, and
promoters mostly belonging to the VEGF family, compris-
ing (receptors): VEGF-A (VEGFR-1 and VEGFR-2),
VEGF-B (VEGFR-1), VEGF-C (VEGFR-2 and 3), VEGF-D
(VEGFR-2 and 3), placental growth factor (PlGF), and

Fig. 4 Tumor-associated host cells and the pro-invasive switch during
cancer progression. Chemoattractants divert bone marrow-derived
cells (orange) towards the tumor, where they undergo differentiation.

Resident host cells (green) are converted to another cell type. Invasive
cancer cell (red). Thin arrows cellular or tumoral transition. Thick
arrow displacement or invasion
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(VEGFR-1) [49, 62]. A generally accepted scenario is that
VEGFs, produced upon genetic or epigenetic induction
mainly by cancer cells, though also by tumor-associated host
cells, binds to VEGFRs on endothelial cells and so elicits
responses like proliferation, migration, and ectopic survival,

all of which are implicated in mobilization of endothelial
precursors and angiogenesis. Genetic induction comprises
inactivation of tumor suppressors p53 and VHL and
activation of tumor promoters Ras, EGFR, and ErbB-2.
Epigenetic inducers of VEGF-A comprise: hypoxia (through
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HIF-1α and 2α), cytokines e.g. IL-6, sex hormones, growth
factors, e.g. bFGF, and chemokines, e.g. SDF-1 (=
CXCL12). Lymphangiogenesis is driven by the following
ligand/receptor complexes: VEGF-C and D/VEGFR-3;
angiopoietin-1 and 2/Tie2; HGF/c-MET; PDGF-BB/
PDGFRα/β; IGF-1 and 2 /IGF-1R [68]. Particular for
melanoma is the cell surface mimicry between cancer cells
and endothelial cells both expressing the same receptors
binding their cognate ligands, namely: VEGF to VEGFR-2;
PlGF to NP-1/2 and to VEGFR-1; uPA to uPAR; IL-8 to
CXCR-1; FGF to FGFR-1. Issuing signaling activates similar
cellular activities implicated in growth, invasion, and
metastasis of the cancer cells and in recruitment of bone
marrow precursors and angiogenesis of the endothelial cells
[62]. There are several circulating bone marrow-derived cell
populations that stimulate or amplify tumor angiogenesis and
that home in the perivascular zone, namely: F4/80+, CD11b+
macrophages; VEGFR+, CXCR4+, CD11b+ myeloid cells;
CD11b+, Tie-2-expressing monocytes; VEGFR-1+, CXCR4+
hemangiocytes; CD11b+, VE-cad+ vascular leukocytes; Gr1+,
CD11B+ neutrophils; and myeloid-derived suppressor cells
[49]. Implicated also are platelets, directing site-specific
recruitment of bone marrow-derived progenitor cells to sites
of vasculogenesis [69].

Leukocytes and macrophages

A large variety of hematopoietic cells and their progeny is
associated with tumors [70–72]. Some of these cells, e. g.

macrophages, definitely modulate invasion and metastasis,
while the role of others, e. g. dendritic cells and T
lymphocytes, is less clear. The Dr. Jekyll and Mr. Hyde
conundrum applies to the diversity of inflammatory cell
phenotypes that infiltrate primary tumors and metastasis
[72]. Contributing to a worse prognosis, by facilitating
invasive growth and metastasis are: macrophages, myeloid-
derived suppressor cells, and CD4+ T lymphocytes. A
better prognosis is associated with: dendritic cells inducing
Ag-specific T lymphocyte responses; CD8+ T lympho-
cytes. Opposite effects on invasion and metastasis are
exemplified by cytokine-mediated monocyte differentiation
into suppressor M1 macrophages, expressing the pro-
inflammatory cytokines TNF-α, IL-1β, and COX-2, or
promoter M2 macrophages, expressing the anti-
inflammatory cytokines IL-10, arginase-1, PPARγ. In the
same monocyte lineage, mature dendritic cells (CD208-
positive) and immature dendritic cells (CD1α-positive) act
as suppressors and promoters, respectively. In most human
cancers, tumor-associated macrophages (TAM) are consid-
ered as promoters of invasion and metastasis and markers
of a worse prognosis [73]. Some authors consider TAMs as
obligate partners for invasion and metastasis as they
promote cancer cell invasion, inflammation, extracellular
matrix (ECM) modeling, and angiogenesis [74]. TAMs
produce pro-invasive enzymes, like MMPs. Multiphoton
microscopy and transgenic fluorescent labeling permitted
direct visualization of macrophage-assisted intravasation in
mouse mammary tumors [75]. The origin of TAMs is in the
bone marrow, where CD34-positive progenitors expand, are
committed and mobilized into circulation; they differentiate
into monocytes, invade into the noninvasive tumor and
undergo maturation into macrophages. Dendritic cells are
among the first to invade the tumor [70].

Scenarios for the mechanisms by which leukocytes and
macrophages modulate invasion and metastasis, shall take
into consideration that these tumor-associated host cells do
communicate not only with the cancer cells but also with
other types of host cells [73]. Chemoattraction of leuko-
cytes and macrophages elicits an inflammatory reaction
favoring growth and invasion of cancer cells [59]. TAMs
neighboring the noninvasive primary tumor secrete protei-
nases (MMPs, uPA, cathepsins) that breakdown the
basement membrane and open the way for cancer cell
invasion. MMPs also remodel the ECM favoring stromal
invasion. TAMs, in collaboration with cancer cells, produce
factors (VEGF, bFGF, PDGF, MMPs, IL-8, Ang1) that
promote angiogenesis as described above. Intravasation is
assisted by a paracrine loop between EGF expressed by
TAMs associated with tumor vessels and binding to EGFR
on cancer cells and through cancer cell CSF-1 binding to
CSF-1R on TAMs. Both receptors signal via WASP to form
invadopodia on the cancer cells and podosomes on the

Fig. 5 Molecular conversation between cancer cells and tumor-
associated host cells (a) and between myofibroblasts and other
tumor-associated host cells (b). Lists of molecules participating at
communication between cells are not exhaustive. APLN apelin, B7DC
programmed death ligand 2, bFGF basic fibroblast growth factor,
CCL chemokines with the first two cysteins not separated by another
amino acid, CD40 tumor necrosis factor receptor 5, CGRP
calgranulin-related protein, COX cyclo-oxygenase, CSF1 colony-
stimulating factor 1, CXCL chemokines with the first two cysteins
separated by another amino acid, EGF epidermal growth factor,
EMMPRIN extracellular matrix metalloproteinase inducer, ET endo-
thelin, FGF fibroblast growth factor, GM-CSF granulocyte-
macrophage colony-stimulating factor, GRO-1 (= CXCL1) GRO
protein alpha, HGF (= SF) hepatocyte growth factor (= scatter factor),
IGF1 insulin-like growth factor 1, Il interleukin, LPA lysophosphati-
dic acid, MCF MCF cell line-derived transforming sequence, MCP1
(= CCL2) monocyte chemotactic protein 1, NGF nerve growth factor,
PDGF platelet-derived growth factor, PGE2 prostaglandin E2,
RANTES (= CCL5) regulated upon activation, normally T-expressed
and presumably secreted, S100A S100 calcium-binding protein, S1P
sphyngosine 1 phosphate, SCFMGF stem cell factor, SDF1 (= CXCL12)
stromal cell-derived factor 1, ST3 (= MMP11) stromelysin 3; TGF-β
transforming growth factor β, TNF tumor necrosis factor, uPA
urokinase type plasminogen activator, VEGFs vascular endothelial
growth factors. Adapted from [49, 54, 62, 68, 71, 77, 85, 90, 167,
168], where detailed literature can be found. Lists are not meant to
be exhaustive; they illustrate the multiplicity of signals between cells
of the ecosystems

�
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TAMs [74]. Extravasation of cancer cells is assisted by
macrophages through production of cytokines (IL-1, IL-18,
TNF) that stimulate the expression of heterotypic cell–cell
adhesion molecules on endothelial cells (VCAM-1, E-
selectin, and ICAM-1) arresting cancer cells at the site of
distant metastasis. In the circulation, macrophages may kill
cancer cells. By contrast, in primary tumors and metastases
TAMs secrete PGE2, IL-10, and TGF-β causing immuno-
suppression.

(Myo)fibroblasts

Fibroblasts found in the tumor stroma are called peritu-
moral fibroblasts, cancer-associated fibroblasts and myofi-
broblasts; they constitute a heterogeneous cell population,
awaiting the kind of subtyping that was performed for the
above-mentioned leukocytes and macrophages. The forma-
tion of such stroma may be driven by mutated epithelial
cancer cells, by mutated fibroblast or by the extracellular
matrices produced by both [76]. We have reviewed
previously the impact of myofibroblasts on invasion [5,
77]. Comparison of both reviews reveals a dramatic
increase in the elements of this host cell compartment as
evident from the number of precursor cells, of ligands
released from the noninvasive tumor and received by the
stromal fibroblasts, and of pro-invasive signals sent to
the cancer cells by the myofibroblasts (Fig. 4). Crucial in
the interaction between cancer cells and (myo)fibroblasts
remains TGF-β influencing both the cancer cells and the
myofibroblasts [78].

Myoepithelial cells

In breast cancer the pro-invasive activities of myofibro-
blasts are counteracted by myoepithelial cells, both modu-
lating the basement membrane [79]. The diagnostic
criterion that distinguishes invasive from in situ carcinoma
is the disappearance of the organized myoepithelium and of
the basement membrane [80], though myoepithelial cells
associated with ductal carcinoma in situ are already
abnormal [81, 82]. The interaction between luminal
epithelial cells and myoepithelial cells occurs through
TGF-β, hedgehog, and p63, loss of which causes disap-
pearance of the myoepithelium and progression to invasion.
Myoepithelial cells suppress invasion through their effects
on growth, invasion, angiogenesis via secretion of TIMPs,
and downregulation of MMPs [83, 84].

Nerve cells

Perineural invasion is an indication of poor prognosis in
cancer of the prostate, the bile duct, the pancreas, and the
head and neck mucosa, where it is held responsible for

local spread. Nerve cells receive from the tumor afferent
signals that do not only evoke pain but also stimulate the
formation of new nerves (neurogenesis); they produce
efferent signals, such as CGPR, endothelin, histamine,
prostaglandins, and substance P, stimulating inflammation,
angiogenesis, and invasion [85]. In prostate cancer neuro-
genesis starts, probably from stem cells, at the stage of
high-grade prostatic intraepithelial neoplasia, i.e. before the
acquisition of invasion [86]. Recent coculture experiments
and observations on human cancer put forward possible
mechanisms of neurogenesis and perineural invasion:
chemoattraction of neurons towards cancer cells by SF4
[86]; chemoattraction by NGF and by CX3CL of pancreatic
cancer cells expressing p75(NGFR) and CXCR4, respec-
tively [87, 88] and by CXCL12 of prostate cancer cells
expressing CXCR4 [89].

Adipocytes

Given the link between obesity and cancer, it is not
surprising that adipocytes, highly abundant in the stroma
where tumors originate are found on the list of tumor-
associated host cells that influence invasion. In breast
tumors, the crosstalk between cancer cells and adipocytes
or their precursor preadipocytes marks the early steps of
stromal invasion. Cancer cells induce adipocytes to express
ST3 (MMP11), a MMP that does not require extracellular
activation as it is cleaved in the Golgi system before
secretion. It contributes to cancer cell survival during early
invasion into the adipose tissue, where it is, indeed, highly
expressed in human cancers. It is speculated that some of
these adipocytes convert into myofibroblasts during further
development of desmoplasia, explaining why the fibroblast/
adipocyte ratio is higher in tumor than in normal stroma
[90]. In the bone marrow, adipocytes support the progres-
sion of multiple myeloma, in concert with the fibroblasts, as
they inhibit apoptosis and stimulate proliferation, cell
adhesion, and migration [91].

Adipocytes produce a number of cytokines (Fig. 5a),
termed adipokines [92]. They display a broad spectrum of
activities, including stimulation of invasion and angiogen-
esis. The pro-angiogenic effect of apelin, a bioactive
peptide and a ligand of the G-protein-coupled receptor
APJ was demonstrated with human vascular endothelial
cells in culture. The activities of adipocyte-derived apelin
are upregulated by hypoxia and neutralized by APJ siRNA
[93]. In breast cancer cells, leptin stimulated growth,
angiogenesis, invasion, and migration [94]. In human colon
cancer cell lines, expressing the Ob receptor, leptin induced
invasion and the formation of lamillepodial structures
through activation of Cdc42, Rac1, and Src kinase [95].
In human renal cancer cell lines, leptin stimulated Matrigel
invasion via Rho and MEK pathways [96]. Adiponectin
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counteracts the pro-invasive and pro-angiogenesis activities
of adipokines like leptin, as it is antimitogenic, enhances
apoptosis, and inhibits angiogenesis. Adipocyte-produced
leptin stimulates macrophages to secrete pro-inflammatory
cytokines, like IL1α and TNF-α and this is counteracted by
adiponectin [92].

Osteoblasts/osteoclasts

Osteoclasts/osteoblasts are the first and the most extensive-
ly studied tumor-associated host cells. They participate at
the bone metastasis ecosystem. For recent reviews, the
reader is referred to references [91, 97, 98].

Microorganisms

Bacteria are elements of the tumor ecosystem in the colon
and the stomach; they play a role in invasion, at least in
experimental systems [99–101]. Listeria monocytogenes
stimulates colon cancer cell invasion and motility through
the release of soluble pro-invasive peptides that activate
ErbB2/ErbB3 receptors or modulate the activity of PI3K
and of small GTPases. Helicobacter pylori, a bacterium that
colonizes the stomach of half of the world population,
stimulates invasion of gastric cancer cells through activa-
tion of c-Met receptor and of its downstream signaling
targets, the metalloproteases MMP-2 and MMP-9. Inducing
cells to express the invasion-suppressor molecule E-
cadherin promotes the formation of a complex that
abrogates Helicobacter-mediated cancer cell invasion.

Primary tumors and metastases

Primary tumor

The primary tumor is the ecosystem in which the metastatic
disease does originate. Once it reaches the invasive
phenotype, a primary tumor contains a heterogeneous
population of cancer cells and most of the above-
mentioned tumor-associated host cells, except osteoclasts
that are typical for bone metastases. Survival of the cancer
cell population depends on the stem cell compartment, that
might be situated within the constraints of the primary
tumor or belong to a separate ecosystem.

Lymph node metastasis

Lymph nodes are ecosystems vital for metastatic epithelial
tumors. Sentinel lymph nodes have a direct lymphatic
connection to the site of the primary tumor. They contain
the cells that express the ligands and the receptors to
communicate with cancer cells, namely macrophages and B
and T lymphocytes. Lymph nodes are primarily implicated

in immune responses in a highly dynamic way as illustrated
by two-photon imaging of lymphocyte motility and
dendritic cell-mediated antigen response [102]. Sentinel
lymph nodes host the first contact of the immune system
with the tumor through soluble antigens presented by
dendritic cells and this sometimes precedes the arrest of
cancer cells in the peripheral sinus of these lymph nodes.
Lymph node metastasis is very common in most human
cancers, where it is considered as a crucial prognostic factor
[66]. Exceptions are carcinoids of the gastro-intestinal tract
and papillary thyroid cancer, which, for unknown reasons,
are relatively benign despite the presence of lymph node
metastasis [103]. Sentinel lymph nodes are used for staging
of e.g. breast cancer and melanoma, because they are
important transit sites for spread to regional lymph nodes
and to distant organs. The procedure includes the search for
single or small clusters of cancer cells by immunohisto-
chemistry with antibodies that do not recognize host cells
[104]. Transgenic animals manipulated genetically to
produce lymph node metastasis are reviewed by Nathanson
[67]. Experimental and clinical analysis emphasizes the role
of the chemokines and their receptors that were first
described for the homing of leukocytes [105]. These
molecular interactions, e. g. between CXCR4 and CCR7
on breast and colon cancer cells and their ligands CXCL12
(= SDF-1) and CCL21 (= 6Ckine) in the nodes explain why
cancer cells home to lymph nodes but less so why they
survive and grow there. Lymphangiogenesis in the sentinel
lymph nodes, such as observed in VEGF transgenic mice,
promotes further spread [106], in line with observations in
breast cancer patients [107].

Distant metastasis

Metastasis in distant organs has been covered by many
reviews [8, 17, 108]. Major attention is paid to the site of
such metastasis with, as for lymph nodes, much emphasis on
chemokine receptors and their ligands. André et al. analyzed
by immunohistochemistry the relationship between chemo-
kine expression in the primary tumor and the site of distant
metastasis in 142 node-positive breast cancer patients that
did not receive chemotherapy [109]. They found site
specificity of CXCR4 for liver, CX3CR1 for brain, CCR6
for pleura, and CCR7 for skin. The types of tumor-associated
host cells that occupy the primary tumor are also found in
distant metastasis. Some interactions are, however, specific
for the site of metastasis. Liver metastases from breast and
colorectal cancer in some patients, but not in others, display
a non-angiogenic growth pattern with cancer cells replacing
hepatocytes and co-opting sinusoidal blood vessel. In such
metastases, there are no signs of hypoxia or vessel leakage
[110]. In brain metastasis, astrocytes may dominate the host
cell compartment [111]. In bone metastasis, starting from
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cancer cells arrested in the bone marrow, osteoclasts/
osteoblasts, and their precursors are major players.

Of particular interest are the observations in favor of the
preparation of a niche at the putative site of metastasis by cells
recruited from the bone marrow upon signals (VEGF-A,
TNF-α, TGF-α) received from the primary tumor [112–114].

The bone marrow

The bone marrow (BM) is of interest for metastasis because it
reacts to growth of a tumor by enhanced myelopoiesis and
mobilization of the above-mentioned inflammatory tumor-
associated host cells. More specifically, the bone marrow
releases the hematopoietic progenitor cells that prepare the
niche for metastasis [112–114]. Furthermore, the BM is a
representative site of micrometastases, called BM-DTC for
BM distant tumor cells. Questions of interest are: how and
when does micrometastasis occur? Are micrometastatic cells
metastatic progenitors? How is micrometastatic dormancy
regulated? Are micrometastases composed of cancer stem
cells? There is convincing evidence to accept that the
presence of BM-DTC has a negative prognostic value,
provided the correct detection molecular and morphological
techniques are combined [115–117].

The circulation

The lymph and blood circulation serves as the principal way
by which the above-mentioned ecosystems do communicate
(Fig. 6). The peritoneal and pleural cavity is part of this
circulation in pelvic tumors, gynecological and colon cancer,
and in thoracic tumors, respectively [118]. The circulation
constitutes by itself a separate ecosystem containing impor-
tant elements of the metastatic disease, namely: metastatic
and nonmetastatic cancer cells [119]; bone marrow-derived
precursors of tumor-associated host cells [49, 120]; premeta-
static niche cells [112]; ligands and soluble receptors
modulating invasion and metastasis (VEGF, bFGF, angios-
tatin, endostatin, sVEGFR-1, and sHER-2). Clinicians have
only started to explore this ecosystem, which poses
methodological problems because of the high dilution of
the elements of interest by the blood. There are indications to
accept that the detection of circulating tumor cells has a
prognostic value and may serve as an indicator of metastatic
propensity in individual tumors [117, 118].

The invasion program

The multistep process of metastasis

Displacement of tumor cells, mainly of cancer cells but also
of tumor-associated host cells, is the essence of metastatic

disease. Such spread over the tumor-bearing organism has
been subdivided following the behavior of the cancer cells
into primary invasion, intravasation, transport within
circulation, arrest at the site of metastasis, extravasation,
and homing, together called the multistep process of
metastasis (Fig. 7). Metastases repeat the multistep process
to form secondary metastases, a phenomenon called the
metastatic cascade. Metastases manifest themselves clini-
cally when they grow to a volume that disturbs the function
of the harboring organ. Invasion from the primary tumor
into the surrounding stroma, characterized by perforation of
the epithelial basement membrane marks the onset of
malignancy. Considering the assistance of tumor-
associated host cells discussed above, one might raise the
question who invades whom. Invasion is not necessarily
followed by metastasis, as exemplified by primary tumors
of the brain. Invasion is, however, considered as a
prerequisite for metastasis, though early release of cancer
cells from the primary tumor may be missed on routine
pathological examination (Fig. 1). Intravasation brings
cancer cells into the lymph or the blood circulation. Note
that at the site of cancer cell intravasation bone marrow-
derived tumor-associated host cells do extravasate. Both
processes are considered to be active, implicating chemo-
tactic migration [121]. At least for lymphatics, passive
intravasation should not be excluded [67]. Lack of a
functional intratumoral lymphatic network, neoangiogene-
sis, and increased permeability of new blood vessels create
interstitial hypertension and an increased centrifugal lym-
phatic flow. The latter carries peripheral cancer cells
towards the vast network of open peritumoral lymph
vessels that lack endothelial junctions and are anchored to
the extracellular matrix to avoid collapse. Transport in the
circulation is considered to be passive. Arrest in the
capillaries implicates binding of cancer cells onto the apical
surface of the endothelium, and the vascular extracellular
matrix, a phenomenon that is facilitated by platelets through
formation of thrombi and activation of the endothelium
[122]. After extravasation, cancer cells find a niche where
they can survive (homing) and eventually grow. A
surprising finding is that apparently normal mouse mam-
mary cells, injected intravenously, survived in the lungs and
started to proliferate once the oncogenes (transgenes) they
carried were activated [123]. The question is whether or not
such cells can reach the circulation spontaneously. What the
experiment demonstrates is that the tumorigenic capacity
conferred on mouse mammary cells by coexpression of the
oncogenes Myc and Ras can be realized in the ecosystem of
the lung and that this activation may even start 17 weeks
after the i.v. injection. A similar phenomenon occurs also
with cancer cells and is called dormancy [124, 125]. It
explains recurrences several years, even decades, after
removal of the primary tumor with complete local control,
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Fig. 6 Translocation of cancer cells and tumor-associated host cells
between the ecosystems of a metastatic tumor. HPC hematopoietic
precursor cells (VEGFR1-positive; CXCR4-positive), EPC endotheli-
al progenitor cells (VEGFR2-positive; CXCR4-positive), both
retained by CXCL12 (= SDF-1). CC cancer cells; note return from

distant metastasis to primary tumor [127]. Lc leucocytes, Mo
monocytes. MSC mesenchymal stem cells. For bone marrow-derived
cells present in the circulation and participating at angiogenesis, see
[49]. Adapted from [59, 114]

Fig. 7 The multistep process of
invasion and metastasis. At each
step we mention the cellular
activities implicated, with em-
phasis on the cancer cells. When
the cancer initiating cells (CIC)
perform the multistep process
without growth at the primary
site metastases may also devel-
op, a phenomenon called CUP
(cancer unknown primary). Lack
of growth of micrometastases is
called dormancy, a phenomenon
that may explain late metastasis.
C-C cell–cell, C-M cell–matrix,
MicroM micrometastasis
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as typically observed in the bone with breast cancer and in
the liver with ocular melanoma. Mechanisms of dormancy
include: G0–G1 arrest; dominance of anti-angiogenic over
pro-angiogenic factors, exemplified by the dramatic growth
of lung metastases after removal of the primary tumor in
Folkman’s experiments [126]; immunosurveillance. Distant
metastases give rise to metastases through the multistep
process by which they are themselves generated from
primary tumors. Compelling experimental evidence comes
from parabiosed C57BL/6 mice in which lung metastases in
tumor-amputated mice gave rise to lung metastases in the
parabiosed normal syngeneic partner [8]. Return of metas-
tasized cells to the primary tumor is a novel aspect of the
metastatic cascade [127]. Such reseeding might explain the
pattern of local relapses in breast cancer patients [128].

Cellular activities of invading cells

The cellular activities implicated in invasion and metastasis
comprise homotypic cell–cell adhesion; heterotypic cell–
cell and cell–matrix adhesion; hydrolysis; migration;
survival; and growth [129, 130]. We will discuss these
activities one by one, though it is quite clear that they are
connected to one another at various levels (Fig. 8). The
latter is quite obvious from an analysis of the molecular

pathways that modulate these cellular activities. One
receptor, e.g. an integrin, that is sensitive to multiple
extracellular ligands and to interaction with other receptors,
may modulate several of the above-mentioned invasion-
related cellular activities [62]. Binding of one ligand, e. g.
TGF-β to its cognate receptor on cancer cells and on
various tumor-associated host cells results in stimulation or
inhibition of various cellular responses [78]. Similarly, one
transcription factor binds to several promoters, activates
several genes encoding different molecules and altering
several cellular activities, as exemplified by Snail, affecting
cell–cell adhesion, motility, survival, and proliferation.
Downregulation of molecules that are key regulators in
one cellular activity, e.g. E-cadherin in cell–cell adhesion, is
influenced by activation of receptors, e.g. c-Met, and
integrins, that regulate other activities, migration, and
cell–matrix adhesion, respectively [131].

Homotypic cell–cell adhesion

The E-cadherin/catenin/actin complex maintains the struc-
ture of the epithelium by homophilic (E-cadherin to E-
cadherin), homotypic (epithelial cell to epithelial cell)
adhesion. In models in vitro and in vivo, loss of E-
cadherin induced invasion in line with clinical observations

Fig. 8 Crosstalks between invasion- and metastasis-related cellular
activities and their associated molecular complexes and pathways.
Selected examples illustrate the relationship between the cellular
activities that establish invasion programs. AKT (= PKB) protein
kinase B, CAS Crk-associated substrate, FAK focal adhesion kinase,
G-protein guanine nucleotide-binding protein, Hakai E3 ubiquitin-
protein ligase, ILK integrin-linked (serine/threonine) kinase, MAPK

mitogen-activated proteoin kinase, MMP matrix metalloproteinase,
p120 p120 catenin, PI3K phosphatidylinositol 3,4,5,-triphosphate,
PINCH particularly interesting new cysteine-histidine rich protein,
RAC RAC GTPase-activating protein 1, RAS RAS GTPase-activating
protein, SRC protooncogene SRC, uPA urokinase type plasminogen
activator, Y tyrosine. Adapted from [49, 62, 130, 131, 155]
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[34, 132]. In these experiments, neutralization of E-
cadherin by specific antibodies changed the cells’ morpho-
type from epithelioid to mesenchymal in a reversible
manner. A more definite form of such transition is
described as epithelial-mesenchymal transition (EMT)
characterized not only by morphotypic but also by
molecular changes, namely: disappearance of E-cadherin,
claudins, occludins, desmoplakin, cytokeratins, mucin-1;
expression of fibronectin, vitronectin FSP1, vimentin,
smooth muscle actin, and FGFR2 IIIb and IIIc splice
variants [133]. The prototype EMT is seen in early
embryonic development during gastrulation when epithelial
cells invade through the primitive streak to form the
mesenchyme. Complex molecular networks, signaling to
E-cadherin as well as to the cytoskeleton, regulate EMT.
Interestingly, ligands triggering EMT reveal the participa-
tion of (myo)fibroblasts, via FGF, HGF, and TGF-α of
macrophages, via EGF and of inflammatory cells, via TNF-
α [134]. EMT is considered to be reversible: the process is
called mesenchymal-epithelial transition and is initiated by
upregulation of E-cadherin leading to homotypic cell–cell
adhesion. Such phenomenon expressed fully or partly explains
the epithelial differentiation in metastases [135, 136]. Com-
patible with reversible downregulation of E-cadherin is its
transcriptional regulation [131].

The clinical relevance of EMT has been questioned by
Tarin et al. stating that there is no pathological evidence for
the conversion of epithelial to mesenchymal cells in invasive
cancers and that the static pictures of such cancers are
compatible with invasion and metastasis of epithelial cells
without EMT [137]. One of the problems is that we have no
marker to tell us which mesenchymal cells in the tumor are
derived from an epithelial cancer cell [138]. Taken together
there is convincing evidence to accept that loss of
homotypic cell–cell adhesion favors invasion at the primary
tumor, whereas gain of homotypic cell–cell adhesion
supports growth of metastases in epithelial tumors.

Heterotypic cell–cell adhesion

Homophilic heterotypic adhesion may suppress invasion, as
exemplified by E-cadherine-mediated adhesion of melano-
ma cells to keratinocytes in the skin, or promote invasion,
as demonstrated for N-cadherin-mediated adhesion of
myofibroblasts to epithelial breast cancer cells [139]. The
paradigm heterotypic heterophilic cell–cell adhesion is at
the site of metastasis between circulating cancer cells and
endothelial cells in a multistep manner that was first
described for leukocytes. Chemokines produced at the
metastatic niche direct cancer cells bearing their cognate
receptors to the endothelium where they bind to selectins.
This low affinity binding causes the cells to roll over the
inner surface of the vessel, providing an opportunity for a

higher affinity interaction through IgCAMs on the endo-
thelium and integrins on the cancer cell. Similar inter-
actions occur also during implantation of cancer cells onto
body cavities [118]. Next to this single cell, leukocyte-like,
scenario, cancer cell thrombi execute the arrest in the
circulation that precedes extravasation and homing. Throm-
bi are formed through interaction between cancer cells and
platelets and endothelial cells, implicating thrombin for
activation of the participating cells and P-selectin and its
ligands for cell–cell adhesion [122].

Cell–matrix adhesion

Interaction between tumor cells and the extracellular matrix
occurs during invasion through epithelial and endothelial
basement membranes as well as through the stroma.
Integrins are major orchestrators of cellular activities that
are involved in adhesion, migration, and survival of cancer
cells and of tumor-associated host cells. Integrin inside-out
signaling occurs through tyrosine kinase growth factor
receptors. Outside-in signaling involves components of the
extracellular matrix and secretory molecules such as small
integrin-binding ligand, N-linked glycoproteins. The latter
family of secretory phosphoglycoproteins comprises osteo-
pontin (OPN), bone sialoprotein (BSP), dentin matrix
protein 1 (DMP1), dentin sialophosphoprotein, matrix
extracellular phosphoprotein that do participate at all steps
of metastasis in an autocrine or a paracrine manner [140].
Binding to their specific receptors, integrins and/or CD44,
on cancer cells, promotes uPA and MMP-mediated prote-
olysis. OPN promotes migration and adhesion of endothe-
lial cells during angiogenesis at the primary tumor as well
as at distant metastasis [62]; it serves as a chemotactic
factor for macrophages. Expression of BSP, DMP1, and
OPN helps cancer cells inside the circulation to sequester
complement factor H, so protecting them from
complement-mediated cytolysis. Cell–matrix adhesion at
sites of integrin clustering is crucial also in the formation of
locomotory structures such as podosomes and invadopodia
in tumor-associated macrophages and cancer cells, respec-
tively [141].

Hydrolysis

Most proteases, such as MMPs and uPA, used by cancer
cells to create space in the extracellular matrix to invade,
are recruited from tumor-associated host cells. At the
primary tumor, producer host cells are: pericytes, endothe-
lial cells, macrophages, neutrophils, mast cells, and (myo)
fibroblasts [51]. At the premetastatic niche, hematopoietic/
endothelial progenitor cells produce MMP9 preparing the
site for the development of extravasating metastastatic cells.
The lytic activity of MMPs is not limited to components of
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the extracellular matrix but concerns also cell surface
molecules, such as cadherins and integrins, and soluble
ligands, such as growth factor binding proteins, chemokines
and cytokines, and proteases and protease inhibitors.
Polarized delivery of proteases occurs at podosomes and
invadopodia through intracellular trafficking mediated by
microtubules and Golgi complexes [142]. Remarkably,
proteases, mostly MMPs produced by the stroma, have
also anti-tumor activities, inhibiting also invasion and
metastasis by induction of apoptosis, inhibition of prolifer-
ation, and suppression of angiogenesis [143, 144]. Sub-
strates targeted by anti-tumor proteases include extracellular
matrix proteins, chemokines, and cytokines, all serving as
invasion promoters.

Motility

Studies of invasion have paid major attention to cell
migration, an activity which is frequently used as a
surrogate for invasion in vitro [145]. Such assays mostly
score for migration of single cells, for example through
pores in a filter that initially separates cells and chemo-
attractants in a two-compartment chamber. It is important to
realize that invading cancer cells use other types of
migration as well and that they are able to switch from
one type to another. Most obvious in invasive cancers is
migration in group, with (cohort migration) or without
separation from the primary tumor (coordinated migration).
Protease-dependent solitary cell migration shows a mesen-
chymal phenotype at the front of invasion that is charac-
teristic of EMT, whereas protease-independent solitary cell
migration shows an amoeboid phenotype. Blocking prote-
olysis converts HT-1080 fibrosarcoma cells in gels from the
mesenchymal to the amoeboid type of migration [146].
These four modes are underpinned by different molecular
mechanisms, displaying a high degree of plasticity [145,
147–149]. Minimum motility pathways were determined by
gene profiling in cells collected by chemotaxis in a
microcapillary tube from the front of an experimental rat
tumor in vivo [23]. They confirm the role of autocrine and
paracrine motility factors and chemokines recognizing
respectively tyrosine kinase receptors and G-protein-
coupled receptors on both cancer cells and tumor-
associated host cells and signaling through small GTPases
of the Rho family to elements of the actin cytoskeleton
[150, 151]. One of the first and best characterized motility
factors is HGF/SF binding to the c-MET tyrosine kinase
receptor [129, 152]. c-Met is an invasion and metastasis
promoter gene that is activated by mutations in human
cancers [153]. Chemokines, e.g. CXCL12(= SDF-1),
present in the ecosystem of distant metastases bind to their
G-protein-coupled receptors, in this case CXCR4, on breast
cancer cells and this leads to actin polymerization,

pseudopodia formation, and chemotactic migration [105].
In a 3D culture model of the tumor-lymph vessel
ecosystem, cancer cells secrete both CCR7, and its ligands
CCL21 and CCL19. The ligands are drained towards the
lymphatics and concentrate downstream of cancer cells
ensuring that the latter migrate towards the lymphatics
[121]. Another member of the G-protein-coupled receptor
family binds autocrine motility factor AMF/gp78, signaling
not only via the small GTPase pathway to promote
migration but also via the Akt pathway to stimulate
proliferation and inhibit apoptosis [154]. AMF is also a
paracrine factor affecting host elements of the tumor
ecosystem as exemplified by its pro-angiogenic activity.

Survival

When epithelial cells leave their normal ecosystem where
they receive signals from and signal to their neighboring
cells and extracellular matrix, they undergo a particular
form of apoptosis called anoikis. It is clear that ectopic
survival with resistance to anoikis is a prerequisite for
invasion and metastasis. Cancer cells realize such resistance
through the integrin-actin-receptor tyrosine kinase network,
in which integrin-linked kinase (ILK) plays a major role
[155]. Implicated also are: activation of survival pathways
via TrkB (neurotrophic tyrosine kinase receptor), PI3K, and
Akt; breakdown of death receptors; release of growth
factors through increased MMP activity; overexpression of
anti-apoptotic molecules such as BCL-2; and inactivation of
p53 [17, 156, 157].

Clinical implications

Few recent papers on the mechanisms of invasion and
metastasis fail to speculate about clinical applications:
diagnostic, prognostic, and therapeutic. New insights into
the communicating ecosystem concept have lead to the
selection of patients for therapy following biomarkers for
angiogenesis [120] or circulating tumor cells [158]. In
metastasized breast cancer patients (stage IV) surgical
removal of the primary tumor increases survival [159].
Successful aggressive treatment of smaller numbers of
metastases (oligometastasis) illustrates the cascade concept
[160]. Molecular pathways of invasion and metastasis,
implicating cancer cells and tumor-associated host cells,
have been suggested as targets for anti-invasive therapy and
lists of anti-invasive compounds used pre-clinically and
clinically can be found in various publications [17, 161].
Specific targets such as EMT and integrins are discussed by
Sabbah et al. [132] and by Hehlgans et al. [155]. A single
target is approached by various agents, as illustrated for the
invasion promoter tyrosine kinase receptor MET: ligand
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antagonists, such as uncleavable HGF and anti-HGF
monoclonal antibodies; receptor competitors, such as Sema
(a domain necessary for MET dimerization) recombinant
proteins, decoy MET, anti-MET antibodies; kinase inhib-
itors; SH2 competitor peptides; and shRNAs [129].

Cancer cells are the major targets for therapy, though
tumor-associated host cells are considered more and
more frequently. Therapeutic strategies and lists of
agents were published recently for blood and lymph
angiogenesis [49, 68, 162], for myofibroblasts [5] and for
small integrin-binding ligand N-linked glycoproteins
[140] among others.

An equally intriguing question concerns the influence of
current treatments on invasion and metastasis (Fig. 9).
Ionizing radiation shows a hormetic dose–response with
stimulation at lower doses and inhibition at higher doses.
Pro-invasive and pro-metastatic activities of cancer cells are

promoted by ionizing radiation, pending upon the dose and
the nature of the radiation beam [4]. It also stimulates the
tumor-associated host cells that are involved in invasion
and metastasis, namely endothelial cells, myofibroblasts,
leukocytes, and macrophages. Clonogenic survival of
cancer cells still serves as the main biological rationale for
radiotherapy of cancer, with DNA as the key target
molecule. It became, however, quite clear that ionizing
radiation affects also other molecules, such as tyrosine
kinase receptors (EGFR, VEGFR, PDGFR, c-MET), TGF-
β, integrins, and tenascin C, all of which are modulators of
invasion and should be taken into account by the
radiotherapist. Chemotherapy mobilizes hematopoietic pro-
genitor cells from the bone marrow and this is exploited for
peripheral stem cell transplantation. Similarly, it causes
vasculogenic rebounds by bone marrow-derived circulating
cells (CEPs) within hours to weeks, justifying anti-
angiogenic treatment in strict chronological combination
with chemotherapy [163]. Surgery causes wound healing
reactions that activate host reaction, such as inflammation,
angiogenesis, and fibrosis, all of which may promote
invasion [118, 164]. In the peritoneal cavity surgical
wounds may favor adhesion of cancer cells to the
mesothelial stroma. Surgeons are actually considering
prevention of traumatic promotion of invasion and metas-
tasis through prevention of surgical trauma, extensive
intraoperative peritoneal lavage, hyperthermic intraopera-
tive chemoperfusion, anti-inflammatory drug treatment, and
inhibition of cancer cell adhesion to the mesothelial wall by
heparin or by monoclonal antibodies against cell–cell or
cell–matrix adhesion molecules.

Conclusions and perspectives

Malignant, i.e. invasive and metastatic, tumors involve
communicating ecosystems, namely: a primary tumor,
lymph node metastases, distant metastases, a reactive bone
marrow, and the circulation. Each of these ecosystems
contains cancer cells and tumor-associated host cells that
are in continuous molecular conversation with each other.
Multiple autocrine and paracrine ligands signaling through
multiple and branching pathways, together with activation
of promoter genes and inactivation of suppressor genes,
modulate programs of cellular activities, comprising cell–
cell adhesion, cell–matrix adhesion, breakdown of extra-
cellular matrix, migration, survival, and growth. These
programs take tumor cells through the multistep process of
metastasis, comprising: invasion into foreign tissues, intra-
vasation, survival in the circulation, arrest at distant organs,
extravasation, homing, survival, and growth. It is our hope
that future therapeutic strategies will take into account the
dynamic molecular complexity of invasion and metastasis

Fig. 9 Treatment of primary tumor (PT) and development of distant
metastasis (DM). I Locoregional failure causes death of the patient
before growth of DM; example: older textbooks (before WW II)
considered cancers of the head and neck mucosa as nonmetatstatic in
distant organs. II Local control prolongs survival permitting growth of
metastasis; example: small cell lung cancer [169]. III Local control
stimulates growth of metastases; example: radiotherapy or surgery of
mouse 3LL carcinoma changes the angiogenic balance at the site of
metastasis, through elimination of angiostatin [126, 170]. IV Local
treatment stimulates invasion and metastasis through its effect on the
cancer cells, the tumor-associated host cells or both [4]. Arrows
indicate time, flashes treatment
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implicating both cancer cells and tumor-associated host
cells.
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Abstract Adequate budget control in pathology practice
requires accurate allocation of resources. Any changes in
types and numbers of specimens handled or protocols used
will directly affect the pathologists’ workload and conse-
quently the allocation of resources. The aim of the present
study was to develop a model for measuring the patholo-
gists’ workload that can take into account the changes
mentioned above. The diagnostic process was analyzed and
broken up into separate activities. The time needed to
perform these activities was measured. Based on linear
regression analysis, for each activity, the time needed was
calculated as a function of the number of slides or blocks
involved. The total pathologists’ time required for a range
of specimens was calculated based on standard protocols
and validated by comparing to actually measured workload.
Cutting up, microscopic procedures and dictating turned out
to be highly correlated to number of blocks and/or slides
per specimen. Calculated workload per type of specimen
was significantly correlated to the actually measured
workload. Modeling pathologists’ workload based on
formulas that calculate workload per type of specimen as
a function of the number of blocks and slides provides a
basis for a comprehensive, yet flexible, activity-based
costing system for pathology.

Keywords Pathology .Workload . Cost . Benchmarking

Introduction

To the outside world, including other hospital departments
and hospital management, the pathology department often
appears to function as a black box system with a specimen
as input and a diagnosis as output. In reality, for each
specimen, a complex number of activities are carried out at
the macroscopic, microscopic, and molecular level. The
kind and number of activities performed vary per type of
specimen (e.g., liver biopsy, appendectomy, etc.), and are
defined by protocols based on scientific evidence. Each of
the individual activities (e.g., specimen reception, cutting
up, microscopy, immunohistochemistry, electron microsco-
py, etc.) is to be carried out according to good laboratory
practice (GLP) standards and requires the usage of
resources like staff, consumables, and equipment. In turn,
the type and amount of resources required varies per type of
activity.

Obviously, the consumption of resources is not standard
for each specimen, but depends on the type and number of
activities required according to the protocol and carried out
according to GLP guidelines.

Changes in types and numbers of specimens handled as
well as changes of protocols (e.g., due to new clinical or
scientific insights) will have direct consequences for
workload. Successful management of a pathology labora-
tory requires a good insight in these processes and is
essential for allocation of resources [1–5]. In the present
study, we aimed to develop a model for measuring the
pathologists’ workload that can take into account such
changes in types of specimens or protocols.
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Materials and methods

Study design

The hypothesis tested was that pathologists’ workload (i.e.,
the work within the scope of the diagnostic process) can be
measured and defined in an activity-based manner. This
requires measuring workload (i.e., average time spent on a
specimen) for an adequate series of cases of each diagnostic
category occurring in a pathology practice. For common
specimen types (e.g., gall bladder resection, breast lumpec-
tomy, etc.), this is feasible; for many other less common
types of specimens, this is a problem. However, when for
different types of specimens the actual activities performed
are listed (e.g., macroscopy: reading clinical data, describ-
ing macroscopic aspect of specimen, measuring size and
weight, taking pictures, sampling frozen material, cutting
blocks, etc.) appear to be common to many specimen types,
albeit in different combinations and magnitude. Taking this
approach, the diagnostic process for all specimen types
occurring can be analyzed and broken down into
separate activities (i.e., a product breakdown). So, times
were scored not as a total time per type of specimen,
but time per product breakdown activity; and in this
way, adequate sample sizes can be obtained for each of
these defined activities. Both macroscopic and micro-
scopic procedures were broken down to separate activities.
This also included communication by phone on individual
cases. Clinicopathological conferences were not included.
Examples of items scored for macroscopy and microscopy
are given in Table 1.

Next, a list of specimen types occurring in our laboratory
was constructed. This list consisted of 91 organ sites.
Specimens were considered to be either biopsies or
resections, thus yielding 182 specimen types. Importantly,
all pathology diagnoses in the Netherlands are registered in
the nationwide pathology registry PALGA, including
SNOMED like codes for organ site and type of specimen
[6]. Therefore, all individual laboratories in this way
already document these relevant production variables.

Measurements

Second, the time needed to perform the product breakdown
activities was measured. To this end, on consecutive days
during a period of 12weeks, a time-scoring formwas added to
each specimen received that day, and during the complete
diagnostic process (from the inspection of the gross pathology
to the final authorization of the report) the time required for
each product breakdown activity was scored. During cutting
up, times were scored by an independent observer; while
during microscopy, time was scored by the pathologist for
each product breakdown activity using a stopwatch. Data

were provided by eight consultant pathologists and eight
registrars. Times for consultants and registrars were scored
and analyzed separately. In total, approximately 700 forms,
covering a period of 12 weeks, were received and analyzed. In
total, times for 11,200 (700×2×8) product breakdown
activities were scored.

Data analysis

Results of the measurements were entered in a specifically
designed database. The data analysis aimed at finding a

Table 1 List of items in product breakdown of pathologists tasks that
were scored individually for time needed during cutting up gross
specimens and microscopy, respectively

Cutting up

1 Analyzing and dictating clinical information

2 Consulting clinician

3 Consulting supervisor

4 Gross inspection and dictating

5 Specimen photography

6 Judging radicality of resection

7 Painting specimens

8 Dissecting resection margins

9 Taking frozen sample/biobanking

10 Weighing specimen

11 Simple total embedding

12 Split in half and embed

13 Lamellate/multiple blocks

14 Cut up and inspect

15 Prepare for overnight fixation/pin down specimen

16 Prepare for decalcification

17 Exploring specimen (e.g., for harvesting lymph nodes)

Microscopy

1 Analyzing clinical information

2 Retrieving archival slides from the patient

3 Microscopy <5 slides H&E

4 Microscopy 5–10 slides H&E

5 Microscopy >10 slides H&E

6 Requesting additional stains

7 Microscopy of step sections

8 Microscopy of special stains

9 Microscopy of immunohistochemical stains

10 Electron microscopy

11 Quantitative pathology

12 Peer consultation, literature searches

13 Discuss case with clinician

Time was only scored when items occurred, not all items occurred in
all cases. In cases where consultant pathologists supervised registrars,
relevant items (e.g. microscopy items) were scored twice, i.e., when
registrars evaluated slides on their own as well as during supervision
by the consultant pathologist
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relation between a specimen feature which is fixed (within
certain limits) and the time cost per activity. The fixed
variable used was the number of slides or tissue blocks.
These data were based on the standard protocols used in our
laboratory [7] and checked against the actual counting of
the numbers of slides and blocks for the cases measured.

Using linear regression analysis, the relationship between
the time needed for each activity, and the number of slides or
blocks was analyzed. Based on this, for each activity, the time
needed was calculated as a function of the number of slides or
blocks involved, as prescribed by the protocol.

Given the calculated time per activity, the total pathologists’
time required for a range of specimens was calculated based on
the involved activities, again, as prescribed by the protocol.

To test the validity of this approach, for 22 specimen
types that occurred with adequate frequency in the
database, the correlation between these virtual specimen
times and the actually measured times was computed.
These 22 were biopsies of urinary bladder, bone marrow,
uterine cervix, colon, rectum, endometrium, larynx, liver,

stomach, duodenum, esophagus, breast, and prostate; and
gross specimens of appendix, large intestine, gall bladder,
lymph node, pancreas, ovary, placenta, prostate, and uterus.
All statistical analyses were carried out using the SPSS 9.5
software.

Results

For all activities, significant correlations were found
between the number of slides or the number of blocks and
the time the pathologist needed for completing this activity.
This was also the case in the situation where a pathologist
was supervising a registrar. For instance, for the activities
‘interpretation of H&E slides’, ‘interpretation of extra
stains’ (i.e. PAS, deeper, etc.), and ‘interpretation of
immunohistochemical stains’ the time required appeared
to be significantly correlated to the number of slides
involved in these activities (Fig. 1a–c). Interestingly, the
graph for interpretation of H&E sections slows a steeper

Fig. 1 Correlation between
pathologist activities and
number of slides involved. For
the activities ‘interpretation of
H&E slides’, ‘interpretation of
extra stains’ (i.e. PAS, step
sections, etc.), and ‘interpreta-
tion of immunohistochemical
stains’ the time required
appeared to be significantly
correlated to the number of
slides involved in these activi-
ties (Fig. 1a–c). The time
required for report dictating
includes validation (Fig. 1day).
Time is indicated as minutes and
refers to times calculated for
pathologists working on their
own. The fact that the regression
lines intercept the Y-axis at
values>0 reflects the start-up
time involved when beginning a
new task. Similar analyses were
performed for situations where
pathologists supervised
registrars (not shown)
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slope than the graphs for extra stains and immunohisto-
chemical stains. This can be explained by the fact that when
judging these latter stains, morphology of the lesions is
already familiar to the pathologist from the H&E sections
and time is mainly spent on scoring histochemical or
immunohistochemical features, which takes less time per
slide. The time required for ‘report dictating’ was signifi-
cantly correlated to the total number of slides per case
(Fig. 1d).

Then, as described above, for all organs (as far as
practically relevant), the virtual total pathologists’ time
involved was calculated from the regression function for
each activity, and this result was multiplied with a factor
that corrected for the frequency with which each activity
occurred for every individual type of specimen. For
example, in our laboratory, immunohistochemistry was
applied in 10% of colorectal biopsies with an average of
five slides. So, on average, for colorectal biopsies, the time
involved for the activity ‘evaluating immunohistochemical
stains’ is given by the equation 0.10x5xA+B, where A=the
factor of the regression function and B the constant.
Another example are bone marrow biopsies where immu-
nohistochemistry is performed in 95% of cases with an
average of eight markers and one negative control, which
gives 0.95x9xA+B.

For 22 specimen types, enough actual measurements
were present in the database to compare the calculated
‘virtual pathologists’ time’ needed to evaluate and report a
specimen with the times actually measured. Again, with
linear regression analysis, the calculated times showed a
high correlation with the actually measured total interpre-
tation times. This was true for specimens that were handled
by a consultant alone, and for specimens that were handled
by a registrar who was supervised by a pathologist
(Fig. 2a–b).

Discussion

Successful management of a pathology laboratory requires
a good insight in these processes and is essential for
allocation of resources. This insight is difficult mostly
because pathologists find it difficult to obtain a realistic and
quantitative economical perception of their everyday
diagnostic practice. However, obtaining good insight is
essential in particular in a period of increasing complexity
of lab organization and technical processes with increasing
costs. Here, we describe a comprehensive yet flexible
approach for activity-based cost modeling that provides this
insight in these processes and may be of help in mastering
increasing budget constraints.

Knowledge of the workload that is involved with the
products delivered is one of the basics of enterprise
resource planning. Pathologists do not tend to regard their
diagnostic reports as products, but from a management
perspective, it is well defensible to compare the diagnostic
process with a production process. From the specimen as
raw material, using multiple resources, the pathologist
makes a diagnosis, the end product. While nowadays, on
one hand, the resources available are limited by budget
constraints, the input (specimens) is not, neither in number
nor in complexity. This may lead to serious budgetary
problems. Budget control then is essential but this requires
accurate information on the consumption of resources.

Medicine is a rapidly evolving profession, and this
certainly goes for pathology. Several causes can be
identified for the increase of pathologists’ workload in the
recent past. These include an increase in number of
presented specimens as a result of an aging population
with more possible cancer patients, and an ever increasing
arsenal of diagnostic procedures available to the clinician
continues to increase, and many of these, like new

Fig. 2 Validation of calculated
time consumption versus actu-
ally measured time consump-
tion. For 22 specimen types
enough actual measurement
were present in the database to
compare the calculated ‘virtual
pathologist’s time’ with the ac-
tually measured times. The cal-
culated times showed a high
correlation with the actually
measured times, both in the case
the specimens were handled by
a pathologist alone, as well as in
those cases where the specimens
were handled by a registrar who
was supervised by a pathologist
(Fig. 2a–b)
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endoscopic techniques, allow for taking biopsies. In
addition, rapid advances in biomedical science have
tremendously increased our understanding of the biology
of disease with considerably implications for clinical
practice. A most prominent example is the development
of targeted therapies in oncology (e.g., against her2neu,
egfr, and c-kit), which require dedicated diagnostic proce-
dures like immunohistochemistry, in situ hybridization, and
mutation analysis. As a result, diagnostic reports become
increasingly complex which leads to increasing demand for
interdisciplinary meetings of clinicians and pathologists for
discussing these cases.

Approaches to measuring pathologists’ workload

The most simple approach is by just counting the number
of specimens handled per period, but this has serious
limitations. With an increase of laborious specimens, as
discussed above, and a decrease of simple specimens, the
total number of specimens may remain stable while the
consumption of pathologists’ resources has considerable
increased. Also systems counting different diagnostic
categories have their limitations [2, 4]. Such trends can be
detected when consumption of resources is measured in a
differentiated way. Here, we present an activity-based,
differentiated method to measure pathologists’ labor, which
is one of the major resources used in diagnostic pathology.

A protocol-based pathology practice, as is common in
many institutions, enables to split the diagnostic process
associated with different types of specimens in common
activities, i.e. a product break down. However, in the same
way as protocols should not be applied too rigidly, leaving
room for a certain variation in the individual case and the
individual pathologist, a workload measuring or costing
system should be able to cope with variation. The system
presented here was based on measuring a large number of
cases handled by 16 different pathologists and registrars,
thus covering a large variation in cases and pathologists.
The results of the calculated workload correlated very well
with the actual measurements, for individual activities as
well as complete cases.

It should be noted, however, that the present study only
focused on pathologists’ workload, which in itself is largely
insufficient to calculate a global budget of a lab. This requires
an integrated approach that takes into account information on
other resources (e.g., other staff like technicians, and
secretaries, equipment, and consumables), to generate a
model that, when fed with data of the actual numbers of the
different types of specimens handled, can compute the
theoretical budget in terms of staff, consumables, and
equipment required to do the job. These data can be compared
with the allowed budgets and the results could facilitate an
optimized management of the pathology department.

Of course, real life is always more complicated than a
simple computer model, but the aim of the current approach
is not to produce virtual reality, but rather to have an
adequate tool for workload and cost measurement in
pathology. The method presented here is more flexible than
the more classical approach of classifying cases in range
groups of diagnoses, as is common in a number of
countries. With the presented method, a change in the
protocol is immediately reflected in the final calculations.

For implementing the presented approach in interested
laboratories, several conditions should be met. The method
used requires the coding of specimens. In our laboratory,
histopathology specimens are coded according to site or
organ (using a limited thesaurus) and type of procedure. As
to the latter, we only use biopsy or resection. It turned out
that in this way, the variation of workload within a certain
type specimen was limited for almost all types of speci-
mens. The major exception was skin pathology that showed
a large variation in workload per specimen, and this
variation did not segregate with biopsy or resection. To
handle this point, skin specimens were divided in four
groups (simple (naevi, basal cell carcinoma, etc.), inflam-
matory skin diseases, difficult differential diagnoses be-
tween benign and malignant, larger resection specimens
(not difficult but many slides), and the mean workload for
each group was calculated. Within these four groups,
variation in workload per case was only limited. Moreover,
groups 2 to 4 showed similar results so these could be taken
together, leaving a group with “easy” skins and a group
with “difficult” skins. For all four groups, again, a good
correlation was found between the measured and calculated
figures. To still allow the overall calculation of workload,
an average time for skin specimens can be used applying a
correction factor for the ratio of “easy” and “difficult” skins
in a given department.

Limitations of the present approach

The present approach focused on measuring pathologists’
workload, which is the production component that is most
difficult to quantify. However, in itself, this is insufficient to
calculate a global laboratory budget. For an adequate
calculation of costs, it is also necessary to take into account
the idle time lost during a working day. In an activity-based
costing system, like the one presented here, this is not
automatically included, in contrast to the “total absorption”-
based costing systems that primarily aim at recovering all
costs made, but that are less suitable to detect changes in
workload. So, in an activity-based costing system, a
correction has to be included for idle time, e.g., by using
a factor for the overall percentage of idle time. In addition,
apart from surgical pathology, also other pathology tasks
like cytology, autopsies, conferences, teaching, and re-
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search needs to be covered by the system. This can be done
in way similar to that applied for surgical pathology. In
principle, the methodology we used for calculating pathol-
ogists’ workload can be implemented in every interested
laboratory. The product breakdown items scored are listed
in Table 1. The work reported here is limited to surgical
pathology but we have applied similar strategies to
cytology and post-mortem pathology (unpublished results).

In conclusion, we present an activity-based approach to
measure pathologists’ workload in surgical pathology that
can be used as basis of a costing system. By applying
formulas that calculate workload per type of specimen as a
function of the number of blocks and slides, based on
standard protocols, a reliable estimation of pathologists’
workload per type of specimen can be made. With this
approach, including also data on other resources like non-
pathologist staff, consumables, and equipment, it is possible
to have a comprehensive, yet flexible, activity-based
costing system.
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Abstract Barrett’s esophagus (BE) is an acquired condi-
tion in which the normal lining of the esophagus is replaced
by intestinal metaplastic epithelium. BE can evolve to
esophageal adenocarcinoma (EAC) through low-grade
dysplasia (LGD) and high-grade dysplasia (HGD). The
only generally accepted marker for increased risk of EAC is
the presence of HGD, diagnosed on endoscopic biopsies.
More specific markers for the prediction of EAC risk are
needed. A tissue microarray was constructed comprising
tissue samples from BE, LGD, HGD, and EAC. Marker
expression was studied by immunohistochemistry using
antibodies against CD44, DKK1, CDX2, COX2, SOX9,
OCT1, E-cadherin, and β-catenin. Immunostaining was
evaluated semi-quantitatively. CD44 expression decreased
in HGD and EAC relative to BE and LGD. DKK1
expression increased in HGD and EAC relative to BE
and LDG. CDX2 expression increased in HGD but
decreased in EAC. COX2 expression decreased in EAC,
and SOX9 expression increased only in the upper crypt
epithelial cells in HGD. E-cadherin expression decreased in
EAC. Nuclear β-catenin was not significantly different
between BE, LGD, and HGD. Loss of CD44 and gain of
DKK1 expression characterizes progression from BE and

LGD to HGD and EAC, and their altered expression might
indicate an increased risk for developing an EAC. This
observation warrants inclusion of these immunohistochemi-
cally detectable markers in a study with a long patient
follow-up.

Keywords Barrett’s esophagus .

Esophageal adenocarcinoma . Dysplasia

Introduction

Barrett’s esophagus (BE) is an acquired condition defined
as the replacement of normal stratified squamous epithelium
by metaplastic columnar epithelium in the distal esophagus
[1–3]. BE is acquired due to prolonged gastro-esophageal
reflux disease (GERD) which is increasing in incidence [4].
BE is a preneoplastic condition as it predisposes to the
development of esophageal adenocarcinoma (EAC) via
progression along low-grade dysplasia (LGD) and high-
grade dysplasia (HGD). EAC is rapidly increasing in the
western world; the incidence has increased over 70% in the
last 20 years [5]. Almost without exception, EAC develops
in BE [6] and, therefore, early recognition of this condition
and endoscopic follow-up are potentially effective ways to
prevent EAC.

BE evolves into EAC stepwise through increasing
grades of dysplasia. As yet, the marker used for clinical
decision making on eventual therapeutic intervention in a
BE patient is the presence of HGD in endoscopic biopsies
(during the follow-up of BE patients or a newly diagnosed
GERD patient). In the presence of HGD, the patient runs a
risk of over 40% to develop an EAC, and HGD is therefore
an indication for an intervention, which used to be
esophagectomy, but lately, more conservative approaches
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such as photodynamic therapy or mucosectomy have been
developed [7, 8]. An important problem, however, is that of
all patients with BE, only about 0.5% per year will
eventually develop an adenocarcinoma [9]. A large number
of patients are therefore kept under surveillance for the
detection of a relatively small number of cancers. Conse-
quently, markers are needed for the prediction of cancer risk
in BE patients before HGD has developed.

Various attempts have been made to identify markers
that can predict whether or not a BE patient will develop an
EAC. Approaches chosen have included morphometry, cell
adhesion molecule expression, DNA ploidy analysis, loss
of heterozygosity at the chromosomal level, p53 mutations
and immunohistochemical overexpression, proliferative
activity (through immunohistochemical staining of the
Ki-67 antigen), p16 anomalies (including promoter meth-
ylation, mutations, and loss of heterozygosity), activation of
the Wnt pathway (through adenomatous polyposis coli
mutations, β-catenin mutations, or one of the other players
in Wnt signaling), analysis of patterns of promoter
methylation, and more [10–16]. Although a voluminous
literature exists on this subject, as yet, the only clinically
used biomarker with a high predictive value is the presence
of HGD [10].

In this study, we addressed this problem by examining
the expression of genes involved in the Wnt pathway, Wnt
downstream genes and key homeobox signaling pathway
genes in the normal esophagus, BE with and without
dysplasia, and EAC. The genes included in the study were
selected based on their involvement in directing differenti-
ation, including tissue architecture, in the gastrointestinal
tract. The importance of these genes in gastrointestinal
cancer has been repeatedly stipulated but almost never in
BE or in EAC [13, 17–23]. Their expression was studied in
retrospectively collected tissue samples selected from
surgical resection specimens. The potentially predictive
markers must subsequently be validated in a study on
Barrett patients with long-term follow-up.

Materials and methods

Selection of cases

The cases selected concerned a consecutive series of
esophagectomy specimens received by the University
Institute of Pathology in Lausanne, diagnosed as EAC
between 1995 and 2007 (52 cases). Cases with insufficient
tissue available (either having been used in previous studies
or used in the diagnostic work-up) were excluded. In all, 44
cases were available for study. After re-assessment of the
diagnosis by two experienced pathologists (WS and FB), 31
cases were retained based upon the following criteria:

presence of at least one or more areas of adenocarcinoma
and/or HGD and/or LGD and/or intestinal metaplasia. The
use of human tissues in this study was according to the
criteria for the use of archival specimens as established by
the local ethics review board.

Tissue microarray creation

Tissue samples to be included in the tissue microarray
(TMA), notably with EAC, HGD, LGD, and BE, were
identified on H&E stained tissue sections. From the 31 cases,
122 different tissue samples were included. Control tissue
samples included in each TMA block comprised samples
randomly selected from surgical resection specimens (normal
ileum, normal duodenum, normal colon, normal esophagus,
adenocarcinoma of the colon, and diffuse type and intestinal
type adenocarcinoma of the stomach).

The TMAs were created in paraffin-embedded blocks of
2% agarose (Sigma A5093) mounted on a cassette using a
manual TMA maker (Beecher Instruments Inc., Sun Prairie,
WI, USA), as described previously [24]. Each TMA
consisted of a 6×7 grid of 2 mm cores, allowing up to 41
tissue cores per TMA (one varying position was left empty
for TMA recognition and proper orientation). Overall, four
TMA blocks were constructed including 158 cores (64
EAC, 17 HGD, 19 LGD, and 22 BE samples and 36 control
tissue samples). Sections (4 μ) were cut, stretched on a 56°C
water bath, and mounted on SuperFrost Plus microscope
slides (Menzel GmbH & Co KG, Braunschweig, Germany).
On one H&E stained section, a final reference diagnosis was
made for each tissue core (WS and FTB); this diagnosis was
used in the study.

Selection of antibodies

Our selection of the target proteins was based upon the
hypothesis that Wnt signaling and Wnt downstream genes
play a key role in EAC development, in analogy to gastric
and colorectal cancer. A first selection was made on the
involvement of Wnt target genes in human gastrointestinal
carcinogenesis as mentioned on the Wnt homepage (http://
www.stanford.edu/~rnusse/wntwindow.html). A final selec-
tion was made based upon the published literature supporting
potential involvement of the various proteins in gastrointes-
tinal mucosa differentiation or in intestinal carcinogenesis
[13, 18, 19, 25–31] and on the available antibodies applicable
to routinely processed tissue specimens. As a readout protein
for Wnt pathway activation, nuclear localization of β-catenin
was used. As Wnt downstream proteins, we chose CD44,
COX2, E-cadherin, CDX2, DKK1, and SOX9. Two homeo-
box proteins (CDX2 and OCT1) were included in the study,
based on earlier reports indicating involvement of these
proteins in intestinal metaplasia/dysplasia [21, 25, 30, 31].
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Immunohistochemistry

Immunohistochemistry (IHC) was performed either manu-
ally or using an automated system (as indicated in Table 1).
The choice of using one system or the other was based
upon the quality of the staining obtained, some antibodies
requiring a specially adapted protocol not easily adaptable
to the staining machine.

Manual immunoperoxidase staining was performed, after
dewaxing, quenching of endogenous peroxidase activity (by
incubation with 3% hydrogen peroxide in demineralized water
for 5 min), and antigen retrieval (2 min in a pressure cooker in
ethylenediaminetetraacetic acid (EDTA) buffer, pH 9.0), using
Envision+ (DAKO, Glostrup, Denmark) as detection system
[24]. Exposure to primary antibodies, diluted as indicated in
Table 1, was 2 h at room temperature. Visualization was
performed with diaminobenzidine tetrachloride as chromogen.
Sections were counterstained with hematoxylin.

Automated IHC was performed using the Bond IHC
stainer (Vision BioSystems, Mount Waverley, Australia)
with as secondary reagent, anti-goat Histofine max polymer
(Nichirei Biosciences, Tokyo, Japan). Key program sequences
were antigen retrieval (with EDTA buffer pH 9.0 for 20 min at
95°C or citrate buffer pH 9.0 for 20 min at 100°C), primary
antibody incubation for 30 min, and incubation with the
polymer kit for 15 min. In all experiments, negative control
incubations (omission of the primary antibody) and positive
control tissues were included.

Assessment of immunoreactivity

The immunoreactivity was microscopically evaluated inde-
pendently by two observers (WS and PY) in terms of the
percentage of cells stained (in deciles). Given the zonal
architecture of BE mucosa, the percentage of positive cells
was noted separately for the upper crypt half and the lower
crypt half in BE, LGD, and HGD but only as a percentage

of all cells in EAC. No major discrepancies occurred
between the two assessors; the mean of the two assessments
was used for statistical calculations.

Data was entered in SPSS version 15.0 for Windows
(SPSS Inc., Chicago, IL, USA), and descriptive analysis
was undertaken, together with a one-way ANOVA test to
assess statistical significance between the values obtained
for localization and diagnostic category. For comparison
between BE, LGD, and HGD, upper and lower crypt half
were considered separately. For comparisons with EAC, the
highest (either upper of lower) crypt value was used.
Differences between diagnostic categories were analyzed
using Tukey’s honestly significant difference post hoc test,
graphically visualized by box-plot graphs. In the graphs, for
the sake of clarity, outliers have been indicated separately
(with the symbols white circle or filled star in the figures, the
numbers referring to the outlying sample number), but the
data points were included in the statistical calculations.
The number of samples available precluded the use of
validated statistical approaches (receiver operating charac-
teristic (ROC) analysis) to determine eventual cut-points. To
explore potential diagnostic use of thesemarkers, we arbitrarily
chose 30% loss of CD44 (absence of membranous immunos-
taining in at least 30% of the cells) and 30% gain of DKK1
(cytoplasmic staining of at least 30% of cells) as cut-points.

Results

The results obtained by scoring of the immunostained TMAs
are illustrated in the figures and summarized in Table 2. We will
briefly describe immunoreactivity patterns per studied antigen.

CD44 and DKK1

In general, CD44 immunoreactivity was found on the
plasma membrane of epithelial cells. A minority of the

Table 1 Antibodies used with their dilution, antigen retrieval method, and immunohistochemistry method

Antigen Source Clone Species Concentration IHC method

ß-catenin Novocastra 17C2 Mouse 1:100 A

CD44 CHUV Wild-type PCA Mouse 1:50 A

COX2 Cayman synth pept Mouse 1:1,000 B

DKK1 Lifespan PCA Rabbit 1:100 B

E-cadherin DAKO NCH-3.8 Mouse 1:40 A

CDX2 Novocastra AMT28 Mouse 1:50 A

OCT1 LabVision PCA Rabbit 1:50 A

SOX9 Chemicon PCA Rabbit 1:400 A

A: manual Envision system (DAKO, Glostrup, Denmark), heat-induced epitope retrieval: pressure cooker 2 min EDTA pH 9.0

B: bond automated IHC system (Vision BioSystems, Mount Waverley, Australia), heat-induced epitope retrieval in EDTA pH 9.0

PCA polyclonal antibody
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epithelial cells expressed CD44 circumferentially; the vast
majority showed focal membrane expression. Stromal cells
also stained strongly but were not included in the cell count.
Significant loss of CD44 staining of crypt epithelial cells was
found in HGD in comparison with BE and LGD (Fig. 1a–c).
This was also found for CD44 staining in HGD and EAC vs
BE and LGD, as graphically illustrated in Fig. 1d.

DKK1 stained the cytoplasm with appreciable differ-
ences in intensity between samples. EAC showed more
intense immunoreactivity (Fig. 2a–c). More lower crypt
cells expressed DKK1 in HGD than in BE and LGD. In
EAC, strong diffuse cytoplasmic immunoreactivity was
noted. Overall, DKK1 expression was significantly higher
in HGD and EAC than in BE and LGD (Fig. 2d; Table 2).

Given the consistent differences in CD44 and DKK1
expression notably between LGD and HGD, we chose as
arbitrary cut-points 30% loss of CD44 and 30% gain of
DKK1 expression. With these parameters, the combination
of loss of CD44 and gain of DKK1 was only found in HGD
samples but with low (29%) sensitivity for HGD (Table 3).

Altered expression of at least one marker attained high
specificity and sensitivity (94% and 80%, respectively).

CDX2

CDX2 was only expressed in the nuclei of epithelial cells.
EAC often stained diffusely. CDX2 expression was
significantly higher in upper crypt epithelium in HGD than
in upper crypt epithelium in BE (Fig. 3a–c; Table 2).
Overall, CDX2 expression was significantly lower in EAC
than in HGD (Fig. 3d; Table 2).

SOX9

SOX9 showed a nuclear staining pattern with limited
variation between tissue samples. In some HGD cases,
strong SOX9 staining was noted in upper crypt epithelium
(Fig. 4a, b). SOX9 expression was not strikingly increased
in each HGD case but, overall, significantly higher in HGD
than in BE or LGD (Fig. 4c).

Table 2 Semiquantitative results of immunohistochemical staining

Antibody BE LGD HGD EAC p value Significant between diagnoses

Mean SD Mean SD Mean SD Mean SD

CD44 Crypt 86 18 85 13 53 30 <0.001 BE and LGD vs HGD

Upper 44 33 46 36 40 36 0.843

Total 86 18 85 13 47 36 48 37 <0.001 BE and LGD vs HGD and EAC

DKK1 Crypt 19 12 21 20 49 28 0.001 BE and LGD vs HGD

Upper 11 13 19 26 29 33 0.084

Total 16 15 21 25 35 37 51 35 <0.001 BE and LGD vs EAC

CDX2 Crypt 50 27 59 23 61 26 0.264

Upper 32 25 43 33 63 23 0.005 BE vs HGD

Total 48 28 48 33 66 23 33 34 0.002 HGD vs EAC

OCT1 Crypt 33 26 42 28 47 27 0.320

Upper 20 23 26 28 32 30 0.349

Total 28 29 35 31 41 32 29 30 0.446

SOX9 Crypt 95 4 94 2 95 5 0.720

Upper 81 11 79 21 93 5 0.010 BE and LGD vs HGD

Total 95 4 89 22 96 4 89 15 0.100

COX2 Crypt 93 15 93 21 94 12 0.982

Upper 91 14 90 23 96 10 0.582

Total 95 8 93 21 96 10 73 24 <0.001 BE, LGD, and HGD vs EAC

E-cadherin Crypt 100 1 100 0 100 0 0.480

Upper 100 1 100 0 100 0 0.490

Total 100 1 100 0 100 0 79 31 <0.001 BE, LGD, and HGD vs EAC

β-catenin Cytoplasm 97 11 96 18 72 33 63 34 <0.001 BE and LGD vs EAC

Nuclear 0 0 1 3 1 3 6 14 0.150

Results of descriptive and statistical analysis for obtaining p values using ANOVA test. ATukey’s honestly significant difference post hoc test was
performed for assessing the significance of the differences between diagnoses. As statistically significant, we considered p<0.05. Mean and SD
values are noted in percentages
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COX2

COX2 showed strong immunoreactivity in the cytoplasm
of epithelial cells (Fig. 5a, b). In EAC, expression was
lower (Fig. 5c). In BE, LGD, and HGD, COX2 expression
was significantly higher than in EAC (Fig. 5d). COX2 was
also expressed in inflammatory cells, notably macro-
phages, but this was not taken into account in scoring
the results.

OCT1

OCT1 was expressed in nuclei of epithelial and stromal
cells. In BE, crypt cell nuclei were most intensely stained.
Significant differences were not noted between LGD and
HGD or EAC (data not shown).

E-cadherin

E-cadherin was strongly immunostained with a membra-
nous pattern in all samples with the exception of EAC. In
EAC, staining was decreased and very heterogeneous (data

not shown), some areas retaining E-cadherin expression and
others with complete loss. In the invasion front in EAC,
individual invasive cells did not show membranous staining
but occasionally cytoplasmic staining.

Fig. 2 DKK1 expression in BE (a), HGD (b), and EAC (c). Cytoplasmic
DKK1 expression was focal and weak in BE, more widespread in HGD,
and strong in EAC. d Box plot of percentage of cells expressing DKK1
per diagnostic category (BE and LGD vs EAC, p<0.001)

Fig. 1 CD44 staining in BE (a), HGD (b), and EAC (c). Crypt cells in
BE show strong membranous staining, which is lost in HGD and
EAC. Note that stromal cells also show CD44 immunoreactivity. d
Box plot of the percentage of CD44 positive cells per diagnostic
category (BE and LGD vs HGD and EAC, p<0.001)

Table 3 Sensitivity and specificity of CD44 loss and DKK1 gain for
the differentiation between LGD and HGD

Marker expression Histology

HGD LGD Total

CD44L/DKK1G 5 0 5

CD44L/DKK1N or CD44N/DKK1G 11 4 15

CD44N/DKK1N 1 15 16

Total 17 19 36

CD44L=CD44 loss (more than 30% of cells)

CD44N=normal pattern of CD44 expression

DKK1G=gain in DKK1 expression (more than 30% of the cells)

DKK1N=less than 30% DKK1 expression

Specificity of CD44L/DKK1G for HGD 5/5=100%

Sensitivity of CD44L/DKK1G for HGD 5/17=29%

Specificity of at least one aberrant marker for HGD 16/17=94%

Sensitivity of at least one aberrant marker for HGD 16/20=80%

Specificity of CD44N/DKK1N for LGD 15/19=79%
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β-catenin

In BE and LGD, strong membranous staining was found.
BE and LGD showed a higher percentage of β-catenin
positive cells than EAC. Nuclear staining was found almost
exclusively in EAC (Fig. 6). Statistical analysis indicated a
significant decrease in membranous β-catenin expression in
EAC (Table 2).

Discussion

The aim of this study was to identify proteins that show
altered expression during the progression of BE to EAC,
with as final goal the definition of markers that will allow
the identification of BE patients with a high risk for EAC
development. Gene expression profiling studies with this
aim have been published [32] but, as yet, have not resulted
in significant progress.

In the design of the study, several elements merit brief
consideration. Firstly, the choice of the material studied: we
conducted the study on a limited number of tissue samples
(122) from 31 patients. We do not consider the small

number of patients an important limitation in our study, as
the intention was to identify promising markers rather than
validating them in a long-term follow-up case control
approach. Therefore, the endpoint we used was not patient
outcome but histological diagnosis per sample. Further
studies would have to include BE and LGD samples from
patients who did not develop HGD or EAC.

A second consideration is our choice to score immuno-
reactivity in BE, LGD, and HGD separately in the lower
and the upper crypt. This division is somewhat arbitrary
and could be subject to inter-observer variation. We
attempted to improve the reproducibility of the scoring
results through implication of two independent observers.
These obtained very similar results, confirming the reliability
of our observations. A further consideration is the way we
compared BE, LGD, and HGD with EAC. As in EAC,
mucosal architecture is completely lost, rendering lower and
upper crypt scores without meaning; we compared scores in
EAC with the highest score (either upper crypt or lower
crypt) in LGD and HGD for our statistical evaluations. We

Fig. 4 Nuclear SOX9 expression was observed in BE mainly in the
lower crypt region (a) but in HGD, extended all the way to the surface
(b). c Box plot of the percentage SOX9 positive cells per diagnostic
category (BE and LGD vs HGD and EAC, p=0.01)

Fig. 3 CDX2 expression in BE (a), HGD (b), and EAC (c).Nuclear
expression was observed in BE in the crypt epithelium, extending to
upper crypt epithelium all the way to the surface in HGD. CDX2
expression was decreased in EAC. d Box plots of the percentage of
CDX2 positive cells per diagnostic category (BE vs HGD, p=0.005;
HGD vs EAC, p=0.002)
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deem this justified as no important differences were noted
when the mean of the two values was used.

Finally, we scored immunoreactivity as a continuous
variable rather than in terms of positive or negative, as cut-
points could not be established using validated statistical
approaches (e.g., ROC analysis). Using this experimental
design, we found the expression of several of the studied
markers to differ significantly between BE, LGD, HGD,
and EAC. Taking as an arbitrary cut-point 30% loss of
CD44 and 30% gain of DKK1 expression, the combination
of these two markers seems promising.

CD44 and DKK1

CD44 has been extensively studied in colorectal cancer [33]
and, also, in BE where decreased expression of wild-type
CD44 in glandular epithelium was reported [34, 35] with a
shift from focal in BE to more diffuse in BE with dysplasia.
We found wild-type CD44 expression to have significantly
decreased in the crypt base epithelium only in HGD, which

is in contrast to the findings of Menges et al. [35, 36]. Also,
in EAC, we noted a decreased level.

Dickkopf-1 (DKK1) is a Wnt antagonist protein that
specifically inhibits Wnt canonical signaling by interacting
with the co-receptor Lrp-5/6 and, thus, prevents Wnt and
Frizzled from forming a ternary complex with Lrp-5/6 [37].
Expression of members of the DKK1 family has been
studied before in colorectal cancer, showing a differential
expression pattern between normal colon epithelium and
colorectal cancer [29]. However, epigenetic silencing of
DKK1 has been reported in colorectal cancer [38, 39].
DKK1 has been studied before in reflux esophagitis and in
BE but not in EAC [40]. We found DKK1 expression to
have increased significantly in HGD and EAC in compar-
ison with BE and LGD. This result is counterintuitive, as
silencing of its repressor conceptually should to go along
with activated Wnt signaling. Overexpression of a repressor
could, however, also signify activation downstream of its
site of action, sustained expression being the result of a
defective feedback loop. It has in addition been reported
that DDK1 may inhibit tumorigenesis through Wnt path-
way independent mechanisms.

In all, loss of CD44 and gain of DKK1 expression might
be taken as indicators of the progression from LGD to
HGD. This is a novel finding and warrants detailed study,
including confirmation by western blotting and reverse
transcription polymerase chain reaction, as a marker for
progression of BE to EAC.

CDX2, OCT1, SOX9, and COX2

The caudal-related homeobox gene CDX2 encodes an
intestine-specific transcription factor crucial for the regulation
of differentiation of intestinal cells [21]. Immunostaining of
CDX2 has been proposed as a useful marker for the
identification of intestinal metaplasia in BE [15, 25, 31,
41]. Overall, we observed increased CDX2 expression in

Fig. 6 β-catenin expression shows a strong membranous immunos-
taining pattern in BE (a) but a nuclear staining pattern in EAC (b)

Fig. 5 Diffuse cytoplasmic COX2 expression was found in BE (a),
LGD, and HGD. The percentage of COX2 positive cells was
decreased in EAC (b). c Box plot of the percentage of COX2 positive
cells per diagnostic category (BE, LGD and HGD vs EAC, p<0.001)
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HGD relative to BE and LGD, which then decreases in
EAC. The widely varying values in individual cases
preclude the use of CDX2 for the diagnosis of HGD. Our
observations match those of Villanacci et al. [25]. It has been
reported that CDX2 expression is modulated by OCT1, but
we did not find OCT1 expression to differ significantly
between the diagnostic categories, suggesting that the
changes in CDX2 expression we observed are not due to
concomitant changes in OCT1 expression, as previous
research suggests [21]. How CDX2 and OCT1 interact
remains largely unclear, and more research on this subject
has to be conducted.

SOX genes constitute a family of transcription factors,
belonging to a super-family known as the high mobility
group box and play an important role in, among others, the
development of the intestinal tract [42]. SOX9 has been
reported to be regulated by the Wnt pathway, and it
represses CDX2 expression in intestinal crypts [43].

We found SOX9 expression to have slightly but
significantly increased in upper crypt epithelium in HGD.
For SOX9 and CDX2 to both show increased expression in
the upper crypt epithelium in HGD was an unexpected
result, given the repressive influence of SOX9 on CDX2
expression [43]. In the regulation of CDX2 expression,
evidently, other factors than only SOX9 are involved. The
wide variation in expression of SOX9 in individual cases
precludes its use for diagnostic purposes.

COX2 was shown to be functionally active in BE since
treatment with COX2 inhibitors reduced proliferative
activity of BE cells in culture as well as of EAC cells [2].
COX2 polymorphisms have been reported to be associated
with increased risk for EAC [44]. An effect of the
polymorphism studied (the 8473 C allele) on the immuno-
histochemical expression level was, however, not reported. We
found the percentage of COX2 expressing cells were signifi-
cantly reduced in EAC, relative to the other disease categories.
This matches the results obtained by Villanacci et al. [25], who
attributed the lower expression of COX2 to the poor
differentiation grade of the EAC in their series. In our group
of EAC, the number of poorly differentiated EACs was also
high. Our data, notably the absence of any difference in COX2
expression between BE, LGD, and HGD, imply that COX2 is
not a potential marker for progression of BE towards EAC.

E-cadherin and β-catenin

E-Cadherin belongs to the family of the cadherin trans-
membrane proteins, which play an important role in cell
adhesion notably in the formation of adherence junctions
through homotypic interactions. Earlier studies on the
involvement of E-cadherin in the development of EAC
suggest that there is decreased expression with progressive
degrees of dysplasia [26, 45]. Although we were unable to

reproduce the differences between LGD and HGD, we did
find a significant decrease in EAC relative to HGD. E-
cadherin is more likely related to the development of
invasive activity and, as such, a marker of EAC. A role in
the discrimination between BE and LGD on one hand and
HGD on the other is unlikely.

Nuclear β-catenin is an indicator of canonical Wnt
activation. When accumulating in the nucleus, β-catenin
forms a complex with lymphoid enhancer factor (LEF1),
T-cell factor (TCF4), and other transcription factors [13].
Unlike in many other carcinomas, mutations in the β-catenin
gene do not play a role in EAC [46], the mechanisms
involved in Wnt activation having been incompletely
resolved to date. The key regulators of the Wnt pathway in
EAC are probably different from those in other carcinomas
as is stated by Clement et al. [12]. We found no statistically
significant differences in β-catenin expression between BE
and LGD or HGD. The Wnt pathway is likely to be involved
in the development of EAC [12, 13] but in EAC invasion
rather than in the progression from BE to dysplasia.

In conclusion, our data indicate that loss of CD44 and
gain of DKK1 expression characterizes the transition from
LGD to HGD, which might go along with an increased risk
for developing an EAC. This observation warrants their
inclusion into a follow-up study. The first goal of this study
would be to confirm our findings in a larger series of cases.
Ultimately, when these findings are confirmed, these
markers should be included in a prospective clinicopatho-
logical study with long-term patient follow-up to confirm
their significance as indicators for an increased risk for the
development of EAC from BE.
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Abstract Dickkopf 3 (Dkk3) is a protein expressed at a very
early stage of hepatogenesis. In this study, we examined
whether Dkk3 was related to a premature or dedifferentiated
nature in hepatoblastomas (HBLs) and hepatocellular carci-
nomas (HCCs). It was demonstrated that Dkk3 was overex-
pressed in HBLs and HCCs and that its expression was more
frequent in the former than in the latter, being consistent with
the fact that most HBLs show an embryonal or fetal hepatic
histology, whereas there was no distinct relationship
between Dkk3 expression and clinical data or histology.
All of the HBLs expressed Dkk3, alpha-fetoprotein (AFP),

or both proteins, suggesting that, similar to AFP, Dkk3 is
another potentially useful biomarker detecting a wide range
of HBLs. Furthermore, Dkk3 and AFP were expressed
reciprocally in the tumors. These results suggest that Dkk3
may be related to the premature or dedifferentiated nature of
HBLs and HCCs, whereas AFP may be related to a more
differentiated nature. Thus, assessment of Dkk3 and AFP
may be useful in the diagnosis of hepatic tumors.

Keywords Dickkopf 3 . Hepatoblastoma . Hepatocellular
carcinoma . Heterogeneity

Introduction

Dickkopf (Dkk) 3 is a member of the Dkk family of four
genes (Dkk1, Dkk2, Dkk3, and Dkk4) that encode secreted
proteins. Dkk1, Dkk2, and Dkk4 are considered to be
modulators of the Wnt signaling pathway known to be
involved in embryonic and cancer development and bind to
the same effectors such as lipoprotein receptor-related
protein 5/6. In contrast, it has not been established whether
Dkk3 functions in Wnt signaling, and it has been reported
that Dkk3 does not bind to the effectors recognized by the
other Dkk family members. Therefore, Dkk3 seems to be a
divergent member of the Dkk family, and its function is
poorly understood [1]. It has been demonstrated that the
Dkks, including Dkk3, show regionalized expression and
control cell fate during development in vertebrates [2–7]. In
normal adult human tissues, Dkk3 is expressed at higher
levels in the deep gastric glands/colonic crypt bases, where
gastrointestinal stem cells reside [8], and more recently, it
has been shown that only a subset of pancreatic beta cells
contain Dkk3 [9]. These results suggest that Dkk3 may be
expressed by only a distinct subpopulation of cells in these
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tissues. In our previous study using porcine models, we
demonstrated that Dkk3 was expressed differentially and
characteristically in adult hepatic stem-like cells and was up-
regulated in the fetal liver at the fifth gestational week (GW)
and also in regenerating liver in an 80% hepatechtomy
model, suggesting that Dkk3 plays a role in liver develop-
ment and regeneration [10]. The available data suggest that
Dkk3 is likely involved in development and differentiation,
not only in embryos but also in some adult tissues.

On the other hand, Dkk3 has been shown to be down-
regulated and hypermethylated in some tumor tissues and
cells, a state designated reduced expression in immortalized
cells [11]. It has been also reported that transfection of
Dkk3 in some tumor cells influences their invasion capacity
and leads to apoptosis, suggesting that Dkk3 may act as a
tumor suppressor [12–16], whereas Dkk3 mutant mice
show no enhanced tumorigenesis [17]. It is well known that
the Wnt pathway plays an important role in carcinogenesis,
and there is considerable evidence for the involvement of
Dkks in cancer development [18], although the precise
mechanism has not been established. Dkk1is known to be
overexpressed in some tumor cell lines and tissues, such as
myeloma and ovarian endometrioid adenocarcinomas [19,
20]. Wirths et al. have reported that Dkk1 is overexpressed
in hepatoblastomas (HBLs) and Wilms' tumors relative to
normal tissues and suggested that ß-catenin mutation might
result in a negative feedback mechanism against activated
Wnt signaling [21]. HBLs of early childhood and hepato-
cellular carcinomas (HCCs) are major malignant tumors of
the liver associated with high mortality. HBL, an embryonal
tumor, contains embryonal, fetal, or undifferentiated small
hepatic cells. On the other hand, HCC shows various
histological appearances reflecting hepatic differentiation
due to dedifferentiation of the original tumor cells.
Although the histological appearance is thought to be an
important prognostic factor in malignant liver tumors, it
does not reflect the outcome sufficiently [22]. Therefore, it
has been considered important to establish the molecular
characteristics of HBLs and HCCs that best represent their
biological properties. Recently, Luo et al. demonstrated that
HBLs and HCCs show differences in gene expression,
although some specific genes and types of genomic
instability are common to both [23].

In the present study, we hypothesized that Dkk3 may be
related to a premature or dedifferentiated nature that is
reflected in the histological appearance of HBLs and HCCs
and that it might be a useful biomarker of hepatic malignancy.
To assess this hypothesis, we analyzed the expression pattern
of Dkk3 in these tumors by in situ hybridization (ISH) and
immunohistochemistry (IHC), along with some hepatic and
cell proliferation markers. Some HBLs and HCCs have
ß-catenin mutations and show nuclear accumulation of
ß-catenin [24]. Dkk1 is considered to be a downstream

target gene of ß-catenin [25], and a recent report has
suggested that Dkk3 is a positive regulator of Wnt signaling
that is suppressed by Dkk1 [26]. We then examined the
nuclear accumulation of ß-catenin and Dkk1expression in
relation to Wnt/ß-catenin signaling and the role of other
Dkks. Finally, we analyzed the characteristics of Dkk3-
expressing cells in HBLs and a HCC cell line.

Materials and methods

Tissue samples and cell culture

The present study was approved by the Ethics Committee of
Tsukuba University (Ibaraki, Japan). Samples of HBLs and
HCCs obtained surgically or by biopsy from 14 patients and
72 patients, respectively, at Tsukuba University Hospital
(Ibaraki, Japan) between 1981 and 2006, together with
corresponding paired samples of non-cancerous liver paren-
chyma, were investigated. The clinical data for the samples
are summarized in Table 1. KYN-3, a HCC cell line [27],
was maintained in RPMI-1640 (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (Sigma-
Aldrich, St. Louis, MO, USA), 100 U/ml penicillin, and
100 µg/ml streptomycin (Invitrogen) in a type I collagen-
coated dish (Asahi Techno Glass, Tokyo, Japan).

Dkk3 in situ hybridization

T7 RNA polymerase promoter-attached primers for
Dkk3 were designed on the basis of the sequence in the
GeneBank database (accession no. NM_015881, sense:
5′-GGAGACGAAGAAGGCAGAAGGA-3′; anti-sense;
5′-TCCCAGGTGATGAGGTCCAGAA-3′). Then, the
PCR products were transcribed to anti-sense and sense
cRNA probes labeled with digoxigenin (DIG) with a DIG
RNA Labeling Kit (Roche Diagnostics GmbH, Penzberg,
Germany) in accordance with the manufacturer’s instruc-
tions. Formalin-fixed and paraffin-embedded liver tissues
were cut into 3-µm-thick sections and mounted on silane-
coated slides (Matsunami Glass Ind., Osaka, Japan).
Hybridization was performed at 50°C for 16 h in DAKO
mRNA In Situ Hybridization Solution (DakoCytomation,
Carpinteria, CA, USA) containing either 0.6 µg/ml heat-
denatured DIG-labeled anti-sense probe, the labeled probe
with a 100-fold excess of the unlabeled probe, or the sense
probe. Hybridization assays with the last two probes were
used as negative controls. Detection of hybridized cRNA
probes was performed with horseradish peroxidase-
conjugated rabbit anti-DIG antibody (DakoCytomation)
and a GenPoint™ Tyramide Signal Amplification System
(DakoCytomation). Tumors were assessed as positive on
the basis of more than two positively staining areas.
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IHC and immunocytochemistry

Formalin-fixed, paraffin-embedded sections and methanol-
fixed KYN-3 cells cultured in chamber slides were used for
immunochemical analyses. IHC was performed with the
DAKO Envision™ System (DakoCytomation). Immunocy-
tochemistry (ICC) was performed with a FITC- or TRITC-
conjugated second antibody. Sections were pretreated in
an autoclave (121°C, 10 min) in 10 mM sodium citrate
(pH 7.0), except for the case of alpha-fetoprotein (AFP). The
primary antibodies used were rabbit anti-human Dkk3
(1:300, H-130, Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and Dkk1 (1:50, H-120, Santa Cruz Biotechnology)
and mouse anti-human AFP (1:200, Nichirei Biosciences,
Tokyo, Japan), beta-catenin-1 (1:200, DakoCytomation),
nestin (1:100, Santa Cruz Biotechnology), cytokeratin
19 (CK19; 1:1, Progen Biotechnik Gmbh, Heidelberg,
Germany), and Ki67 (1:100, DakoCytomation). Sections
were incubated with the first antibody at 4°C overnight, and
the reactants were developed with 3,3'-diaminobenzidine
(for IHC) or fluorescence-conjugated second antibody (for
ICC). Normal rabbit and mouse immunoglobulin G were
used as negative controls. Positive assessment was deter-
mined as described for ISH. Numbers of Ki67-positive cells
per 100 cells in liver tissues were calculated using images
of 20 fields/tissue selected randomly, which were captured
by a CCD camera with an IPAP-WIN image processor for
analytical pathology (Sumika Technoservice Corporation,
Osaka, Japan).

Statistical analysis

Results were expressed as the number of cases, percentage,
or mean ± SD. Comparison between groups was performed
using Fisher’s exact test or Student’s t test. Differences at
p<0.05 were considered statistically significant.

Results

Dkk3 expression in HBLs and HCCs

Dkk3 expression was detected by ISH in 11 of 14 HBLs
(79%) and ten of 72 HCCs (14%) and by IHC in 11 of 14
HBLs (79%) and 14 of 72 HCCs (19%). The counterpart
non-cancerous parenchymas were negative for Dkk3. The
frequency of Dkk3 expression was significantly higher in
HBLs than in HCCs (Table 2 and Fig. 1). Dkk3-positive
cases included six of eight embryonal types, four of five
fetal types, and one mixed type among the HBLs and five
of 14 poorly differentiated, eight of 49 moderately
differentiated, and one of nine well-differentiated tumors
among the HCCs. Although there was a tendency for Dkk3
staining to be stronger in embryonal-type than in fetal-type
HBLs, and Dkk3 positivity was found more frequently in
poorly differentiated (five of 14, 36%) than in well or
moderately differentiated (nine of 58, 16%) HCCs, there
was no significant relationship between Dkk3 expression
and clinical parameters or the histological appearance of
HBLs and HCCs. In portal areas of the cirrhotic parenchy-
ma, IHC demonstrated scattered Dkk3 expression in some

Table 2 Dkk3 expression in hepatoblastomas (HBLs) and hepatocel-
lular carcinomas (HCCs) revealed by in situ hybridization (ISH) and
immunohistochemistry (IHC)

Dkk3 ISH IHCa

HBL (%) HCC (%) HBL (%) HCC (%)

+ 11 (79) 10 (14) 11 (79) 14 (19)

− 3 (21) 62 (86) 3 (21) 58 (81)

Total 14 72 14 72

a Fisher’s exact test, p<0.05

HBL HCC

Average age 3 years and 11 months 64 years

Male/female 7/7 56/16

Viral infection HBV positive 0/14 12/72

HCV positive 0/14 45/72

HVB + HVC positive 0/14 2/72

Chronic hepatitis 0/14 39/72

Cirrhosis 0/14 26/72

Embryonal 8/14

Fetal 5/14

Histologic differentiation Mixed 1/14

Poorly differentiated 14/72

Moderately differentiated 49/72

Well differentiated 9/72

Table 1 Clinical data for the
hepatoblastomas (HBLs) and
hepatocellular carcinomas
(HCCs) investigated
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endothelial cells that constituted developing vessels
(Fig. 2).

Expression of Dkk3 and AFP in HBLs and HCCs by IHC

AFP is a widely used marker of HBLs and HCCs. Nine of
14 HBLs (64%) expressed both Dkk3 and AFP, whereas six
of 72 HCCs (8%) did so. Two of the HBLs (14%)
expressed Dkk3, but not AFP, whereas eight of the HCCs
(11%) did so. Additionally, three of the HBLs (22%)
expressed AFP but not Dkk3, whereas 28 of the HCCs
(39%) did so. None of the HBLs lacked expression of both
Dkk3 and AFP, whereas 30 of the HCCs (42%) did so
(Fig. 3).

Dkk3 expression and cell proliferation in HBLs and HCCs

Dkk3 has been suggested to function as a tumor suppressor,
and it has been shown that its overexpression in some cells
causes apoptosis. Therefore, cell proliferation in Dkk3-
positive tumors was evaluated by IHC with anti-human
Ki67 antibody. This revealed that 33±17% of tumor cells in
Dkk3-positive and 32±25% in Dkk3-negative HBLs were
Ki67 positive. In HCCs, 20±14% of tumor cells in Dkk3-

positive cases and 23±12% in Dkk3-negative cases were
Ki67 positive. There was no significant difference in the
ratio of Ki67 expression between Dkk3-positive and Dkk3-
negative tumors.

Fig. 1 Expression of Dickkopf 3 (Dkk3) in hepatoblastomas (HBL: a–c)
and hepatocellular carcinomas (HCC: d–f) revealed by in situ hybridiza-
tion (ISH; b and e) and immunohistochemistry (IHC; c and f). a and d are
stained with hematoxylin and eosin. Micrographs for HBL and HCC

groups show the same tumor area, respectively. The insets in b and e are
the sense-probe controls, and those in c and f are the counterpart samples
of non-cancerous parenchyma corresponding to the samples of tumor
tissue. These are negative for Dkk3. Scale bar, 50 µm

Fig. 2 Immunohistochemical expression of Dkk3 in tumor-
surrounding liver cirrhosis in hepatocellular carcinomas. In portal
areas of the cirrhotic parenchyma, Dkk3 expression is observed in
some endothelial cells (arrows) that constitute developing vessels.
Original magnification, ×200

642 Virchows Arch (2009) 454:639–646



Expression of Dkk3 and Dkk1 and nuclear accumulation
of ß-catenin in HBLs and HCCs by IHC

To examine whether Dkk3 expression in HBLs and HCCs
is related to Wnt signaling, we first analyzed the expression
of Dkk1 and the nuclear accumulation of ß-catenin and then
investigated the relationship between Dkk3 and Dkk1
expression using IHC. The data are shown in Table 3.
There were no statistically significant relationships between
Dkk3 expression and nuclear accumulation of ß-catenin or
between Dkk3 expression and Dkk1 expression.

Characterization of Dkk3-positive tumor cells by IHC

IHC of HBLs showed that Dkk3 and AFP were stained
positively in reciprocal tumor cells. Additionally, some
Dkk3-positive cells in HBLs were also positive for CK19,
which is expressed by hepatic progenitor or stem-like cells
[28, 29], in sequential sections (Fig. 4). Co-expression of
Dkk3 and nestin in tumor cells was not conclusive. The
character of the protein expression was confirmed in
cultured cells by double immunofluorescence staining
(Fig. 5).

Discussion

In this study, we demonstrated that Dkk3 was overex-
pressed in some HBLs and HCCs, whereas the non-
cancerous counterpart samples were Dkk3 negative and
that the ratio of Dkk3-positive cases was higher in HBLs
than in HCCs by both ISH and IHC analyses. Considering
that Dkk3 is differentially expressed in porcine adult
hepatic stem-like cells and early fetal liver [10], this result
seems to be consistent with the fact that hepatic cancers
dedifferentiate and that most HBLs show an embryonal or

fetal hepatic histology. There was some numerical discrep-
ancy between the rates of positivity for Dkks revealed by
ISH and IHC, which may have been due to technical
problems such as the probe design in ISH and the antibody
specificity in IHC. Furthermore, all of the HBLs analyzed
expressed Dkk3, AFP, or both, suggesting that Dkk3 is a
useful biomarker of HBLs and would enable detection of a
wide range of HBL types. Although Dkk3 is suggested to
be a suppressor of tumorigenesis, to have an anti-
proliferative effect and to induce apoptosis in various
tumors [12–16], Dkk3 expression was independent of
clinical data or histology or tumor-proliferative activity
detected by Ki67 expression in both HBLs and HCCs. One
possible reason may be an inactivating mutation of Dkk3 in
hepatic tumors or alteration of Dkk3 activity depending on
cell type [12].

It is known that pathogenetic ß-catenin mutation is
present in about 80% of HBLs and 20% of HCCs, and this
is considered to affect hepatocarcinogenesis [24]. Our
results for the nuclear accumulation of ß-catenin seem to
be consistent with this concept. Although Dkk1 is hypoth-
esized to work in a negative feedback role and be up-
regulated in the presence of active ß-catenin mutation,
Dkk1 was not up-regulated in about the half of the cases
showing nuclear accumulation of ß-catenin. Because Dkk3
expression was not always suppressed in cases showing
Dkk1 expression and nuclear accumulation of ß-catenin, it
remained uncertain whether Dkk3 expression has any
relation to other members of the Dkk family and Wnt
signaling. Further analyses such as manipulation of Dkk
expression will be needed in order to clarify the relationship
between Dkks and Wnt signaling in HBLs and HCCs. In
the present study, Dkk1 expression was not detected in the
non-cancerous counterpart samples of liver parenchyma,
but it was expressed more frequently in HCCs than in
HBLs. In normal pig, Dkk1 expression was observed in
fifth GW-fetal liver, but not in seventh GW or 13th GW-

Table 3 Expression of Dkk3 and Dkk1 proteins and nuclear
accumulation of ß-catenin protein in hepatoblastomas (HBLs) and
hepatocellular carcinomas (HCCs) by immunohistochemistry

Dkk1/Dkk3 Nuclear accumulation of ß-catenin

HBL HCC

+ − + −

+/+ 4 1 2 6

+/− 0 0 5 18

−/+ 4 2 1 5

−/− 3 0 4 31

Subtotal 11 (79%) 3 (21%) 12(17%) 60 (83%)

Total 14 72

Fig. 3 Frequencies of expression of Dickkopf 3 (Dkk3) and alpha-
fetoprotein (AFP) in hepatoblastomas (HBL) and hepatocellular
carcinomas (HCC) by immunohistochemistry. All of the BHLs
express Dkk3, AFP, or both. Forty-two percent of HCCs express
neither
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fetal liver or adult liver by IHC, consistent with Dkk3
expression (Supplementary Fig. 1), suggesting that Dkk1,
like Dkk3, was also expressed by immature hepatic cells,
although the two may play different roles.

Hepatic cancers are known to be heterogeneous, and
interestingly, recent studies have suggested that cancer
heterogeneity, including the presence of cancer stem cells,
may be involved in the biological properties of cancer such as

Fig. 5 Dickkopf 3 (Dkk3) and
cytokeratin 19 (CK19) expres-
sion in KYN-3 cells revealed by
immunocytochemistry. Some
cells co-express (a, arrows)
Dkk3 (b) and CK19 (c). d DAPI
staining. Original magnification,
×200

Fig. 4 Immunohistochemical staining for Dickkopf 3 (Dkk3, b, inset
shows high-magnification image of positive cells), alpha-fetoprotein
(AFP, c), cytokeratin 19 (CK19, d), and nestin (f) in serial sections of

hepatoblastoma. a Stained with hematoxylin and eosin. Original
magnification, ×200
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resistance to chemotherapy and radiotherapy [30–32]. In this
study, it was demonstrated that Dkk3-positive tumor cells
were different from AFP-positive tumor cells and that some of
them co-expressed CK19, suggesting that Dkk3 may distin-
guish a certain population of HBLs, which may be rather
more immature than cancer cells expressing AFP. Dkk3 may
be useful as a marker for detecting this distinct subpopulation.

In conclusion, the present study has demonstrated that
Dkk3 is up-regulated in HBLs and HCCs and that the
expression is more frequent in HBLs than in HCCs, being
consistent with the fact that most HBLs show an embryonal
or fetal hepatic histology, whereas there was no distinct
relationship between Dkk3 expression and clinical data or
histology of HBLs and HCCs. All of the HBLs expressed
Dkk3, AFP, or both proteins, suggesting that Dkk3 may be
a useful biomarker capable of detecting a wide range of
HBLs by simultaneous use of AFP. Furthermore, reciprocal
expression of Dkk3 and AFP was found in the hepatic
malignant tumors examined, suggesting that Dkk3 can
identify tumor cells different from those expressing AFP.
Accordingly, Dkk3 may be related to a premature or
dedifferentiated nature and might be useful for detection
of this distinct subpopulation. Further study is required to
reveal the mechanism responsible for overexpression of
Dkk3 and its role in hepatic malignant tumors, providing a
new insight into the molecular mechanism of carcinogen-
esis and the prognostic factors of HBLs and HCCs.
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Abstract In the present study we investigated the protein
expression of claudins 1, 3, and 4 and their relationship to
clinical variables and outcome in a cohort of ER−ve and
ER+ve human invasive breast cancers. Immunohistochemical
analysis was performed on tissue microarrays representing
a total of 412 tumors and interpretable data was derived
from 314, 299, and 306 tumors for claudins 1, 3, and 4,
respectively. In the ER+ve subset, 5%, 89%, and 52%, and
in the ER−ve subset, 39%, 79%, and 79% of tumors stained
positively for claudins 1, 3, and 4, respectively (p<0.0001,
p=0.026, p<0.0001). Thus, in the two subsets, a signifi-
cantly higher number of tumors were positive for claudins 3
and 4, compared to claudin 1. In addition, protein
expressions of claudins 1 and 4 were significantly higher
in those tumors that displayed characteristics of the basal-

like subtype of breast cancers (ER−ve, Her-2−ve, EGFR+ve,
CK5/6+ve). This study shows a unique pattern of expression
for the different claudins in ER−ve and ER+ve tumors. Our
data also suggests that increased expression of claudins 1 and
4 was associated with the basal-like subtype of breast cancers,
a subtype generally linked to poor outcome.

Keywords Claudin 1, 3, 4 . Tissue microarray . Invasive
breast cancer . Basal-like subtype . Immunohistochemistry .
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IHC Immunohistochemistry
LBA Ligand-binding assay
OS Overall survival
RFS Relapse-free survival
TMA Tissue microarray

Introduction

The claudins belong to a family of tight junction proteins
which are involved in maintaining the differentiated state of
epithelial cells [1, 2]. Tight junctions, which are the most
apical intercellular junctions in epithelial cells, are also
crucial for the organization of epithelial cell polarity,
separating the plasma membrane into apical and basolateral
domains and preventing diffusion of lipids and proteins
between these domains, a property necessary for the
functionally developed epithelia [1, 3]. These properties
constitute the “gate” and “fence” function of the tight
junctions [2]. Claudins, specifically claudin 1, form the
backbone of tight junctions, and, aside from maintaining
cell polarity and paracellular functions, are also involved in
recruiting signaling proteins [4]. Thus, claudins are also
hypothesized to be involved in the regulation of prolifera-
tion, differentiation, and other cellular functions [4].

To date, 24 members of the claudin family have been
identified [5]. Although the expression patterns of the
claudins are tissue specific, most tissues express multiple
claudins which can interact in a homotypic or heterotypic
fashion to form the tight junction strand. It is believed that
the exact combination of claudin proteins within a given
tissue can determine the selectivity and strength of the tight
junction [6].

The role of claudin 1 in breast tumorigenesis is not
known nor well-explored, but an absence of tight junctions
or defective tight junction has been associated with the
development of the neoplastic phenotype in epithelial cells
[6–8]. Through microarray analysis of gene expression of
the normal involuting mammary gland, we identified the
claudin 1 gene as the most highly upregulated gene during
early involution [9, 10]. Gene expression of claudins 3 and
4 were also found to be significantly upregulated. As
involution represents a period of dynamic tissue regression
and remodeling in the mammary gland, it was hypothesized
that if deregulated, these proteins may play a role in breast
tumorigenesis. Evidence in support of this hypothesis
comes from recent studies which show that claudins 3 and
4 are overexpressed in breast cancer and in contrast, claudin
1 (as well as claudin 7, another family member) are
downregulated, or, in some studies, completely absent
[11–13]. It has been proposed that downregulation of
claudin 1 in breast cancer may promote tumorigenesis,
possibly through increasing mammary epithelial prolifera-

tion [14]. Further support for the above hypothesis has
come from two additional reports: a decreased expression
of claudin 1 was recently shown to correlate with
recurrence in breast cancer [15] and the demonstration that
a re-expression of claudin 1 into a metastatic breast cancer
cell line induced apoptosis [16]. In addition to lateral
membrane staining of claudin 1, basal membrane staining
as well as cytoplasmic, was also evident [10] within the
tumor cells. Such mislocalization of claudin 1 during tumor
progression has also been reported by others [13, 17, 18]. In
the present study we investigated claudins 1, 3, and 4
protein expression in a cohort of ER+ve and ER−ve
invasive breast tumors as there currently exists very limited
data on their protein expression in clinical samples. The
two previous studies addressing the expression of these
claudins in human invasive breast cancer used relatively
small sample sizes, 52 [13] and 15 breast tumors [18], in
their analysis. In this study a much larger cohort was
evaluated, and in addition, we also examined the clinico-
pathological parameters of these tumors to determine
whether alterations in claudins 1, 3, or 4 protein levels
could be used as a predictor of survival or prognosis.

Materials and methods

Breast tumor tissue microarrays

All invasive breast cancers used in the current study were
obtained from the Manitoba Breast Tumour Bank (MBTB,
Department of Pathology, University of Manitoba), which
operates with the approval from the Faculty of Medicine,
University of Manitoba, Research Ethics Board [19].
Collection, handling, and histopathological assessment of
tumor tissues had been previously described [20, 21]. The
clinico-pathological characteristics of the patient cohorts
from which the ER+ve and ER−ve tissue microarrays
(TMAs) were derived and the criteria used in the case
selection for this study have been previously described
[21]. Only those tumor biopsies whose ER status was
determined by both ligand-binding assay (LBA; ER
positive >3 fmol/mg protein) and by immunohistochemistry
(IHC, H >0) were included in this study. The original
cohorts consisted of a total of 412 tumor samples, 220
ER+ve and 192 ER−ve tumors. However, due to some
exhaustion of the TMAs, some tumor cores were not
available for analysis, and therefore interpretable data could
not be derived from the entire cohort. Overall 125, 148, and
139 ER+ve tumors were evaluated for claudins 1, 3, and 4
and 189, 151, and 167 ER−ve tumors were analyzed for
claudins 1, 3, and 4 protein expression, respectively. The
combined cohort evaluated for claudins 1, 3, and 4 were
314, 299, and 306 tumors, respectively.
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Validation of claudin antibodies

Claudin 1 polyclonal antibody (Zymed, CA, USA) has been
validated at the IHC level in a previous study [10] and by
other laboratories [13, 22]. Immuno-neutralization experi-
ments confirmed the specificity of the claudins 3 and 4
antibodies. Claudin 3 (Zymed, CA, USA) polyclonal
antibody was validated by pre-incubating the antibody
overnight at 4°C with 60 ul of the synthetic peptide (1 mg/
ml), derived from the C-terminal region of mouse claudin 3
(Zymed, CA, USA). The claudin 4 (Abcam, Cambridge,
MA, USA) polyclonal antibody was validated by pre-
incubating the antibody overnight at 4°C with 60 µl of a
custom-made peptide, corresponding to the immunogen
(CKPYSAKYSAARSAAASNYV, Alpha Diagnostic Inter-
national, TX, USA) reconstituted at 2 mg/ml.

Immunohistochemical analysis of TMAs

Serial sections (5 μm) of the TMAs were stained with
rabbit polyclonal antibodies to claudin 1 (Zymed, San
Francisco, CA, USA), claudin 3 (Zymed, San Francisco,
CA, USA), or claudin 4 (Abcam, Cambridge, MA, USA) at
a dilution of 1:100, 1:200, and 1:400, respectively. IHC was
performed as recently reported [21]. Commercially avail-
able antibodies to Ki67, CK5/6, EGFR, Her-2, caspase 3,
CAIX, ERβ, and p53 have been previously used by us for
IHC analysis of the TMAs [21]. The IHC data has been
compiled into the database maintained by the MBTB and
was made available for correlation analyses and other
statistical comparisons [20, 23].

Quantification and cut-off selection

Cut-off selection and the generation of H-scores were as
previously described [20, 21]. Briefly, H-scores were
derived from a semi-quantitative assessment of both
staining intensity (scale 0–3) and the percentage of positive
cells (0–100%), which when multiplied, generated a score
ranging from 0–300. Antibody staining was evaluated
independently by three investigators for claudin 1 (GPS,
CP, and PHW) and by two investigators for claudins 3 and
4 (AB and CP). Where discordance (i.e. different scores
given by different investigators) was found (5–10%
discordant cases for each claudin), cases were re-evaluated
in common and a consensus reached. Primary categorical
analysis was as follows: breast cancers were considered
claudin 1 positive with an IHC-score of >0, while the
median H-scores were used to categorize claudins 3 and 4
tumors into high and low expressors (corresponding to
claudin 3, H≥40; claudin 4, H≥20 for the ER−ve TMA;
claudin 3, H≥40; claudin 4, H>0 for the ER+ve TMA).
Positivity for CK5/6 was set at >0, for Ki67 at ≥30

(corresponding to the median of the ER−ve TMA), while
for EGFR and Her-2, only cancers that showed membrane-
staining intensity of 3+ were considered positive, as used
and recommended for routine clinical assessment [20].

Statistical analysis

Analysis was carried out as previously described [20, 21].
Correlations were assessed by the Spearman’s rank corre-
lation test (r), while associations between claudins 1, 3, and
4 and other clinical-pathological variables were tested using
contingency methods (Fisher’s exact test). Univariate
survival analyses were performed using the Log-rank test
to generate Kaplan–Meier curves. Overall survival (OS)
was defined as the time from initial surgery to the date of
death attributable to breast cancer only. Relapse-free
survival (RFS) was defined as the time from initial surgery
to the date of clinically documented local or distant disease
recurrence or death attributed to breast cancer. The Mann–
Whitney test was used to compare the median H-scores for
each claudin in the basal-like tumor subgroup with the
median scores of the tumors that did not meet the criteria
for that subtype. Statistical analyses were carried out using
GraphPad Prism 4.02 version (GraphPad, San Diego, CA,
USA) statistics software.

Results

Immunohistochemical analysis of claudin protein
expression in ER+ve and ER−ve TMAs

Specificity for all three claudin antibodies had been estab-
lished in our previous study [10]. Since a high percentage of
tumors stained positively with the claudins 3 and 4
antibodies, the specificity of these antibodies was addition-
ally verified through neutralization experiments with the
corresponding peptides. Pre-incubation of the claudins 3 and
4 antibodies with their respective peptides, abolished
claudins 3 and 4 specific staining (Fig. 1).

Serial TMA sections were stained with specific anti-
bodies for claudin 1, claudin 3, and claudin 4. Both
membrane and cytoplasmic staining was observed and
considered when scoring (Fig. 2). Although membrane
staining was detected in all positive tumors, cytoplasmic
staining was observed only in some tumors. Also, within
the same core sample of some tumors there were a number
of cells with positive cytoplasmic staining but without
distinct membranous staining.

TMAs consisted of a total of 412 tumor biopsies.
However, only those tumors from which we were able to
retrieve interpretable data (intact, unfolded tumor sections)
were considered for analysis. Protein expression data was
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derived from 314 tumors for claudin 1; claudin 3, 299
tumors; and for claudin 4, 306 breast cancer tumors. In the
combined cohort, a total of 25% of tumors were stained
positively with the claudin 1 antibody, 84% with claudin 3,
and 66% with claudin 4. In the ER+ve cohort, 5%, 89%,
and 52% tumors stained positively for claudins 1, 3, and 4,
while in the ER−ve cohort 39%, 79%, and 79% tumors
stained positively for claudins 1, 3, and 4, respectively
(Table 1). The differences in positivity between the ER+ve
and the ER−ve cohorts were statistically significant for all
three claudins: claudin 1 (p<0.0001), claudin 3 (p=0.026),
and claudin 4 (p<0.0001; Fisher’s exact test). The median
H-score was also higher in the ER−ve tumors (median H-
scores of 5 for claudin 1 and 20 for claudin 4) when
compared with the ER+ve cohort (median H-scores of 0
and 5, respectively, p<0.0001, Mann–Whitney test).

Correlation analysis of claudins 1, 3, and 4 protein
expression

In the ER+ve cohort, only six tumors were claudin 1
positive (6/125 or 5%, Table 1). Consequently, further
correlation analysis was not carried out for this group as the
numbers were too small to provide meaningful data.
However, a positive and statistically significant correlation
was found between claudins 3 and 4 with ERα (Spearman r
coefficients 0.179, p<0.05; 0.253, p<0.01, respectively)
ERβ (Spearman r coefficients 0.214, p<0.05; 0.231, p<
0.01, respectively) and with each other (Spearman r
coefficient 0.554, p<0.001) in this cohort.

In the ER−ve cohort a significant positive correlation
with claudin 1 and EGFR, p53, CK5/6, caspase 3, and
claudin 3 was observed (Table 2). Furthermore, claudin 3

Fig. 1 Confirmation of antibody specificity by immuno-
neutralization. a Claudin 3 immunostaining of an ER+ve invasive
breast carcinoma (left panel). The rabbit anti-claudin 3 antibody
(Zymed, USA) was neutralized overnight with 60 μl of claudin 3
immunizing peptide abolishing the specific signal (serial section, right

panel, Bar=20 μm). b Claudin 4 immunostaining of an ER−ve
invasive breast carcinoma (left panel). The rabbit antibody (Abcam,
Cambridge, MA, USA) was neutralized with 60 μl of claudin 4
immunizing peptide during overnight incubation, abolishing the
specific signal (serial section, right panel, Bar=20 μm )
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expression showed a significant correlation with Ki67 and
caspase 3 protein expression in the ER−ve tumors. Claudin
4 expression also showed a significant correlation with
Ki67 expression (Table 2).

Categorical analyses of claudins 1, 3, and 4 expressing
tumors in the ER+ve and ER−ve cohort

In the ER+ve group, as with the categorical analysis,
correlation analysis was not carried out for claudin 1, since
only 5% of the ER+ve cases were claudin 1 positive.
Further analysis of claudin 3 and 4 expressing ER+ve
tumors did not reveal any associations with age, grade,
tumor size, and nodal status (not shown). However, tumors
that were high in Ki67 expression were also high for
claudin 3 protein expression (H-score ≥40, p=0.027,
Fisher’s exact test) and claudin 4 protein expression (p<
0.0001).

Categorical analyses of claudins 1, 3, and 4 expressing
tumors in the ER−ve cohort are shown in Table 3. Protein
expression data used for claudins 1, 3, and 4 analyses were
obtained from 189, 151, and 167 breast tumors, respec-
tively (Table 3). An H-score value >0 was used as the cut-
off for claudin 1 positive tumors. Claudin 1 was found to
be positively associated with EGFR (p=0.024), CAIX (p=
0.014), and caspase 3 (p=0.012), Fisher’s exact test,
Table 3). Since a large majority of tumors stained
positively for claudins 3 and 4 (79.0% and 79.0%,
respectively) in the ER−ve cohort, we further divided
them into two staining categories: high and low. Categor-
ical analyses for high and low claudin staining was
performed using the median H-scores (40 and 20,
respectively) as the cut-off value in these tumor samples
(Table 3). As with claudin 1, both claudins 3 and 4 showed
a statistically significant association with EGFR (p=0.011
and p=0.014, respectively) and, as with the ER+ve cohort,
there were no associations with age, tumor grade, tumor
size, or nodal status.

Correlation between claudins 1, 3, and 4 expression
and disease outcome

Using the log-rank test to generate Kaplan–Meier curves,
we found no statistical difference in disease outcome
(overall survival (Fig. 3) and relapse-free survival not
shown) in either the ER−ve or the ER+ve cohort, for all
three claudins.

Claudins 1, 3, and 4 protein expression in basal-like tumors

The criteria of Nielsen et al. [24]: ER−ve, Her-2−ve,
EGFR+ve, and CK5/6+ve was used to identify a basal-
like tumor subset of breast cancers within the ER−ve

Fig. 2 Representative immunostaining of breast tumors with the
claudins 1, 3, and 4 antibodies. a claudin 1, b claudin 3, and c claudin
4. Staining was specific for tumor tissue and both membrane (m) and
cytoplasmic staining (c) was observed. Bar=20 μm
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cohort. We identified 18 tumors which met these criteria in
this cohort. Within this subgroup, there was 61% positivity
(11/18 tumors) for claudin 1, markedly higher than that
observed (39%) in the entire ER−ve cohort. Positivity for
claudin 3 and claudin 4 were 93% (13/14) and 88% (15/17),
respectively in this subgroup compared with the 79%
positivity observed for each claudin in the ER−ve cohort.
The Mann–Whitney test was used to compare the median
H-scores for each claudin in the basal-like tumor subgroup
versus the rest of the cohort from which data for all four
selection criteria were obtained (Table 4). The median H-
scores for claudins 1 and 4 expression were significantly
higher in the basal-like subgroup when compared with the
non-basal-like subgroup (p=0.0142, p=0.0028, respective-
ly), while there was a higher (although not statistically
significant, p=0.0962) median H-score for claudin 3 in the
basal-like subgroup.

Discussion

The present study was undertaken to evaluate the protein
expression of claudins 1, 3, and 4 in a cohort of human
invasive breast cancers using TMA analysis. The findings
presented here represent the largest number of breast
cancers to our knowledge that have been evaluated for
protein expression of these claudins. We also investigated
the relationship of claudins 1, 3, and 4 with known clinical
markers of human invasive breast cancer as well as the
association of claudin expression with patient outcome.

The TMAs used in this study are well-characterized [20,
21]. The TMAs were constructed with duplicate cores
(0.6 mm) derived from each tumor sample. Whether two
cores are entirely representative of gene expression in a
large tumor sample sometimes presents concern, as they
could result in both over and under scoring of protein
expression. However, although such a possibility cannot be
entirely excluded, studies have shown that with use of the
standard breast cancer prognostic markers (ER, PR, and
HER-2/neu), two cores were sufficient and have resulted in
>95% accuracy [25–27]. Two cores were also shown to
provide a high level of accuracy in the TMA analysis of
other cancers, including metastatic prostate and ovarian
cancers [28, 29].

IHC analysis of TMAs

Both cytoplasmic and membranous staining of tumor
tissues was evident with all three claudin antibodies
(Fig. 2). These observations are consistent with the studies
of Tokes et al. and Swisshelm et al. [13, 15]. In addition,
cytoplasmic mislocalization of other membranous proteins,
E cadherin, catenin as well as some other claudin family
members during cancer progression, was reported [17, 30–
33]. With regards to E cadherin, it has been suggested that
such cytoplasmic mislocalization may be an indirect
consequence due to the loss of an interacting protein,
palladin [34], resulting in its inability to transport E
cadherin to the membrane. Other factors such as epigenetic
and post-translational modifications as well as alternate

ER+ve TMA ER−ve TMA p value

No. of cases % No. of cases %

Claudin 1 +ve 6 5 74 39 <0.0001
−ve 119 95 115 61

Claudin 3 +ve 132 89 120 79 0.026
−ve 16 11 31 21

Claudin 4 +ve 72 52 132 79 <0.0001
−ve 67 48 35 21

Table 1 Comparison between
claudin protein expression in
ER+ve and ER−ve breast cancer
TMAs

Positivity for claudins 1, 3, and
4 had anH-score of >0; (Fisher’s
exact test)

Table 2 Correlation analysis of claudins 1, 3, and 4 protein expression with markers of poor prognosis in the ER−ve TMA

EGFR Ki67 p53 CK5/6 Caspase 3

Claudin 1 0.2405** n=141 N.S. 0.1857* n=181 0.1757* n=159 0.1869* n=188

Claudin 3 N.S. 0.1757* n=150 N.S. N.S. 0.1918* n=151

Claudin 4 N.S. 0.1706* n=165 N.S. N.S. N.S.

Values are Spearman r coefficients

N.S. p>0.05; *p<0.05; **p<0.01
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splicing can also play a role in protein redistribution
[35, 36].

Claudin 1

Interpretable information on protein expression was derived
from 314 breast cancers for claudin 1. IHC analysis
revealed that fewer tumors (25%) stained positively for
claudin 1 compared to claudin 3 (84%) and claudin 4
(66%). This study therefore lends support to earlier studies
which show that in human invasive breast tumors, claudin 1
is under expressed whereas claudins 3 and 4 are overex-
pressed [13, 15].

However, when ER status was considered, a significant
increase in the number of claudin 1 positive tumors in the
ER−ve cohort compared to the ER+ve cohort was ob-
served. Since ER−ve tumors represent a more invasive
subtype of breast cancer with poorer prognosis [37] and
based on earlier reports, the observed increase in claudin 1

protein expression in the ER negative breast cancers was
unexpected. However, differences in claudin 1 expression
in ER−ve and ER+ve tumors have not been previously
addressed. It is plausible that such increase in claudin 1
positivity in the ER−ve cohort may be attributed to a re-
expression of the protein in the more aggressive phenotype.
Such mechanisms have been described for some proteins
during different stages of tumorigenesis and are thought to
be associated with epithelial mesenchymal transition pro-
cess (EMT) [38]. For example, E cadherin, a junctional
protein like claudin 1, and a key player in EMT, is regulated
and often absent during cancer invasion, but is re-expressed
once a secondary tumor site is established and the cancer
has metastasized [39].

Claudin 3

Interpretable information on protein expression was derived
from 299 breast cancers for claudin 3. In the combined

Table 3 Categorical analyses of claudins 1, 3, and 4 expressing tumors in the ER−ve cohort

Markers and
clinical
parameters

Subgroup
cut-offs

Claudin 1 Claudin 3 Claudin 4

+ve −ve n p value High Low n p value High Low n p value

EGFR + 18 14 140 0.024* 21 7 123 0.011* 23 9 131 0.014*

− 36 72 45 50 45 54

Her-2 + 4 9 107 0.37 8 2 93 0.11 8 5 102 0.72

− 45 49 43 40 50 39

Ki67 ≥30 37 55 187 0.77 44 37 150 0.51 47 38 165 0.53

<30 36 59 33 36 40 40

CK5/6 + 47 50 159 0.032 44 37 150 0.51 50 38 144 0.39

− 19 43 33 36 27 29

CAIX + 44 47 178 0.014* 38 38 147 0.74 42 42 160 0.43

− 26 61 38 33 43 33

Caspase 3 + 46 49 188 0.012* 44 33 151 0.19 49 35 167 0.22

− 28 65 34 40 40 43

p53 + 49 55 181 0.033 47 38 146 0.31 53 43 162 0.43

− 24 53 28 33 32 34

Node + 29 46 189 0.75 43 35 151 0.42 44 43 167 0.54

− 40 55 35 38 45 35

Age >50 27 40 189 0.88 53 45 151 0.5 58 46 167 0.43

≤50 47 75 25 28 31 32

Grade Low (3 to 5) 2 10 189 0.23 6 2 151 0.37 3 8 167 0.16

Mod (6 to 7) 27 43 28 30 31 29

High (8 to 9) 45 62 44 41 55 41

Size >2 cm 50 84 189 0.42 57 52 151 0.86 65 55 167 0.73

≤2 cm 24 31 21 21 24 23

An H-score >0 was determined as positive for claudin 1. The median H-scores were used to separate claudins 3 and 4 positive tumors into high
and low expressing tumors (H≥40, high claudin 3; H≥20, high claudin 4). Analysis was carried out using Fisher’s exact test

*p<0.025; *p<0.025
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cohort 84% of tumors stained positively for claudin 3.
Thus, there was a higher number of tumors staining for
claudin 3 compared to claudin 1 and claudin 4 in the same
cohorts. In the ER+ve group the number of tumors that
were claudin 3 positive increased to 89% and this fell to
79% positivity in the ER−ve cohort. Overall, there was a
significant difference in claudin 3 expression within the two
groups when ER status was considered.

Claudin 4

Interpretable information on protein expression was derived
from 306 breast cancers for claudin 4. In the combined
cohort of invasive breast cancers, 66% of tumors stained
positively for claudin 4. The higher percentage of positively
stained tumors is similar to that observed for claudin 3. But,
as observed for claudin 1, the number of claudin 4 positive
tumors decreased (52%) in the ER+ve cohort but increased
in the ER−ve cohort (79%).

Table 4 Claudins 1, 3, and 4 protein expression in the basal and non-
basal-like breast tumors

Basal-like tumors Non-basal-like tumors p value

Median
H-score

n Median
H-score

n

Claudin 1 5 18 0 128 0.0142

Claudin 3 85 14 40 146 0.0962

Claudin 4 40 17 5 144 0.0028

The Mann–Whitney test was used to compare the median H-scores
for each claudin in the basal-like tumor group (ER−ve, Her-2−ve,
EGFR+ve and CK5/6+ve ) versus non-basal-like tumors. The median
H-scores for both claudins 1 and 4 were significantly higher in the
basal-like tumors as compared with the non-basal-like tumors. n=
number of tumors

Fig. 3 Kaplan–Meier graphs for
OS (overall survival) for clau-
dins 1, 3, and 4 expression in
ER−ve tumors (a, c, and e) and
ER+ve (b and d) tumors. Sym-
bols on the graph lines represent
censored data; p values are
given for log-rank tests. a n=
189; −ve (H=0) claudin 1
events=58;+ve (H>0) claudin 1
events=35; b n=149, low (H<
40) claudin 3 events=10, high
(H≥40) claudin 3 events=14; c
n=193; low (H<40) claudin 3
events=38, high (H≥40) claudin
3 events=39; d n=139; −ve (H
=0) claudin 4 events=12,+ve
(H>0) claudin 4 events=9; e n=
167; low (H<20) claudin 4
events=40, high (H≥20) claudin
4 events=41. Cldn claudin
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Overall, our data showed that the expression profiles of
the three claudins are unique. Analysis of the combined
cohort showed that a higher percentage of invasive breast
tumors expressed claudins 3 and 4 proteins compared to
claudin 1. However, when ER status was considered, a
higher number of ER−ve tumors compared to the ER+ve
tumors were claudins 1 and 4 positive, whereas fewer
tumors were claudin 3 positive in the ER−ve cohort. These
data suggest that claudins 1, 3, and 4 may have different
roles during different stages of breast tumorigenesis.

Further analysis of the ER−ve cohort showed a signif-
icant correlation between claudin 1 and EGFR, p53, CK5/6,
and caspase 3, but not between claudins 3 and 4 and these
tumor markers. Conversely, both claudins 3 and 4, but not
claudin 1, showed a correlation with Ki67. Although these
correlations appear small, they are nonetheless statistically
significant and noteworthy in a cancer environment where
there are numerous confounding factors. In the ER+ve
cohort there was a correlation between claudins 3 and 4
with each other and with ERα and ERβ, suggesting a
possible interaction with the claudins and the ER pathway.

Univariate analysis revealed a significantly positive
association between all three claudins and EGFR, in the
ER−ve cohort. The overexpression of EGFR in breast
cancer is well-established and has been associated with the
aggressive phenotype and metastasis [40].

The observed increased expression of claudin 1 in the
ER−ve tumors and its correlation with prognostic indicators
of poor survival prompted us to examine whether the
claudins expression were associated with the basal-like
subtype of breast cancer. The basal-like subtype of breast
cancers, a subgroup of tumors from patients expected to
have a worse prognosis and shorter survival [24, 41, 42],
are usually characterized by EGFR positivity in addition to
ER and Her2 negativity, and CK5/6 overexpression [24, 41,
42]. We found a significant association with claudins 1 and
4 with this subtype. Coincidentally, following this obser-
vation in our laboratory, another group reported a high level
of claudin 4 protein expression to be associated with the
basal-like subset of breast carcinomas [43], lending support
to the results of the present study. Also recently, a potential
new ER negative “claudin-low” subtype of human breast
cancers has been described [44] which exhibit low
expression of claudins 3, 4, and 7. However, no information
is provided for claudin 1. This subtype may yet be distinct
from the one we propose in the present study. It is
interesting to note that claudin 1 has also been shown to
be upregulated in some cancers such as colon cancer [45]
and downregulated in others when the invasive carcinoma
develops [46]. It is intriguing to speculate that claudin 1
may function as a tumor suppressor or oncogene at different
stages of tumor progression, or, in different types of
cancers.

Despite the observed association with the basal subtype
of breast cancers, we found no association with patient
survival for all three claudins. Tumor stage was not
considered as this data was not available for all patients
and may be a possible confounder for the survival data.

In summary, this study shows that protein expression of
claudins 1, 3, and 4 are altered in breast cancer, have
unique expression profiles, and increased expression is
associated with a subtype of breast cancers that is generally
linked to poor outcome. The association of these claudins
with the basal-like subgroup of breast cancers is novel and
interesting and warrants further conformation through the
analysis of a larger cohort of this subtype of tumors. As
well, the correlation observed with claudins 1, 3, and 4 and
ER status is important, since ER status is a key indicator of
disease progression [47]. Thus, these studies also set the
basis for further investigations to determine the relationship
between ERs and claudins.
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Abstract Repeated cyclophosphamide (CP) chemotherapy
increases the risk of developing bladder cancer, which
could be due to the extremely rapid proliferation of
urothelial cells observed in hyperplastic urothelium induced
by CP treatment. We investigated the effect of melatonin on
the development of urothelial hyperplasia induced by
repeated CP treatment. Male ICR mice were injected with
CP (150 mg/kg) or melatonin (10 mg/kg) with CP once a
week for 3, 4 and 5 weeks. Transmission and scanning
electron microscopy, immunohistochemistry and Western
blot analysis were used to study the ultrastructure,
apoptosis, proliferation and differentiation of urothelial
cells. Repeated doses of CP caused the development of
hyperplastic urothelium with up to ten cell layers and
increased proliferation and apoptotic indices regarding
Ki-67 and active caspase-3 immunohistochemistry, respec-
tively. Scanning electron microscopy observations, cytoker-
atin and asymmetrical unit membrane immunohistochemistry
and Western blot analysis showed a lower differentiation
state of superficial urothelial cells. Melatonin co-treatment
prevented the development of hyperplastic urothelium,
statistically significantly decreased proliferation and apo-
ptotic indices after four and five doses of CP and caused
higher differentiation state of superficial urothelial cells.

Keywords Urothelium . Cyclophosphamide . Hyperplasia .

Melatonin

Introduction

The three-layered mammalian urinary bladder urothelium is
a normally very stable and highly differentiated epithelium
[1]. Nevertheless, it shows a great capacity for regeneration
after a mechanically or chemically induced damage [1–3].
Urothelial regeneration usually gives rise to hyperplasia and
can contribute to a wide range of neoplasms [2]. Hicks and
Chowaniec [2] and our unpublished data showed that
repeated intraperitoneal doses of cyclophosphamide (CP)
cause persistent urothelial hyperplasia. Cohen et al. have
developed a model of carcinogenesis which incorporates
several basic principles: cancer results from genetic errors
within normal cells; carcinogenesis is a multi-stage process,
requiring more than one genetic event; and a chance of a
genetic event occurring per cell division is a finite quantity
and, therefore, that increased cell division increases the
chance for a genetic event [4]. Based on this model, they
then postulate that changes which lead to increased cell
proliferation in the urothelium should be carefully evaluat-
ed as a possible contributing factor to carcinogenesis [5–7].
CP has long been known to produce severe hyperplasia
following cytotoxic damage to the urothelium [8, 9].
However, it is also a weak complete carcinogen and after
prolonged application will produce cancer of the urothe-
lium, but its hyperplastic action is probably associated with
its late-stage carcinogenic activity rather than with its first-
stage initiating activity [10]. In a lifelong experiment of the
carcinogen action of CP, low-dose oral application of CP
led to the induction of bladder cancer in 30% to 43% of rats
[11]. However, in the last few months of the experiments,

Virchows Arch (2009) 454:657–666
DOI 10.1007/s00428-009-0765-3

D. Zupančič (*) :K. Jezernik
Institute of Cell Biology, Faculty of Medicine,
Lipičeva 2,
1000 Ljubljana, Slovenia
e-mail: dasa.zupancic@mf.uni-lj.si

G. Vidmar
Institute for Rehabilitation,
Linhartova cesta 51,
1000 Ljubljana, Slovenia



repeated intraperitoneal injections of CP were given to rats
and mice and no bladder tumours were observed [2, 12].
Nevertheless, it is known that patients treated with
cyclophosphamide have up to a ninefold increased risk of
developing bladder cancer [13, 14].

Urothelial carcinogenesis in the rat and mouse proceeds
through a sequence of morphologic changes beginning as
simple hyperplasia [15]. In the rat, it then progresses to
nodular and papillary hyperplasia, while in the mouse nodular
hyperplasia is considerably more common than papillary
proliferations [4]. The rat model then progress to papillomas
and strongly resembles low-grade papillary urothelial neopla-
sia in humans, whereas the mouse model resembles the high-
grade, highly malignant disease of humans [15].

A single-dose CP treatment causes a destruction of the
bladder urothelium [8, 9, 16, 17], followed by rapid
proliferation of urothelial cells resulting in reversible hyper-
plasia and gradual restoration of normal three-layered
urothelium [6, 18–20]. It is documented that reversible
hyperplasia is accompanied not only by an increased
proliferation activity of urothelial cells but also by an
increased number of apoptotic cells [20] and lower differen-
tiation state of superficial urothelial cells [16, 21, 22]. In the
hyperplastic urothelium, most of the urothelial cells undergo
apoptosis within the superficial layer and are exfoliated into
the lumen of the urinary bladder [20] and subsequently
removed from the body with urine and lost for detection.
Thus, it is important to identify apoptotic cells before classical
features of apoptosis are present, which can be achieved by
immunohistochemical detection of active caspase-3 [19, 23,
24]. Specific antisera allow a reliable detection of apoptotic
cells without overlap with necrotic cell population [25, 26].
Caspase-3 is an effector caspase and when activated by
initiator caspases, such as caspase-8, it cleaves various
substrates, leading to the apoptotic cell death [24, 27].

The terminally differentiated superficial urothelial cells–
umbrella cells have two unique characteristics: a subapical
trajectorial network of cytokeratins [22] and membrane–
protein plaques, which cover the apical surface of the
umbrella cells, forming a rigid-looking asymmetrical unit
membrane (AUM) [28–31]. Immunostaining against AUM
proteins may serve as a well-defined marker of cell
differentiation, since it shows no labelling signal in the
undifferentiated cells with microvilli, whereas strong
labelling in the umbrella cells with rigid-looking micro-
ridges can be observed [21, 22]. Anti-AUM antibody is
made against highly purified bovine AUM and reacts
strongly with uroplakin III (47 kDa) [32]. Differentiation
of urothelial cells can also be characterised by changes in
the cytokeratin (CK) expression patterns. For example, CK
7 is expressed in differentiated and undifferentiated cells,
whereas CK 20 is present exclusively in terminally
differentiated umbrella cells [33–37].

In the last decade, research has specifically addressed the
role of melatonin, the main secretory product of the pineal
gland, in controlling the proliferation of neoplastic cells
[38]. Both in vitro and on different animal models of
tumorigenesis, melatonin has been found to inhibit cell
proliferation and to delay tumour progression [39, 40].
Most studies exploring the relationship between melatonin
and oncogenesis have focused on melanoma and breast
cancer, but more recently melatonin has been shown to
influence neoplastic growth in many other cancers includ-
ing carcinomas of the urinary bladder [41]. Furthermore,
increasing evidence indicates that melatonin may exert its
anticancer effects not only via inhibition of cell prolifera-
tion but also by stimulation of differentiation and apoptosis
[39]. Moreover, it is documented that melatonin has a
protective effect against single-dose CP-induced urothelial
damage [42, 43] and a favourable impact on regeneration
and restoration of normal urothelium, since it reduces the
number of apoptotic and proliferating urothelial cells and
results in their earlier differentiation [43].

Repeated doses of CP cause the development of urothelial
hyperplasia, which could lead to bladder cancer development
[6]. In different studies, melatonin has been found to inhibit
cell proliferation and also influence differentiation and
apoptosis. The aim of this study was therefore to examine
the effect of melatonin on the development of hyperplastic
urothelium and on the proliferation, apoptosis and differen-
tiation of urothelial cells after repeated doses of CP.

Materials and methods

Animals and treatment

The animal experiments were approved by the Slovenian
veterinary administration of the Ministry of Agriculture,
Forestry and Food according to the Animal Health
Protection Act and Introductions for Granting Permits for
Animal Experimentation for Scientific Purposes. Forty
albino ICR (CD-1) adult male mice were divided into ten
groups by a simple random sampling method. They were
housed in plastic cages at 23±2°C and 50% to 60% relative
humidity. Basal diet and water were available ad libitum.

Group 1 (control) animals were injected with saline once
a week for 3 weeks and they served as controls, whereas
group 2 (Mel) received 15 mg/kg of body weight of
melatonin once a week for 3 weeks and served as control
for melatonin administration only. All the animals from
groups 3 to 10 were injected with CP (Sigma) at a dose of
150 mg/kg of body weight once a week for 3, 4 and
5 weeks and half of them (groups 7 to 10) also received
15 mg/kg of body weight of melatonin with CP, before and
the day after CP injection. All the drugs were administered
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intraperitoneally (i.p.). Animals were sacrificed after three
(3×), four (4×) and five (5×) doses of CP or melatonin and
CP co-treatment (Mel+CP) and 1 month after five doses
(1 m) of CP or melatonin and CP co-treatment (Mel+CP).

From each group, the bladders were processed for
electron microscopy, for active caspase-3, Ki-67, CK 7,
CK 20 and AUM immunohistochemistry and for Western
blot analysis.

Electron microscopy

The tissue was fixed in 4.5% paraformaldehyde and 2%
glutaraldehyde for 3 h. For transmission electron micros-
copy, the samples were then postfixed in osmium tetroxide,
dehydrated in ethanol and embedded in Epon. Ultrathin
sections were stained with lead citrate and uranyl acetate
and examined with a Jeol 100 CX electron microscope
(Jeol Ltd., Tokyo, Japan). For scanning electron microsco-
py, the samples were postfixed in osmium tetroxide and
critical-point dried. After sputter-coating with gold, they
were examined at 15 kV with a Jeol JSM 840 A scanning
electron microscope (Jeol Ltd., Tokyo, Japan).

Immunohistochemical detection of active caspase-3, Ki-67
and AUM

The tissue was fixed in 4% paraformaldehyde overnight
and embedded in paraffin. After deparaffinisation, the
endogenous peroxidase activity was blocked by 3% H2O2

in methanol. For detection of Ki-67, sections were
microwave-heated. Non-specific labelling was blocked by
2.5% bovine serum albumin (Sigma, Taufkirchen, Ger-
many) for Ki-67 or by 20% normal swine serum for active
caspase-3 and AUM. Sections were incubated with primary
monoclonal anti-Ki-67 (clone MIB-5, Dako, Glostrup,
Denmark; 1:50 dil.), polyclonal anti-active-caspase-3
(R&D Systems, Wiesbaden, Germany; 1:1,500 dil.) or
polyclonal rabbit antibodies raised against highly purified
bovine AUM (a kind gift from Prof. T.-T. Sun, Department
of Dermatology, New York University Medical School,
New York, NY 10016; 1:10,000 dil.) overnight at 4°C. For
negative controls, the incubation with primary antibody was
omitted or the specific primary antibody was replaced by a
non-relevant antibody. For secondary antibodies, biotiny-
lated rabbit anti-mouse (Dako, Glostrup, Denmark; 1:100
dil.) or swine anti-rabbit immunoglobulins (Dako, Glostrup,
Denmark; 1:400 dil.) were applied for 1 h at room
temperature, followed by ABC/HRP complex (Dako,
Glostrup, Denmark) incubation. After the standard DAB
(Sigma, Taufkirchen, Germany) development procedure,
sections were counterstained with haematoxylin and exam-
ined with a Nikon Eclipse TE300 fluorescence microscope
(Nikon Corporation, Tokyo, Japan).

Immunohistochemical detection of CK 7 and CK 20

The tissue was frozen and cut into 7-µm-thick cryosections
and fixed in absolute ethanol (−20°C) for 20 min. After
blocking with 2% BSA in PBS, incubation with primary
monoclonal anti-CK 7 (clone OV/TL 12/30, Dako, Glostrup,
Denmark; 1:20 dil.) and anti-CK 20 (clone KS20.8, Dako,
Glostrup, Denmark; 1:100 dil.) was performed overnight at
4°C. For negative controls, the incubation with primary
antibody was omitted or the specific primary antibody was
replaced by a non-relevant antibody. Adequate secondary
antibodies conjugated with TRITC (Sigma, Taufkirchen,
Germany) were incubated for 1 h at 37°C. After washing,
the sections were mounted in mounting medium Vectashield
with DAPI (Vector Laboratories, Burlingame, CA, USA) and
examined with a Nikon Eclipse TE300 fluorescence micro-
scope (Nikon Corporation, Tokyo, Japan).

Western blot analysis

Urothelial cells were scraped from the wall of the urinary
bladder and homogenised in ice-cold buffer (0.8 M Tris–HCl,
7.5% SDS, 1 mM phenylmethylsulfonyl fluoride). The lysate
was centrifuged and the protein concentration in the superna-
tant was determined by using a BCA™ protein assay kit
(Pierce, Rockford, IL, USA). Sample proteins (30 µg/lane)
were size-fractionated on 12% SDS–polyacrylamide gels and
then transferred to Hybond ECL nitrocellulose membranes
(Amersham Biosciences, Little Chalfont, UK) by electro-
blotting. After blocking overnight at 4°C in 5% skim milk in
PBS-Tween, membranes were incubated for 2 h at room
temperature with primary polyclonal rabbit antibodies raised
against highly purified bovine AUM (a kind gift from
Prof. T.-T. Sun, Department of Dermatology, New York
University Medical School, New York, NY 10016, USA;
1:10,000 dil.) or monoclonal anti-CK 7 (Santa Cruz Biotech-
nology, Inc., Santa Cruz, CA, USA; 1:200 dil.). After washing
in PBS-Tween, membranes were incubated for 1 h with
adequate secondary antibodies horseradish peroxidase-
conjugated goat anti-rabbit (Sigma, Taufkirchen, Germany),
diluted 1:1,000, or anti-mouse (Dako, Glostrup, Denmark),
diluted 1:1,000. Membranes were finally probed with enhanced
chemoluminescence reagent (Amersham Biosciences, Little
Chalfont, UK) and exposed to X-ray films. Rabbit anti-actin
antibodies, diluted 1:1,000 (Sigma, Taufkirchen, Germany),
were used to confirm an equal loading of protein in each lane.

Methods and counting for quantitative analysis

Four animals of each group were used for immunohisto-
chemical detection of active caspase-3 and detection of
Ki-67 on paraffin sections. Urinary bladders were cut into
serial tissue sections and three sections of each urinary
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bladder were examined. Cells with a positive immunohis-
tochemical reaction against active caspase-3 and Ki-67
were accepted as labelled and used for scoring of apoptotic
and proliferation indices, respectively. All urothelial cells per
tissue section were counted and the indices for each tissue
section were defined as a percentage ratio of labelled
urothelial cells to the total number of counted cells.

Statistical analysis

For each animal, the mean of the three slices was used for
further analysis of apoptotic index and of proliferation
index. First, the distributions of both indices were plotted

for each group using boxplots. Because of departures from
normality, and because of non-homogeneous variances, the
data were analysed using two-way analysis of variance on
ranks instead of on original observations, which is a robust
yet efficient solution [44].

Since the effect of different doses of CP was found to be
highly statistically significant, post-hoc comparisons were
performed between different doses of CP using the Scheffe
procedure on the ranked data (it should be noted that other
methods, such as Sidak's, or Dunnet's method for planned
comparisons with baseline, lead to equivalent conclusions).
Since the effect of group was also highly statistically
significant, while the (non-)significance of the interaction

Fig. 1 TEM micrograph. a Necrotic cells with swollen cytoplasm and nucleus in the superficial layer of the urothelium (arrows) after five doses
of CP. b Normal urothelium after five doses of melatonin and CP co-treatment. Scale bar 5 μm

Fig. 2 Boxplot of apoptotic index distribution (thick line denotes
median, box denotes 1st and 3rd quartile and whiskers denote the
smallest and the largest observation within 1.5 interquartile range from
the 1st and the 3rd quartile, respectively)

Fig. 3 Boxplot of proliferation index distribution (thick line denotes
median, box denotes 1st and 3rd quartile and whiskers denote the
smallest and the largest observation within 1.5 interquartile ranges
from the 1st and the 3rd quartile, respectively)
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effect should be treated with caution in ANOVA on ranked
data [45], the groups with or without melatonin co-
treatment were compared after different doses of CP using
the exact Mann–Whitney test.

For morphological data (urothelial differentiation
markers and hyperplasia appearance), which were in the
form of ratings of four-point scale (from 1 = least present to
4 = maximum presence), the median value of the three
sections was calculated and analysed in the same way as
that for apoptotic and proliferation indices.

Results

In control and melatonin-treated animals, the urothelium
was composed of three cell layers and was ultrastructurally
normal. Repeated CP treatment at 3, 4 and 5 weeks caused
the development of hyperplastic urothelium with up to ten
cell layers. After three, four and five doses of CP,
prominent dilatations in the intercellular spaces were

observed and some necrotic cells were perceived in the
superficial layer of the urothelium (Fig. 1a). Melatonin co-
treatment resulted in the normal appearance of the
urothelium (Fig. 1b). One month after five doses of CP
and 1 month after five doses of melatonin and CP co-
treatment, the urothelium was composed of three cell layers
and was ultrastructurally similar to normal urothelium.

Active caspase-3-positive and Ki-67-positive cells in
control and melatonin-treated animals were extremely rare
and the mean for all indices was zero (Figs. 2 and 3). After
repeated doses of CP (3×, 4× and 5×), substantial elevation
of apoptotic and proliferation index was detected, while
melatonin co-treatment resulted in much less apoptotic and
proliferation index increase (Figs. 2 and 3). An active
caspase-3 and Ki-67 reaction positive signal was observed
mainly in the cytoplasm of the superficial urothelial cells and
in the nuclei of the basal cell layer, respectively (Figs. 4 and 5).
One month after five doses of CP and 1 month after five
doses of melatonin and CP co-treatment, the apoptotic and
proliferation indices returned to near the initial zero level.

Fig. 4 Active caspase-3 immunohistochemistry. a Active caspase-3-positive cell (brown) in the urothelium after four doses of CP and b after
four doses of melatonin and CP co-treatment. Scale bar 10 μm

Fig. 5 Ki-67 immunohistochemistry. a Ki-67-positive cells (brown nuclei) are most abundant in the basal layer of the urothelium after four doses
of CP and b after four doses of melatonin and CP co-treatment. Scale bar 10 μm
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Statistical analyses of urothelial differentiation markers
and hyperplasia appearance are summarised in Table 1.
They show that CK 7 was present in the urothelium of all
groups of animals. CK 7 labelling was observed in all cell
layers of hyperplastic urothelium and normal three-layered
urothelium after repeated doses of CP and after repeated
melatonin and CP co-treatment, respectively (Fig. 6a, b).
Western blot analysis confirmed the equal presence of CK
7 in all samples (Fig. 7). All superficial urothelial cells of
control, melatonin-treated and 1 month after five doses of
CP or melatonin- and CP-treated animals were CK 20
positive and AUM positive (Table 1). After repeated doses
of CP, CK 20 labelling of superficial cells was completely
negative (Fig. 6c), while some superficial cells were CK
20 positive after melatonin and CP co-treatment (Fig. 6d).
Labelling with antibodies against AUM exhibited a similar
pattern to CK 20 labelling. Weak anti-AUM staining was
apparent after repeated doses of CP (Fig. 6e), whereas
melatonin and CP co-treatment resulted in stronger AUM
staining of the superficial urothelial cells (Fig. 6f). The
results of Western blot analysis proved the higher

expression of UP III (detected with anti-AUM antibody)
in urothelial cells after four and five doses of melatonin
and CP co-treatment than after four and five doses of CP
(Fig. 7). Scanning electron microscopy revealed that cells
with microvilli and ropy ridges were present on the
luminal surface of the urothelium after repeated doses of
CP (Fig. 6g), while cells with microridges were rare. Co-
treatment with melatonin diminished the appearance of
microvilli on the luminal surface and resulted in prevailing
of cells with ropy ridges and microridges (Fig. 6h).

Table 1 Summary of the statistical analyses of differentiation markers and hyperplasia appearance in urothelial cells after repeated doses of CP
and after repeated melatonin and CP co-treatment

Mean (range) p values for effects of
dose, group and
interaction

Summary of post-hoc
comparisons regard-
ing CP doseaControl/

Mel
3× 4× 5× 1m

CK 7 CP 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) NA All CP doses equal
Mel +
CP

4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 4.0 (4–4) 4.0 (4–4)

CK 20 CP 4.0 (4–4) 1.0 (1–1)b 1.0 (1–1)b 1.0 (1–1)b 4.0 (4–4) <0.001, <0.001, <0.001 4×, 5×, 3× < Control/
Mel, 1 mMel +

CP
4.0 (4–4) 2.2 (2–3)b 2.0 (2–2)b 2.0 (2–2)b 4.0 (4–4)

AUM CP 4.0 (4–4) 2.2 (2–3) 2.0 (2–2)b 2.0 (2–2)b 4.0 (4–4) <0.001, <0.001, <0.001 3×, 4×, 5× < Control/
Mel, 1 mMel +

CP
4.0 (4–4) 2.2 (2–3) 3.0 (3–3)b 4.0 (3–3)b 4.0 (4–4)

Microvilli CP 1.0 (1–1) 3.5 (3–4)b 2.0 (2–2) 2.0 (2–2) 1.0 (1–1) <0.001, 0.001, 0.005 Control/Mel, 1
m<5×, 4× < 3×Mel+

CP
1.0 (1–1) 2.2 (2–3)b 1.8 (1–2) 1.5 (1–2) 1.0 (1–1)

Ropy
ridges

CP 1.0 (1–1) 2.8 (2–3) 2.5 (2–3) 3.0 (3–3) 1.0 (1–1) <0.001, 0.009, 0.039 Control/Mel, 1
m<3×, 4×, 5×Mel +

CP
1.0 (1–1) 2.0 (2–2) 2.5 (2–3) 2.2 (2–3) 1.0 (1–1)

Microridges CP 4.0 (4–4) 1.0 (1–1)b 1.5 (1–2)b 2.0 (2–2)b 4.0 (4–4) <0.001, <0.001, <0.001 3×, 4×, 5× < Control/
Mel, 1 mMel +

CP
4.0 (4–4) 3.5 (3–4)b 3.2 (3–4)b 3.5 (3–4)b 4.0 (4–4)

Hyperplasia CP 1.0 (1–1) 3.0 (3–3)b 3.0 (3–3)b 3.2 (3–4)b 1.0 (1–1) <0.001, <0.001, <0.001 Control/Mel, 1
m<5×, 4×, 3×Mel+

CP
1.0 (1––1) 1.8 (1–2)b 1.2 (1–2)b 1.0 (1–1)b 1.0 (1–1)

Because the sample size is four in all cells, the distribution of scores is completely captured by mean and range

NA not applicable
a Post-hoc comparisons regarding dose are summarised using homogeneous subsets, which are separated by the < (less than) symbol, whereby
ordering within homogeneous subsets corresponds to observed means across the two groups. For example, for CK 20, scores were significantly
higher at baseline and after 1 month then after all three CP doses, whereby observed scores were higher on average at 1 month than at baseline
(though not significantly), while the average score was the lowest after 3× dose, somewhat higher after 4× dose, followed by 5× dose (with those
differences not appearing to be significant)
b Significant difference between groups for the given dose

Fig. 6 Differentiation markers. a CK 7 labelling in hyperplastic
urothelium after five doses of CP. b CK 7 labelling in normal three-
layer urothelium after five doses of melatonin and CP co-treatment. c
No CK 20 labelling in urothelium after three doses of CP. d Positive CK
20 labelling in superficial cells of urothelium after three doses of
melatonin and CP co-treatment. e Weak AUM labelling of superficial
urothelial cells after four doses of CP. f Strong AUM labelling of all
superficial cells after four doses of melatonin and CP co-treatment. g
After five doses of CP, urothelial cells are covered by microvilli (arrow)
and ropy ridges (arrowhead). h After five doses of melatonin and CP
co-treatment, cells are covered by microridges. Scale bar 10 μm

b
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The distributions of apoptotic index and proliferation
index are depicted in Figs. 2 and 3, respectively.

For apoptotic index and for proliferation index, the main
effects of different doses of CP and of CP only or melatonin
and CP co-treatment were statistically significant (p<0.001
from two-way ANOVA on ranked data), while the
interaction effect was not (p=0.161 and p=0.053 for
apoptotic and proliferation indices, respectively).

Post-hoc comparisons between different doses of CP
indicate that, for both apoptotic and proliferation index, the
average does not differ statistically significantly between
control/Mel and 1-m groups (p=0.605 and p=0.175 for
apoptosis and proliferation index, respectively), while that
level differs significantly from the 3×, 4× and 5× doses of
CP (p<0.05), which, in turn, do not differ significantly
among themselves (p>0.05).

Comparisons between the CP and Mel+CP groups after
different doses showed that the groups differed most
notably at 4× and 5× (p=0.029 for apoptosis and
proliferation index at both doses). They differed less at 3×
without reaching statistical significance (p=0.029 for
apoptosis and proliferation index), they were practically
equal at 1 m (p=0.686 and p=0.200 for apoptosis and
proliferation index, respectively), and they were identical at
the onset of the study as expected (p=1.000 for both
indices). It should be noted that the p values for
comparisons between groups after different doses of CP
might have been adjusted for multiple tests, but they are
conservative enough because of data aggregation (and thus
a reduced sample size, which is very small).

Discussion

Hicks and Chowaniec [2] and our previous unpublished
experiments showed that repeated doses of CP cause
urothelial hyperplasia. In the present study, we demonstrat-
ed that melatonin prevents the development of hyperplastic
urothelium induced by repeated CP treatment.

Cohen and co-workers [4–7, 46, 47] proposed a model
of carcinogenesis which takes into account the proliferative
effects of agents in carcinogenesis. In the current experi-
ment, we demonstrated that urothelial hyperplasia induced
by repeated-dose CP is accompanied by increased prolifer-
ation activity of urothelial cells. Cohen et al. assumed that,
every time a cell undergoes a cell division, there is a low
probability, but not zero, of a genetic error occurring [4, 6].
It is, in general, accepted that at least two irreversible
genetic events must occur for tumour formation. Thus, the
extremely rapid proliferation of urothelial cells seen
following repeated CP treatment greatly increased the
likelihood of at least one genetic error occurring (initiation).
If the increased cell proliferation would be continued for a
long period of time, the likelihood of a second promoting
event would increase sufficiently that a significant inci-
dence of tumours would occur. Persistent high-proliferation
indices observed after repeated CP doses could increase the
probability of bladder carcinogenesis and therefore explain
the fact that patients treated with repeated CP chemotherapy
have up to ninefold increased risk of developing bladder
cancer [13, 14].

In numerous experiments in vitro and in different animal
models of tumorigenesis, melatonin has been found to
inhibit proliferation and neoplastic growth [38, 40, 48].
Some studies also documented that melatonin reduced the
cell proliferation in neoplastically unchanged cells [49–51].
It is therefore not surprising that, in the present experiment,
melatonin significantly decreased the proliferation activity
of urothelial cells and therefore prevented hyperplasia from
developing. Since the rapid proliferation of urothelial cells
seen after repeated doses of CP could increase the
likelihood of bladder carcinogenesis [4–7], melatonin might
prevent the development of bladder tumours by decreasing
the proliferation activity of urothelial cells.

Experimentally induced urothelial hyperplasia is accom-
panied by an increased number of apoptotic cells [20, 52–
54]. It happened similarly in the present experiment, since
not only increased proliferation but also increased apoptotic

Fig. 7 Western blot analysis of CK 7 and AUM. CK 7 (54 kDa) is
equally present in urothelial cells after repeated doses of CP and after
repeated doses of melatonin and CP co-treatment. After four and five
doses of melatonin and CP co-treatment, the expression of UP III

(47 kDa; detected with anti-AUM antibody) is higher than after four
and five doses of CP. The immunoblot experiments were performed
twice with similar results. MW molecular weight standards
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indices were found in the hyperplastic urothelium after
repeated doses of CP. Melatonin co-treatment significantly
decreased not only the proliferation but also the apoptosis
of urothelial cells. Numerous reports documented the role
of melatonin in inhibiting apoptosis in different cells after
ischemia [55–57], hyperoxia [58] or oxidative stress [59].
Moreover, melatonin also decreased the apoptosis of
urothelial cells after a single-dose CP treatment [43]. All
these experiments investigated the acute injury in which
melatonin diminished cell death, while in the present study
the anti-apoptotic effect of melatonin was observed in
chronic hyperplastic state. It is possible that since melatonin
inhibited the proliferation activity of urothelial cells and
prevented the development of hyperplastic urothelium,
decreased apoptosis of urothelial cells appeared per se and
not as a consequence of direct melatonin action.

The scanning electron microscopy observations and
expression of urothelial key differentiation markers, the CK
7, CK 20 and AUM, showed that the differentiation state of
superficial urothelial cells of hyperplastic urothelium, induced
by repeated doses of CP, was lower than in control and
resembled the differentiation of superficial urothelial cells
during reversible hyperplasia following the destruction of the
urothelium after a single dose of CP [16, 21, 22, 60].
Melatonin co-treatment resulted in the higher differentiation
state of superficial urothelial cells as indicated by the
appearance of urothelial apical surface and confirmed by
the expression of analysed differentiation markers. These
results are similar to a variety of in vivo and in vitro
experimental models of neoplasia, in which evidence was
shown that melatonin influences the differentiation of tumour
cells [39, 61]. Although it is documented that melatonin is
capable of promoting differentiation of neoplastically un-
changed osteoblasts and ovarian cells [49, 62], we do not
know whether melatonin influences urothelial cell differen-
tiation directly or through its preventive effect against CP-
induced hyperplasia. Further studies will be needed to gain a
complete insight into this question.

In conclusion, our results document that repeated doses
of CP cause the development of hyperplastic urothelium
with rapid proliferation of urothelial cells, which could lead
to an increased risk of bladder cancer. Melatonin co-
treatment prevents the development of hyperplastic urothe-
lium, statistically significantly decreases proliferation and
apoptotic indices and causes higher differentiation state of
superficial urothelial cells. Despite the lack of clinical
studies testing its clinical relevance, the present results
suggest that supplementing patients treated with repeated
CP chemotherapy with adjuvant melatonin therapy may
decrease their risk of developing bladder cancer.
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Abstract The aim of this study is to investigate the
expression of three prostaglandin E synthase (PGES)
isomers in colorectal cancer (CRC) tissue and to evaluate
their relationship to clinicopathological factors and patient
prognosis. Microsomal PGES (mPGES)-1, mPGES-2,
cytosolic PGES (cPGES) and cyclooxygenase (COX)-2
protein expression were analyzed by real-time polymerase
chain reaction and Western blot. The localization of each
PGES and COX-2 protein was examined by immunohisto-
chemistry in 155 surgical resections and correlated to
clinicopathological factors and patient prognosis. mPGES-
1 mRNA and protein levels were significantly higher in
CRC than in paired normal tissues. mPGES-1 immunore-
activity localized in cancer cells in 43% of cases. mPGES-2
immunoreactivity was significantly more pronounced in
cancer cells than in adjacent normal epithelium in 36% of
cases. cPGES immunoreactivity was homogeneous in

cancer cells and thus determined constitutive. mPGES-1
and mPGES-2 correlated with significantly worse prognosis
in stage I–III patients. These results indicate that mPGES-1
and mPGES-2 may each play a role in CRC progression.

Keywords Colorectal neoplasm . Cyclooxygenase-2 .

Prognosis . Prostaglandin E synthase .

Immunohistochemistry

Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been
shown to reduce the incidence of carcinogen-induced colon
tumors in rodents and have been associated with reduced
incidence of gastrointestinal cancer in epidemiological
studies [1]. NSAIDs inhibit cyclooxygenase (COX), the
rate-limiting enzyme catalyzing the metabolism of arach-
idonic acid (AA) into prostaglandins (PGs), prostacyclin,
and thromboxanes. There are two forms of COX, a
constitutively produced COX-1 and an inducible COX-2.
Several lines of evidence indicate that the anti-neoplastic
effect of NSAIDs is attributable to COX-2 inhibition [2].
Selective COX-2 inhibitors have been shown to reduce the
incidence, multiplicity, and size of colonic carcinomas in
the azoxymethane rat model [3]. A recent series of
randomized control trials reported that selective COX-2
inhibitors significantly reduced the risk of colorectal
adenomas and were effective agents in the prevention of
colorectal adenomas [4–6]. Moreover, regular use of aspirin
reduced the incidence rate of colorectal cancer (CRC)
overexpressing COX-2 but not the incidence rate of CRC
with weak or absent COX-2 expression [7]. Thus, COX-2
has received much attention as a molecular target for the
prevention and treatment of CRC [8].
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PGE2 has a wide range of biological activities and plays
essential roles in a variety of processes linked to tumor
progression, including tumor cell proliferation, invasion,
angiogenesis, and immunosuppression [9]. PGE2 is pro-
duced via three sequential enzymatic reactions: release of
AA from membrane glycerophospholipids by phospholi-
pase A2, conversion of AA to the unstable intermediate
prostanoid prostaglandin H2 (PGH2) by COX, and isomer-
ization of PGH2 to PGE2 by the cell-specific PGE synthase
(PGES). At least three distinct isoforms of PGES have been
isolated: one cytosolic PGES (cPGES) and two microsomal
fractions, microsomal PGES (mPGES)-1 and mPGES-2
[10–12]. Studies have shown that cPGES is constitutively
expressed and functionally coupled to COX-1 [11], whereas
mPGES-1 is inducible and preferentially coupled to COX-2
[13, 14]. mPGES-2 has yet to be well characterized, though
studies suggest that mPGES-2 promotes PGE2 production
via both COX-1 and COX-2 with modest preference for
COX-2 [15].

mPGES-1 functions downstream of COX-2 in the PGE2-
biosynthetic pathway. A number of studies have already
shown that mPGES-1 is expressed in various cancers that
also express COX-2, suggesting that the COX-2/mPGES-1/
PGE2 pathway is linked to the genesis and growth of
cancers [16–20]. Recently, it has been reported that genetic
deletion of mPGES-1 results in the marked suppression of
intestinal cancer growth [21]. Although the expression of
the two mPGES isomers has been reported in CRC, their
clinical significance remains unclear [16, 22]. This study
aims to investigate the expression of each of the PGES
proteins in CRC tissue and to examine the relationship
between their expression and various clinicopathological
factors and patient prognosis

Materials and methods

Patients and tissue samples

We obtained 155 colon and rectum adenocarcinoma tissue
samples from archives of the Department of Pathology at
Nippon Medical School Hospital for immunohistochemical
analysis of COX-2, mPGES-1, mPGES-2 and cPGES
protein expression. Patients included 90 men and 65
women ranging in age from 44 to 91 years (average age,
66.1 years; median, 66.0 years). In addition, ten consecu-
tive colorectal and paired nonneoplastic biopsies were
analyzed by Western blot for COX-2 and PGES protein
expression. Patients included six men and four women
ranging in age from 55 to 71 years (average age, 64.1 years;
median, 64 years). We excluded patients who had under-
gone chemotherapy or radiation. Patients were traced via
hospital and pathology records. Disease-free survival (DFS)

was defined as the interval from the date of the first surgery
until relapse, the appearance of a second primary cancer, or
death, whichever occurred first. At the time of analysis, 47
patients had died, and 108 still survived. The median
follow-up time for the whole series was 42 months (mean,
46 months; range, 3 to 111 months) and the median survival
62 months (mean, 56 months; range, 1 to 111 months). All
subjects gave informed consent, and the project was
approved by the Ethics Committee of Nippon Medical
School. All staging criteria were defined according to
International Union Against Cancer TNM classifications.

Antibodies

Antihuman mouse monoclonal antibodies (mAb) against
mPGES-1 and COX-2; and antihuman rabbit polyclonal
antibodies (pAb) against mPGES-1, mPGES-2, and cPGES
were all from Cayman Chemical (Ann Arbor, MI, USA).
Antihuman rabbit pAb against cPGES was compliments of
Professor Ichiro Kudo (Showa University; Tokyo, Japan).
These antibodies have all been tested in previous studies
[11, 15, 20, 23].

Reagents and standards

mPGES-1 protein Recombinant human mPGES-1 protein,
kindly donated by Japan Tobacco Central Pharmaceutical
Research Institute, was prepared as microsomal proteins of
Escheria coli transfected with mPGES-1 cDNA.

Polymerase chain reaction analysis RNeasy Mini Kit
(Qiagen; Hilden, Germany), Moloney murine leukemia
virus (M-MLV) reverse transcriptase (GIBCO Life Tech-
nologies; Gaithersburg, MD, USA), random Hexamers
(Pharmacia; Freiburg, Germany), and a Taq Man probe
and β-actin primer/probe set from Applied Biosystems
(Foster City, CA) were used.

Western blot Protein Assay Standard II kit and Precision
Plus Protein Standard (Bio-Rad Laboratories; Hercules,
CA, USA), Hybond polyvinylidene difluoride (PVDF)
membrane, and enhanced chemiluminescence (ECL)
reagent (Amersham; High Wycombe, UK) were used.

Real-time polymerase chain reaction analysis of mPGES-1,
mPGES-2, and cPGES mRNA

mPGES-1, mPGES-2, and cPGES mRNA expression levels
in cancer and non-cancerous tissues were determined by
quantitative real-time polymerase chain reaction (PCR)
analysis. The PCR primer sequences for targeted genes
are summarized in Table 1. Briefly, total RNA was isolated
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following RNeasy Mini Kit instructions. Reverse transcrip-
tion was conducted for 60 min at 37°C using 2μg RNA in
25μl of reaction mixture, 200 U of M-MLV reverse
transcriptase, and random Hexamers as primer. cDNA
amplification was conducted with a sequence-detection
system (GenAmp 5700). A β-actin primer/probe set was
used in separate wells as internal control for input cDNA.
Thermal cycling conditions included 2 min at 50°C and
10 min at 95°C, followed by 40 cycles for 15 s at 95°C
and 1 min at 60°C. Real-time fluorescence measurements
and cycle threshold values were determined. Each PGES
isomer and β-actin mRNA level was calculated using
Primer Express software. To control total cDNA input
variations, mPGES-1, mPGES-2, and cPGES mRNA
levels for each sample were normalized to β-actin
mRNA levels and expressed as arbitrary units.

Western blot analysis

Colonic tissue biopsies were homogenized in protein lysis/
sample buffer (RIPA buffer: 50 mM Tris, pH8.0, 0.1%
sodium dodecyl sulfate, 1% Nonie P-40, 0.5% deoxycho-
late, 150 mM NaCl, 1 mM phenylmethylsulfonyl fluoride),
iced for 15 min, centrifuged at 15,000 rpm for 20 min, and
the resultant supernatants used as protein lysates. Recom-
binant mPGES-1 protein served as positive control. Lysates
were solubilized in sodium dodecyl sulfate (sample buffer),
separated on 15% sodium dodecyl sulfate-polyacrylamide
gels, subjected to electrophoresis, and transferred onto
Hybond PVDF membranes. Membranes were blocked
overnight at 4°C in 5% powdered milk in Tris buffered
saline Tween (TBST), then incubated with mPGES-1 pAb
(Cayman; 1:50), mPGES-2 pAb (Cayman; 1:200) or
cPGES mAb (Cayman; 1:100) in TBST for 1 h. Blots were
washed with TBST and probed with anti-mouse or anti-
rabbit horseradish peroxidase conjugated secondary anti-
body at concentrations of 1:2,000 for 1 h and developed
with ECL reagent.

Immunohistochemical analysis

Specimens were fixed in 10% formalin, embedded in
paraffin wax, cut into 3μm sections, and immersed in
0.3% H2O2–methanol for 30 min to block endogenous

peroxidase activity. Sections were then microwaved in
0.01 mol/l citrate phosphate buffer (pH6.0) for antigen
retrieval and incubated with 10% normal horse or goat
serum for 10 min at 37°C to block nonspecific immuno-
globulin (IgG) binding. After, sections were incubated for
18 h at 4°C with COX-2 mAb (Cayman; 1:250), mPGES-1
mAb (Cayman; 1:250), mPGES-2 pAb (Cayman; 1:200) or
cPGES pAb (Showa 1:100); then incubated for 1 h at 25°C
with their respective biotinilated anti-mouse or anti-rabbit
IgGs (1:200). Antibody binding sites were visualized by
treating the sections with avidin biotinilated peroxidase
complex for 1 h at 25°C, then immersing them in 3,3′-
diaminobenzidine tetrahydrochloride solution containing
0.03% H2O2. Nuclei were counterstained with Mayer's
hematoxylin.

Negative control immunohistochemical procedures in-
cluded omission of the primary antibody and its replace-
ment with normal rabbit or mouse IgG. mPGES-1 antibody
specificity was determined by preadsorption of the primary
antibody with human mPGES-1 protein for 1 h at 37°C
prior to staining procedures.

Evaluation of immunohistochemical staining

Each case was evaluated blindly by two independent
observers (T.S. and A.T.). Any disagreement was resolved
using a multi-headed microscope. Cases showing COX-2
immunoreactivity in over 10% of cancer cells were
considered positive, as previously described [24, 25]. Cases
showing mPGES-1 immunoreactivity in over 5% of cancer
cells were considered positive, as previously described [20].
Cases in which mPGES-2 immunoreactivity in cancer cells
was significantly more pronounced in intensity than its
expression in the adjacent glandular epithelium were
defined as positive for mPGES-2 expression [20].

Statistical analysis

Immunostaining results for each protein were compared
with clinicopathological factors including age, gender,
location, vessel invasion, node metastasis, depth of inva-
sion, and stage, using the chi-square test or Fisher's exact
test as appropriate. The association among each protein
immunostaining was also assessed by the chi-square test or

Gene Accession No. Sequence

mPGES-1 NM_004878 5′-GGAACGACATGGAGACCATCTAC-3′

5′-TCCAGGCGACAAAAGGGTTA-3′

mPGES-2 NM_025072 5′-GCAAGGAGGTGACCGAGTTC-3′

5′-CACTGCCGCCACTTCATCTC-3′

cPGES NM_006601 5′ -AAGACTGGGAAGATGATTCAGATG-3′

5′ -GAACAACCCTCATCACCACCCATGTTGTTC-3′

Table 1 Primer sequences for
real-time PCR
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Fisher's exact test as appropriate. Wilcoxon's signed rank
test was used to analyze significant differences in real-time
PCR data. The distribution of DFS was estimated by
Kaplan–Meier methodology, and the log-rank test was used
to test for significant differences in DFS. A Cox propor-
tional hazard model was used to assess the effect of tumor
variables on overall survival. In multivariate analysis,
variables with P<0.05 in the univariate analysis were
included. A P value of <0.05 was considered significant.

Results

mPGES-1, mPGES-2 and cPGES mRNA expression levels
in colorectal tissue

We first determined mPGES-1, mPGES-2, and cPGES
mRNA expression levels in human colorectal mucosa by
quantitative real-time PCR. mPGES-1/β-actin and mPGES-
2/β-actin mRNA ratios were significantly higher in CRC
than in paired normal tissues. In contrast, cPGES/β-actin
mRNA expression levels in CRC tissues did not vary
significantly from those in paired normal tissues (Fig. 1).

COX-2, mPGES-1, mPGES-2, and cPGES protein levels
in colorectal tissue

We analyzed colorectal biopsies by Western blot to
determine COX-2 protein levels and those of each of the
three PGES proteins. CRC samples showed significantly
higher levels of the COX-2 and mPGES-1 proteins than
their paired nonneoplastic tissues, where protein levels were
low and not significant. In contrast, protein levels for
mPGES-2 and cPGES did not vary significantly between
cancer and paired nonneoplasitc tissues, although the
intensity of their bands varied among cases (Fig. 2).

mPGES-1, mPGES-2, cPGES, and COX-2 localization
in CRC

We analyzed the CRC surgical resections by immunohisto-
chemistry to determine which cells expressed the PGES
proteins. mPGES-1 immunoreactivity was predominantly
detected in cancer cells and was most evident at the

advancing edge of cancer cells in invasive carcinoma. It
was found in cancer cells in 43% of cases (67/155)
(Fig. 3b) but was nearly absent in glandular epithelial cells
of colorectal mucosa adjoining cancer tissue (Fig. 3a).
mPGES-2 immunoreactivity localized in both cancer cells
and glandular epithelial cells of noncancerous colorectal
mucosa (Figs. 3c, d), where both the intensity and
distribution range of mPGES-2 immunostaining appeared
heterogeneous. However, when mPGES-2 immunoreactiv-
ity in cancer cells was more closely compared to its
expression in the adjacent glandular epithelium, mPGES-2
expression was found to be significantly more pronounced
in CRC cells in 36% (56/155) of cases. We classified these
cases as having increased mPGES-2 expression. cPGES
immunoreactivity was seen in both glandular epithelial cells
in noncancerous colorectal mucosa (Fig. 3e) and in the
cytoplasm of cancer cells. cPGES immunostaining was
diffused and homogeneous (Fig. 3f) in all cases examined
and thus determined constitutive. COX-2 immunoreactivity
was found in cancer cells in 91% of cases (141/155),
consistent with previous reports [24, 25].

Relationship between mPGES-1 and mPGES-2
and Clinicopathological factors

Because certain cases exhibited higher levels of mPGES-1
and mPGES-2 protein, we then explored the clinical
significance of the protein expression of these two enzymes
in CRC. The relationship between immunohistochemical
results and clinicopathological factors is shown in Table 2.
mPGES-1 immunoreactivity was significantly higher in
differentiated than in poorly differentiated cancers and
correlated with vascular invasion. mPGES-2 immunoreac-
tivity was also higher in differentiated than in poorly
differentiated cancers, but the difference in protein levels
was not significant. However, mPGES-2 immunoreactivity
correlated with vascular invasion and tumor recurrence.

Relationship between mPGES-1, mPGES-2, and COX-2

mPGES-1 and COX-2 have been found to coexpress in a
variety of cancers. However, studies suggest that these
enzymes are regulated differently; thus, their localizations
would not necessarily coincide. mPGES-2 has also been

Fig. 1 mPGES-1, mPGES-2,
and cPGES mRNA expression
in colorectal cancer. mPGES-1/
β-actin and mPGES-2/β-actin
mRNA ratios were significantly
higher in tumor than in paired
normal tissues (**P<0.05,
Wilcoxon's signed rank test)
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reported in human CRC tissues and cell lines, yet no study
has focused on the relationship between this enzyme and
COX-2 in human CRC. Therefore, we investigated the
relationship between mPGES-1, mPGES-2, and COX-2
protein localization. There was no significant relationship
between mPGES and COX-2 statistically (Table 3). Never-
theless, it was still to be expected that mPGES and COX-2
should colocalize in the same cells for the generation of

PGE2. Thus, we examined immunohistochemical localiza-
tion of mPGES and COX-2 in each case using serial
sections. Generally, the number of COX-2-positive cells
was much higher than that seen for mPGES-1. Immunos-
taining of serial sections revealed that the staining patterns
for COX-2 and mPGES-1 differed from each other; COX-2
was basically diffuse and homogeneous, whereas mPGES-1
was focal and preferentially distributed at the invasive edge

Fig. 3 Immunohistochemical
localization of mPGES-1 (a, b),
mPGES-2 (c, d), and cPGES (e,
f) in normal colorectal mucosa
(a, c, e) and in adenocarcinoma
(b, d, f). a mPGES-1 in normal
colorectal mucosa. mPGES-1
was negative in all cells. b
mPGES-1 in colorectal cancer.
mPGES-1 was stained in
adenocarcinoma cells and in
stromal cells. c mPGES-2
in normal colorectal mucosa.
mPGES-2 was weakly stained in
glandular epithelial cells but not
in lamina propria inflammatory
cells. d mPGES-2 in colorectal
cancer. mPGES-2 was stained in
adenocarcinoma cells. e cPGES
in normal colorectal mucosa.
cPGES showed weak staining in
glandular epithelial cells but
strong staining in endocrine
cells from the neck to the base
of crypts in colorectal mucosa.
f cPGES was stained in
adenocarcinoma cells

Fig. 2 Western blot analyses of
COX-2, mPGES-1, mPGES-2,
and cPGES protein levels in
colorectal tissue samples from
colorectal cancer patients
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No. COX-2 mPGES-1 mPGES-2

No. (percent) P value No. (percent) P value No. (percent) P value

Age

<66 78 69 (88) NS 37 (47) NS 26 (33) NS

≥66 77 72 (94) 30 (39) 30 (39)

Gender

Male 90 85 (94) NS 40 (44) NS 34 (38) NS

Female 65 56 (86) 27 (42) 22 (34)

Site

Colon 106 95 (90) NS 48 (45) NS 36 (34) NS

Rectum 49 46 (94) 19 (39) 20 (41)

Histology

Well 89 79 (89) 0.0482 38 (43) 0.0454 28 (31) NS

Moderate 59 57 (97) 29 (49) 27 (46)

Poor 7 5 (71) 0 1 (14)

Depth

pT1 12 12 (100) NS 4 (33) NS 2 (17) NS

pT2 29 24 (83) 11 (38) 9 (31)

pT3 105 97 (92) 48 (46) 40 (38)

pT4 9 8 (89) 4 (44) 5 (56)

Lymphatic invasion

Negative 31 28 (90) NS 10 (32) NS 8 (26) NS

Positive 124 113 (91) 57 (46) 48 (39)

Vascular invasion

Negative 61 53 (87) NS 19 (31) 0.0199 14 (23) 0.0064

Positive 94 88 (94) 48 (51) 42 (45)

Lymph node status

pN0 85 76 (89) NS 36 (42) NS 25 (29) NS

pNx 70 65 (93) 31 (44) 31 (44)

TNM stage

I 36 31 (86) NS 13 (36) NS 7 (19) NS

II 43 40 (93) 19 (44) 15 (35)

III 52 48 (92) 23 (44) 23 (44)

IV 24 22 (92) 12 (50) 11 (46)

Recurrence

Negative 118 107 (91) NS 46 (39) NS 33 (28) 0.003

Positive 37 34 (92) 21 (57) 23 (62)

Table 2 Relationship between
mPGES-1, mPGES-2, COX-2,
and clinicopathologic factors

Number COX-2 P value mPGES-2 P value

Negative Positive Negative Positive
(N=14) (N=141) (N=99) (N=56)

mPGES-1

Negative 88 8 80 NS 64 24 0.0113

Positive 67 6 61 35 32

mPGES-2

Negative 99 11 88 NS

Positive 56 3 53

Table 3 Correlation between
COX-2, mPGES-1, and
mPGES-2
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of cancer cells. There was no association between COX-2
immunostaining and mPGES-2 immunostaining in cancer
cells statistically, although mPGES-1 and mPGES-2 immu-
nostaining correlated with each other (Table 3).

Comparative survival analysis

Survival rates were significantly lower for stage I–III
patients with mPGES-1-positive tumors than for patients
with mPGES-1-negative tumors according to log-rank
analysis (Fig. 4a). Similar results were obtained for
mPGES-2 expression (Fig. 4b).

Univariate analysis using the Cox proportional hazards
model showed that lymphatic invasion, vascular invasion,
lymph nodes status, depth, mPGES-1 expression, and
mPGES-2 expression each had significant prognostic value
(Table 4). Multivariate analysis performed by introducing

all the above variables in the Cox proportional hazards
model showed that lymphatic invasion, lymph nodes status,
depth, mPGES-1 expression, and mPGES-2 expression
retained independent prognostic significance (Table 4).

Discussion

We examined the expression and localization of mPGES-1,
mPGES-2, and cPGES in CRC patients and correlated their
expression to COX-2, clinicopathological factors, and
patient prognosis.

We found for the first time that mPGES-1 expression
correlated with histological type, vascular invasion, and
patient prognosis in CRC. However, there was no correla-
tion between mPGES-1 expression and TNM stage,
suggesting that mPGES-1 induction may be an early event
in colorectal carcinogenesis. In addition, although mPGES-
1 functions downstream of COX-2 in the PGE2-biosyn-
thetic pathway, there was no correlation between mPGES-1
and COX-2 expression in CRC. This coincides with
previous in vitro data showing that mPGES-1 and COX-2
are regulated differently. For example, chenodeoxycholate
markedly induces COX-2 but not mPGES-1 in colorectal
cancer cells. Tumor necrosis factor-α induces both
mPGES-1 and COX-2, but the time course and magni-
tude of induction differ [16]. A similar difference in timing
of induction is observed following interleukin-1β treatment
of synoviocytes [26].

COX-2 expression alone did not correlate with patient
survival, consistent with previous studies [24, 27]. In
contrast, survival rates were significantly lower for stage
I–III patients with mPGES-1-positive tumors than for
patients with mPGES-1-negative tumors. This prognostic
value of mPGES-1 was confirmed by multivariate Cox
proportional hazards analysis to be independent of depth of
invasion and lymph node metastasis. The reason for the
negative effect of mPGES-1 on the prognosis of CRC
patients is not clear. Since mPGES-1 expression tended to
be more pronounced at the advancing edge of cancer cells,
it could be that mPGES-1 modulates CRC progression
through the induction of angiogenic factors such as vascular
endothelial growth factor, conferring to cancer cells their
aggressive characteristics as has been shown for COX-2 in
other studies [28–30].

cPGES expression is considered constitutive and to
functionally couple with COX-1 [11]. This correlates with
our real-time PCR and Western blot analysis of biopsy
samples, where we found no significant differences in
cPGES expression levels between cancer tissues and their
nonneoplastic counterparts for the same patients. Moreover,
the intensity of cPGES immunoreactivity in cancer cells did
not differ significantly from that of the normal epithelium.

Fig. 4 a Kaplan–Meier disease-free survival curve for mPGES-1
expression in stage I–III patients. b Kaplan–Meier disease-free
survival curve for mPGES-2 expression in stage I–III patients
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Thus, results so far do not indicate a specific role for
cPGES expression in CRC progression, though that
possibility cannot be excluded.

Studies in vitro suggest that mPGES-2 may also be
constitutive [31]. However, our results indicate that,
although mPGES-2 expression appeared to be ubiquitous,
in reality, its expression was not entirely uniform. Although
it is difficult to conclude from our Western blot analysis
alone that mPGES-2 protein levels are higher in cancer than
in normal tissue, our immunohistochemical analysis of
mPGES-2 immunoreactivity in colorectal epithelium shows
that in 36% of cases mPGES-2 immunoreactivity was
significantly more pronounced in CRC cells than in
adjacent glandular epithelium. Furthermore, mPGES-2/β-
actin mRNA ratios were significantly higher in CRC than
in paired normal tissues. This result correlates with reports
of mPGES-2 overexpression in CRC [15]. Although
mPGES-2 is known to be constitutive in a variety of cells,
it can be activated by lipopolysaccharide [15], glutathione,
lipoic acid and other reducing agents [32], and interferon-γ
[33]. We also examined the relationship between mPGES-2
immunoreactivity and clinicopathological factors and found
for the first time that mPGES-2 expression correlated with
vascular invasion and tumor recurrence in CRC.

So far, all these data largely correspond with that of a
parallel study we recently conducted in gastric cancer;
where mPGES-1 and mPGES-2 were also found to
correlate with clinicopathological factors and patient prog-
nosis [20]. However, in contrast to that study, in the present
study, COX-2 expression did not correlate with mPGES-1
or mPGES-2 expression statistically. This may be explained
in part by the fact that, in this study, the positivity rate for
COX-2 was almost 100%, while the immunostaining
patterns for mPGES-1 and COX-2 differed from each
other, consistent with in vitro studies by others, indicating
that the induction of COX-2 and mPGES-1 is under
different regulatory mechanisms in CRC [16, 17, 34]. It
thus follows that cases that express COX-2 do not
necessarily express mPGES-1. At first, we hypothesized
that mPGES-2 would act to compensate for the lack of

mPGES-1 expression. But contrary to our expectations, the
relationship between mPGES-1 and mPGES-2 was not
correlative. We actually found a significant number of cases
(21 out of 155 cases) where neither mPGES-1 nor mPGES-
2 was expressed in COX-2-positive CRC patients. In this
case, the clinical significance of COX-2 expression alone in
CRC patients remains to be elucidated.

There is a great body of evidence showing the benefit
of PGE2 inhibition in CRC prevention and therapy [8, 9].
However, COX-2 selective inhibitors have been found to
increase the risk of cardiovascular events, curtailing their
use as therapeutics for colorectal neoplasms in the clinical
setting [5, 35]. COX-2 selective inhibitors are believed to
exert their beneficial effect through the suppression of
COX-2-derived PGE2 and their adverse effects through
the inhibition of prostacyclin (PGI2) and disruption of the
thromboxane A2/PGI2 equilibrium. It has been suggested
that mPGES-1 inhibitors may retain the anti-inflammatory
efficacy of COX-2 selective inhibitors by depressing
PGE2 production while avoiding the adverse cardiovascu-
lar events associated with COX-2-mediated PGI2 suppres-
sion [36]. Taking all these data into consideration, our
results suggest that mPGES-1 and mPGES-2 may be novel
targets for clinical therapy and that selective inhibitors of
these PGE synthases could replace the selective COX-2
inhibitors.

Recently, two studies examined the role of mPGES-1 in
colon cancer using Apc-mutant animal models with
deletions of the mPGES-1 gene and reported contradictory
results [21, 37]. Nakanishi et al. reported that mPGES-1
deletion reduced the total number and size of intestinal
polyps in ApcΔ14/+ mice, whereas Elander et al. reported
that the absence of this enzyme significantly increased the
total number and size of intestinal polyps in ApcMiñ mice.
These studies suggest that suppression of mPGES-1
induces the overexpression of other bioactive prostanoids/
thromboxanes (thromboxane B2, PGD2, and 6-keto-PGF1α)
that may themselves be involved in carcinogenesis. Clearly,
further studies in vivo on the roles of these mediators in
carcinogenesis are warranted. However, it could simply be

Table 4 Univariate and multivariate Cox proportional hazards analysis for disease-free survival

Variables Categories Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Lymphatic invasion Positive vs. negative 3.88 (1.18–12.6) 0.024 4.26 (1.10–16.5) 0.035

Vascular invasion Positive vs. negative 2.23 (1.10–4.50) 0.025 0.81 (0.38–1.77) NS

Lymph nodes Positive vs. negative 4.72 (2.37–9.41) <0.001 2.58 (1.28–5.22) 0.008

Depth (T factor) Continuous 3.62 (2.00–6.55) <0.001 4.41 (1.99–9.80) <0.001

mPGES-1 expression Positive vs. negative 3.50 (1.82–6.72) 0.002 2.89 (1.46–5.72) 0.002

mPGES-2 expression Positive vs. negative 4.04 (2.28–7.16) <0.001 3.22 (1.62–6.40) <0.001
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that the controversial results of these two studies rose from
the fact that different types of Apc-mutant mice were used
by the two groups. Furthermore, the Apc-mutant mice
model is clearly imperfect because polyp formation is much
more pronounced in the small intestine than in the large
intestine. Finally, the adenomatous polyps in these
animals rarely progress into invasive carcinomas. Thus,
one problematic issue is that mPGES-1 deletion only
affected polyp formation in the colon, where the polyp
numbers are so small that limited statistical confidence can
be achieved.

To conclude, we found for the first time that mPGES-1
and mPGES-2 expression in CRC significantly correlated
with clinicopathological factors, indicating a role for these
enzymes in the modulation of CRC progression.
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Abstract Our objective was to study the gross genomic
alterations in serous borderline tumors and serous adeno-
carcinomas of the ovary. A retrospective analysis of 245
serous borderline tumors and 62 serous adenocarcinomas
from 249 patients was performed using high-resolution
image cytometric DNA ploidy analysis. DNA ploidy status,

S-phase fraction, and DNA index were evaluated. The
majority of serous borderline tumors were diploid (225/245
cases, 92%). The remaining 8% showed an aneuploid peak
predominantly with DNA index of less than 1.4. Grades 2
and 3 serous adenocarcinomas were more often (80%)
nondiploid, mostly with DNA index exceeding 1.4. Grade 1
serous adenocarcinomas were an intermediate group, more
similar to serous borderline tumors. The S-phase fraction
increased from serous borderline tumors (mean=0.6%)
through grade 1 serous adenocarcinomas (mean=2.8%),
being highest in grades 2 and 3 adenocarcinomas (mean=
6.8%). Our findings support the hypothesis that serous
borderline tumors and grades 2 and 3 serous adenocarcino-
mas are genomically different lesions, with grade 1 serous
adenocarcinomas being an intermediate group more close to
borderline tumors.

Keywords Gross genomic alteration .

Serous borderline tumor . Serous adenocarcinoma .

Ovary . DNA ploidy . Image cytometry . S-phase fraction .

Histogenesis

Introduction

The World Health Organization (WHO) classification
categorizes ovarian tumors into different histologic types,
with serous tumors accounting for approximately 40% of
all cases [1]. Serous tumors are further classified into
benign lesions, borderline tumors (SBTs), and adenocarci-
nomas (SACs). The SBT category also includes infrequent
cases showing microinvasion and the recently recognized
subtype characterized by micropapillary growth pattern [1].
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Patients with SBTs have excellent prognosis, with 10-year
survival ranging from 77% to 99% depending on the
International Federation of Gynecology and Obstetrics
(FIGO) stage [2]. In contrast, patients with SACs have
5-year survival ranging from 15% to 85% depending on
FIGO stage [3]. In addition to its prognostic value, the
differentiation of SBTs from SACs is critical for the choice
of treatment (conservative surgery vs. radical surgery and
chemotherapy) [4].

It is not conclusively established whether SAC develops
from benign or borderline serous tumors. A recent review
on this issue suggests the existence of two types of
malignant ovarian tumors—the first consisting of slow-
growing tumors that are generally confined to the ovary at
diagnosis and develop from precursor borderline tumors,
the second type characterized by rapidly growing and
highly aggressive neoplasms without any known precursor
lesion [5]. There are comparative genomic hybridization [6]
and oligonucleotide microarray analysis [7] studies indicat-
ing that SBTs and SACs have different genetic aberrations,
supporting the view that the progression from SBT to SAC
is unlikely. However, a recent study using cytogenetics
reported on common chromosomal alterations in different
types of ovarian tumors, suggesting that progression may
occur from SBT to SAC [8].

New high-resolution image cytometric DNA ploidy
analysis of paraffin-embedded material provides informa-
tion regarding gross genomic alterations, as well as the
possibility to assess proliferation through S-phase fraction
(SPF) calculation. Our hypothesis was that DNA ploidy
analysis may aid in elucidating the relation between
ovarian SBTs and SACs of different histological grade.
In the present study, we analyzed the DNA ploidy status
of these two diagnostic entities in a large group of well-
characterized tumors. Our results support a dualistic view
of ovarian serous tumors.

Materials and methods

Patients and material

The cohort of this retrospective study consisted of patients
diagnosed with ovarian SBT or SAC whose tumors were
subjected to DNA ploidy analysis at the Oslo University
Hospital between April 2003 and April 2007. The material
consisted of paraffin-embedded tumor blocks from in-house
patients and patients operated upon at other hospitals. A total
of 307 tumors from 249 patients were analyzed in the study,
of which 245 were diagnosed as SBTand 62 as SAC. The 245
SBTs from 198 patients (bilateral in 47 cases) consisted of 222
ordinary SBTs, 11 specimens with a micropapillary growth
pattern, and 12 tumors withmicroinvasion. The 62 SACswere

from 51 patients (bilateral in 11 cases) and consisted of 22
grade 1, 21 grade 2, and 19 grade 3 tumors. The mean
diameter of SBTs and SACs was 8.0 and 8.6 cm, respectively.

Data regarding FIGO stage were available for 127 SBT
and 43 SAC cases and were as follows: SBT: Ia–b 76, Ic
30, SBT with implants in omentum and/or uterus and/or
tubes 21; SAC: Ia–b 13, Ic 16, IIa 3, IIb 3, IIIa 4, IIIc 4.

Histological classification

All hematoxylin and eosin (H&E)-stained control sections
from the paraffin-embedded tissue used for DNA ploidy
analysis were reviewed by an experienced gynecological
pathologist (VA). Histological subtyping and grading were
performed according to WHO classification of tumors [1].
Pathology records were reviewed in order to determine
tumor size, laterality, and age.

DNA image cytometry

Monolayer preparation, Feulgen staining, and
measurement of DNA content

DNA ploidy analysis was performed on cells from the area
of interest identified by a mark on the H&E-stained slide.
One to three 50-μm sections were cut from the paraffin-
embedded blocks. Monolayer preparations were made and
stained using the Feulgen method, as previously described
[9]. Briefly, sections were deparaffinized, rehydrated, and
incubated with protease to disaggregate the cells. The
enzymatic digestion was then stopped and the cell
suspensions were filtered. Monolayer preparations were
made from the filtrate on poly-L-lysine-coated glass slides,
which were air-dried and fixed in 4% formaldehyde.

To stain with Feulgen stain, the preparations were
hydrolyzed in 5 M HCl for 60 min and were afterward
stained with Schiff solution for 2 h. The preparations were
then washed and treated with 0.5% sodium disulfite in 0.05
M HCl. Finally, the slides were washed in running tap
water, dehydrated in increasing alcohol gradient, cleared in
xylene, and coverslipped.

Measurement of DNA content

The measurement of nuclear DNA content was performed
using the Fairfield DNA ploidy system (Fairfield Imaging
Ltd., Nottingham, England), consisting of a Zeiss Axioplan
microscope (Zeiss, Jena, Germany) equipped with a black-
and-white high-resolution digital camera (model C4742-95;
Hamamatsu Photonics K. K., Hamamatsu, Japan). The
optical density and the nuclear area were measured, and the
integrated optical density of each nucleus was calculated.
The background optical density was corrected for each
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nucleus. Images were collected into galleries, with nuclei-
of-interest used for measurement and with lymphocytes,
plasma cells, and fibrocytes as reference cells. Galleries
were edited to discard cut, overlapped, and pyknotic nuclei.
Histogram Draftsman 1.4 program (Fairfield Imaging Ltd.)
was used to create a histogram from the integrated optical
density of the nuclear images. The reference cell nuclei
were used as an internal diploid control.

Criteria for the classification of DNA ploidy

A tumor was classified as diploid if only one G0/G1 peak
(2c) was present; the number of nuclei at the G2 peak (4c)
did not exceed 10% of the total number of nuclei, and the
number of nuclei with DNA content more than 5c did not
exceed 1%. A tumor was defined as tetraploid if a 4c peak
(DNA index; DI=1.9–2.1) was present (with a higher
number of nuclei at the 4c peak than at the SPF and
consisting of more than 10% of the total nuclei); the
number of nuclei at the G2 peak (8c) did not exceed 10%
of the total number of nuclei, and the number of nuclei
with a DNA content more than 9c did not exceed 1%. A
tumor was defined as polyploid when more than 10% of
the total number of nuclei was present at the 8c peak and/
or when the number of nuclei with DNA content more
than 9c exceeded 1%. A tumor was defined as aneuploid
when noneuploid peak(s) were present or when the
number of nuclei with DNA content exceeding 5c (not
representing euploid populations) exceeded 1% [9]. In
cases in which multiple peaks existed, the DI of the most
prominent aneuploid peak was regarded as the DI of the
tumor. DNA aneuploid tumors were divided into two
groups, one with DI 1.05–1.4 and another with 1.4–1.89
or DI>2.1.

The SPF was manually calculated in the following way:
the number of channels between mid-G0/G1 and the mid-
G2/M peak was multiplied by the mean number of
registrations within an even part of the S-phase region.
This number was divided by the total number of nuclei

between the beginning of G0/G1 and the end of G2/M peak
and multiplied by 100. However, in nine cases, these
parameters could not be estimated because of overlapping
or small stem lines. The DI and coefficient of variation
(CV) of all the tumors were registered.

Statistical analysis

Statistical analysis was performed applying the SPSS-PC
package (version 13, Chicago, IL, USA). Statistical
significance was considered as p<0.05. Analysis of
variance (ANOVA) and post hoc Tukey tests were
performed.

Results

Patient age ranged from 18 to 92 (mean=55.2) years. All
307 tumors had adequate material for analysis. The mean
number of nuclei analyzed was 1,233 (range 382–1,636).
The mean CV for the main stem line was 2.59% (range
1.12–8.09). The distribution of DNA ploidy status and
mean SPF in SBTs of different subtype and SACs of
different histological grade is detailed in Table 1 and
examples are shown in Fig. 1.

The percentage of cases with DI>1.4 increased stepwise
from SBT through grade 1 SAC to grades 2 and 3 SAC
(Table 1). DNA tetraploid distribution was seen only in
grades 2 and 3 SAC. The mean SPF was similar in the
different SBT subtypes (Table 1). The SPF differed
significantly between SBT, grade 1 SAC, and grades 2
and 3 SAC (Table 2).

Presentation of DI values and SPF in a scatter diagram
illustrates how grades 2 and 3 SACs differ from SBTs and
grade 1 SACs, whereas the latter two tumor groups are
more similar (Fig. 2). Thus, grades 2 and 3 SACs are
dominated by cases with DI>1.4 and SPF>5%, while the
majority of the SBTs and grade 1 SACs have DI<1.4 and
SPF<5% (Fig. 2).

Table 1 DNA ploidy distribution and S-phase fraction in serous borderline tumors (SBT) and serous adenocarcinomas (SAC) of the ovary

Histology Diploid (%) Aneuploid (%) Tetraploid (%) Mean S-phase (95% CI) Total

DI (1.05–1.4) DI (1.4–1.89
and >2.1)

DI (1.9–2.1)

Ordinary SBT 208 (93.7) 12(5.4) 2 (0.9) 0 (0) 0.61 (0.52–0.7) 222

Micropapillary SBT 7 (63.6) 4 (36.4) 0 (0) 0 (0) 1.23 (0.8–1.7) 11

SBT with microinvasion 10 (83.3) 1 (8.3) 1 (8.3) 0 (0) 0.62 (0.04–1.2) 12

SAC grade 1 13 (59.1) 4 (18.2) 5 (22.7) 0 (0) 2.8 (1.24–4.35) 22

SAC grades 2 and 3 8 (20) 4 (10) 21 (52.5) 7 (17.5) 6.76 (5.44–8.08) 40

DI DNA index, CI confidence interval
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Discussion

There are different opinions concerning the histogenesis of
serous ovarian tumors, some supporting a progression from
SBT to SAC [8, 10] and others favoring a dualistic model

[5, 11–14]. We studied this issue using high-resolution
DNA ploidy image analysis in different subgroups of SBT
and grades of SAC in a large and well-characterized
retrospective material. Based on DI and SPF measurements,
we found that SBTs and grades 2 and 3 SACs are

Fig. 1 DNA ploidy in serous borderline tumors and serous adeno-
carcinoma. DNA diploid tumors: diploid serous borderline tumor (a)
showing lower S-phase fraction and coefficient of variation of the
diploid peak compared to a diploid serous adenocarcinoma (b). DNA

aneuploid tumors: serous borderline tumor (c) with aneuploid histo-
grams showing DNA index of the aneuploid peaks <1.2 and aneuploid
serous adenocarcinoma (d; DNA index=1.84) showing higher number
of nuclei in the S-phase fraction
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genomically different lesions, with grade 1 SACs being an
intermediate group with a genotype that resembles SBTs
more than high-grade SACs.

The DNA ploidy status of ovarian tumors has been
extensively studied in the last decades. These previous studies
have focused on the prognostic importance of this analysis
rather than on close correlation to histological subgroups or on
histogenetic aspects [15–19]. Evaluation of the latter aspect
has been limited by the fact that many of these previous
studies have analyzed limited and histologically less well-
defined material. Additionally, the DNA ploidy analysis
methods have been less precise compared to current
technology. This issue is critical, as the information gained
from DNA ploidy analyses differs greatly depending on the
method used. Earlier crude measurements using image
analysis on Feulgen-stained histological sections [17–20]
were unable to evaluate DI and thus cannot be compared to
modern image analysis data. In one study of SBTs using
Feulgen-stained sections [20], a very high frequency (23/44)
of DNA aneuploidy was found, although it had no impact on
prognosis. This high incidence of DNA aneuploidy in SBT
has not been demonstrated in other studies.

Another technical issue of importance is the fact that the
majority of previous studies have used flow cytometry
rather than image analysis, analyzing nuclear suspensions
from 50-µm paraffin sections. The results of these analyses
are sometimes difficult to interpret due to high background
and the presence of cut nuclei and nuclear fragments. To the
best of our knowledge, the study by Klemi et al. [21] using
flow cytometry is the only one performed on a substantial
number of SBT and SAC to date. In this study, DI had a
prognostic role for patients with SAC based on a cutoff of
1.3. In addition, the authors found that all the DNA
aneuploid SBTs had DI<1.4 in contrast to SACs, in which
with the majority of DNA aneuploid cases had DI>1.4. No
other DNA ploidy parameter was analyzed in their study.

Other investigators [22–24] have similarly reported that
DNA aneuploid SBTs had rather low DNA index (<1.4)
using flow cytometry. Additionally, other reports have
demonstrated that DNA index >1.4 is associated with
worse prognosis in early-stage ovarian carcinoma [25] and
mucinous ovarian borderline tumors [26]. Our data are in
agreement with these previous reports with respect to the
difference in DI between SACs and SBTs.

Our data concord with several studies in which other
molecular techniques have been used. A comparative genomic
hybridization study showed that the average number of

Fig. 2 Scatter plots of DNA index and S-phase fraction. Scatter plots
are shown for a serous borderline tumors, b serous adenocarcinoma
grade 1, and c serous adenocarcinoma grades 2 and 3

Table 2 p values of ANOVA post hoc Tukey HSD comparisons of S-
phase fraction between different DNA ploidy groups and different
histological types

Comparison p value

Diploid vs. aneuploid with DI <1.4 <0.001

Diploid vs. aneuploid with DI >1.4 <0.001

Diploid vs. tetraploid <0.001

Aneuploid with DI<1.4 vs. aneuploid with DI>1.4 <0.001

Aneuploid with DI <1.4 vs. tetraploid <0.001

Aneuploid with DI >1.4 vs. tetraploid 0.074

SBT vs. SAC grade 1 <0.001

SBT vs. SAC grades 2 and 3 <0.001

SAC grade 1 vs. SAC grades 2 and 3 <0.001

DIDNA index, SBT serous borderline tumor, SAC serous adenocarcinoma
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genetic changes per tumor greatly differs between SBTs (1.9)
and SACs (9.2) [27]. Meinhold-Heerlein et al. [7] reported
striking similarities between SBT and grade 1 SAC, both
being different from SAC grades 2 and 3, using oligonucle-
otide arrays. Our image analysis technique provides addi-
tional data, such as SPF values.

We noted a distinct correlation between DI and SPF.
Thus, tumors with DI up to 1.4, such as most DNA
aneuploid SBTs, have low SPF. It is interesting to compare
these data with the results of experimental findings of
Duesberg et al., who found a close correlation between the
degree of aneuploidy and genomic instability in studies on
tumor cell lines [28, 29]. In these studies, near-diploid
tumor cell lines (DI ≤1.4) were relatively stable, whereas
those with DI of 1.6–1.7 were highly genomically unstable.
The majority of the DNA aneuploid SBTs have DI values
corresponding to a genomically stable tumor population,
while aneuploid SACs have DI values corresponding to
unstable tumor cell populations.

The findings in the above-discussed clinical [21–26] and
experimental studies [28, 29] were the reason for using a
cutoff of DI=1.4 in our grouping of DNA aneuploid
tumors, as shown in Table 1. The tumors deviating from
this concept, such as SBTs with DI>1.4 and SACs with DI
<1.4, are thus of special interest. They are however too few
in this series, and larger material with clinical follow-up
needs to be analyzed before any conclusions can be drawn
concerning this group.

In conclusion, the present study demonstrates that
measuring nuclear DNA content and SPF by high-
resolution image analysis of paraffin-embedded material
provides data supporting the dualistic model of serous
ovarian tumor histogenesis.
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Abstract Septic arthritis is frequently observed especially
in immune-compromised or chronically diseased patients
and leads to functional impairment due to tissue destruc-
tion. Recently, production of antimicrobial peptides (AMP)
was observed in articular cartilage after exposure to
bacteria. This report examines the role of synoviocyte-
derived AMPs in innate defense mechanisms of articular
joints. Samples of healthy, low-grade synovialitis and septic
synovial membranes were assessed for the expression of
human β-defensin-2 (HBD-2) and Toll-like receptor-2 and -
4 (TLR) by immunohistochemistry and enzyme-linked
immunosorbent assay (ELISA). A stable synoviocyte line
(K4IM) was used for in vitro experiments and assayed for
endogenous HBD-2 and TLR production after exposure to
inflammatory cytokines or bacterial supernatants by reverse
transcription polymerase chain reaction (RT-PCR), real-

time RT-PCR, Western blot, ELISA, and dual luciferase
assay. Healthy human synovial membranes and cultured
synoviocytes are able to produce HBD-2 and TLR-1–5 at
basal expression levels. Samples of bacteria-colonized
synovial membranes produce higher levels of HBD-2 when
compared with samples of healthy tissues. K4IM synovio-
cytes exposed to Staphylococcus aureus, Pseudomonas
aeruginosa, or proinflammatory cytokines demonstrated a
clear HBD-2 transcription and protein induction. TLR-2
and -4 are known to have a critical role in the recognition of
gram-positive and gram-negative bacteria in epithelia and
are induced in mesenchymal synoviocytes after bacterial
exposure on transcription and on protein level. This report
demonstrates an unappreciated role of synovial membranes:
samples of septic synovial membranes and cultured
synoviocytes exposed to bacteria produce increased
amounts of the AMP HBD-2 and the bacteria recognition
receptors TLR-2 and -4. The induction of anti-
inflammatory pathways in infected synoviocytes suggests
involvement in intra-articular defense mechanisms.

Keywords Bacterial infection . Antimicrobial peptide .

Human β-defensin-2 . Toll-like receptor

Introduction

Septic arthritis frequently results from hematogenous
spread of bacteria or traumatic or surgical bacterial
contamination. The most common isolated bacteria in this
case are Staphylococcus aureus [1, 2]. Once the bacteria
invade the synovial membrane, bacterial toxins stimulate
the release of multiple cytokines such as tumor necrosis
factor (TNF-α) or interleukin-1 (IL-1). These cytokines, in
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turn, induce the production of proteolytic enzymes in
synovial membrane and support the destruction of articular
cartilage [3–5].

In general, the synovium consists of a thin lining layer of
macrophages and fibroblasts [6, 7]. In healthy organisms,
the predominant cell type is of mesenchymal origin and
demonstrates fibroblast-like features [8, 9]. In pyogenic
arthritis, the synovial lining thickens, and the sublining
tissue becomes infiltrated with T cells, B cells, and
macrophages.

The host response to bacterial infection is dependent on
both innate (non-antibody-mediated) and adaptive (anti-
body-mediated) immune systems. The adaptive immune
system is primarily cellular in composition and relies on the
actions of B and T cells. The innate immune response is
more immediate and depends on the activity of phagocytic
cells and the expression of a number of antimicrobial
proteins and peptides (AMP) [10, 11]. Defensins are an
important subfamily of AMP and are able to kill microbes
by destructing their cell membranes. To date, six human β-
defensin (HBDs), HBD-1 through -6, have been identified
in human tissues [10, 11]. The HBDs differ in tissue
distribution and expression profile after stimulation with
proinflammatory cytokines or bacteria [12–16]. The HBD-2
was first isolated from human skin and displays potent
antimicrobial activity in the gram-negative and -positive
range as well [12]. The importance of AMP in host defense
becomes evident in mice overexpressing the human alpha-
defensin-5 gene and the subsequent resistance to oral
application of Salmonella typhimurium [17]. Other studies
revealed that mice with disrupted AMP genes are prone to
infection in the affected organs [18].

Toll-like receptors (TLR) are a family of transmembrane
receptors [19–21]. They were regarded as key regulators of
both innate and adaptive immune response and recognize
pathogen-associated molecular patterns (PAMPs) from
gram-positive and -negative bacteria [22]. The interaction
of TLRs with PAMPs results in the nuclear translocation of
the transcription factor nuclear factor kappa B (NF-κB) and
a subsequent increase of AMP production [9, 10, 23].
Studies on epithelia demonstrate that TLR-4 and its
accessory molecule lymphocyte antigen 96 (MD-2) are
required for the recognition of lipopolysaccharide found in
the membranes of gram-negative bacteria [24]. By contrast,
TLR-2 is required for the recognition of bacterial
lipopeptide, and in combination with TLR-6, for the detection
of peptidoglycan and lipoteichoic acid, which are components
of gram-positive bacteria [23]. Up to now, reports are missing
concerning the expression and regulation of TLRs in
mesenchymal synoviocytes in case of bacterial exposure.

Recent studies of our group have demonstrated that
synovial membranes have the ability to produce HBDs in
case of inflammatory or bacterial joint disease [25, 26].

Moreover, expression pattern of these peptide antibiotics
changed, dependent on the kind of joint disease, thus,
suggesting a regulative AMP production after being
challenged by inflammatory mediators [26].

The aim of the current study was to determine
inflammatory production and regulation of HBD-2 in
human synovial membranes and to evaluate the findings
in an in vitro model with immortalized synoviocytes called
K4IM and primary synoviocytes.

Material and methods

Tissues

Healthy synovial membranes (n=6) were collected from
knee joints without signs of degeneration. The articular
joints were dissected from body donors, donated to the
Institute of Anatomy. Infected synovial membranes (high-
grade synovialitis; n=6) and low-grade synovialitis syno-
vial membrane (n=6) were collected from patients who
underwent revision surgery due to bacterial infection at the
Department of Trauma, University of Kiel. All samples
from patients suffering from septic arthritis showed positive
microbiological cultures for gram-positive bacteria such as
S. aureus (n=3) or S. epidermidis (n=3). The study was
approved by the institutional review board.

Human cell culture

To analyze parameters that lead to the activation of synovial
fibroblasts, we cultured a stable human synoviocyte line
(K4IM, a generous gift from Christian Kaps, Charite,
Berlin, Germany) which is immortalized with the SV40 T
antigen [27]. Several studies confirmed that the immortal-
ized K4IM cell line represents a valuable tool to study
mechanisms that induce synoviocyte activation [27, 28].
For Western blot analysis, primary synoviocytes were
collected from healthy synovial membranes of body donors
and prepared for in vitro examinations, as recently
described by Ralph et al. [29]. For in vitro experiments,
synoviocytes were cultured in monolayers in RPMI-1640
media supplemented with 10% (v/v) fetal calf serum, 2 mM
glutamine, and 50 μg/ml penicillin-streptomycin (Gibco
BRL). At 80% confluency, stimulation experiments were
performed in serum-free RPMI-1640 medium in humidified
5% CO2 atmosphere.

Stimulants

Synoviocytes in monolayer culture were exposed to IL-1/-6
(10 ng/ml), TNF-α (10 ng/ml) or supernatants of Pseudo-
monas aeruginosa (PAS) or S. aureus (diluted 1:50) for 6 or
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24 h. The supernatants were generated from clinical
isolates, as recently described by Gläser et al. [30].

RNA preparation and cDNA synthesis

Frozen tissue samples (20 mg) of healthy and infected
synovial membranes were crushed in an achate mortar
under liquid nitrogen. RNA from tissues was generated by
Trizol reagent. Moreover, RNA from cultured synovio-
cytes was extracted with the RNeasy Total RNA kit
(Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions. Contaminating DNAwas destroyed by
digestion with RNase-free DNase-I (20 min at 25°C,
Boehringer, Mannheim, Germany). After inactivation of
DNase (15 min at 65°C), complementary DNA (cDNA)
was generated with 1 μl (20 pmol) of oligo (dt) primer
(Amersham Pharmacia, Uppsala, Sweden) and 0.8 μl of
superscript RNase H-reverse transcriptase (Gibco, Paisley,
UK) for 60 min at 37°C.

Reverse transcription polymerase chain reaction

For PCR, 4 µl of cDNA were incubated with 30.5 µl water,
4 µl 25 mM MgCl2, 1 µl dNTP, 5 µl 10 × PCR buffer, and
0.5 µl (2.5 U) platinum Taq DNA polymerase (Gibco), and
the following pairs of primers: HBD-2-for1 5′-CCAGCCAT
CAGCCATGAGGGT-3′, HBD-2-ra 5′-GGAGC CCTTT
CTGAATCCGCA-3′, 57°C, 255 bp; TLR-1-for1 5′-CTATA
CACCAAGTTGTCAGC-3′, TLR-1-ra 5′-GTC TCCAACT
CAGTAAGGTG-3′, 56°C, 210 bp; TLR-2-for1 5′-GCCAA
AGTCTTGATTGATTGG-3′, TLR-2-ra 5′-TTG AAGTTCT
CCAGCTCCTG-3′, 56°C, 347 bp; TLR-3-for1 5′-GATCT
GTCTCATAATGGCTTG-3 ′ , TLR-3 - ra 5 ′ -GAC
AGATTCCG AATGCTTGTG-3′, 56°C, 300 bp; TLR-4-
for1 5′-TGGATACGTTTCCTTATAAG-3′, TLR-4-ra 5′-
GAAATGGAGGCACCCCTTC-3′, 56°C, 548 bp; TLR-5-
for1 5′-CTAGCTCCTAATCCTGATG-3′, TLR-5-ra 5′-C
CATGTGAAGTCTTTGCTGC-3′, 56°C, 400 bp. A
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-
specific intron-spanning primer pair (forward primer: 5′TGA
AGGTCGGAGTCAACGGA TTTGGT-3′; reverse primer:
5′-CATGTGGGCCATGAGGTCCACCAC -3′), which
yielded a 983-bp amplified product, served as the internal
control for equal amounts of cDNA. Thirty-five cycles were
performedwith each primer pair. All primers were synthesized
by MWG-Biotech AG, Ebersberg, Germany. For the negative
control reaction, the cDNAwas replaced with water.

Real-time reverse transcription polymerase chain reaction

Real-time reverse transcription polymerase chain reaction
(RT-PCR) was carried out using a one-step RT-PCR system
(Qiagen; QuantiTect SYBR Green RT-PCR). For this

purpose, 100 ng of total RNAwas added. Real-time RT-PCR
was used tomonitor gene expression using an i-Cycler (Biorad,
München, Germany) according to the standard procedure.
PCR was performed, as recently described by our group
[31, 32]. I-Cycler Data Analysis software (Biorad, München,
Germany) was used for PCR data analysis. The used TaqMan
primers and probes had the following identification numbers:
GAPDH: Hs99999905_m1, HBD-2: Hs00823638_m1, TLR-
2: Hs00610101_m1, and TLR-4: Hs00370853_m1 (Applied
Biosystems, Darmstadt, Germany). Relative quantifica-
tion was performed by normalizing the signals of the
different genes against those of GAPDH. The assessed
data included three independent experiments with
triplicates.

Western blot

For Western blots, samples were reduced in the presence of
10 mM dithiothreitol, proteins separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (10% gels),
transferred onto nitrocellulose membranes that were blocked
and incubated with antibodies according to standard techni-
ques as described [33]. Signals were detected by chemilu-
minescence reaction (ECL-Pus; Amersham Pharmacia,
Uppsala, Sweden).

HBD-2 enzyme-linked immunosorbent assay

For enzyme-linked immunosorbent assay (ELISA), 100 mg
fresh weight of healthy and infected synovial membranes
was crushed in an achate mortar under liquid nitrogen and
homogenized in 150 mM NaCl, 20 mM Tris HCl buffer, pH
7.4, using a polytron homogenizer (Kinematica, Luzern,
Switzerland). A soluble fraction was obtained by centrifu-
gation at 48.000×g for 60 min. Subsequently, 50 µl
aliquots of this homogenates and aliquots of the collected
cell supernatants from the stimulation experiments were
examined by sandwich ELISA. Ninety-six well immuno-
plates (MaxiSorp™, Nunc, Roskilde, Denmark) were
coated at 4°C for 24 h with 100 µl (0.5 µg/ml) goat anti-
HBD-2 antibody (Acris, Hiddenhausen, Germany;
PP1125P2) diluted 1:500 in 0.05 M carbonate buffer, pH
9.6. Subsequently, wells were blocked with 200 µl 1%
bovine serum albumin in phosphate buffer solution (PBS)
for 10 min at room temperature. After three times washing
with 200 µl PBS+0.1% Tween 20, 100 µl per well of cell
culture supernatants were incubated for 30 min at room
temperature. Plates were washed thrice with PBS+0.1%
Tween 20, and wells were incubated for 30 min at room
temperature with 50 µl of biotinylated goat anti-HBD-2
antibody (Acris, Hiddenhausen, Germany, PP1125B1)
diluted 1:2.500 to 0.2 µg/ml in PBS+0.1% Tween 20.
Plates were washed again three times with PBS+0.1%
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Tween and filled with 50 µl/well of streptavidin-POD
(Roche Diagnostics, Mannheim, Germany; 1:10.000 in
PBS+0.1% Tween 20). The plates were then incubated
for 30 min at room temperature, washed three times as
described above, and incubated with 2.2′-azino-bis-3-ethyl-
benzthiazoline-6-sulfonic acid (Roche Diagnostics) as the
development agent for 15–45 min at room temperature in
the dark. Absorbance was measured at 405 nm with a
multichannel photometer (Sunrise; Tecan, Crailsheim,
Germany). Human recombinant HBD-2 (PeproTec, Rocky
Hill, CT, USA) served as the standard with the following
concentrations: 0, 0.16, 0.32, 0.64, 1.25, 2.5, and 5 ng/ml.

Dual luciferase assay

The luciferase assay was carried out as described in Harder
et al. [34].

Statistical analysis

Differences between the groups were evaluated using the t
test. Group differences were considered significant if P<
0.05. All statistical analyses were carried out using the JMP
statistics package (SAS Institute, Cary, NC, USA).

Results

Human β-defensin-2 is induced in septic synovial
membrane

To evaluate HBD-2 expression in low-grade synovialitis
and in healthy and inflamed human synovial membranes
(high-grade synovialitis), RT, PCR, immunohistochemistry,
and ELISA experiments were performed.

RT-PCR revealed HBD-2 transcripts in all examined
tissue samples of bacteria-infected synovial membranes
(Fig. 1a). Immunohistochemistry was used to analyze
expression pattern of HBD-2 in healthy and infected
tissues. Neglectable immunostaining was demonstrated in
tissue samples of low-grade synovialitis or healthy synovial
membranes (Fig. 1b), but bacterial colonization results in a
significant upregulation of HBD-2. The observed immu-
nostaining was primarily visible in the extracellular matrix
of fibroblasts, as detected by their characteristic shape
(Fig. 1b).

ELISA experiments were performed to analyze quanti-
tative amounts of HBD-2 protein in the collected tissue
samples of healthy, low-grade synovialitis and high-grade
synovialitis (bacteria-infected synovial membranes). In case
of gram-positive infections, HBD-2 expression levels
clearly raised to 1.5 ng/100 mg fresh tissue, thus demon-
strating a microbial influence in the regulation of synovial

membrane-derived AMP (Fig. 1c). The amount of HBD-2
in healthy and in low-grade synovialitis was similar
(Fig. 1c).

IL-1, IL-6, TNF-α, P. aeruginosa, and S. aureus stimulate
HBD-2 expression in cultured synoviocytes

To assess inducers of HBD-2 in synovial membranes,
K4IM synoviocytes were taken into cell culture and
stimulated with different proinflammatory cytokines and
supernatants of a clinical isolate of S. aureus or P.
aeruginosa. After 6 or 24 h of stimulation, RNA or cell
supernatants were collected and assayed by RT-PCR, real-
time RT-PCR, or ELISA experiments. Similar to recent
results in chondrocytes, cultured K4IM synoviocytes
strongly induce HBD-2 transcripts after exposure to IL-1/-
6 or TNF-α (Fig. 2a, b). Among these inflammatory
cytokines, TNF-α has the greatest impact on HBD-2 gene
expression in K4IM cells (Fig. 2b). Protein analysis with a
HBD-2 sandwich ELISA revealed gram-positive bacteria of
S. aureus and gram-negative P. aeruginosa as additional
stimulators, because 24 h after exposure amounts of
secreted HBD-2 protein raised up to 160 ng/300.000 cells.
Interestingly, induction of HBD-2 was not dependent on the
specification of the bacteria and did not exceed amounts of
cytokine-exposed synoviocytes (Fig. 2c).

The Toll-like receptors 1–5 are expressed in healthy
synovial membranes

To investigate the expression of TLRs, which are known to
be involved in the regulation of AMPs in epithelia, RT-PCR,
immunohistochemistry, and Western blot investigations were
performed. RT-PCR revealed transcripts of TLR-1–5 in
homogenates of healthy synovial membranes (Fig. 3),
indicating a role in the regulation of AMP in mesenchymal
synovial membranes. Because of their key role in bacteria-
mediated anti-inflammatory pathways in epithelia, produc-
tion of TLR-2 and -4 was additionally demonstrated by
immunohistochemistry in samples of septic synovial mem-
branes (Fig. 1b). Regulation of TLR-4 was examined in
primary synoviocytes after exposure to P. aeruginosa.
Western blot analysis revealed induction of gram-negative
specialized TLR-4 after 24 h of bacterial stimulation.

Bacterial induction of TLR-2 and -4 in cultured
synoviocytes

To test the inducibility of TLR-2 and -4 in cultured
synoviocytes, K4IM cells were challenged by TNF-α or
supernatants of P. aeruginosa and S. aureus. After 6 h of
co-culturing, RT-PCR and real-time RT-PCR examinations
were performed. Addition of the proinflammatory cytokine
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TNF-α (10 ng/ml) resulted in an increased transcription of
TLR-4 (Fig. 4a). Real-time RT-PCR demonstrated a clear
induction of TLR-2 and -4-messenger RNA after 6 h of
exposure to gram-negative P. aeruginosa and gram-positive
S. aureus (Fig. 4b). Interestingly, bacterial specification did
not significantly influence TLR-2 gene expression, but
quantitative TLR-4-RT-PCR revealed more transcripts in
case of gram-positive bacterial stimulation with S. aureus
(Fig. 4b).

Proinflammatory cytokines and supernatant
of P. aeruginosa and S. aureus increase promoter activity
of HBD-2

In order to verify the ELISA and real-time RT-PCR data, we
performed dual luciferase assays. IL-1 leads to an 11-fold,

TNF-α to an eightfold, and IL-6 to a twofold increase of
the HBD-2 promoter activity (Fig. 5a). P. aeruginosa leads
to a 1.2-fold and S. aureus to a 2.2-fold increase of the
HBD-2 promoter activity (Fig. 5b). After 12 h, 10 ng/ml
IL-1 leads to a maximum of HBD-2 promoter activity
(Fig. 5c; control=1). All experiments were performed with
n=8.

Discussion

Defensins are an essential part of the host innate immune
system responsible for the first line of defense against
pathogenic microorganisms [10, 11]. In case of bacterial
arthritis, many cell types neighboring to synoviocytes (for
instance chondrocytes, osteocytes, and osteoblasts) were

Fig. 1 a–c Human β-defensin-2
is expressed and induced in
bacteria-infected synovial mem-
branes. To assess production of
HBD-2 in synovial membranes
after bacterial infection, RT-
PCR, immunohistochemistry,
and ELISA experiments were
performed. RT-PCR revealed
HBD-2 transcripts in all exam-
ined bacteria-colonized tissue
samples (a). Immunohistochem-
ical examinations confirmed in-
creased staining activity in
samples of infected synovial
membranes. Staining was pri-
marily found in the extracellular
matrix of fibroblasts, as detected
by their characteristic cigar-
shape (b). ELISA experiments
approved increased expression
of the endogenous antibiotic. In
case of bacterial colonization
with staphylococci, HBD-2
amounts peaked to 1.5 ng/
100 mg fresh tissue (c). Values
are the mean ± standard
deviation, *P<0.05 versus
controls
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affected, but Typ-A and -B-synoviocytes were regarded as
the most immunocompetent cells from all. Therefore, we
analyzed the production and regulation of the antimicrobial
peptide HBD-2 in samples of healthy and infected synovial
membranes and evaluated these findings in a model of
cultured K4IM synoviocytes after inflammatory or bacterial
exposure.

The transcriptional induction of HBD-2 in mesenchymal
synovial membrane after contact with proinflammatory
cytokines or S. aureus is in accordance with previous
results on epithelial tissues, which examine the antibacterial
role of defensins. Harder et al. [12] were the first who
describe the induction of HBD-2 after inflammatory
challenge of human skin. Other studies confirmed upregu-
lation in several epithelial tissues such as the lungs or the

gastrointestinal or urogenital tract [13, 35–38]. Typical
stimulators include the cytokines TNF-α, IL-1/-6, or the
gram-negative bacteria P. aeruginosa [12, 34, 38, 39].
Many studies failed to observe HBD-2 induction following
gram-positive bacterial stimulation, but it is reasonable to
propose that AMP induction differs dependent on the
examined tissues and the pathogenicity of the used bacteria
[12, 39].

The induction of synoviocyte-secreted HBD-2 protein
was measured after 24 h of inflammatory or bacterial
stimulation. In contrast, AMP secretion of blood cells is
induced within a few minutes as a result of storage in
cellular granules. The continuous expression of HBD-2
from synoviocytes after inflammatory challenge seems to
be more likely a result of a de novo synthesis [10, 11]. Only

Fig. 2 a–c Proinflammatory cytokines such as IL-1, IL-6, or TNF-α
and bacterial supernatants of Staphylococcus aureus and Pseudomo-
nas aeruginosa were transcriptional inducers of human β-defensin-2.
Proinflammatory cytokines such as IL-1, IL-6, or TNF-α are known to
be involved in inflammatory joint disease. To assess their influence on
HBD-2 gene expression in cultured K4IM synoviocytes, RT-PCR,
real-time RT-PCR, and ELISA experiments were performed. After 6 h
of stimulation, TNF-α (10 ng/ml) stimulation resulted in a more than
40-fold increased transcription rate when compared to controls (a, b).

To examine secreted HBD-2 protein levels in cultured K4IM
synoviocytes, ELISA experiments were done. After 24 h of
stimulation, cell culture supernatants were collected and revealed
increased HBD-2 expression in case of IL-1, IL-6, TNF-α, or bacterial
exposure (c). Interestingly, induction of HBD-2 was not dependent on
the specification of the bacteria and did not significantly exceed
amounts of cytokine-exposed synoviocytes. Values are the mean ±
standard deviation, *P<0.05 versus controls. c negative control; Ø
unstimulated cells
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two studies have already focused on the expression and
regulation of HBD-2 in mesenchymal tissues such as
articular cartilage or synovial membranes [26, 32]. Paulsen
et al. discovered HBD-2 only in situ in some samples of
pyogenic synovial membranes by means of immunohisto-
chemistry [26]. In contrast to our study, all examined tissue
samples were tested positive for S. aureus colonization and
thus may explain their observed incontinuous production of
HBD-2.

The induction of HBD-2 in synovial membrane is not
merely connected with antibacterial tasks. The secreted
protein levels, as measured by ELISA, were at low
antibacterial levels, but concomitant expression of
cartilage- or neutrophil-released AMPs may increase
intra-articular defense levels. In addition to their antimi-
crobial activity, HBD-2 provides a link to the adaptive
immune system by attracting immature dendritic cells
and memory T cells via the chemokine receptor CCR-6
[40]. Interestingly, for chemotactic tasks, HBD-2 is
needed in much lower concentrations. Recently, two
reports describe intra-articular accumulation of AMPs in
human joints following abacterial rheumatoid arthritis
(RA) [41, 42]. Without immediate threat of bacterial
colonization, bactericidal/permeability-increasing protein
(BPI) and human neutrophil peptides (HNP-1–3)
increased in joint fluid samples of patients with RA.
Moreover, they observed a significant correlation between

joint destruction and intra-articular accumulation of BPI
and HNP, thus suggesting additional tasks of AMPs than
the antimicrobial [42]. Previous results of our group may
provide an explanation. After co-incubation of chondro-
cytes or cartilage discs with HBD-3 protein, levels of
tissue destructive matrix metalloproteinases raises, and
levels of their endogenous inhibitors (tissue inhibitors of
metalloproteinases) dropped [31]. Especially, the observed
sub-antimicrobial protein levels support our hypothesis
that synoviocyte-derived HBD-2 expression following
inflammatory exposure may modify migration pattern of
blood cells into the joint cavity via CCR-6 receptor or
interferes with tissue remodeling processes in articular
cartilage.

Fig. 3 Toll-like receptors 1–5 were expressed in healthy synovial
membranes. To determine putative receptors for bacterial recognition
in synovial membranes, RT-PCR and Western blot investigations of
Toll-like receptors were performed. RT-PCR revealed transcripts
of TLR-1 to -5 in samples of healthy tissues. To assess the inducibility
of TLRs after bacterial exposure, primary synoviocytes were chal-
lenged by supernatants of Pseudomonas aeruginosa. Western blot
analysis revealed increased expression of TLR-4 after gram-negative
bacterial stimulation, thus suggesting a potential relationship between
bacterial recognition via Toll-like receptors and subsequent induction
of antimicrobial peptides in synovial membranes. c unstimulated cells;
PAS P. aeruginosa-stimulated cells

Fig. 4 Toll-like receptor-2 and -4 were induced in cultured K4IM
synoviocytes after bacterial stimulation. To determine K4IM synovio-
cytes as an appropriate in vitro model for studying mechanisms that
induce synoviocyte activation, real-time RT-PCR was performed.
After 6 h of stimulation, TLR-2 gene expression increased nearly
tenfold after gram-positive or -negative bacterial stimulation. Interest-
ingly, TLR-2 is primarily involved in the recognition of gram-positive
bacteria in epithelia, but bacterial specification does not influence
TLR-2 transcription rate in mesenchymal synoviocytes. The same
observation is made in case of TLR-4 real-time analysis. Studies on
epithelia suggest that TLR-4 is primarily involved in the recognition
of gram-negative bacteria, but mesenchymal synoviocytes induce
TLR-4 also after gram-positive bacterial challenge. Values are the
mean ± standard deviation, *P<0.05 versus controls
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The receptor, which mediates bacteria- or inflammatory-
dependent upregulation of AMP in infectious arthritis, has
not yet been characterized. The induction of TLR-2 and -4
in cultured synoviocytes suggest a possible involvement in
host AMP production following bacterial stimulation. TLR
recognize specific pathogen-associated molecules that
are associated with a variety of bacteria, viruses, and
fungi [21–23]. Interaction of TLR and bacterial patho-
gens resulted in an enhanced production of antimicrobial
proteins and secretion of proinflammatory cytokines in
epithelial tissues, but the role of TLRs in bacteria-

infected mesenchymal tissues has to be evaluated in
future experiments [21].

Conclusion

Taken together, this is the first report which describes the
induction of HBD-2 and the PAMP receptors TLR-2 and -4 in
synovial membranes after inflammatory and bacterial exposure
and suggests involvement either in innate defense mechanism
or in the regulation of the destructive course of septic arthritis.

Fig. 5 Dual luciferase assay
revealed strong increase of
HBD-2 promoter activity due to
proinflammatory cytokines or
Staphylococcus aureus superna-
tant. IL-1 leads to an 11-fold,
TNF-α to an eightfold, and IL-6
to a twofold increase of the
HBD-2 promoter activity (a).
Pseudomonas aeruginosa leads
to a 1.2-fold and S. aureus to a
2.2-fold increase of the HBD-2
promoter activity (b). After
12 h, 10 ng/ml IL-1 leads to a
maximum of HBD-2 promoter
activity (c; control=1). All
experiments were performed
with n=8. Error bars indicate
SEM. *Significant difference
versus control
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Abstract Colorectal carcinoma (CRC) is a heterogeneous
disease with specific epidemiological, pathological, molec-
ular, and clinical characteristics that depend on the location
of the tumor relative to the splenic flexure. Thymidylate
synthase (TS) is a major target of 5-fluorouracil-based
chemotherapy for CRC and high expression of this enzyme
in tumor cells can influence the effect of therapy. We
examined differences in TS protein expression in nuclei of
tumor cells between CRCs located proximal and distal to

the splenic flexure. Nuclear TS was detected by immuno-
histochemistry with a TS 106 monoclonal antibody on
tissue microarrays constructed from 269 CRCs. The median
histological score of nuclear TS expression of all proximal
tumors was two times higher (p=0.0003) and in men three
times higher (p=0.00023) than that found in distal tumors.
In multivariate analysis which included age, sex, Astler–
Coller stage, histological grade, and site, only proximal
location of the tumor was identified as an independent
factor associated with higher TS expression (odds ratio
2.46, 95% confidence interval=1.29–4.70, p=0.0062).
These results demonstrate significant differences in nuclear
TS expression between proximal and distal cancers and
suggest the potential importance of the site of the tumor for
proper stratification of patients for chemotherapy.

Keywords Nuclear thymidylate synthase . Tissue
microarrays . Colorectal cancer . Tumor site

Introduction

Although the majority of colorectal carcinomas (CRC) are
histologically similar, i.e., they are adenocarcinomas, it has
become clear that carcinomas proximal and distal to the
colon’s splenic flexure represent distinct entities with
specific epidemiological, pathological, molecular, and clin-
ical characteristics [1, 2]. Two different genetic pathways
are thought to be involved in CRC pathogenesis: micro-
satellite instability and chromosomal instability, and CRCs
with high-frequency microsatellite instability (MSI-H) are
characterized by proximal location and relatively good
prognosis [3, 4]. Hence, CRC is a heterogeneous disease
that may be characterized by a different clinical outcome
depending on the location of the tumor.
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Thymidylate synthase (TS) catalyzes the reductive
methylation of deoxyuridine monophosphate to deoxythy-
midine monophosphate and this reaction provides a
principal precursor for DNA replication and repair. TS is
the main target of 5-fluorouracil (5-FU) because 5-
fluorodeoxyuridine-5′- monophosphate, a 5-FU metabolite,
binds TS and forms a stable ternary complex that prevents
DNA synthesis [5]. Thus, the level of expression of TS is a
potential maker for predicting response to 5-FU [6]. This is
supported by in vitro studies which indicate a relationship
between TS levels and response to 5-FU [7]. However, it
has not been established whether a cytoplasmic or nuclear
TS is relevant and the results of studies correlating
cytoplasmic TS expression with responses to 5-FU-based
therapy are heterogeneous. High TS levels in tumor cells
are associated with poor response to 5-FU- based therapy in
advanced CRCs [8–10]. On the other hand, high TS
expression may be associated with benefits from such
therapy in adjuvant setting [11, 12]. A recent meta-analysis
has shown a moderate negative predictive effect of TS
overexpression [13].

In the vast majority of immunohistochemical studies in
which cytoplasmic staining has been used as an indicator of
TS expression (or no information was given whether
cytoplasmic or nuclear staining was assessed), no correla-
tion has been found with site of the CRC [14–21].
However, there is strong evidence for the association of
the tumor site with survival benefit from 5-FU-based
adjuvant chemotherapy in CRC [22]. Since TS may be
found either as a ternary complex in the cytoplasm or as
free TS in the nucleus [23], we asked whether nuclear TS
expression differs between proximal and distal CRCs.

Materials and methods

Patients The study was based on tumor tissue from 269
unselected consecutive patients who met the following
criteria: (1) had undergone potentially curative colorectal
resection for sporadic CRC (absence of relevant family
history at the time of admission to the hospital),(2) had no
chemotherapy prior to the operation, (3) invasive adeno-
carcinoma Astler–Coller B2 or C without involvement of
resection margins was diagnosed by histopathological
examination, (4) distant metastases at the time of operation
were excluded. Thirty-eight patients with rectal cancer
received preoperative radiotherapy and tissues of these
cancers were obtained from posttherapeutic resection speci-
mens. Since we did not find a statistically significant
difference (p=0.88) in TS expression between this group
(2.92±3.69) and the remaining 98 rectal tumors not treated
with preoperative radiotherapy (2.68±3.16), the former
were also included in the study.

Tissue microarray construction Tumor tissue was fixed in
buffered 10% formalin and embedded in paraffin. Sections
(4 μm thick) were stained with hematoxylin and eosin for
histopathological diagnosis. Regions of tumors in the area
of outer invasive margin of cancer with highest mitotic
activity were identified and marked on hematoxylin-and-
eosin-stained sections. The corresponding areas on the
tissue paraffin blocks were cored and transferred to a
recipient master block using a Tissue Microarrayer
(Beeacher Instruments, Silver Spring, MD, USA). Each
core was 0.6 mm wide. The recipient block was cut and
sections were transferred to coated slides. One slide was
stained with hematoxylin and eosin and a subsequent slide
for immunohistochemistry.

Immunohistochemistry The immunohistochemical proce-
dure has been optimized to detect nuclear TS. Slides with
TMs were deparaffinized and rehydrated, and endogenous
peroxidase activity was blocked. Slides were immersed in
pH 9.0 buffer and heat-induced antigen retrieval was
performed in a pressure cooker (Pascal, DakoCytomation).
Monoclonal TS-106 (Chemicon, Temecula, CA, USA)
antibody was used (dilution 1:50, incubation time
30 min) and the TMs were immunostained using the Dako
Envision™ kit according to the manufacturer’s instructions
(Envision™+ peroxidase antimouse polymer labeled with
horseradish peroxidase—Dako Co., Carpinteria, CA,
USA). The reaction was developed with a diaminobenzi-
dine substrate–chromogen solution and slides were coun-
terstained with hematoxylin. Strong positive staining in
stromal macrophages, lymphocytes, and plasma cells
served as a built-in positive control. Appropriate positive
and negative controls were run.

We optimized the immunohistochemical procedure for
detection of nuclear TS by the following. (1) We used TMs.
Tumor areas at the advancing outer invasive zone with
highest mitotic activity were chosen for TMs and immuno-
histochemical procedure for all TMs from 269 tumors was
performed at the same time under identical conditions.
Immunohistochemistry on tissue microarrays minimizes
between-batch variations which may be associated with
immunohistochemical processing of groups of slides, and a
large numbers of specimens can be assessed rapidly. (2) We
used well-characterized and widely used TS-106 monoclo-
nal antibody [10, 14, 24, 25]. (3) We improved antigen
retrieval step (pressure cooker, buffer pH 9.0). (4) We used
the sensitive Envision™+ visualization system. The detec-
tion system used is regarded as a critically important
variable in immunohistochemical analysis, and detection
methods using signal amplification with horseradish-
peroxidase-labeled polymer (such as Envision™+) have
been shown to be more sensitive than methods without such
a layer of amplification [26]. (5) We used a well-defined
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and tested scoring system [27, 28]. (6) Finally, we stratified
CRC cases as proximal or distal in relation to the splenic
flexure.

Scoring Tumor cores were independently assessed by two
observers (PD and WD) who were blinded to clinical and
pathological data. In cases of disagreement, the result was
reached by consensus. Semiquantitative evaluation of
immunostained sections was done using a histoscore
system [27, 28]. Various scoring systems have been used
in the literature to determine the expression status of
immunohistochemically assessed proteins. Of the three
most frequently applied (i.e., intensity score, pattern score,
or both combined), we used intensity and pattern score
because it seems to be the most reliable and proved to be
useful and reproducible in assessment of immunohisto-
chemical staining [27–29]. Both intensity (0–3) and
pattern (1–6) scores were assessed. Each intensity score
was multiplied by its corresponding pattern score (1=0–
4% of positive tumor cells; 2=5–19%; 3=20–39%; 4=40–
59%; 5=60–79%; 6=80–100%) and these grades were
added to give the final histoscore (e.g., tumor with weak
staining intensity in 70% of tumor cells and very strong
staining intensity in 30% would have a final histoscore:
1×5 + 3×3=14) [27, 28]. In order to reach the histoscore,
all tumor cells in the core of the tissue microarray were
counted.

Statistics Since the distribution of TS histoscore was
significantly different from the normal distribution (Shapiro–
Wilk test), nonparametric tests were used for the analysis.
The association of TS histoscore values with categorical
variables was analyzed with Mann–Whitney test. Associ-
ations between the presence of high TS histoscore (above
the median value) and the site of the tumor were analyzed
using the Fisher exact test. Multivariate logistic regression
model was used to find the independent factors associated
with TS histoscore values. The dependent variable was the
presence of TS histoscore above the median calculated for
all patients. The independent variables included in the
model were: age, male gender, proximal tumor site,
Astler–Coller stage C, and histological grade 3. p<0.05
was considered statistically significant. STATISTICA ver-
sion 7.1 (StatSoft Inc., Tulsa, OK, USA) was used for the
statistical analysis.

Results

Table 1 lists the clinicopathological details of 269 tumors
and patients. The mean age of the patients was 60.9 years,
with a range 33.0–83.0 years, and a median of 62.0 years.

Immunohistochemical nuclear staining with the TS
antibody was assessed (Figs. 1 and 2). Strong and moderate
nuclear staining was often associated with cytoplasmic
staining; however, the latter was not assessed because the
immunostaining procedure had been optimized for nuclear
but not cytoplasmic staining. The distribution of TS
histoscores among the 269 CRCs is shown in Fig. 3. The
median nuclear TS histoscore was 2. High TS immunoreac-
tivity (histoscore>2) was found in 45% (121/269) of all cases,
in 63% (32/51) of proximal cancers, and in 41% (89/218) of
distal tumors (p=0.0051). In female CRCs, high TS immu-
noreactivity was seen in 50% (9/18) of proximal and 43%
(43/101) of distal tumors (p=0.61) whereas in men it was
70% (23/33) versus 39% (46/117; p=0.0028), respectively.

There was statistically significant correlation between
nuclear TS histoscore and the site of the CRC in all tumors
and in tumors in men (Table 2). Univariate analysis
revealed statistically significant association of TS nuclear
expression with site of CRC in all tumors and in tumors in
men (Table 2) but not with sex (p=0.7), Astler–Coller stage
(mean TS in B2 versus C=3.62±4.09 vs. 3.11±3.30, p=
0.49), or grade (mean TS in G1 + G2 versus G3=3.12±
3.68 vs. 3.68±3.75, p=0.11). Altogether, median TS
expression in proximal tumors was two times higher than
that in distal ones (p=0.0003). This ratio was increased to
three in men (p=0.00023). In women, the median TS
histoscore in proximal tumors was 1.25 times higher than
that in distal ones but the difference did not reach statistical
significance, probably as a result of the small sample size
(only 18 proximal tumors). The mean TS expression in
proximal tumors was 1.8 times higher than that in distal
ones in all tumors, 2.0 times higher in tumors in men, and
1.6 times higher in tumors in women (Table 2). Association
of high TS expression with site in men remained statisti-
cally significant after stratifying for Astler–Coller stage in
both the B2 and C subgroups (Table 2).

Feature n (%)

Sex

Males 150 (55.76%)

Females 119 (44.24%)

Site of CRC

Proximal 51 (18.96%)

Distal 218 (81.04%)

Histological grade

G1+G2 154 (57.25%)

G3a 115 (42.75%)

Astler–Coller

B2 132 (49.07%)

C 137 (50.93%)

Table 1 Clinicopathological
characteristics

a Including 46 mucinous adeno-
carcinomas and signet-ring
carcinomas
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When histoscore>vs. ≤ median was used as the cutoff
level, univariate logistic regression analysis has shown that
odds ratio (OR) of histoscore being >2 was 2.44 (95%
confidence interval (CI)=1.30–4.59, p=0.0054) for proxi-
mal tumors as compared with distal tumors. A multivariate
logistic regression analysis adjusted for age, gender, grade,
and Astler–Coller stage demonstrated that the CRC site was
the only independent parameter significantly associated
with TS expression (OR=2.46, 95% CI=1.29–4.70, p=
0.0062 Table 3).

Discussion

The level of TS expression in tumor cells in CRC seems to
be of obvious clinical significance. However, the question
of association of TS expression with proximal or distal site
of CRC has not been resolved. In multiple publications
using immunohistochemistry and assessment of cytoplas-
mic TS expression, such an association has not been found
[14–21]. Lenz et al. [30] found a significant association of
higher TS expression with left-sided tumors but the study
was based on only 45 stage II CRCs and did not state
whether cytoplasmic or nuclear TS was measured. In
contrast, higher TS levels were found in right colon
carcinomas as compared with left colon and rectum ones
(p<0.05); however, that study was based on pulverized
tumor tissue and thus the results (which were based on only
62 tumors) pertain to the TS level in the mixture of tumor
cells and surrounding stroma [31]. We report here statisti-
cally significant differences of immunohistochemically
detected tumoral nuclear TS protein expression between
proximal and distal CRCs. The mean expression of TS
protein in nuclei of tumor cells of proximal CRCs was 1.8
times higher than that in distal colon cancer (p=0.0003).
Wong et al. [10] suggest that the mean TS histoscore may
be higher in proximal than distal CRCs, although the
difference has not reached statistical significance (p=0.08)
probably due to a small sample size (52 cancers). In that
report, high TS nuclear expression was correlated with a
worse response to 5-FU-based therapy in patients with
metastatic cancer. Similarly, a trend was found suggesting
an association between TS expression and tumor location
(p=0.051), but the small sample size (77 patients) and
assessment of “cytoplasmic and nuclear” TS together could

Fig. 1 Expression of TS protein in a representative cores of colorectal
cancer. a Histoscore=4, distal CRC; b histoscore=10, proximal CRC;
(C) histoscore=15, proximal CRC. Note nuclear stain (brown) in
cancer cells and a few dispersed TS-positive stromal cells (c).
Cytoplasmic stain was not counted because the immunostaining was
optimized for nuclear but not cytoplasmic staining (see “Materials and
methods”; immunohistochemical reaction with TS-106 monoclonal
antibody)

b
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be responsible for the lack of a clear correlation [14].
Ricciardiello et al. [25] assessed nuclear TS expression in 192
CRCs and found no site differences. However, for statistical
analysis, they combined nuclear and cytoplasmic TS expres-
sion. Thus, TS was considered high only if both (nuclear and

cytoplasmic) scores were high, and cases with high nuclear TS
but low cytoplasmic TS were analyzed as low TS.

In contrast to multiple studies based on analysis of
cytoplasmic TS expression (which have not shown signif-

Fig. 3 Histograms showing distribution of TS histoscores among a all
269 primary CRCs, b 51 proximal, and c 218 distal CRCs

Fig. 2 Marked fragments of cores from Fig. 1a–c at high magnifi-
cation showing TS-positive (brown) nuclei of some cancer cells
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icant association with site of the tumor and reported
conflicting results on association of TS expression with
other clinicopathological features and prognostic and
predictive significance), only a few reports have docu-
mented nuclear TS expression, including six dealing with
colorectal cancer cell lines or clinical tumor samples [10,
14, 23–25, 32–34]. As early as 1991, Johnston et al. [24]
noticed that, in human colon carcinoma cell lines and in
biopsy specimens of colorectal carcinoma, TS was “pre-
dominantly cytoplasmic with nuclear staining visible in
some sections”. Samsonoff et al. [32] using immunogold
electron microscopy and autoradiography proved that TS
was indeed located in the nucleus, particularly in the
nucleolar region of H35 rat hepatomas. However, although
nuclear immunohistochemical staining with the TS-106
antibody was documented in 1991 [24] and nuclear and
nucleolar location were shown in H35 rat hepatoma cells by
both immunogold electron microscopy and autoradiography
[32], it was not until 2001 [10] that nuclear expression of
TS in CRC cell lines and clinical samples was examined
further. The biological significance of nuclear TS expres-
sion is unclear. In HeLa-55 cells exposed to 5-FUdR, both

free TS and the TS ternary complex were seen in the
cytoplasm whereas only free TS was found in the nuclear
fraction [23]. In normal colonic mucosa, immunohisto-
chemical TS staining was only observed in the nucleus
[33]; cytoplasmic TS expression was not seen in normal
colonic mucosa or other normal proliferating tissues [14,
33]. TS is present in the nuclei of some colorectal cancer
cell lines although the levels of expression vary [23].
Strong overexpression of TS may be sufficient for TS to be
present in the nucleus [23].

Divergent and inconsistent results of clinicopathological
studies of the relationship between TS expression levels and
the clinical course of patients treated with 5-FU might be
attributed partially to different methods of scoring of immu-
nohistochemical preparations, to some technical differences
and small groups of patients, or to different categorization of
tumors with regard to site of origin, but they may also be a
result of inappropriately assessing the pattern of TS expression
by focusing on cytoplasmic rather than nuclear expression.

Our results support the hypothesis [22] that selection of
patients for adjuvant chemotherapy should include not only
the clinical stage of the disease but also tumor site to better
stratify subgroups of patients who may benefit from
chemotherapy. There are important physiological differ-
ences (blood supply, innervation, embryological origin,
expression of differentiation markers such as, e.g., carbo-
hydrate antigens or blood group antigens, epithelial cell
apoptosis) between normal proximal and distal colonic
mucosa [35, 36]. Several genetic molecular differences
between proximal and distal CRCs have also been reported.
For example, methylation of the p16INK4a is 13 times
more frequent in proximal than in distal CRCs and nine
times more frequent in CRCs from women than from men
[37]. The CpG island methylator phenotype was signifi-
cantly associated with proximal location of CRCs [38].

Table 3 Multivariate logistic regression analysis of associations
between clinicopathological parameters and TS histoscore level above
median

Variable OR (95% CI) p

Age 0.99 (0.97–1.01) 0.42

Male Sex 1.06 (0.64–1.77) 0.81

Astler–Coller C 0.68 (0.41–1.14) 0.14

Grade G3 1.29 (0.79–2.17) 0.33

Proximal sitea 2.46 (1.29–4.70) 0.0062

aWith regard to splenic flexure

Number Mean±SD Median p

All 269 3.36±3.71 2.0 0.00030
Proximal 51 5.27±4.73 4.0

Distal 218 2.91±3.28 2.0

Men 150 3.35±3.81 2.0

Proximal 33 5.45±4.56 6.0 0.00023
Distal 117 2.75±3.36 2.0

Women 119 3.38±3.60 2.0

Proximal 18 4.94±5.14 2.5 0.25
Distal 101 3.10±3.20 2.0

Astler–Coller B2 tumors in men 76

Proximal 17 6.24±5.48 4.0 0.0030
Distal 59 2.78±3.63 1.0

Astler–Coller C tumors in men 74

Proximal 16 4.63±3.30 6.0 0.034
Distal 58 2.72±3.09 2.0

Table 2 Histoscore of nuclear
TS expression in relation to site
of CRC
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Higher frequency of nuclear TS expressing cells in
proximal tumors could partially be explained by the known
fact that CRCs with MSI-H are characterized by a tendency
for right-sided location and poor differentiation [4], hence
increased tumor cell proliferation [39]. However, TS
expression was similar in MSI-H and stable/low-frequency
MSI CRCs [40] so some other factors must be responsible
for increased TS expression on the right side. Our data
further emphasize biological differences among CRCs
which may influence results of 5-FU treatment. Different
5-FU treatment outcomes with regard to site of the tumor
and sex of the patient [22] can be explained partially by
differences in TS nuclear protein expression in tumor cells.
Since the relationship between the 5′ TS genotype and TS
expression is not simple, it has been suggested that, for
clinical trials incorporating TS status, detection of TS
expression in tumors by immunohistochemistry must still
remain the benchmark over genotype [41].

In summary, we have shown significant differences in the
level of nuclear TS protein expression between proximal and
distal CRCs. Our results support the hypothesis that these
tumors represent two distinct entities, lend further support to
the potential predictive significance of immunohistochemi-
cal assessment of nuclear TS level in CRCs [34], and suggest
the potential importance of tumor location (relative to the
splenic flexure) for proper stratification of patients for
chemotherapy. Future studies relating to the use of nuclear
TS expression to predict response to 5-FU treatment should
take into account differences in TS expression between
proximal and distal CRCs. Clearly, further research on
immunohistochemical nuclear TS expression in CRC is
needed for its application as a treatment strategy.
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Abstract Orbital masses in children are uncommon but
extremely challenging problems for clinicians and pathol-
ogists due to their critical location and availability of
limited diagnostic material. We analyzed 47 specimens
comprising biopsies, excision specimens, and FNAC of
extraconal pediatric orbital masses (excluding retinoblasto-
ma) accessioned in the pathology department over 5 years
in a tertiary referral cancer center. Immunohistochemistry
(IHC—74%) and molecular methods (one case) were done
where necessary. The chief presenting symptom was
proptosis in 55.3% patients and radiologically 53.8%
malignant tumors showed extraorbital extension. A diagnos-
tic algorithm was formulated to assess which cases needed
pathology evaluation. Malignant round cell tumors (76.6%),
chiefly embryonal rhabdomyosarcoma (51%), benign spindle
cell neoplasms, and infectious lesions (tuberculosis, fungal

infections), were seen. Of the malignant tumors, those
confined to the orbit achieved good treatment response and
had an event-free follow-up while those with extraorbital
spread had poor outcome. Pediatric orbital masses range from
completely treatable infectious lesions, surgically resectable
benign neoplasms to aggressive malignancies requiring
chemotherapy and radiotherapy. Pathologists play a key role
in distinguishing these on small biopsy material and expediat-
ing accurate treatment thus saving the vision or life of a patient.

Keywords Orbital masses . Extraconal . Children .

Rhabdomyosarcoma pathological evaluation

Introduction

Orbital tumors in children are relatively uncommon and
pose a diagnostic challenge to the treating clinician as well
as the pathologist [1–7]. The orbit, being a critical site with
limited accessibility, is a difficult site to biopsy resulting in
limited diagnostic material in the form of tiny biopsies or
fine needle aspirates. Most of these tumors grow rapidly
and if not promptly treated can cause loss of vision or life
[1–4]. These lesions can have varied etiologies ranging
from infectious to high-grade malignant lesions. All of
these extraocular masses typically manifest with proptosis
and imaging differentiation is desirable because the treat-
ments and prognosis vary greatly [7]. This study is based in
a tertiary referral center for cancer care in a developing
country. It outlines the role of ancillary and imaging
techniques in elucidating the nature of these lesions,
determines the exact type of lesions are biopsied, and
emphasizes the critical role played by the pathologist in
evaluating these masses so that patients can receive prompt
effective treatment.
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Materials and methods

All pediatric orbital tumors (children less than 18 years
of age) accessioned in the department of pathology at a
tertiary referral cancer center were reviewed over a period
of 5 years from 2001 to 2006. A total of 155 cases of
pediatric orbital tumors were received during this period,
of which 104 retinoblastomas were excluded from the
study. A total of 47 lesions (including eight referral
cases), which had a predominant extraconal component,
were studied in detail. Pathological material received was
in the form of incision biopsies, excision specimens, and
fine needle aspiration cytology (FNAC) material. The
material was subjected to routine histopathology or
cytology. Special stains such as Periodic acid Schiff
(PAS), Gomori methanamine silver (GMS) for fungal
infections, or Ziehl Neelsens (ZN) stain to detect acid fast
bacilli for tuberculosis were used where required. Immu-
nohistochemistry (IHC) and molecular diagnostic studies
were done to confirm and refine the diagnosis in
malignant neoplasms. For the panel of markers we used
the DAKO polymer technique and the dilutions of various
antibodies were as detailed in Table 1. Details of clinical
presentation, treatment, and follow-up were accessioned
from patients’ charts and hospital records.

Results

Clinical features

The age of the patients ranged from 1 to 18 years (median
age—7 years). Twenty-nine (61.7%) patients were boys and
18 (38.3%) were girls. Patients predominantly presented
with proptosis (n=26–55.3%) and onset of symptoms was
rapid from 1 month to 6 months in 36 of the 47 cases
(76.6%). The onset of ocular symptoms was usually acute
with the chief presenting symptom being proptosis as seen
in 26 cases (Fig. 1a–d). Other symptoms were ocular pain
in five cases (20.8%), cranial palsy in five cases (20.8%),
loss of vision in two cases (8.3%), and headache and
vomiting in six cases (25%) where there was intracranial
extension. Three cases presented with nodal enlargement in
addition to the ocular symptoms.

A diagnostic algorithm for approach to orbital lesions in
the institution is illustrated (Table 2). In a child with an
orbital mass with proptosis, benign cystic masses like
hemangiomas and dermoids were picked up on radiology
and a diagnostic biopsy procedure was avoided. Other
investigative techniques like abdominal ultrasound, MIBG,
and bone marrow aspirate or biopsy were done to diagnose
nonorbital primary tumors such as metastatic neuroblastoma

Antibody Monoclonal/polyclonal Dilution

Vimentin Monoclonal 1:400

Desmin Monoclonal 1:200

Myogenin Monoclonal 1:50

MyoD1 Monoclonal 1:40

Leucocyte common antigen (LCA) Monoclonal 1:200

CD20 Monoclonal 1:200

CD10 Monoclonal 1:40

MIB1 Monoclonal 1:200

CD30 Monoclonal 1:40

CD99 Monoclonal 1:100

Neuron-specific enolase (NSE) Monoclonal 1:100

Myeloperoxidase Polyclonal 1:1,500

CD34 Monoclonal 1:200

Synaptophysin Polyclonal 1: 100

Chromogranin Polyclonal 1:400

Cytokeratin (CK) Monoclonal 1:200

Epithelial membrane antigen (EMA) Monoclonal 1:200

S100 Polyclonal 1:600

CD1a Monoclonal 1:50

Smooth muscle actin (SMA) Monoclonal 1:400

Calponin Monoclonal 1:50

ALK1 Monoclonal 1:100

Bcl2 Monoclonal 1:50

Glial fibrillary acid protein (GFAP) Polyclonal 1:1,200

Table 1 Panel of markers and
dilutions of antibodies used
(DAKO polymer technique)
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and hematolymphoid malignancies. For these cases where
biopsy of orbital lesions may sometimes be appropriate on a
case-by-case basis if there is a clinical suspicion of a second
disease process in the orbit. Cases where no diagnosis could
be reached by supportive investigations were subjected to a
biopsy. Anterior and lateral lesions were more amenable to
biopsy than posterior orbital lesions. In an emergency, an
FNAC was attempted and with a working diagnosis of a
hematolymphoid malignancy or a classical rhabdomyosar-
coma treatment was instituted immediately. Posterior
lesions, which were not easily amenable to biopsy were
also subjected to FNAC. Only rare cases like a pilocytic
astriocytoma were not diagnosed by the above algorithm
and required an intracranial approach for procurement of
tissue for diagnosis (Fig. 2).

Pathology findings

Of the 47 cases, 33 were diagnosed on biopsy, nine on
resection specimens, and five on FNAC. Further categori-

zation involved morphological and immunohistochemical
evaluation wherever necessary (Table 3). Immunohisto-
chemistry was performed in 35 out of 47 (74%) cases.
Round cell tumors constituted 76.6%, spindle cell tumors
8.5%, and miscellaneous lesions were 14.9%. Accurate
final diagnosis of individual lesions are detailed in Table 3
and Figs. 3, 4, and 5.

Pediatric orbital masses were subjected to a biopsy if a
diagnosis could not be reached by supportive clinical,
radiological, and biochemical investigations. By light micro-
scopic examination, infectious lesions such as tuberculosis
and fungal infections could be separated from neoplastic
lesions. The infectious etiological agents were identified using
special stains such as GMS, PAS, and ZN stains. Neoplastic
lesions could be further classified into benign spindle cell
lesions of fibrohistiocytic origin such as solitary fibrous
tumor, fibromatosis, or inflammatory myofibroblastic tumor
and separated from malignant round cell tumors which were
the commonest tumors seen in this age group. On light
microscopy, these lesions needed ancillary investigations such

Fig. 1 Clinical presentation of orbital masses. a Unilateral proptosis
in a case of rhabdomyosarcoma. b Recurrent medulloepithelioma of
the right orbit with fungation and extraorbital extension. c Unilateral
proptosis in a case of metastatic neuroblastoma to the orbit. d

Proptosis, and chemosis of the left orbit, rhabdomyosarcoma. e
Fungating extraorbital extension in a case of malignant rhabdoid
tumor of the left orbit
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as a panel of immunohistochemical markers (mentioned in the
“Materials and methods” section) to be classified into
hematolymphoid malignancies such as granulocytic sarcoma,
leukemic infiltrate, and Non-Hodgkins lymphomas which

needed to be separated from other round cell tumors such as
PNET, rhabdomyosarcoma, metastatic neuroblastoma, ma-
lignant rhabdoid tumors, mesenchymal chondrosarcoma,
and langerhans cell histiocytosis. Each of these were treated

Fig. 2 Radiology of orbital masses. a Computerized tomography scan
of orbital rhabdomyosarcoma with an extraconal tumor with proptosis.
b Pilocytic astrocytoma of the optic nerve. c Mesenchymal chon-

drosarcoma of the orbit with intracranial extension. d Recurrent
meulloepithelioma with extraorbital spread and soft-tissue extension

Table 2 Diagnostic algorithm for approach to orbital tumors

                              Benign lesion 

 

 

 

 

 

 

Orbital mass, proptosis 

Radiology Hemangioma, dermoid 

Malignant 

Ancillary investigations  

BM 
positive 
 

No diagnosis 

Abdominal USG 
MIBG, urinary VMA 
 

Neuroblastoma  
 

•
•
 ALL 
 Granulocytic 

sarcoma 

Anterior/lateral orbit- biopsy  
Retroorbital- FNAC, biopsy 
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with a separate chemotherapy protocol and hence needed to
be accurately distinguished and classified. If exact charac-
terization was not possible, RT-PCR was performed on
paraffin-embedded material. The panels used were EWS-
FLI1, EWS-ERG for Ewings sarcoma and PAX3-FKHR,
PAX7-FKHR for confirmation of alveolar rhabdomyosarco-
ma. The single case of malignant rhabdoid tumor was
confirmed by electron microscopy and the intracytoplasmic
aggregates of intermediate filaments were demonstrated
in addition to typical immunohistochemical findings.

Radiological findings

The CT/MRI findings were reviewed to determine the
location and the extent of the disease. These were available
in 26 cases (Fig. 2a–d). In 12 (46.2%) cases, the tumors were
confined to the orbit, 14 (53.8%) cases showed extraorbital
extension, sinonasal extension was seen in eight (ERMS=7,

mucormycosis=1) cases, whereas intracranial extension was
seen in six cases (ERMS=4, fibromatosis=1, mesenchymal
chondrosarcoma=1). Cavernous sinus involvement was seen
in two of these cases, both ERMS. Metastasis to cervical
lymph nodes at presentation was seen in three cases (ARMS=
1, medulloepitheliomas=2)

Follow-up

A complete follow-up was available in 26 cases. Of these,
two cases of ERMS died due intracranial extension of the
disease. Patients who were disease-free (1–5 years follow-
up) were 16 (four benign soft-tissue lesions—spindle cell
lesions, two infectious lesions, two granulocytic sarcomas,
one LCH, one rhabdoid tumor, and six ERMS confined to
the orbit). Local recurrences were seen in five ERMS, one
ARMS, and one mesenchymal chondrosarcoma within
6 months of treatment. The single case of fibromatosis

Fig. 3 Histopathology of orbital masses. a Embryonal rhabdomyo-
sarcoma (ERMS), (H&E ×100). b Alveolar rhabdomyosarcoma
(H&E ×100). c Desmin positivity in ERMS (ABC ×100). d Round
cells with scattered eosinophils and myeloid series cells in

granulocytic sarcoma, (H&E ×100). e Tumor cells positive for
myeloperoxidase (ABC ×100). f Metastatic undifferentiated neuro-
blastoma, stroma poor, (H&E ×100). g Tumor cells positive for
chromogranin (ABC ×100)
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recurred after 1 year of surgery and underwent a repeat
surgery with subsequent disease-free status on 2 years
follow-up. Two local recurrences were seen in one
medulloepithelioma in a span of 2 years after initial surgery.
No follow-up was available in 13 cases and in eight cases
referred from outside.

Discussion

Several studies have reviewed the epidemiology of orbital
lesions in the pediatric population. These include a review
of 214 orbital tumors from the pathology files of the Armed
Forces Institute of Pathology in 1962 [2], 250 biopsied
tumors from the Wills Eye Hospital over 20 years by
Shields and associates in 1986 [3], and a review of 340
orbital tumors in children over 60 years from Mayo Clinic
[1]. All lesions, osseous or non-osseous, appear similar to

each other and present with common symptoms though
greatly varying in treatments. Knowledge of the pathologic
and radiologic features of these tumors is important in
guiding clinicians for their effective management [7].

All the major studies across the world including those
devoted to pediatric orbital tumors originate from pediatric
clinics [1, 3–6]. To the best of our knowledge the present
study is the first study outlining the pathologist’s point of
view of pediatric orbital lesions. In various studies across
the world, benign cystic lesions were the commonest
lesions seen; ranging from 48% to 52% [1, 3–6]. These
are uniformly reported to be developmental cystic lesions
such as dermoid cysts followed by benign vascular lesions
such as capillary hemangiomas and lymphangiomas [1, 3–
6]. In the Indian study by Bajaj et al. [5], again a clinical
review, benign cystic lesions (25%) were marginally seen
more frequently than rhabdomyosarcoma (24%). Since the
present series reports the incidence of lesions as acces-

Fig. 4 Histopathology of orbital masses. a Burkitt lymphoma
involving orbit, (H&E ×100). Inset shows the CD 20 positivity
(ABC ×400). b Malignant rhabdoid tumor (H&E ×100). c Mesenchy-
mal chondrosarcoma with hemangiopericytomatous pattern seen to the

left and chondroid matrix, to the right. (H&E ×40). d Langerhans cell
histiocytosis with grooved Langerhans cells and eosinophils in the
background, (H&E ×1,000)
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sioned in the pathology department of a tertiary referral
cancer hospital there is a skew towards malignant lesions
and rhabdomyosarcoma in particular which is as high as
51% making it the most common biopsied malignant orbital
tumor in a child. All series nevertheless concur with the fact
that rhabdomyosarcoma is the commonest malignant tumor
seen in the pediatric orbit [1, 3–6]. However the reported
incidence is remarkably low ranging from 2.5% to 7% [3,
4, 6] as compared to the previously published Indian study
[5] as well as the present study. However, more studies
need to be done before concluding that the incidence of this
tumor is higher in this part of the world than others. A
comparative analysis between part of the Japanese study by
Ohtsuka et al. [4] devoted specifically to the study of
pediatric orbital tumors, the study in Indian patients by
Bajaj et al. [5], and the present study are presented in
Table 4. There is a remarkable similarity in the lesions seen
except for the lack of infective lesions in the Japanese
review which was noted in both the Indian series of
patients.

As mentioned earlier though there are many studies
evaluating patients as they present in the clinic, there is no
study evaluating the pathologist’s angle and the diagnostic
difficulties encountered in the evaluation of pediatric orbital
masses. With advances in medical oncology, common
pediatric malignancies having specific treatment protocols
are treatable with good long-term survivals, and it becomes
imperative for the pathologist to give an accurate specific
diagnosis on the limited material available [8].

In our study, we reviewed 155 histopathologically
verified cases of orbital masses in children aged 18 years
or younger over a period of 5 years. A diagnostic algorithm
for approach to orbital lesions is illustrated to delineate the
cases accessioned to the pathology service (Table 3). We
have not come across any reference for a systematic
approach to pediatric orbital lesions outlined above to the
best of our knowledge. However, reports in literature also
support avoiding a diagnostic biopsy on benign cystic
lesions [1, 4] and using supportive radiological and
biochemical investigations for tumors arising elsewhere [8].

Fig. 5 Histopathology of orbital masses. a Recurrent teratoid
medulloepithelioma (H&E ×100) with lymph nodal metastasis (inset)
(H&E ×40). b Orbital fibromatosis with collagen producing bland
spindle cells (H&E ×100). c Caseating granulomatous inflammation of

tuberculous etiology (H&E ×100). d Inflammatory myofibroblastic
tumor comprising spindle cell proliferation with admixed inflamma-
tory infiltrate. (H&E ×100).

Virchows Arch (2009) 454:703–713 709



Radiologically, 14 of our cases had extraorbital spread
as patients present in advanced stages due to lack of
awareness or treatment facilities. The single remaining case
was that of mucormycosis, an opportunistic infection in a
treated case of T-ALL involving the orbit and sinonasal
region.

As seen in our study the predominant lesions were round
cell tumors (34 cases). Of these rhabdomyosarcomas
predominated 24 (51%). Among the malignant tumors of
the orbit, rhabdomyosarcoma is the most common reported
mesenchymal tumor in children, accounting for about 5%
of all childhood cancers [7] and the most prevalent

Table 3 Spectrum of pediatric orbital lesions

Round cell tumors Positive IHC markers No.

Rhabdomyosarcoma embryonal subtype
(ERMS) = 23; alveolar subtype (ARMS)=1;
FNAC—3 cases

Vimentin, desmin, myogenin, MyoD1;
confirmed by desmin positivity

24 ( 51% )

Metastases from neuroblastoma Chromogranin, synaptophysin, NSE 2 (4.3%)

Primitive neuroectodermal tumor (PNET) CD99, NSE, FLI1 1 (2.1%)

Malignant rhabdoid tumor Vimentin, CK, EMA, desmin, Mic2 1 (2.1%)

Round cell tumor (not categorized) Negative for all IHC and molecular markers 1 (2.1%)

Granulocytic sarcoma MPO, CD43, CD34, CAE. 4 (8.5%)

Burkitt’s lymphoma LCA, CD20, CD10, Mib1 1 (2.1%)

Langerhans’ cell histiocytosis (LCH) S100, CD1a 1 (2.1%)

Mesenchymal chondrosarcoma S100, Mic2 1 (2.1%)

Spindle cell tumors

Fibromatosis Vimentin 1 (2.1%)

Solitary fibrous tumor Calponin, CD34, bcl2 1 (2.1%)

Inflammatory myofibroblastic tumor SMA, calponin, ALK1 3 (6.4%)

Miscellaneous lesions

Medulloepithelioma 2 (4.3%)

Pilocytic astrocytoma GFAP 1 (2.1%)

Hemangioma 1 (2.1%)

Inflammatory lesions mucormycosis (n=1), Kochs (n=2) 3 (6.4%)

Lesion Ohtsuka et al. (%) Bajaj et al. (%) Viswanathan et al. (%)

Medulloepithelioma 4 4.3

Ewing sarcoma 4 3 2.1

Aneurysmal bone cyst 4 0

Benign lymphoid hyperplasia 4 0

Retinoblastoma 7 – –

Rhabdomyosarcoma 7 24 51

Dermoid cyst 26 10 0

Eosinophilic granuloma 4 2.1

Hematoma 7 0

Hemorrhagic lymphangioma 11 15 0

Capillary hemangioma 11 2.1

Optic nerve glioma 11 17 2.1

Hematolymphoid malignancies 0 2.5 10.6

Mesenchymal chondrosarcoma 0 2.1

Benign spindle cell tumors 0 10.6

Metastatic neuroblastoma 0 17 4.3

Malignant rhabdoid tumor 0 2.1

Infective lesions 0 7.5 4.3

Table 4 Comparative inciden-
ces of pediatric orbital lesions
between Japanese patients, the
previously published Indian
study and the present study
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extraocular orbital malignancy in children, although it is
only one-tenth as common as retinoblastoma, which is itself
a rare tumor [9]. This is similar to the finding in our study.
Over one-third (35–40%) of rhabdomyosarcomas arise in
the head and neck, and orbital primary tumors account for
about 25–35% of head and neck rhabdomyosarcomas and
about 10% of all rhabdomyosarcomas [10–12]. The orbit
can also be involved secondarily by the spread of tumors
originating in the nasopharynx, pterygopalatine fossa,
infratemporal fossa, or paranasal sinuses (the so-called
parameningeal sites) or as a site of metastasis [11]. Primary
orbital rhabdomyosarcoma most often occurs in the first
decade of life, with a mean patient age of 6–8 years [9, 10].
Similarly, age range of our patients was 0–14 years with
most patients below the age of 10 years. They are always
unilateral [10, 13] as seen in all our cases, although Sohaib
et al. [14] reported a case of one patient with multicentric
disease in one eye. Most tumors are reported to be
extraconal (37–87% of cases) [13] as seen in our study.
Patients with rhabdomyosarcoma are reported to present
with rapidly progressive proptosis or globe displacement
and conjunctival or palpebral swelling [10]. The children in
our study had similar complaints but additionally presented
with loss of vision and ocular palsies.

Of a total of 24 of our cases, 11 patients (45.8%) had
extraobital spread with bone erosion into the sinonasal (seven
cases—29.2%) and intracranial regions (four cases—16.7%).
Of these, two patients had cavernous sinus involvement. This
is similar to reports in literature whereby rhabdomyosarcomas
grow rapidly and behave aggressively, frequently invading
adjacent bones and soft tissues. Bone erosion is reported to be
seen in 30–40%, invasion of the paranasal sinuses in 20% of
patients and intracranial extension in 3% of patients at
presentation [10]. Regional lymph node metastases are
reported to be rare except in advanced disease, because the
posterior orbit is relatively devoid of lymphatic tissue [10]
and likewise this was seen in only one of the 24 (4.2%) of
our patients.

On histopathological evaluation, 20 of the 24 rhabdo-
myosarcomas were of embryonal type while one was of
the alveolar type. Three cases were diagnosed on FNAC.
All cases showed immunopositivity for desmin (100%),
and 21 cases for myoglobin, and myoD1 which is similar
to reports in literature [15, 16]. Desmin stain performed on
FNAC material precluded performing a formal biopsy in
three patients which is rarely reported in literature [17].
Thus diagnostic biopsies were done in 21 patients and
three patients were diagnosed on FNAC. Out of the 24
cases, a single case showed the morphology of alveolar
RMS. This was confirmed by the presence of PAX3-
FKHR translocation.

At primary presentation, 20 of the 24 patients (83.3%) of
the children had stage III disease. Seven (29.2%) were

operated outside and presented to the hospital with
recurrent tumors. One case developed nodal metastasis, a
rare event in orbital RMS. This was the case diagnosed as
alveolar RMS and proved by presence of PAX3-FKHR
translocation. While 22 of 24 cases received RCT-II
protocol, two cases were treated with the latest IRS_VAC
protocol with complete disease remission to date [9].
Surgery was performed in five cases. Of all patients with
RMS treated with multimodal therapy, orbital RMS are
reported to have the most favorable outcome [9]. The
reported 5-year survival with the latest IRS-IV protocol is
80–90% [15]. Hence early diagnosis on biopsy with the
help of IHC can guide initiation of correct therapy.

Granulocytic sarcoma was diagnosed in four of our
cases. It is a solid tumor that may occur in children with
acute or chronic myelogenous leukemia. These tumors
tend to arise in the subperiosteum of the lateral orbital
wall, although they usually do not disrupt the bone [18]. If
they are bilateral at presentation the diagnosis may be
suspected [18]. Leukemic involvement was reported by
Ohtsuka et al. as 0.4% of all orbital lesions [4]. However,
biopsy diagnosis is difficult in primary orbital involve-
ment with no evidence of systemic leukemia as they
mimic other round cell tumors [19]. Our cases presented
with primary orbital swelling and proptosis. Peripheral
smears and bone marrow aspirates and biopsies showed no
evidence of hematolymphoid malignancy. Biopsy diagnosis
was confirmed with MPO, CD34, CD43, and CAE
positivity [19, 20].

Five cases showed spindle cell proliferations on biopsy.
IHC panel of vimentin, SMA, desmin, CD34, and Mic-2
demonstrated these lesions to be fibromatosis, solitary
fibrous tumor, and myofibroblastic tumors, respectively.
Fibrous proliferations in infancy and childhood share
several features. They are locally invasive, tend to recur
after surgical resection, and do not metastasize. In contrast
to round cell tumors which need chemotherapy, these
tumors need to be surgically excised. One-third of these
occur in the head and neck [21]. Chung and Enzinger [21]
reported five cases with orbital involvement in their series
of 61 cases referred to the Armed Forces Institute of
Pathology. Infantile fibromatosis (juvenile fibromatosis) is
the most common fibrous tumor of infancy. The presenta-
tion is usually as a painless swelling of few months
duration. Deep lesions of the orbit including fibroblastic
and myofibroblastic tumors most commonly manifest with
proptosis which was the case in all five patients. The
fibromatosis in the 2-year-old child recurred once and
necessitated repeated surgery. The other four cases were
cured by primary surgery and were disease-free after a
follow-up of 3 years.

Metastatic neuroblastoma primarily presented with or-
bital masses in two patients. Routine ultrasound examina-

Virchows Arch (2009) 454:703–713 711



tion of the abdomen raised a suspicion of neuroblastoma
and subsequently MIBG scans were positive precluding the
need for a biopsy diagnosis. The orbit is a common site for
bone metastases from neuroblastoma, which cause aggres-
sive periosteal reaction in the orbital roof or lateral wall and
bilaterality on imaging evaluation raises their suspicion [16].

Medulloepitheliomas are rare intraconal tumors; howev-
er, they are known for their tendency to mimic carcinomas
in their growth and spread [22, 23]. If these are very large
lesions they present as extraconal tumors and enter into
differential diagnosis for these lesions. Two patients in our
series had this presentation and in addition had cervical
nodal metastasis. One case had two local recurrences over a
period of 2 years. This has already been reported by our
group [23].

A single case of mesenchymal chondrosarcoma pre-
sented with recurrent disease with intracranial extension.
He was treated with radical surgery; however, he was lost to
follow-up. This tumor has a tendency to involve soft tissues
and bones of the jaw and ribs, and is rarely seen in the orbit
[24]. However, microscopically a small biopsy can show
only the round cell component with the absence of
chondroid areas and hence they need to be differentiated
from other round cell tumors. This is extremely important
therapeutically as the treatment modality is principally
surgery and not chemotherapy or radiotherapy which are
not efficacious and which is the standard of care for other
tumors [24, 25].

The sole case of a PNET, already published, was a rare
case involving the maxilla and secondarily infiltrating the
orbit. The diagnosis was confirmed by Mic2 and synapto-
physin positivity and also by EWS–FLI1 translocation.
This case has also been published by our group [26].

Malignant rhabdoid tumors are extremely aggressive
lesions associated with high mortality [27]. These lesions
were found to comprise 4% of orbital tumors in Japanese
children [4]. A single case was seen in an extraconal
location in a 6-month child in this study. Biopsy showed
cells with a rhabdoid phenotype with vimentin, cytokeratin,
desmin, epithelial membrane antigen, and Mic2 positivity.
However, contrary to all reported literature, the tumor in
this child completely regressed postchemotherapy and the
child is disease-free after 6 years of follow-up.

A single case of Langerhans Cell histiocytosis showed
the typical morphology with CD 1a positivity in the
langerhans cells. The patient was adequately treated and
was disease-free on follow-up. Langerhans cell histiocyto-
sis, an idiopathic reticuloendothelial proliferative disorder,
tends to involve the bones of the skull, especially the lateral
orbital roof; it produces lytic destruction of bone with a
sclerotic rim and a large intraorbital soft-tissue mass [16].

Besides these, infectious lesions can involve the orbit to
cause mass lesions and loss of vision. These clinically

simulate malignancy needing a biopsy and a pathologist
can play a very important role in their diagnosis [28]. Two
of the cases in this study had proptosis which on radiology
was suspicious of malignancy. One of these was a case of
ALL with a suspicion of orbital involvement; however,
biopsy and culture showed mucormycosis. This patient
received antifungal treatment and was disease-free on
follow-up. Rhinocerebral mucormycosis is a rare fungal
infection of the nasal cavity and sinuses that can spread to
the orbits and cranium within days and is a life-threatening
clinical emergency [28]. The second case had typical
caseating epithelioid granulomas suggestive or tuberculosis
and was cured with AKT. If an infectious etiology is
suspected histopathology, it needs to be additionally
subjected to culture for confirmation of diagnosis especially
cases of tuberculosis where AFB may not be detected in the
histopathology sections as the overall sensitivity of the
procedure is low.

Conclusion

Pediatric orbital masses range from completely treatable
infectious lesions, surgically resectable benign neoplasms
to aggressive malignancies requiring chemotherapy and
radiotherapy. The pathologist needs to distinguish these on
small biopsies which are of immense help in separating
infectious from neoplastic lesions, characterize neoplastic
lesions as surgically treatable or those requiring chemo-
therapy, and accurately typing small round cell tumors.
Ancillary techniques like special stains, IHC, and molecular
techniques are extremely useful and in almost all cases an
accurate diagnosis can be rendered. The pathologist thus
plays a key role in expediating accurate treatment which
can be critical in saving the vision or life of a patient.
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Dear Editor,
In a recently published article in Virchows Archiv, Menon et
al. [1] provide interesting insight into the significance of
lobular neoplasia (LN) on needle core biopsy of the breast.
More specifically, commenting on 25 immediately excised
LN cases, nine cases were apparently underestimated (five
missed masses, two missed calcifications and two adequately
sampled lesions). As a result, the overall underestimation rate
is equal to nine of 25 (36%; 95%CI, 18.0–57.5%). However,
as the authors noted, after the exclusion of the non-successful
procedures, the underestimation rate becomes equal to two of
18 (11.1%; 95%CI, 1.4–34.7%).

In this letter, we comparatively present the experience of
our centre, expanding our LN series [2, 3]. Our series is

based on stereotactically guided vacuum-assisted breast
biopsy performed with 11 Gauge needle; indeed, the setting
and needle diameter utilised may exert a significant effect
upon the crucial underestimation rates. In our setting, the
underestimation rate was equal to 6.1% (two of 33; 95%CI,
0.7–20.2%); interestingly enough, no cases of technical
failure occurred. The underestimation rate in our setting
was significantly lower than the overall underestimation
rate reported by Menon et al. (two of 33 vs. nine of 25; p=
0.006, Fisher’s exact test). The above may be attributed to
more accurate targeting of the lesion through the stereotac-
tic guidance, as well as to the greater number of cores
excised (24–96 cores, according to the results of a double-
blind study [3]). These two factors might effectively reduce
the technical failure rate.

On the other hand, our underestimation rate did not
significantly differ from the one derived after the exclusion
of unsuccessfully performed biopsy procedures (two of 33
vs. two of 18, p=0.607, Fisher’s exact test). That points to
the existence of a lower threshold for underestimation in
LN, at which different techniques and settings converge and
below which needle-based techniques may not proceed.
Given the small sample sizes in the various studies,
imposed by the relative rarity of the LN lesion, the exact
magnitude of this inherent underestimation threshold may
not be accurately estimated. Indeed, this is reflected upon
the large confidence intervals presented above. However, it
should be noted that the underestimation rate of about 20%
for LN followed by surgical excision is a well-known
phenomenon, and it is partly due to the fact that LN is
clinically silent and to the multicentricity of the lesion
itself. To have 6% of underestimation rate is very unusual,
and it might be consequent to some selection artefact [4, 5].
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Consequently, the existence of inherent underestimation
in LN cases renders the topic of subsequent follow-up or
excision extremely interesting. Larger, collaborative and
comparative studies seem at present to be needed for the
optimal management of LN.
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To the Editor

In 2008, Sterlacci et al. [1] reported on a puzzling renal
tumor presenting as a solitary mass mimicking thyroid
follicular carcinoma (with focal “papillary differentiation”),
which was thyroglobulin (TG) and TTF1 immunonegative.

Initially interpreted as a metastasis from the thyroid, it was
then considered to be primary after the histopathological
examination of the excised thyroid failed to show any
evidence of malignancy, but the patient subsequently
developed a pulmonary metastasis, with identical histomor-
phology which demonstrated TTF-1 immunoexpression.
This year, Amin et al. [2] described six cases of a primary
thyroid-like renal follicular carcinoma.

We would like to comment more on this issue

Distinguishing thyroid-like primary carcinoma of the
kidney versus thyroid cancer metastatic to the kidney can
be problematic. Renal metastasis from thyroid carcinoma
occurs rarely. About 20 cases, detected clinically, have
been reported so far of both follicular and papillary type
([2, 3] and refs therein), and only five appeared as
isolated deposits. The presumptive existence of TG-
immunopositive “primary (papillary) thyroid carcinoma
of the kidney” was proposed in 1996 by Angel et al. [4],
but the report was soon questioned by DK Heffner. While
agreeing with Amin et al. that that case has to be considered as
metastatic, we would be interested in having subsequent
clinical follow-up. Amin et al. described “genuine” primary
TG and TTF-1 immunonegative thyroid-like renal follicular
carcinoma. They did not accept the case of Sterlacci et al. as
similar to their own, implicitly considering it as metastatic
(occult) thyroid cancer. It would be of great interest to know
whether the lung metastasis in this case was immunoreactive
also for TG and not just for TTF-1. If TG was positive, this
would definitely confirm that it was metastatic.

It is a currently accepted view not to regard as a primary
any thyroid-like tumor in the kidney which displays
immunopositivity for TG and/or TTF-1. These tumors are
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considered to be metastatic, the primary being a clinically
inapparent tumor in patients in whom clinical investigation
was negative for thyroid tumors of both orthotopic and
heterotopic sites. Inapparent tumors can be either extremely
small (occult) or else may have completely regressed.

A secondary tumor should always be considered in the
differential diagnosis of thyroid-like renal neoplasms and
any such renal tumor has to be shown to be immuno-
negative for thyroid markers before being considered as a
true primary. The diagnosis should be straightforward in the
event of TTF-1 and TG immunopositivity. Clinicopatho-
logic correlation is paramount in cases which are TTF-1
and TG immunonegative.

Notwithstanding, immunoexpression of thyroid differen-
tiation may not be an absolute criterion to exclude a
primary renal tumor. In 2008, we described a case of
nephroblastoma with papillary thyroid carcinoma-like mor-
phology featuring both diffuse nuclear TTF-1 expression
and focal cytoplasmic TG immunopositivity (personal
communication, full article in preparation). While in need
of further substantiation, that tumor (case 16 in the series of
48 nephroblastomas investigated for TTF-1 expression) [5]

let us believe that there is a subset of nephroblastoma
displaying papillary thyroid carcinoma-like histology along
with TTF-1 and TG immunoexpression.
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We would like to thank Dr. Verine for his interest in
our paper on renal angiomyoadenomatous tumors (RAT)
[1] and for his letter to the editor [2]. Dr. Verine finds it
unfortunate that we did not compare clear cell papillary
renal cell carcinoma with RAT. In his view, clear cell
papillary renal cell carcinoma shares a lot of similarities
with RAT, namely CK7, CA-IX, and CD10 immunohisto-
chemical positivity and presence of clear cell snouts as
shown in the paper of Tickoo et al. [3].

We have several cases of clear cell papillary renal
cell carcinoma in our files and we must state that this
type of carcinoma is so much different from RAT that
we did not (and do not) consider it worth listing in the
differential diagnosis of RAT. Just for mentioning a few
major differences between RAT and clear cell papillary
renal cell carcinoma: RAT is not a papillary tumor at all
and is not composed of clear cells either. When present
in RAT, clear cell areas comprise usually only a focal
change. Most of the RAT is usually a basophilic tumor
growing as a solid lesion, composed of variously

collapsed tubules. Immunohistochemistry does not play
any practical role in the diagnosis of RAT as it shares
an identical immunohistochemical profile with several
entities (it is beyond the scope of this letter to discuss
this matter in detail). The immunohistochemistry of
RATs was described in our paper [1] only to complete
the pathological features of this distinct entity. We further
do not see any similarity between the clear snouts of RAT
and those illustrated in the paper of Tickoo et al. [3] as
suggested by Dr. Verine.

Taking further into account the facts that RAT, in
contrast to the cases of Tickoo et al. [3], has a typical
angioleiomyomatous stroma, typical capillary vascularity,
and lacks the end-stage kidney background, we think that
the difference between RAT and clear cell papillary renal
cell carcinoma/clear renal cell carcinoma is like that
between the day and the night or like that between a rat
and a hedgehog.

In closing, we thank again Dr. Verine for his comments.
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There was an error in Table 6. The error was limited to the
data shown in the table and did not affect any of the

statistical analyses presented in the Results and Discussion,
which were based on a SPSS file that the authors have
double-checked for accuracy. The corrected table is
reproduced here.

The authors very much regret their error.
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Table 6 Comparison of the three largest kidney biopsy series reporting pathology findings in females with Fabry disease

Gubler et al. [10] Gubler et al. [10] Present series

Age at kidney biopsy (years) 8 22 51 30 37 54 55 73 32 42 45 50

CKD stage 0 0 2 ? 2 4 5 4 2 1 2 2

Proteinuria 0 0 0 +++ +++ +++ ++++ ++++ ++++ 0 ++ 0

No. of evaluated glomeruli 8 15 25 2 4 17 23 5 12 31 29 17

No. of sclerotic glomeruli 0 0 5 1 2 17 22 3 9 2 7 4

(% of sclerotic glomeruli) 0% 0% 20% 50% 50% 100% 96% 60% 75% 6% 24% 24%

Tubular atrophy/interstitial fibrosis 0 0 + 0 + ++ +++ + +/++ + + +

CKD stages classified according to the clinical practice guidelines of the National Kidney Foundation [33], using reported Creatinine Clearance or
available algorithms to estimated GFR (eGFR): “0” — no evidence of kidney disease, “1“ — eGFR ≥ 90 ml/min/1.73m2, “2“ — eGFR = 89–
60 ml/min/1.73m2, “3“ — eGFR = 59–30 ml/min/1.73m2, “4“ — eGFR = 29–15 ml/min/1.73m2, “5” — eGFR < 15 ml/min/1.73m2.

No. of sclerotic glomeruli is the total number of evaluated glomeruli that showed either segmental or global sclerosis.

Proteinuria was graded as: “0” = no overt proteinuria, “+” = 0.3–0.5 g/day, “++” = 0.5–1.0 g/day, “+++” = 1.0–3.5 g/day, “++++” ≥ 3.5g/day.

Tubular atrophy/interstitial fibrosis graded as: “0” = absent, “+” = mild, “++” = moderate, “+++” = severe.
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