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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.

Keywords Prostatic intraepithelial neoplasia -
Intraductal carcinoma of the prostate

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-
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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 x20 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

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

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
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Fig. 3 Low-grade PIN (upper leff) composed of architecturally
benign glands composed of cells with nuclear stratification and
hyperchromasia, yet a lack of prominent nucleoli
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Fig. 4 Flat high-grade PIN

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

Fig. 5 Tufted high-grade PIN

Fig. 6 Micropapillary high-grade PIN

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. 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)
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Fig. 8 High-grade PIN with clear cytoplasmic vacuoles

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
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Fig. 9 High-grade PIN with mucin cell metaplasia
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Fig. 10 High-grade PIN with mucinous features

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
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Fig. 11 Foamy high-grade PIN
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Fig. 12 High-grade PIN with inverted features, where the nuclei
show reverse polarity and are situated at the luminal surface

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.

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

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

Fig. 15 Roman bridge and cribriform formation in central zone
glands
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Fig. 16 Clear cell cribriform hyperplasia

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

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)

Glands with well-formed
lumina

No two distinct cell population

Occasional solid nests

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

Basal cell nuclei stream parallel
to basement membrane

Atypical cells oriented
perpendicular to basement

membrane
Atypical nuclei positive for Atypical nuclei negative for
HMWCK with underlying HMWCK

flattened benign-appearing
cells positive
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Fig. 17 Nests of basal cell hyperplasia with prominent nucleoli

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).
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Fig. 18 Pseudocribriform basal cell hyperplasia
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Fig. 19 Basal cell hyperplasia showing multiple cell layers labeled
with high molecular weight cytokeratin

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

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
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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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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)

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

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

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-
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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 pl6, 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

Fig. 27 Small glands of infiltrating carcinoma budding off of adjacent
high-grade PIN
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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 X20 magnification [50,
51]. In one study, 75% of cases diagnosed as high-grade
PIN by outside pathologists sent to a genitourinary
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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

@ Springer

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

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
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Fig. 29 a Intraductal carcinoma with solid nests and dense cribriform
structures. b The nests are surrounded by basal cells visible on p63
immunohistochemistry

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
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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.
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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-I 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-
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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 - DNA methylation - 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 DNMTI 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 SAT? 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 5775 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
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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 pm 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 [ABCBI (MDRI), APC, BCL2,
GSTP1, PTGS2 (COX2), PYCARD (ASC), RARB,
RARRESI, RASSF1, RBP1, TNFRSF10C, and THBSI], 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.Sssl-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-I 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
Taql and Tasl 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 7agl-
digested band by the sum of the intensities of TaglI-digested
band and the Tasl-digested band and multiplying by 100.

MethyLight analysis of SA72 was performed as
described [28].

Statistical analysis

To compare means between groups, analysis of variance
(ANOVA) or Student’s ¢ 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, TNFRSFI0C 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 ABCBI,
RARRESI1, and RASSFI (>60% methylation frequency in
normal prostate samples); (2) genes methylated in an early
neoplastic stage, including APC, GSTPI, PTGS2, and
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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 (/ight
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Fig. 2 Promoter CpG island methylation frequencies of 12 individual
genes (PMR>4) from normal prostate (NI; 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, RBPI, 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-I methylation level and
the MethyLight analysis to determine methylation level in
the satellite DNA region SA72 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 SAT?2 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
(ABCBI 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),
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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
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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, #=55) and high-TNM stage tumors (III or
1V, 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 (P7TGS2, RBPI,
RARB, GSTPI, 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 (Dnmtl)
activity enhanced microadenoma formation but suppressed
tumor progression into macroadenoma in the colon of
APCM™* mice [30]. Another study in which APCM™ mice
with an inducible Dnmt3bl transgene were generated
demonstrated that upregulation of DNMT3bl 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,
GSTPI1, 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-I 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-I and Meth-
yLight analysis of SA72 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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Immunohistochemistry is not an accurate first step towards
the molecular diagnosis of MUTYH-associated polyposis
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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-
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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.
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MUTYH MUTY homolog

MAP MUTYH-associated polyposis
BER Base excision repair

HC 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 thanl5 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 OGGI and
MTH] 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-
Ox0G 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-pm-
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 Sex Age Analyzed Grading/ Site Mutation MUTYH Type of  Supranuclear Epithelial
of adenomas samples differentiation® mutation  staining® nuclear
staining®
1 >100 M 48  Adenoma cancer Low grade G2 Asc. colon ¢.697C>T, p. Nonsense 1 0
(T4NO) sigmoid Arg233X Missense
c.1172C>T,
p-Pro391Leu
2 >50 F 47  Adenoma Low grade Rectum c.494A>G, p. Missense 1 0
Tyr165Cys Missense
c.1172C>T,
p-Pro391Leu
3 50 M 48  Cancer (T3NO) G2 Cecum c.494A>G, p. Missense 1 0
Tyrl165Cys Missense
c.1145G>A,
p-Gly382Asp
4 40-50 M 46  Cancer (T3NO) G2 Cecum c.697C>T p. Nonsense 1 0
Arg233X Missense
c.1145G>A
p-Gly382Asp
5 >10 M 48  Adenoma Low grade Desc. colon c.1145G>A, Missense 1 0
p-Gly382Asp Missense
c.1172C>T,
p-Pro391Leu

? Differentiation for carcinomas: G/ well differentiated, G2 moderately differentiated, G3 poorly differentiated, G4 undifferentiated

®0=absent, 1=present

¢0=no staining, =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% H,0O, 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

Fig. 1 Strong epithelial supranuclear cytoplasmic immunoreactivity
and absence of nuclear expression of MUTYH protein in a normal
mucosa (original magnification, x500) and b carcinoma (original
magnification, x100) of patients with biallelic MUTYH mutations.
Note nuclear staining in some stromal fibroblasts

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

@ Springer



28

Virchows Arch (2009) 454:25-29

Table 2 Clinical features of patients without MUTYH-associated polyposis, the mutations tested, and the immunoreactivity pattern, using the

Abcam antibody

Patient Number of Sex Age Analyzed MUTYH  APC Mis-match repair PTEN  Supranuclear  Epithelial nuclear
adenomas samples mutations mutations  deficiency staining® staining”

Polyposis

6 >50 M 79 Cancer Neg Neg® ND¢ 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 MSS*® 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

*(0=absent, 1=present

0 =no staining, 1=minimal to mild staining (<10-50% section MUTYH positive), 2=strong staining (>50% section MUTYH positive)

¢ Neg tested negative
4 ND not determined
¢ MSS microsatellite stable

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, MTHI1, and NTH1 occurs in sporadic
colorectal cancer [10]. Nuclear MUTYH immunoreactivity

@ Springer

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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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 (#=48), (2) non-erosive esophagitis with ab-
normal pH (7=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
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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].

@ Springer

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)

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
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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

(©)

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. 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 (¢). Few
intraepithelial eosinophils are present in (b) and (c)
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Table 1 Prevalence of basal cell hyperplasia (score 1 and 2) in patients and controls

Group No. of Cases Lesions % Lesions 4 cm % Lesions 2cm % Lesions Z-line %
cases with lesion at 4 cm* at 2 cm* at 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
#Number of cases with lesion/assessable cases

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

Group No. of Cases with Lesions % Lesions 4 cm % Lesions 2 cm % Lesions Z-line %
cases lesion at 4 cm* at 2 cm® at 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
#Number of cases with lesion/assessable cases
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Table 3 Prevalence of papillae elongation (score 1 and 2) in patients and controls

Group No. of Cases Lesions % Lesions 4 cm % Lesions 2cm % Lesions Z-line %

cases with lesion at 4 cm” at 2 cm” at 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
#Number of cases with lesion/assessable cases

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—ecosin 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 O=absent, 1=1 eosinophil, 2=>1
eosinophil per HPF 40x), neutrophils (O=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 Lesions % Lesions 4 cm % Lesions 2 cm % Lesions Z-line %
cases with lesion at 4 cm* at 2 cm* at 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
#Number of cases with lesion/assessable cases
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Table 5 Prevalence of neutrophils in patients and controls

Group No. of Cases Lesions % Lesions 4 cm % Lesions 2cm % Lesions Z-line %
cases with lesion at 4 cm* at 2 cm* at 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
#Number of cases with lesion/assessable cases

[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

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

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

Group No. of Cases Lesions % Lesions 4 cm % Lesions 2 cm % Lesions Z-line %
cases with lesion at 4 cm* at 2 cm* at 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
#Number of cases with lesion/assessable cases
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Fig. 4 Application of ROC RESULTS RESULTS
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Area under the ROC curve = 0,792

Standard error = 0,052
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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

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

Criterion > 0.35

Area under the ROC curve = 0,833
Standard error = 0,039

95% Confidence interval = 0,76 to 0,89

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

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%* 80% 89%
NERD pH+ 41% 53% 73%
NERD pH—- 40% 67% 50%
All patients 51% 64% 77%
Specificity
Controls 90%" 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

Percent of cases with score >0.35 (sensitivity)

® 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
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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
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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 ERf3 - PELPI - 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, ERo and ERf3, 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 ER3 via a nuclear receptor
box-like motif that is also present in p160 co-activators and
competes with pl60 co-activators for the same AF-2
surface of ER{3 [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].

PELPI1 (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
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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 ER(31, AIB-
I, and TIF-2 in myofibroblasts increased from normal
mucosa through adenomas to colorectal carcinomas. Addi-
tionally, increased ER31 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 6347 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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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%)
TNM stage
Primary tumor (T)
T2 15 (14%)
T3 82 (76.6%)
T4 10 (9.4%)
Lymph node (N)
NO 41 (38.3%)
N1 40 (37.4%)
N2 26 (24.3%)
Metastasis (M)
MO 101 (94.4%)
M1 6 (5.6%)
Grade
I 22 (20.6%)
I 74 (69.1%)
I 11 (10.3%)

Histologic type
Adenocarcinoma common type
Mucinous adenocarcinoma
Primary site

Right colon

Left colon

Rectum

95 (88.8%)
12 (11.2%)

30 (28%)
41 (38.3%)
36 (33.7%)

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-um 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 (PELPI/MNAR,
1:700, Novus Biologicals, CO, USA) and ER{ (pre-diluted,
AR385-5R, Biogenex, CA, USA) and mouse monoclonal
antibodies against ERoc (1:30, NCL-L-6F11, Novocastra,
UK) and a-SMA (RTU-SMA, pre-diluted, Novocastra, UK).
After deparaftination 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 ERf3 and ERq, 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 (x100) magnifi-
cation. Cell counts were performed at a 400x magnifica-
tion. At least 1,000 cells were counted in tissue sections
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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).

NCOoR expression in epithelial cells

NCoR expression was seen in the nuclei and the cytoplasm of
epithelial cells (Fig. la—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
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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 PELPI
immunostaining. PELP1 was expressed in the nuclei of
cells in a punctuated/speckled fashion. Distinct cytoplasmic
staining was not noted (Fig. 2).

PELPI expression in epithelial cells

PELP1 was expressed in 96+4% of epithelial cells of
normal mucosa, 94+7% of epithelial cells of adenomas,



Virchows Arch (2009) 454:41-53

Normal Adenomas Carcinomas Normal  Adanomas Carcinomas
mucosa mucosa

Cytoplasmic Nuclear

expression expression

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). ¢ 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

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

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
x200, b—d, f, g original magnification x400). 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)

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.

PELP] 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
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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 76 (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%)

#No. of cases

mucosa (58+22%) and adenomas (58+25%) compared to ~ ER«x and ER[3 expression and correlation of PELP1
cancer-associated myofibroblasts (89+22%; Wilcoxon test, and NCoR with ERf3 and co-activators expression
p<0.001, Fig. 2i). PELP1 expression did not correlate with

any clinicopathologic parameter, including degree of  ER« expression was rare in colorectal tissue of our cohort
dysplasia of adenomas and stage, grade, primary site, and  and was noted in two cases of colorectal carcinoma. In
histologic type of carcinomas (Table 5). these cases, staining was observed in <1% of epithelial

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 56* 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 NO 39 2 0.025 2 39 0.477
NI-N2 52 14 7 59

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

Grade I 18 4 0.332 3 19 0.222
I 62 12 4 70
I 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

#No of cases
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Fig. 2 PELP! 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). ¢ 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-
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PELP1 expression in myofibroblasts

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 x200; b, ¢, e-h original magnification x400).
i Cancer-associated myofibroblasts display higher levels of PELPI
expression compared to myofibroblasts of normal mucosa and
adenomas (p<0.001)

Table 4 Expression of PELPI in normal mucosa, adenomas, and carcinomas

Expression level

Myofibroblasts 0 1+
Normal mucosa (N=77) 0% (0%) 6 (7%)
Adenoma (N=29) 0 (0%) 2 (7%)
Carcinoma (N=107) 0 (0%) 7 (7%)
Epithelial cells

Normal mucosa (N=77) 0 (0%) 0 (0%)
Adenoma (N=29) 0 (0%) 0 (0%)
Carcinoma (N=107) 0 (0%) 3 (3%)

2+ 3+ 4+

22 (29%) 27 (35%) 22 (29%)
14 (48%) 6 (21%) 7 (24%)

1 (1%) 3 (3%) 96 (89%)
0 (0%) 0 (0%) 77 (100%)
0 (0%) 0 (0%) 27 (100%)
4 (4%) 4 (4%) 96 (89%)

?No. of cases
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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 5% 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 NO 5 36 0.745 2 39 0.198
NI-N2 6 60 9 57

Metastasis MO 10 91 0.487 10 91 0.487
Ml 1 5 1 5

Grade I 0 22 0.170 1 21 0.118
1T 9 65 7 67
I 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

#No. of cases

cells, but was not noted in myofibroblasts. Expression of  vironment correlated with ER31 (p=0.001, »=0.326), AIB-1
ERp was noted in 92+£16% of epithelial cells of normal  (p<0.001, »=0.345), and TIF-2 (p=0.002, r=0.294) expres-
mucosa specimens, 95+45% of epithelial cells of adeno-  sion. Additionally, nuclear expression of NCoR in normal
mas, and 88+23% of epithelial cells of carcinomas. Mean  epithelial cells was inversely correlated to AIB-1 expression
expression levels of ER31 in myofibroblasts were 30+17%  (p=0.038, r=—0.444) and nuclear expression of NCoR in
in normal mucosa specimens, 52+20% in adenomas, and  malignant epithelial cells inversely correlated with nuclear
82+24% in carcinomas. ERf1 expression (p=0.041, p=—0.199).

PELP1 and NCoR expression was correlated with ER[31
and two ER co-activators (AIB-1, TIF-2) expression which  Survival analysis
have been previously evaluated in the same cohort of
patients (Grivas et al, submitted manuscript; Tzelepi et al,  Younger age (<50 years; p=0.007), advanced stage (p<
submitted manuscript). Spearman’s correlation test revealed ~ 0.001), presence of metastases (p<0.001), and lymph node

that PELP1 expression in myofibroblasts of cancer microen-  involvement (p=0.024) were associated with shorter disease-
Fig. 3 Decreased cytoplasmic a b
NCoR expression in malignant 1.0 1.04
cells correlates with shorter dis- High cytoplasmic expression of NCoR
ease-free (p=0.018) (a) and I
. 0.8 High cytoplasmic expression of NCoR 0.8
overall survival (p=0.002) (b) gh oytop P
S o061 S 06-
2 2
3 3
(7] 7]
E E
3 0.4 a 0.4
0.2 Low cytoplasmic expression of NCoR 0.2 Low cytoplasmic expression of NCoR
0.04 0.0
1 1 1 1 1 1 1 1 1 1 U 1 1] 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Disease-Free Survival Overall Survival
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Table 6 Cox regression analysis for disease-free survival
Clinicopathologic parameter )4 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
free survival on univariate analysis. Additionally, decreased  Discussion

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).

Table 7 Cox regression analysis for overall survival

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

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 1II) 0.089 0.365 0.114 1.167
Grade (IT 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
ERB1 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-
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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 ERx and ERf3 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 | 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 ER31 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 ERf1, 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 ER31, 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 ERf3
[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 ER31-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 ER(31 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.
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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 heterogencous “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) AEI1/AE3,
CK7 (OV-TL 12/30), CK20 (Ks 20.8), epithelial membrane
antigen (E29), S-100 protein (polyclonal), x-smooth muscle
actin (1A4), neuron-specific enolase (BBS/NC/VI-H14),
chromogranin A (DAK-A3), carcinoembryonic antigen
(CEA; 1I-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).

Table 1 Clinical features of the present patients

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

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.

Case  Age/sex Site Clinical presentation Treatment Follow-up

1 76/female  Lower lip  l-cm Asymptomatic swelling  Excisional biopsy Death of disease at 6 years
for 3 years with multiple metastases

2 82/female  Upper lip  1.4-cm Painless mass Excisional biopsy, re-excision, Local recurrence and cervical

for 8 months

wide resection, neck dissection

lymph node metastasis 3 years later
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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), x2. b Clumps of carcinoma cells
surrounded by a sea of mucin (case 1), x100. ¢ Perineural invasion

S TN

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).

Fig. 3 Immunoprofile. AE1/AE3 (a) and cytokeratin 7 (b) highlight-
ing carcinoma cells in case 1 (a) and case 2 (b), x200. ¢ Negative
staining for cytokeratin 20 (case 1). Note substantial nuclear

(case 2), x200. d Infiltration into skeletal muscle (case 2), x400.
e Carcinoma growing into the surface epithelium (case 1), x200.
f Total replacement of lymph node by metastatic carcinoma (case 2),
x2.5

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.

pleomorphism, x400. d Positivity for epithelial membrane antigen
(case 1), x200. e Carcinoembryonic antigen expression (case 2), X200.
f Negativity for S-100 protein in carcinoma cells (case 2), X200
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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
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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)*

Alive no disease 5

Alive with disease 2

Death of disease 7 (47%)

Death of unrelated cause 1

#Mean 30 months with range 6-72 months

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
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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 [I11]. 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) than MPP-negative group (10/58 cases) and was
significantly associated with lymphatic involvement
(»<0.0001) and nodal metastasis (p=0.0073). The SCI-
positive group showed significantly worse survival (5-year
survival, 70%) than the SCl-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
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tend to undergo SCI in scars and invade lymphatics in pT1
lung adenocarcinomas.
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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-um 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-um 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
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Table 1 Antibodies used for immunohistochemistry

Antibody Antibody Optimal Source retrieval Antigen
specificity clone dilution retrieval method
D2-40 D2-40 1:100  Dako Cytomation Microwave
CD31 JC/70A 1:200  Dako Cytomation Microwave
MUC1 Ma695 1:100  Novocastra Microwave

Laboratories Ltd

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 MUCI 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



Virchows Arch (2009) 454:61-70

63

R

,3 Q_'q'a"
&% “‘5'

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

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

.\b -. “ar ,'f'.

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; ¢ D2-40 immunohistochemistry; d CD31
immunohistochemistry

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
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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. ¢ Lung adenocarcinoma
with mixed papillary and acinar patterns of growth without small
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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 MUCI is expressed on the outer surface of small clusters of
carcinoma cells (f). a—¢ H&E staining; d, f MUC-1 immunohisto-
chemistry; e D2-40 immunohistochemistry
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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 (711%)
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%)
A 8 (5%) 5 (63%) 3 (37%) 6 (75%) 2 (25%)
1IA 14 (10%) 13 (93%) 1 (7%) 12 (86%) 2 (14%)

BAC bronchioloalveolar carcinoma, MPP micropapillary pattern, SC/ small cluster invasion

IITA. 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 MUCI along the outer cell
surface (Fig. 2d), similar to the MUCI expression pattern
on micropapillary clusters (Fig. 1b). Small clusters of
carcinoma cells that invaded lymphatics also showed
MUCI 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
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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%)

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 A 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 ITA and IIIA carcinomas.

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=38l) (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=124) 70 54 65 59 23 101

MPP micropapillary pattern, SC/ small cluster invasion, L/ lymphatic involvement
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Table 5 Small cluster invasion, lymphatic involvement, and lymph 10 ~ e
node metastasis with different percentage of micropapillary pattern """"'"'\_m“ |
| et .. Small cluster invasion-negative
MPP Cases  Small cluster ~Lymphatic Lymph node o 08 T s ey
invasion involvement  metastasis E Yy scsnessenaeens
(positive) (pOSitiVG) (positive) = 0.6 Small cluster invasion-pesitive
<
>
0 (O%) 29 1 (3%) 0 (0%) 1 (3%) ; 0.4 Small cluster invasion-negative (n=6S)
1+ (<10%) 29 9 (31%) 4 (14%) 3 (11%) % 90.8% (5-year survival rate)
2+ (10-50%) 61 48 (79%) 21 (34%) 5 (8%) 2 02 Small cluster invasion-positive (n=81)
3+ (>50%) 27 23 (85%) 14 (52%) 13 (48%) - 70.0% (5-year survival rate)
MPP micropapillary pattern 004 Small cluster invasion-negative versus -positive: p=0.0017
0 1 2 3 4 s
SURVIVAL (YEAR)

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 1A 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

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

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)

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

Variable Correlation with survival (p®)
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

MPP micropapillary pattern, SC/ small cluster invasion

#Log-rank test

@ Springer



68

Virchows Arch (2009) 454:61-70

Table 8 Correlation of MPP and lymphatic involvement with overall
survival by multivariate analysis in p-stage IA cases

Variable Risk  95% CI P value
ratio

Lymphatic involvement (positive) 2.873  0.136-0.888  <0.0001

MPP(positive) 2352 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

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 MUCI 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 MUCT is a glycoprotein normally located
in the apical cell surface of normal glandular epithelium
[31-33]. In this way, this expression pattern of MUCI 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 MUCI1
expression as a marker for micropapillary pattern. In the
present study, small groups of invading carcinoma cells
recognized as small cluster invasion expressed MUCI 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
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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 [3-catenin was shown in the budding carcinoma cells
[36]. Nuclear (-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 2, 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,
IQGAPI1 was detected in the micropapillary, but not in the
nonmicropapillary, area [41]. IQGAP1 regulates cadherin-
mediated cell—cell adhesion by interacting with {3-catenin,
dissociating «-catenin from the cadherin—catenin complex
[42]. Expression of nonsuppressed IQGAPI 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 MUCI in the stroma-facing surface of micro-
papillary cell clusters may also lead to easy detachment of
cells from the stroma since MUCI 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 MUCI in the micropapillary structure might
correlate with lymph node metastasis since the authors
showed in a study with pancreatic cancer cells that MUCI
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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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
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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.
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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 LOXLI1 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-1V) 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.

@ Springer

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 Anatomic Number of
type site specimens
Ovarian carcinoma Effusion Peritoneum 50
Pleura 20
Primary Ovary 40
Metastasis ~ Various” 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

# Metastases resected from the omentum (n=10), fallopian tube (n=2),
vagina (n=2) and peritoneum (n=1)
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Table 2 Clinicopathologic data of the ovarian carcinoma effusion
cohort (64 patients)

Parameter Number of specimens
Age Range, 35-79 Mean=61
FIGO stage I 1

1T 35

v 28
Grade I 4

I 20

I 27*

NA® 13
Residual disease <2 cm 20

>2 cm 34

NA® 10
Histology Serous 52

Clear cell 4

Mixed epithelial 4

Undifferentiated 3

NA‘ 1
Chemotherapy® No 30

Yes 34

#Including four patients with clear cell carcinomas

® NA 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)
®Including specimens from inoperable patients (7) and patients
operated in hospitals in which tumor grade was not scored (3)

90ne patient who was inoperable and underwent limited biopsy in
order to establish a diagnosis of malignancy

For the first specimen for patients with >1 effusion

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 pg 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); 288, 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
LOXILA4 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.
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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 pl 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 pl of LOXL4 polyclonal
antibody (Abnova, Taipei, Taiwan), following the addition
of 30 ul 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% [-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
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(peritoneum vs. pleura), patient age (<60 vs. >60 years),
histological grade (1-2 vs. 3), FIGO stage (Il vs. IV), the
volume of residual disease (<1 vs. >1 c¢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
(»=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
mRNA was 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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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%) 0.001**
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%) 0.005°¢
LOXL4 Svpl-2 26/70 (37%) 0/40 (0%) 0/15 (0%) <0.001°¢
Breast carcinoma LOXL2 30/31 (97%) 17/23 (74%) NA 0.003°4
LOXL3 30/31 (97%) 23/23 (100%) NA <0.001*4
LOXL4 FL 22/31 (71%) 0/23 (0%) NA <0.001%¢4
LOXL4 Splv-1 12/31 (39%) 0/23 (0%) NA <0.001%¢4
LOXL4 Svpl-2 6/31 (19%) 0/23 (0%) NA <0.001>4
FL full-length, NA not analyzed
#Solids>Effusions
® for absolute expression (yes vs. no)
¢ Effusions>solids
¢ For quantitative expression
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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. ¢ LOXL3 absolute
expression is significantly lower in effusions compared with primary
tumors and metastases. Y-axis Absolute expression (positive vs. negative

o

LoxLy  Epmmpmr———

cons - R ™

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
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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

A

LoX4 [ EEEEIEESES] | © _im [|76m:
protein —~—

LOXL4 [1] 2 [3[aBe6[7 8910 11 [12 13[14|
mRNA

splv-i [ 2 [3[aBs6[7 [s[10] 11 12[13[14]
splv-2 [a] 2 [3[aEe[7[w] 11 [12][13[14

B

Full length

splv-1

splv-2

Full length

splv-1

Full length

splv-1

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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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
LOXLA4 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).
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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. ¢ 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

LOXLA4 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
LOXLA4. 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

1 2 3 4 5 6 7 8
HlE = -
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

@ Springer



78

Virchows Arch (2009) 454:71-79

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
LOXLA4 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. Splvl 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
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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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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
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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
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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
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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 and was heterogeneous between the different
institutions. Sections of 4 um 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. la,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
arcas 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. le) 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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Fig. 1 a, b Chondroblastic os-
teosarcoma (haematoxylin
phloxin saffron (HPS), a x40)
ezrin expression by IHC

(b, x100): spindle peripheral
cells and cells in lacunae are
positive in cartilaginous areas. ¢,
d Conventional grade II chon-
drosarcoma (HPS, ¢ x100) lack
of ezrin expression by IHC

(d x100). e, f Ezrin immunos-
taining in chondroblastoma:
membranous and cytoplasmic
staining (e x40) or cytoplasmic
staining only (f x40)

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

Histologic diagnosis Total number  Ezrin positive

of tumours cases

C-CHS grade 1 18 0
C-CHS grade 11 65 0
C-CHS grade III 18 0
Peripheral secondary grade 1 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

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-

Table 2 Semi quantitative ezrin expression by IHC

Number of 5-10% 11-25%  >25%

positive cases

10 Chondroblastic 3 4 3
osteosarcomas

5 Mesenchymal 1 4 0
chondrosarcomas

5 Dedifferentiated 2 3 0
chondrosarcomas

7 Chondroblastomas 2 1 4

2 Chondromyxoid 2 0 0
fibromas

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
[L1, 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 [HC 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.
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Fig. 2 a, b Clear cell chondro-
sarcoma (HES, a x40), ezrin
expression in osteoblasts but not
in cartilaginous tumoral cells

(b x100). c—f In dedifferentiated
and mesenchymal chondrosar-
comas areas, containing hyalin
cartilage were negative (¢ x40
and e x100), while high-grade
cellular areas were ezrin positive
(respectively, d x40 and f x40)

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 [HC 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.
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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 now make 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
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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, CAMS5.2, 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

M. Michal - O. Hes * J. Nemcova - R. Sima - D. V. Kazakov
Department of Pathology,

Charles University, Faculty Hospital,

Plzen, Czech Republic

M. Hora

Department of Urology,

Charles University, Faculty Hospital,
Plzen, Czech Republic

N. Kuroda
Red Cross Hospital Kochi,
Kochi, Japan

N. Sakaida * C. Ohe

Department of Pathology,

Kansai Medical University Hirakata Hospital,
Osaka, Japan

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 CAMS.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 HMBA45, 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-um thick sections of tumor tissue were cut from
formalin-fixed, paraffin-embedded blocks. Epithelial and
smooth muscle components were manually microdissected.
DNA was extracted separately from each component by the
NucleoSpin Tissue Kit (Macherey Nagel, Duren, Germany)
according to manufacturer’s protocol. Polymerase chain
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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 ul of HotStart Tag PCR Master Mix
(QIAgen, Hilden, Germany), 10 pmol of each primer,
100 ng of template DNA, and distilled water up to 25 pl.
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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Table 1 Primers for amplification and sequencing of the VHL gene

Exon Name Sequence 5" — 3’ Reference
Exon 1 VHL el-1 CGCGAAGACTACGGAGGT New primers
VHL el-2 GTCTTCTTCAGGGCCGTA
VHL el-3 GAGGCAGGCGTCGAAGAG
VHL el—4 GCGATTGCAGAAGATGACCT
VHL el-5 GCCGAGGAGGAGATGGAG
VHL el-6 CCCGTACCTCGGTAGCTGT
VHL el-7 CCGTATGGCTCAACTTCGAC
VHL el-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

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.

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

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
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Table 3 Clinical features

Sex/age Side Size Follow-up
Case 1 M/58 Right 2.3%x2.3x% 9 months AW
1.8 cm
Case 2 M/49 Left Diameter 1 year AW
4.6 cm
Case 3 M/93 Right 8.5x8x3 cm 8 months AW, then LOF
Case 4 F/73 Left Diameter 29 months DWT*
2.5 cm
Case 5 M/50 Right Diameter LOF
2.5 cm

F female, M male, AW alive and well, LOF loss on follow-up, DWT died without tumor

@ Patient died of metastatic disease of colonic adenocarcinoma

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).

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)

@ Springer

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. 9¢). The leiomyomatous
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a

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)

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.
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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)

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.
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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. 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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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

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.

with basophilic nuclei (¢). 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)

Fig. 8 Capillaries intimately surrounding the circumference of the
basal membranes of adenomatous structures (hematoxylin and eosin
stain)
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Fig. 9 Leiomyomatous stroma encasing patches of adenomatous
structures (a, b) or forming only small leiomyomatous islands within
the epithelial component (¢) (hematoxylin and eosin stain)

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

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)
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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

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 MESTKSs 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-
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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 Miillerian 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 Miillerian 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 RATSs.

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
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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
61 malignant 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%)

G. Yegen
Department of Pathology, Celal Bayar University,
Manisa, Turkey

M. A. Demir

Pathology Department,

Celal Bayar University School of Medicine,
Manisa, Turkey

Y. Ertan - M. Tungyiirek
Department of Pathology, Ege University,
[zmir, Turkey

O. A. Nalbant

Department of Pathology,

The Ministry of Health Manisa State Hospital,
Manisa, Turkey

Present address:

M. A. Demir (D)

Pathology and Cytology Department,
Sahlgrenska University Hospital,
Gula Straket 8,

41345 Gothenburg, Sweden

e-mail: makifdemirtr@yahoo.com

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-
pum-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 6x5 min in 10 mmol/L citrate buffer
solution (pH 6.0). Immune complexes were visualized by
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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 xsensitivity)+(1—frequency X 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 ~ CDI10 immunostaining n (%)

case

number Weak  Strong  Negative
Conventional PC 14 1(7.1) 8(57.1) 5(35.7)
Follicular variant of PC 24 2(83) 2(83) 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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Fig. 1 a Conventional papillary
carcinoma with papillary pattern
and typical nuclear features. b
Strong positivity of CD10 in
conventional papillary
carcinoma

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. la, 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
CDI10 in the diagnosis of malignancy in follicular-
patterned thyroid lesions were 12%, 78%, and 29.2%,
respectively.

Discussion

CDI10/NEP is a membrane-bound zinc metalloproteinase
that functions by reducing cellular responses to peptide

Fig. 2 a Follicular carcinoma
with extensive capsular and
vascular invasion. b Weak pos-
itivity of CD10 in widely inva-
sive follicular carcinoma

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
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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

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.
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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.
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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 Ip, 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.
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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
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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;935),t(5;11)(q13;921), 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
arare 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
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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 8.0x6.0x5.5 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 um 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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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

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 TA were 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 DNA was 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 um. 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, 40x
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. lc,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.
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Fig. 1 Morphological and immunohistochemical analysis of adenoid
cystic carcinoma (4ACC) and tubular adenosis (74) components. a
Low-power magnification (40%) of solid-basaloid areas of ACC. b
Classical cribriform areas of ACC. ¢ 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

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 TA were 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. le). 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
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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

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, CKl14 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.
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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  Strong positive, BM, 90%, around TA glands Strong positive, around nests of tumour Strong positive, around nests of tumour

v cells cells

EMA Strong positive, C, 90% luminal cells Negative Not performed

S100 Strong positive, N & C, 90% myoepithelial ~ Strong positive, N & C, 50% cells Strong positive, N & C, 80% myoepithelial
cells 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

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

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 (¢) 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

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
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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; IT <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 ACC which 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].
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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 TA which
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, 10qg, 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 (CCND/), 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
MLHI1. 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 of [3-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
[3-catenin, suggesting a disruption of the Wingless signaling
pathway taking place at the transition from the intramucosal to
the submucosal level.
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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 f3-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 MLH]1 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 f3-
catenin, E-cadherin, and APC proteins, the mismatch repair
proteins (MMRP) MLHI1, 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 {3-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 3-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 (-catenin and E-cadherin were
recorded but not included in the scoring process. The
distribution pattern of cells with aberrant (3-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 IgGl, k 1:2,000 DAKO A/S

CK20 Ks20.8 1gG2a, k 1:25 DAKO A/S

APC Poly IgG 1:100 Neomarkers

Ki-67 MIB-1 IgGl, k 1:50 DAKO A/S

[3-catenin {3-catenin-1 IgGl1, k 1: 400 DAKO A/S

E-cadherin NCH-38 IgGl1, k 1: 20 DAKO A/S

Chromogranin A Poly IgG 1:500 DAKO A/S

Synaptophysin Poly IeG 1:50 DAKO A/S

MLH1 G168-15 IgGl, k 1:40 BD PharMingen, California, USA

MSH2 25D12 IgGl1, k 1:200 Novocastra Laboratories Ltd, Newcastle, Great Britain
MSH6 44 IgGl1 1:200 BD Transduction Laboratories, Lexington, Kentucky, USA
PMS2 Al6-4 IgGl1, 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. la)
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. lc,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. lc). 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, 3-
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.

{3-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 (3-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 (3-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 (3-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 MSHG6 (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 [3-catenin and E-cadherin and abundant nuclear
expression of [(-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 MLHI1-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 (/eff) 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

@ Springer

(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; ¢). A
closer view of the superficial compartment demonstrated in ¢
pinpoints a prevalence of cells with cytomorphological traits of
PDC, lining the irregularly shaped and mucin-filled glands (leff).
Conversely, SRC is the predominating cell, lining the narrow, closely
apposed tubules, right, hematoxylin—eosin (d)
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Table 2 Histopathological details of the lesions in the cecum and the ascending colon

Cecum (pTis)

Ascending colon (pT1)

Predominate cell type PDC > SRC

Arrangement of tumor cells

Mitotic activity High
Necrosis None
Stromal mucin Absent

Lymphocytic component Present, moderate
Transition in intraepithelial precursor

proliferation SRCC) (Fig. 1d)

Small aggregates, multifocally in lamina propria

Present (conventional tubular adenoma and intraepithelial

PDC > SRC

Rows, confluent solid sheets, rare
abortive glands

High

Focally present

Absent

Present, moderate

Absent

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

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 (3-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 3-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 3-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 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 PDC™ SRC™ PDC® SRC?®

CK7* 0 0 0 0 0
CK20* 2 1 3 1 3
APC? 2 1 3 1 3
Ki-67° 3 3 3 3 3
[3-catenin, membranous® 3 3 ? 0 0
[-catenin, nuclear® 0 0 ? 3 2
E-cadherin membranous® 3 3 ? 0 0
E-cadherin nuclear® 0 0 ? 0 0

CTA conventional tubular adenoma, PDC" poorly differentiated, non-signet-ring cells of mucosa, intraepithelial or stromal, SRC" 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

#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 (3-catenin or E-cadherin
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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.

seems to contribute to the tumor progression at the pTl
stage, i.e., neither as an initiating nor as a late event.
Additionally, dysregulation of CK20 may be a contributory
factor.

Whereas the intramucosal (-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 [3-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 (3-
catenin in concert with our studies, pinpointing that the
[3-catenin expression pattern does not always reflect
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Tumor cells infiltrating the lamina propria feature CK20- and APC-
positive SRC, admixed with sparsely decorated to nonreactive PDC (e,
d). A similar immunoprofile characterizes tumor cells of the
submucosa (CK 20 (e), APC (f))

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 (3-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 3-catenin
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Fig. 3 [3-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 (¢) and submucosal (d)
growths. In ¢, 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-cadher