
Abstract Tumor growth and progression are morphoge-
netic processes that are characterized by ongoing chang-
es in tumor structure and differentiation. These processes
show similarities to morphogenesis in embryonic devel-
opment, as supported by the fact that the main pathways
regulating morphogenesis in early embryogenesis and
organogenesis are directly or indirectly altered in most
neoplasms. In colorectal adenocarcinomas, different
morphogenetic areas can be clearly defined. The focus of
this review is on combining morphology-based aspects
and recent molecular and genetic data on the progression
of colorectal carcinomas. The decisive genetic alteration
in most colorectal cancers is the loss of function muta-
tion in the adenomatous polyposis coli tumor suppressor
gene, leading to an accumulation of the oncoprotein 
β-catenin, the main effector of the embryonic Wnt/wing-
less pathway. The possibility is discussed that, on the ba-
sis of this genetic alteration, the tumor microenviron-
ment is an additional driving force of tumor progression.
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Introduction

The hallmarks of malignant transformation are the capa-
bilities of invasion and metastasis. In order for these pro-
cesses to proceed, tumor cells must be able to detach
from the primary tumor, migrate, gain access to blood or
lymphatic vessels, and disseminate in the body [100]. Fi-
nally, disseminated tumor cells have to proliferate again
to build up metastases. Many of these traits are normally

associated only with mesenchymal cells. However, well-
differentiated adenocarcinomas, like many common co-
lon carcinomas, retain an epithelial phenotype and grow
in tubular structures but nevertheless can metastasize. It
is assumed that a dedifferentiation of the tumor cells in
the invasive area, characterized by a loss of an epithelial
and gain of a dedifferentiated, mesenchyme-like pheno-
type, also enables differentiated colorectal carcinomas to
invasive and metastatic growth (Fig. 1a, b) [24, 72].

The linear model of tumor progression assumes that
the mesenchyme-like capabilities for metastasis – includ-
ing dissociation, migration and dissemination – are ac-
quired and fixed by accumulating genetic alterations in
the tumor cells [56], e.g., described for the well-estab-
lished adenoma–carcinoma sequence in colorectal carci-
nogenesis [46]. However, a common observation by pa-
thologists is that most of the metastases of colorectal
adenocarcinomas (and also other adenocarcinomas) reca-
pitulate the differentiation and morphology of the prima-
ry tumor and exhibit organized epithelial and tubular
structures, despite the obvious phenotypic switch at the
invasive front (Fig. 1a), indicating a redifferentiation to-
ward the phenotype of the primary tumor in the metas-
tases. Therefore, the dedifferentiated, mesenchyme-like
phenotypes that such cells demonstrated during the pro-
cesses of invasion and dissemination cannot be fixed ir-
revocably by genetic alterations. Consequently, the de-
differentiation–redifferentiation processes must be regu-
lated by interactions of the tumor cells and the tumor en-
vironment.

The main drawback of these morphologic observa-
tions is that tumor progression is not a simple uni-direc-
tional path based on the accumulation of genetically al-
tered, autonomous tumor cells, but is a still highly regu-
lated, morphogenetic process, characterized by ongoing,
dynamic changes in the structure and differentiation of
the tumor. In this view, one of the important features of
tumor progression is a remodeling of tissue architecture,
similar to morphogenesis, the basic process of histogene-
sis in embryonic development. This is supported by the
fact that the main pathways regulating morphogenesis in
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early embryogenesis, like the hedgehog-, Wnt- and
transforming growth factor (TGF)-β pathways, are di-
rectly or indirectly altered in most carcinomas [96].
These molecular findings and a number of morphologic
observations, also in other tumors, indicate that carcino-

genesis follows similar rules as early embryogenesis and
histogenesis [27, 49].

The focus of this review is an integration of these
morphology-based aspects and recent molecular and ge-
netic data of human colorectal carcinoma progression. A
combined role of accumulating genetic alterations and
the tumor microenvironment as driving force of tumor
progression is discussed. Increasing data suggest that,
thereby, the loss of function mutation in the adenoma-
tous polyposis coli (APC) tumor suppressor gene, which
is the initial genetic alteration in more than 80% of colo-
rectal carcinomas, and the subsequent accumulation of
the oncoprotein β-catenin play a decisive role. Both APC
and β-catenin are important molecules of the embryonic
Wnt pathway.

Molecular background

Determinants of an epithelial phenotype are homophilic
cell adhesions and cellular polarity defining basal and
apical orientation. Both are mediated by cell surface ex-
pression of the adherens junction molecule E-cadherin.
Loss of these epithelial characteristics may be due to loss
of E-cadherin function and can indicate a switch toward
a dedifferentiated, mesenchyme-like phenotype [34, 74].
E-cadherin binds to β-catenin, which is essential for its
correct positioning and function [5], thus membranous
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Fig. 1 Correlation of differentiation and the expression patterns of
β-catenin and E-cadherin in colorectal adenocarcinomas (modified
from [12]). Central areas (first column) and invasive front (second
column) of the primary tumor and central areas (third column) and
invasive front (fourth column) of the corresponding metastasis are
shown. Stainings are for CK-18 (first row), β-catenin (second
row), E-cadherin (third row). Boxes indicate magnified regions in
stained serial sections. Specific staining is red; nuclear counter-
staining is blue; magnifications are ×100 (a–d) and ×400 (e–l).
CK 18 stainings show a differentiated, epithelial growth pattern
with tubular structures in the centers of primary tumor (a) and me-
tastasis (c) and loss of tubular growth and tumor cell dissemina-
tion in the corresponding invasive fronts (b and d). Tumor cells
are clearly polarized in the differentiated central areas in both pri-
mary tumor and metastasis, and β-catenin is localized distinctly in
the apical cytoplasm and membrane of the tumor cells (arrow-
heads; e and g). Note that nuclei are free of β-catenin (arrows). In
contrast, tubules at the invasive front break up, tumor cells lose
their polar orientation and dissociate (arrows; (f and h). This is ac-
companied by a nuclear accumulation of β-catenin (arrows and
arrowheads). Correspondingly, tumor cells in differentiated areas
of the primary tumor express membranous E-cadherin (arrow-
heads; i), which is re-expressed in central areas of the metastasis
(k). Disseminating tumor cells at the invasive fronts with nuclear
β-catenin either completely lost E-cadherin (arrowheads) or show
a cytoplasmic expression (arrows; j and l)



expression of both proteins determine the epithelial phe-
notype. However, a second, completely different func-
tion of β-catenin was defined. In a nuclear pool, β-cat-
enin interacts with DNA-binding proteins of the T-cell
factor (TCF)/lymphoid enhancer factor (LEF) family and
acts as a transcriptional activator [7, 64]. Thereby, nucle-
ar β-catenin is the main downstream effector molecule of
the so-called canonical Wnt/wingless pathway. This
pathway is highly conserved between Drosphila and ver-
tebrates and a potent regulator of early embryonic and
organ development [13]. Thus, the intracellular distribu-
tion of β-catenin is of great importance for the different
functions of β-catenin and the subsequent behavior of
differentiating epithelial cells or tumor cells.

The decisive genetic alteration, which is found in
more than 80% of sporadic colorectal carcinomas and
was initially discovered in the familiar adenomatous
polyposis (FAP), is the mutation of the APC tumor sup-
pressor gene [29, 47]. Its causal nature in colorectal car-
cinogenesis was demonstrated in different mouse models

(see R. Kucherlapati et al. [53] for review). One of the
fundamental results in recent colon cancer research was
the demonstration that the APC tumor suppressor protein
interacts with β-catenin [82, 93] and is a negative regula-
tor of the Wnt pathway. Functional APC is essential for
the degradation of β-catenin, which accordingly can ac-
cumulate in APC-mutant tumor cells [51, 66]. A simpli-
fied scheme of the Wnt pathway and the associated mol-
ecules β-catenin, APC, and E-cadherin is shown in Fig. 2
(for a more detailed summary of the molecular back-
ground, see reviews by J. Behrens [6], M. Bienz and H.
Clevers [8], and J.O. Sieber et al. [90]).

The main downstream effector of the Wnt pathway is
the nuclear β-catenin/TCF transcriptional activator com-
plex. TCF/LEF molecules are DNA-binding proteins,
which recognize a consensus promoter sequence (TCF-
binding sites WWCAAAG) but do not have a strong in-
trinsic transcriptional activator function [15]. In the ab-
sence of Wnt signaling, TCFs are bound by transcrip-
tional repressors like groucho, which keeps the gene pro-
moter inactive [14]. Nuclear accumulation of β-catenin
displaces groucho from TCF binding. β-Catenin/TCF
plays a role in chromatin remodeling and leads to chang-
es in promoter architecture, which makes the promoter
accessible for other transcription factors. Thus, TCFs
and the corresponding promoter binding sites play a key
role in transcriptional regulation by integrating simulta-
neous signaling by various pathways [77]. However, al-
though active Wnt signaling or APC mutation in tumor
cells leads to accumulation of the cytoplasmic, free pool
of β-catenin, it is not fully understood what activates the
decisive nuclear translocation of β-catenin. A complex
interaction with other pathways might be responsible
(see below).

Wnt pathway in embryonic development

Wnt signaling, characterized by nuclear accumulation of
β-catenin, regulates fundamental embryonic processes.
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Fig. 2 Wnt pathway in normal differentiating epithelial cells and
in colon carcinoma cells. Left β-catenin is degraded after phos-
phorylation at N-terminal serine residues by the serine/threonine
kinase GSK3β. This is only possible in a multiprotein complex
consisting of adenomatous polyposis coli (APC), GSK3β, β-cat-
enin and the core component conductin/axin. The remaining β-cat-
enin is bound to E-cadherin, supporting cell–cell adhesion in ad-
herens junctions. Middle Regulated stabilization of β-catenin by
secreted Wnt factors. Binding of the ligand Wnt to its receptor
frizzled blocks GSK3β and thus degradation of β-catenin. After
translocation to the nucleus and complexing with T-cell factors
(TCFs)/lymphoid enhancer factors (LEFs), β-catenin activates
transcription of target genes involved in differentiation and prolif-
eration. Right Unregulated stabilization of β-catenin in tumor
cells. Mutations in APC disturb the correct formation of the multi-
protein complex, omitting degradation and leading to an overex-
pression of β-catenin. Additional signals (S) from the tumor envi-
ronment may support dissociation of E-cadherin-bound β-catenin
and its nuclear translocation, which leads to aberrant target gene
expression. Alternatively, stabilizing mutations in the N-terminal
serine residues of the β-catenin- or loss of function mutations in
the conductin/axin-gene are found in tumors with normal APC



For instance it was shown to induce epithelial–mesen-
chymal transitions during the gastrulation in sea urchin
[59] and also in human cell culture systems [20, 65].
Overactivation of the Wnt pathway by injection of β-cat-
enin in susceptible cells leads to an axis duplication in
xenopus embryos [64], indicating its regulatory role in
axis formation. Moreover, Wnt signaling regulates dif-
ferentiation and development of various organs. In skin
development, β-catenin is involved in hair follicle mor-
phogenesis and control of the epidermal stem cell com-
partment [39]. Of particular interest is that the Wnt path-
way is also essential for intestinal development. Thereby,
β-catenin binds an intestine- and mammary epithelial-
specific TCF family member, termed TCF-4 [3]. TCF-4
expression characterizes the intestinal stem cell compart-
ment, and targeted disruption of TCF-4 in mice leads to
a severe disturbance of gut development [52]. Compiling
all data, it is becoming evident that Wnt signaling and
nuclear β-catenin as its main effector do not simply con-
trol singular events but regulate the complex process of
morphogenesis, which needs a temporal and spatial coor-
dination of single events like cell–cell attachment, mi-
gration, proliferation, and differentiation.

Colorectal cancer

Expression of β-catenin in colorectal carcinomas

Given the two important, contrary roles of β-catenin in
either the E-cadherin-dependent determination of the
epithelial phenotype (membranous localization) or as
transcriptional regulator and main effector of the Wnt
pathway (nuclear localization), its function as an onco-
protein in APC mutant colorectal cancers takes shape.
Indeed nuclear β-catenin is detectable in human FAP-as-
sociated and sporadic colon adenomas and adenocarcino-
mas [41]. However, the amount of nuclear β-catenin is
increasing from early adenomas to adenocarcinomas [11]
and its distribution within an individual tumor is very
heterogeneous: in most well- to moderately differentiat-
ed colon adenocarcinomas, nuclear β-catenin is predomi-

nantly accumulated in dedifferentiated tumor cells at the
invasive front, whereas in central differentiated areas it
is located at the membrane, and nuclear accumulation is
hardly detectable (Fig. 1e, f) [9, 48]. Since all tumor
cells in an individual tumor harbor APC mutations, a nu-
clear accumulation of β-catenin cannot be due to this al-
teration alone, but its intracellular distribution within dif-
ferent tumor areas has to be explained by additional
events.

Three questions arise from these observations, which
may have strong impact on tumor progression: (1) What
are the effects of nuclear β-catenin in the dedifferentiat-
ing carcinoma cells and is there a direct influence on in-
vasion and metastasis? (2) What regulates the heteroge-
neous intracellular distribution of β-catenin within the
tumors? (3) What is the role of β-catenin in early colo-
rectal carcinogenesis?

Effects of β-catenin in carcinoma cells

Since nuclear β-catenin is a transcriptional activator, 
the identification of its target genes, characterized by
TCF-binding elements in their promoters, is of particular
interest in understanding its role in tumor progression
(Fig. 3). The first identified genes regulated by β-cat-
enin/TCF in cancers are the well-defined oncogenes 
c-myc [32] and cyclin D1 [89, 95], linking dysregulated
β-catenin activity to dysregulated proliferation. Also the
gastrin gene, which is discussed to be a trophic factor for
intestinal tumor growth, is activated by nuclear β-catenin
[50]. Overexpression of peroxisome proliferator-activat-
ed receptor (PPAR)δ, a member of the nuclear receptor
family, which is bound and activated by fatty acids and
therefore a potential mediator of dietary effects on colon
carcinogenesis, is due to transcriptional activation by 
β-catenin/TCF [33]. Other target genes are MDR1 [101]
and survivin [102], which are thought to suppress cell
death pathways.

Moreover, it was shown that activated β-catenin is in-
volved in dedifferentiation of epithelial cells [61, 67],
which indicates a causal role of nuclear β-catenin in the
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Fig. 3 Summary of the onco-
genic potential of nuclear 
β-catenin deduced from known
target genes and detachment
from E-cadherin



phenotypic switch toward dedifferentiated tumor cells at
the invasive front. This view is supported by an increas-
ing number of target genes, which are known to code for
regulators of differentiation and effectors supporting in-
vasion and dissemination (Fig. 3). Recently Cdx-1, en-
coding a homeobox factor [54], Id2 (inhibitor of differ-
entiation-2) [78] and ENC1 [23] were identified as β-cat-
enin/TCF target genes. All three proteins inhibit epithe-
lial differentiation and keep cells in a less differentiated,
stem-cell-like state. An activation of such genes by nu-
clear β-catenin could explain the dedifferentiated pheno-
type of nuclear β-catenin expressing colon cancer cells at
the invasive front.

Other genes regulated by nuclear β-catenin code for
direct effectors of colon cancer progression, such as uro-
kinase receptor (uPAR) [60], matrix metalloproteinase
(MMP)-7/matrilysin [10, 16], c-jun [60], ets2 [4], vascu-
lar endothelial growth factor (VEGF) [103], basic fibro-
blast growth factor (bFGF; A. Jung, unpublished re-
sults), fibronectin [28], laminin-5 γ2 chain [35], and
CD44 [99]. Both uPAR and matrilysin are overexpressed
by the tumor cells and facilitate extracellular matrix
(EM) proteolysis, which allows detachment and motility
enhancement of the tumor cells. The isolated γ2 chain of
laminin-5 is overexpressed selectively in dedifferentiated
carcinoma cells at the invasive front [92] and known to
be one of the most potent inducers of epithelial cell mi-
gration, e.g., in wound healing and embryonic develop-
ment [68]. The known oncoprotein c-Jun, a component
of the transcription factor AP-1, is itself another strong
transcriptional activator of invasion factors like uPAR,
matrilysin and laminin-5 γ2. A similar role is described
for ETS-transcription factors [25]. Another important
process in tumor growth and invasion is the generation
of surrounding tumor stroma. The stroma and the stro-
mal cells participate directly in tumor growth and inva-
sion by producing various degrading enzymes such as
MMPs, by storing cytokines and also supply the tumor
with blood vessels [55]. Both VEGF and bFGF, activated
by nuclear β-catenin, are cytokines involved in the gen-
eration of the tumor stroma and tumor angiogenesis [26].
Splice variants of CD44 (e.g., v6) are known to directly
support dissemination of isolated tumor cells and are as-
sociated with the presence of metastases and an unfavor-
able prognosis of colorectal cancer [80]. Finally, a trans-
location of membranous β-catenin to the nucleus leads to
a loss of E-cadherin function. This further allows detach-
ment of tumor cells from epithelial cell complexes and
supports the loss of epithelial features.

Taking all together, the strong oncogenic potency of
nuclear β-catenin becomes evident. A cluster of genes,
associated with a phenotypic switch from differentiated,
epithelial toward dedifferentiated, mesenchyme-like tu-
mor cells are regulated by β-catenin/TCF. Similar pheno-
typic transitions and subsequent migration are induced
by nuclear β-catenin in epithelial cells in the blastula
during epithelial to mesenchymal transition processes in
embryonic gastrulation [38] and it is suggested that
strong nuclear accumulation of β-catenin leads to dedif-

ferentiation of epithelial cells [61] and might give the tu-
mor cells a competence similar to embryonic epithelial
cells [48]. In analogy, nuclear accumulation of β-catenin
in tumor cells at the invasive front might be directly in-
volved in the acquisition of the necessary abilities to de-
tach, migrate, and disseminate in the body by increasing
the morphogenetic competence of the tumor cells.

Regulators of intracellular β-catenin 
localization and their potential role in malignant 
tumor progression

In well to moderately differentiated colorectal adenocar-
cinomas, a strong nuclear expression of β-catenin is
found predominantly in dedifferentiated tumor cells at
the invasive front [9, 48]. Another feature of these tu-
mors is their retained epithelial differentiation, character-
ized by polarized tumor cells building up tubular struc-
tures, in central tumor areas. Strikingly the same differ-
entiated phenotype of the primary tumor is found again
in corresponding lymph node- or distant metastases [12]
(Fig. 1a–d), which means that the dedifferentiated phe-
notype, allowing the tumor cells to disseminate in the
body, can only be transient and thus cannot be fixed by
genetic alterations in their genomes. Therefore, a main
driving force inducing the obvious phenotypic dediffer-
entiation–redifferentiation switches, and thus potentially
invasion and metastasis formation, must be the tumor en-
vironment acting on the genetically altered tumor cells.
Recent observations demonstrated that the expression
and localization of the two decisive molecules E-cad-
herin and β-catenin are coupled to these changing pheno-
types [12] (Fig. 1). Membraneous E-cadherin and β-cat-
enin are found in both differentiated areas of primary co-
lorectal carcinomas and their metastases, whereas the in-
vasive areas of primary tumor and metastases show de-
creasing E-cadherin expression and nuclear β-catenin.
This demonstrates a stronger difference between distinct
morphogenetic areas within a tumor than between prima-
ry tumor and corresponding metastases. Since the enor-
mous potential of nuclear β-catenin becomes evident
(see above), the search for the driving force of the phe-
notypic switches may be focused on environmental fac-
tors that induce nuclear translocation of β-catenin.

Cell culture experiments revealed a direct or indirect
role of environmental factors, including cytokines and
EM, on the intracellular β-catenin distribution and func-
tion (Table 1 and Fig. 4). (Intracellular transport mecha-
nisms of β-catenin become more and more clear but are
not the subject of this review; see [81, 98] and review by
M. Bienz [8]). Intestinal trefoil factor (TFF3) [57], insu-
lin-like growth factors (IGF I and IGF II) [22], epider-
mal growth factor (EGF) [85], and hepatocyte growth
factor, scatter factor (HGF) [85] lead to a tyrosine phos-
phorylation of β-catenin with subsequent perturbation of
E-cadherin binding, loss of intercellular adhesion, and
promotion of cell motility. By affecting the function of
β-catenin, an overexpression of these cytokines in colon
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carcinomas is thought to modulate tumor cell adhesion
and migration. Overexpression of IGF II enhanced colon
tumor growth in a mouse model [31] and induced a nu-
clear translocation of β-catenin coupled with an epithe-
lial to mesenchymal transition in bladder and mamma
carcinoma cell lines [65]. However the significance of
these cytokines in regulating β-catenin function in hu-
man colorectal carcinomas has not been demonstrated
yet. 

Epithelial–mesenchymal interactions are decisive for
intestinal development [45]. Thus, mesenchymal factors,
in particular components of the surrounding EM, could
have a potent regulatory effect on tumor cells, which
might have a reactive competence similar to embryonic
epithelial cells due to APC mutations affecting the Wnt
pathway [48]. In this context, the perhaps most signifi-
cant regulator of intracellular β-catenin distribution is
the integrin-linked kinase (ILK). ILK is a serine/threo-
nine kinase which binds to intracellular domains of β1-
and β3-integrins. After binding of EM proteins to their
integrin receptors, ILK is activated and exerts various in-
tracellular effects. One is the induction of a nuclear
translocation of β-catenin and subsequent activation of
the β-catenin/TCF transcriptional activator [71]. More-
over it was shown that ILK activation leads to an inhibi-
tion of E-cadherin transcription by stimulating the tran-
scriptional repressor snail [94]. Thus, ILK may be direct-

ly involved in the acquisition of the dedifferentiated phe-
notype of nuclear β-catenin expressing tumor cells at the
invasive front. However to date the relevant external
stimulators have not been known and it will be of inter-
est which particular EM proteins stimulate ILK activa-
tion. Also other pathways known to be altered in colo-
rectal cancers, such as the PTEN/Akt [75]- or the TGFβ
pathways [69], are thought to interfere with the Wnt
pathway and possibly the nuclear accumulation of β-cat-
enin. However, the relevance of these interactions for co-
lorectal carcinogenesis is still unclear.

However, also indirect effects by modulating β-cat-
enin associated proteins could be relevant for the intratu-
morous heterogeneity of β-catenin distribution. For in-
stance, colon carcinomas show an ectopic nuclear over-
expression of LEF1, which belongs to the TCF/LEF
family of DNA-binding proteins. Like TCF-4, LEF1
binds β-catenin, and it is discussed that increasing nucle-
ar LEF1 can trap β-catenin in the nucleus [36]. Also, 
E-cadherin may be the direct target for environmental
factors like MMP-7, which cleaves membranous E-cad-
herin [70], and of ILK activators, leading to a repression
of E-cadherin transcription [94]. E-cadherin mutations
are not common in colorectal cancers [84], but the de-
creased E-cadherin expression observed at the invasive
front may be due to such environmental factors. Indirect-
ly, this could increase the cytoplasmic free pool of β-cat-
enin in addition to APC mutations, which subsequently
can be translocated and trapped in the nucleus of the car-
cinoma cells.

Redifferentiation of tumor cells in metastases

The dedifferentiated phenotype with nuclear β-catenin at
the invasive front is not found in the central areas of
most metastases, but tumor cells show the same differen-
tiated epithelial phenotype as the primary tumor. This in-
cludes the generation of tumor stroma in the metastases,
which might promote a reappearance of the epithelial tu-
mor cell phenotype. An apparent drawback of the regain
of the epithelial growth pattern and a retranslocation of
β-catenin from the nucleus to the cytoplasm and mem-
brane, is the existence of a second phenotypic transition
step during metastasis formation. Why should dediffer-
entiated, disseminating tumor cells undergo a redifferen-
tiation? A reduction of proliferative activity in dissociat-
ing tumor cells expressing high amounts of nuclear 
β-catenin was found [12]. Although these tumor cells
overexpress the β-catenin target gene cyclin D1, associ-
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Table 1 External factors influencing directly or indirectly the intracellular distribution of β-catenin

Factors Molecular effects Consequences

Cytokines (TFFs, IGFs, EGF, HGF) Tyrosine phosphorylation of β-catenin Nuclear accumulation of β-catenin
Extracellular matrix Activation of integrin-linked kinase Nuclear accumulation of β-catenin

Activation of snail Inhibition of E-cadherin transcription
Matrix metalloproteinases Cleavage of, e.g., E-cadherin Loss of E-cadherin function

Fig. 4 Tumor cell phenotype depends on the reciprocal interaction
of tumor environment and tumor cells. Environmental factors can
directly or indirectly modulate the intracellular distribution of 
β-catenin and consecutively may lead to changes in the tumor cell
phenotype and behavior. Tumor cells influence the environment,
e.g., by the production of stroma-inducing factors



ated with proliferation, a parallel overexpression of the
cell cycle inhibitor p16 was described, which could ex-
plain a proliferation arrest [42, 73]. Interestingly also
overexpression of p16 seems to be initiated by nuclear 
β-catenin in tumor cells at the invasive front (A. Jung,
unpublished results). Obviously, in well-differentiated
tumors a loss of epithelial capabilities is coupled with a
shutdown of proliferation. Accordingly, in order to ex-
pand metastatic growth, disseminated dedifferentiated
tumor cells of well-differentiated carcinomas must re-
gain their epithelial function.

β-Catenin in early colorectal carcinogenesis

Increasing amounts of nuclear β-catenin are found from
small, low-grade dysplastic to large, high-grade dysplas-
tic colorectal adenomas, which however do not reach the
intensities of nuclear expression of dedifferentiated car-
cinoma cells at the invasive front [11]. Since colon ade-
nomas grow intramucosal and never show an invasive
zone with dedifferentiated tumor cells, the effects of nu-
clear β-catenin must be different. Wasan et al. described
a role of β-catenin in aberrant crypt fission, the initial
process of adenoma formation [97]. Recently, Shih et al.
demonstrated nuclear β-catenin expression only on the
luminal surface of adenomas, whereas basal areas
showed normal expression patterns, indicating a “top-
down” morphogenesis of early colon adenomas [87].
Moreover, increasing nuclear accumulation of β-catenin
is associated with increasing irregular branching in late
dysplastic colon adenomas [48], indicating that a modest
nuclear accumulation of β-catenin may induce branching
morphogenesis in colon adenomas and carcinomas. This
is supported by the fact that aberrant Wnt signaling in-
duces similar morphogenetic processes in early embryo-
genesis, such as axis duplication in Xenopus [64]. Again
the microenvironment, which is different in the intramu-
cosal growing adenomas and the infiltrating carcinoma,
may play an important role in regulating nuclear accu-
mulation of β-catenin. One could speculate that different
amounts of nuclear β-catenin might give the tumor cells
a different competence of reaction to the environment:
low amounts induce branching morphogenesis, allowing
short distance migration in a preserved epithelial con-
text. High amounts of β-catenin are associated with de-
differentiation toward mesenchyme-like tumor cells,
which allows long-range migration and dissemination of
stem-cell-like, isolated carcinoma cells.

β-Catenin-independant effects 
of APC gene mutations

It seems that dysregulation of the Wnt pathway through
decreased degradation of β-catenin is the decisive effect
of mutated APC in colorectal carcinogenesis. This is
supported by various, different investigations. Overex-
pression of a stabilized β-catenin-induced intestinal

polyposis, similar to human FAP in mouse models [30].
A mouse model, in which APC mutations at codon 1638
leave the β-catenin binding domains in the truncated
APC molecule, does not show a colorectal cancer predis-
position phenotype [91]. Suppression of β-catenin inhib-
ited neoplastic growth of APC mutant colon cancer cells
in vitro and in nude mice [79]. Somatic APC mutations
are selected upon their capacity to inactivate the β-cat-
enin downregulating activity of the truncated APC pro-
tein [91] and, accordingly, reconstitution of the β-catenin
binding domain of APC is sufficient for tumor suppres-
sion [86]. Dominant mutations in exon 3, stabilizing 
β-catenin by inhibiting APC/axin-mediated degradation,
are found in microsatellite instable human colon carcino-
mas with normal APC alleles [62]. Also widespread nu-
clear overexpression of β-catenin was an independent
predictor of short patient survival, indicating also the
clinical relevance of deregulation of the Wnt pathway
during colorectal cacinogenesis [40]. Finally, also other
tumors, such as esophageal squamous cell carcinomas
[17] and intestinal-type gastric carcinomas [63], show
nuclear accumulation of β-catenin.

All these data suggest that β-catenin-stabilizing
mechanisms are necessary for colon carcinogenesis.
However, additional β-catenin-independent effects of
APC become more and more evident. Although not in
the focus of this review, they are briefly discussed be-
cause they might play another important role in tumor
development (for more detailed discussion, see recent re-
views by M. Bienz and H. Clevers [8] and D. Dikovs-
kaya et al. [18]). An APC-binding protein termed Asef-1
binds to the N-terminal APC region, which is preserved
in most colorectal carcinomas, functions as a guanine
nucleotide exchange factor (GEF), and activates the
small GTPases Rho and Rac [44]. Thus, APC is directly
involved in actin rearrangement in migrating cells. Fur-
thermore, normal APC was shown to have a nuclear ex-
port function for other proteins including β-catenin,
which is also deleted in most colorectal carcinomas [8].
Another important function with strong impact for tumor
formation was discovered recently: APC plays a role in
regular chromosomal segregation during mitosis by
binding to microtubules and the checkpoint proteins Bub
1 and 3 [21, 43]. This APC region is deleted in almost all
APC-mutated colorectal carcinomas and could explain
the high rate of chromosomal instability (CIN) in these
types of tumors.

Colorectal cancers with normal APC

Like the FAP type of hereditary colorectal cancer, most
sporadic colorectal carcinomas erase from adenomas and
have APC mutations as initial genetic alterations. The
second major group are the replication error (RER) posi-
tive carcinomas, associated with microsatellite instability
(MSI). HNPCCs and about 10% of sporadic colorectal
carcinomas fall into this group, which is also character-
ized by a different morphology and clinical prognosis.
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About half of these carcinomas show normal APC genes
[37]; however, the general importance of a dysregulated
Wnt pathway and its main effector β-catenin in colorec-
tal cancer formation is indicated by the fact that muta-
tions in other components of this pathway, leading to en-
hanced β-catenin activity, are found in a high percentage
of such tumors. In particular, dominant mutations at the
target serine residues for GSK3-β in the β-catenin gene
itself are found in 27% of microsatellite-instable carcino-
mas, leading to a stabilization of the molecule [88]. Loss
of function mutations in the conductin/axin-2 gene were
demonstrated in 25% of MSI carcinomas, which similar
to APC mutations omit degradation of β-catenin [58].
Moreover inactivating frameshift mutations in the TCF-4
gene were found in 39% of human microsatellite-insta-
ble colon carcinomas [19]. The important role of the dys-
regulated Wnt pathway in colon carcinogenesis is also
indicated by the fact that ulcerative colitis associated co-
lon carcinomas also show APC gene mutations and nu-
clear accumulation of β-catenin [1]. Thus, a dysregula-
tion of the Wnt pathway by targeting APC, β-catenin or
other components is found in almost all colorectal carci-
nomas.

Summary and conclusion

Taking into account its physiological role in embryonic
development, the dysregulated Wnt pathway plays a cru-
cial role for the genesis of colorectal carcinomas with
both normal and mutated APC. Thereby a modest nucle-
ar accumulation of β-catenin is associated with branch-
ing morphogenesis in adenomas and central areas of car-
cinomas and strong accumulation is linked to a pheno-
typic change toward dedifferentiated, mesenchyme-like
tumor cells at the invasive front. The transcriptional acti-
vation of a cluster of target genes necessary for tumor
cell invasion and dissemination by nuclear β-catenin un-
derlines its important role for tumor progression.

Moreover a comparison of central areas of primary
colorectal carcinomas and their metastases, showing the
same differentiated epithelial growth patterns and a lack
of nuclear β-catenin, indicates that the phenotypic transi-
tions and the associated changes in intracellular distribu-
tion of β-catenin are dynamic and transient and cannot
be explained by accumulating genetic alterations alone.
In addition, a strong regulatory role of the tumor envi-
ronment for these processes and thus the progression of
colorectal tumors must be postulated [2].

Two main conclusions might be drawn:

1. A basic process of tumorigenesis is morphogenesis,
which seems to be induced by the variable nuclear ac-
cumulation of β-catenin. Thereby modest nuclear ac-
cumulation allows short distance movement in epithe-
lial context (adenoma branching) and strong nuclear
accumulation is associated with tumor cell dedifferen-
tiation, allowing long-range migration and dissemina-
tion of stem-cell-like isolated carcinoma cells.

2. Reciprocal interactions between the changing tumor
environment and the tumor cell regulate the dynamic
intracellular β-catenin distribution and E-cadherin ex-
pression and thus tumor morphogenesis and progres-
sion.

Subsequently, a model of malignant tumor progression
considering both genetic and environmental factors is
suggested (Fig. 5). Based on initial genetic alterations
giving the epithelial cell a more embryonic, stem-cell-
like morphogenetic competence, tumor cells can undergo
phenotypic transitions. The transitions are initiated and
regulated by reciprocal interactions with the changing tu-
mor environment, enabling the tumor cell to adapt to dif-
ferent conditions by acquiring the necessary abilities.
The range of the possible phenotypic transitions is vari-
able, depending on the grade of differentiation in the pri-
mary tumor and is determined by the genetic alterations.
These phenotypic transitions are basic processes of tu-
mor progression and are transient and ongoing.

In this model, two driving forces of tumor progres-
sion are integrated: (1) accumulating genetic alterations
in oncogenes and tumor suppressor genes as fixed basis,
determining both the cell-autonomous and the reaction
competence of the tumor cells and (2) the changing tu-
mor environment, which regulates the adaptation of the
genetically altered tumor cells to different conditions.
Taking colorectal carcinomas as example, the initial
APC mutation, stabilizing β-catenin expression, is the
decisive genetic alteration, and the tumor environment
regulates intracellular β-catenin distribution with strong
consequences for the tumor cell behavior. Thus, the dys-
regulation of the β-catenin activity in colorectal carcino-
genesis is an example of how genetic alterations and the
tumor environment may exert combined effects on one
decisive molecule for tumor progression. Of note, addi-
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Fig. 5 Model for the malignant progression of colorectal carcino-
mas. Adenomatous polyposis coli (APC) gene mutations lead to
overexpression of β-catenin, which is located to the cellular mem-
brane in differentiated central areas of the primary tumor. Environ-
mental factors directly or indirectly lead to nuclear translocation
of β-catenin and dedifferentiation, allowing tumor cell dissemina-
tion. A changing environment at the metastatic site allows epithe-
lial redifferentiation and metastatic growth. The phenotypic
switches are transient and ongoing. Additional mutations may be
selected upon the ability of the tumor cell to respond to the chang-
ing environment



tional genetic alterations supporting tumor progression,
as recently described for colorectal carcinomas [83], are
not excluded from this model. It will be interesting to see
whether such mutations are selected based on the ability
of the tumor cell to respond to the changing environmen-
tal conditions.

A strong regulatory interaction of tumor cells and
their environment is also demonstrated for the develop-
ment of other tumors [55], particularly for breast cancer
[76]. An exact specification of reciprocal interactions be-
tween tumor cells and their environment might also lead
to new therapeutic concepts.
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Abstract The Viennese collection of pathological speci-
mens (Collectio Rokitansky) comprises a large number
of objects from all fields of pathological anatomy and is
one of the largest historical collections in the entire
world. We reviewed the original diagnoses in a series of
pancreatic specimens using modern histopathological
techniques. It was found that the histological structure of
eleven pancreatic specimens was surprisingly well pre-
served. In three cases of extrapancreatic pseudocysts, we
identified chronic pancreatitis as the underlying disease.
Two specimens contained tumours that proved to be duc-
tal adenocarcinomas. A third, rather large tumour was
identified as a solid-pseudopapillary carcinoma and a
fourth one as a neuroendocrine carcinoma. The remain-
ing cases were classified as fibrotic atrophy, congenital
cysts, microcystic serous cystadenoma, and necrotic se-
questration of the pancreas. The application of immuno-
histochemical methods failed. In conclusion, the surpris-
ingly well-preserved exhibits from the Collectio Roki-
tansky, which have been on display for more than
100 years, are accessible to modern histopathological in-
vestigation without the use of immunohistochemical
techniques. Such examinations allow us to assess the oc-
currence of diseases and tumours in the sociocultural en-
vironment of the 19th century.

Keywords History of pathology · Rokitansky collection ·
Pancreatic diseases · Solid pseudopapillary tumour

Introduction

In the 18th and 19th centuries, collections of human or-
gans were, apart from drawings and engravings, the only
way to preserve interesting pathological and anatomical
specimens. These specimens were initially gathered in
anatomical museums, which were founded throughout
Europe [8], e.g. in Leyden by Walther van Doeveren
(1730–1783) and Eduard Sandifort (1742–1814), in 
London by John (1728–1793) and William Hunter
(1718–1783), in Edinburgh by Charles Bell (1774–1842),
in Pavia by Giacomo Rezia (1745–1825), in Wittenberg
by Abraham Vater (1684–1751), in Berlin by Johann
Gottlieb Walter (1734–1818), in Jena by Justus Christian
Loder (1753–1832), in Würzburg by Carl Casper von
Siebold (1736–1807) and in Prague by Georg Prochaska
(1749–1820). Pathological–anatomical specimens were
added to these mainly anatomical collections in Amster-
dam (Andreas Bonn; 1738–1818), Paris (Musée Dupuyt-
ren; Guilleaume Dupuytren; 1777–1835) and London,
where Mathew Baillie (1761–1823) followed his uncle
William Hunter as the curator of the famous Hunter mu-
seum. Baillie added more than 1000 pathological objects
to Hunter’s huge anatomical collection. He was also the
first to publish an atlas of morbid anatomy to illustrate his
textbook [1, 2].

Vienna’s pathological collection and the associated
morgue were founded in 1796 by Johann Peter Frank
(1745–1821), director of the General Hospital in Vienna
(Allgemeines Krankenhaus Wien) from 1795 on. He en-
gaged Aloys Rudolph Vetter (1765–1806) as an unpaid
prosector and curator of the pathological–anatomical
museum. By 1827 (the year in which Carl Rokitansky
joined the morgue as assistant to Lorenz Biermayer, who
was replaced 2 years later by Johann Wagner), 4307 ob-
jects had been collected. From the specimen with the
museum archive number (MN) 1375 to that with number
3277, Carl Freiherr von Rokitansky was curator and was
thus responsible for the collection and preservation of
these specimens. Rokitansky was the first descriptive pa-
thologist, and it was he who established the basis for the
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work of Rudolf Virchow (1821–1902), the doyen of
pathohistology. These two famous pathologists paved the
way for the further development of our speciality. Vir-
chow himself founded the pathological cabinet of the
Charité in Berlin in 1899.

The Viennese collection comprises more than 50,000
objects, including formalin-fixed human and veterinarian
specimens. These pathological specimens, primarily ex-
traordinary and unique objects, were used mainly for
presentation and exhibitions. To the best of our knowl-
edge, nobody has yet attempted a modern histopathologi-
cal evaluation of the diagnosis given to the pathological
specimens. We focused on eleven pancreatic specimens,
all more than 100 years old, showing gross changes such
as cysts, tumours and fibrosis.

Materials and methods

Eleven pancreatic specimens were selected from the Collectio 
Rokitansky of the Federal Museum of Pathological Anatomy, 
Vienna. Five of these specimens had been collected by Carl Roki-
tansky himself. The specimens ranged in age from 109 years to
188 years. In the early years of the collection, specimens were
placed in pure alcohol (“Weingeist”), then in Kaiserling’s fluid
[750 ccm formalin, 1000 ccm distilled water, 10 g potassium ni-
trate, 30 g potassium acetate; developed by Carl Kaiserling
(1869–1942)] [15], and later in formalin. The specimens were
numbered chronologically, but were renumbered when Rokitansky
discarded poorly fixed specimens. The old numbers were referred
to as “numero antiqua” (num. ant.), while the numbers given by
Rokitansky were later called “museum numbers” (MN). In our se-
ries, four cases also had a numero antiqua: MN 185 (num. ant.
842), MN 344 (num. ant. 1397), MN 1184 (num. ant. 4589) and
MN 1637 (num. ant. 5124). For the histopathological examination,
samples were obtained from the specimens and embedded in par-
affin. Sections 5-µm thick were cut and stained with haematoxylin
and eosin (H&E), periodic acid-Schiff (PAS) and the Ziehl-Neelsen
method. They were additionally stained immunohistochemically
using the avidin-biotin complex method.

Results

Histological examination of the sections from the exhib-
ited pancreatic specimens revealed well-preserved tissue
that allowed a definitive diagnosis in most cases. The
morphological quality of the tissue samples was similar
to that of forensic or autopsy material after a certain pe-
riod of decay, i.e. some autolysis, desquamation of the
epithelium into luminal openings but with totally pre-
served stromal matrix and organoid structure. The acini
of the pancreas were identified as cell fragments with a
surrounding matrix. Blood vessels were in a better con-
dition, mostly with signs of atherosclerosis.

Table 1 summarises the specimens examined and
compares the original and revised diagnoses. The oldest
specimen (MN 185) showed a small fibrotic pancreas.
The original diagnosis was atrophia pancreatis. Histo-
logical examination revealed a completely fibrotic pan-
creatic parenchyma. In the hand-written catalogue, the
specimen was described in Latin as a “pancreas less than
1/4 of its regular volume from a fool who did not want to
chew”. No further information on the patient or the time
of autopsy was available. We could only date this autop-
sy specimen to the period around 1816–1818 on the ba-
sis of other dated specimens.

In three cases (MN 344-cystis capitis pancreatis, MN
1184-cystides pancreatis multiplices and MN 1347-duc-
tus Wirsungianus hydrope distensus), the histological
changes were compatible with a diagnosis of advanced
chronic pancreatitis. The autopsy report on a 45-year-old
man (MN 344) described a huge cyst of the pancreas with
bloody content attached to a cirrhotic liver and to the
stomach. Because only part of the cyst remained, we
were unable to ascertain its precise diameter. In case 
MN 1184 (sex and age unknown), we found cystic cavi-
ties with thick, irregular walls together with a ragged in-
ner surface. These cysts were located at the margin of the

Table 1 Historical cases with a comparison of the original and the revised diagnosis. nk not known

Museum Sex/age Year Original diagnosis Revised diagnosis
archive
number

185 nk 1816–18 Atrophia pancreatis Complete fibrotic atrophy of the pancreas
344 Male/45 1819 Cystis capitis pancreatis Chronic pancreatitis with pseudocyst

1184a nk 1828 Cystides pancreatis multiplices Chronic pancreatitis with pseudocysts
1347 Male/47 1831 Ductus Wirsungianus hydrope distensus Obstructive chronic pancreatitis with dilation 

of the main pancreatic duct
1637b Female/21 1834 Cystides pancreatis Congenital cysts
1937b Female/76 1840 Hydrops ductus Wirsungiani Moderately differentiated ductal adenocarcinoma

(G2)
1943b Female/64 1840 Cystadenoma pancreatis Well-differentiated ductal adenocarcinoma (G1)

with secondary cystic changes
2757b Female/24 1859 Carcinoma scirrhosum capitis pancreatis Solid-pseudopapillary carcinoma
2877b nk 1862 Necrosis pancreatis cum sequestratione Necrosis of the pancreas with sequestration
3494 Female/45 1876 Carcinoma solidum capitis pancreatis Neuroendocrine carcinoma

subsequente hydrope ductus Wirsungiani
4124 Female/63 1882 Cystadenoma caudae pancreatis Microcystic serous cystadenoma

a Specimen collected by Johann Wagner
b Specimens collected by Carl Rokitansky
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body and head of the pancreas. Histologically, the cysts
did not display any epithelial lining, and the surrounding
tissue was fibrotic. In case MN 1347, a 47-year-old man,
the main pancreatic duct was dilated, the parenchyma
firm. Although the gross appearance of these three cases
was quite obvious, interestingly, we did not find the term
pancreatitis in any of the autopsy reports.

Case 1637 (cystides pancreatis) was a 21-year-old
woman who died of pneumonia with septicopyaemia.
The pancreas looked normal except for two unilocular
cysts at the lower margin of the pancreatic body, which
were not connected with the ductal system (Fig. 1). His-
tologically, the cysts were almost entirely denuded of
epithelium. Only in a small area were a few detached cu-
boidal cells detected. Because of the epithelial lining, the
cyst could have been either neoplastic or non-neoplastic
in nature. A neoplasm could be excluded because of
multiplicity, unilocular appearance and lack of ovarian-
like stroma. Non-neoplastic cysts, such as endometrial or
lymphoepithelial cysts were excluded by the lack of typi-
cal histopathological structures. We therefore presume
that these cysts had a congenital origin.

In case MN 1937, a 76-year-old woman, there was a
dilatation of the main pancreatic duct in the pancreatic
body and tail. This was diagnosed as hydrops ductus
Wirsungiani. The histological examination of the head
region, however, revealed a moderately differentiated
ductal carcinoma as the cause of this dilatation (Fig. 2).
The tumour glands were medium to small in size with
moderate cellular pleomorphism. Mitotic figures were
occasionally seen.

In MN 1943, a 64-year-old woman, there was a cystic
tumour (3 cm in diameter) that was described as cystade-
noma pancreatis. On the basis of our histopathological
examination, we diagnosed this tumour as well-differen-
tiated ductal adenocarcinoma with secondary cystic de-
generation. Intense desmoplasia and perineural invasion
were also observed.

Case MN 2757 was a 24-year-old woman who suf-
fered from tuberculosis. The tumour was described in the
autopsy report as “the size of an apple with dark reddish
to brown colour with some soft yellow nodules” and the

diagnosis of carcinoma scirrhosum capitis pancreatis
was made. Grossly, we found a brown, well-demarcated,
encapsulated tumour, 3.5 cm in size, which on cut sur-
face was lobulated and located at the margin of the head
of the pancreas (Fig. 3a). Histologically, a solid pseudo-
papillary pattern was recognised in addition to a cystic
space filled with necrotic debris. The polygonal tumour
cells were occasionally arranged around fibrovascular
stacks, appearing like pseudorosettes. In addition, PAS
positive globules were found inside and outside the tu-
mour cells (Fig. 3d, e). Tumour cells also permeated the
vascular spaces. Although our immunohistochemical
staining failed, the tumour’s histological features al-
lowed us to make the diagnosis of a solid pseudopapil-
lary carcinoma.

In case MN 2877 (sex and age unknown) with the di-
agnosis necrosis pancreatis cum sequestratione, only a

Fig. 1 Case MN 1637 (Cystides pancreatis). Gross appearance of
the largest cyst (linear ruler in centimetres)

Fig. 2 Case MN 1937 (Hydrops ductus Wirsungiani): the histo-
logical examination revealed a moderately differentiated adeno-
carcinoma. a Low-power view (haematoxylin and eosin, original
magnification ×25). b Detail (haematoxylin and eosin, original
magnification ×400)
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Fig. 3 Case MN 2757 (Carci-
noma solidum capitis pancreatis
subsequente hydrope ductus
Wirsungiani). a Gross appear-
ance of the solid-pseudopapil-
lary carcinoma. b Low-power
histological view [haematoxy-
lin and eosin (H&E), original
magnification ×25]. c Tumour
cells arranged radially around 
a fibrovascular stalk forming a
pseudorosette (H&E, original
magnification ×400). PAS posi-
tive extra- (d) and intracellular
(e) globules (PAS, original
magnification ×400)

Fig. 4 Case MN 3494 (Carci-
noma scirrhosum capitis pan-
creatis). a Gross appearance of
the neuroendocrine carcinoma.
b Low-power histological view
(haematoxylin and eosin, origi-
nal magnification ×25). c Detail
(haematoxylin and eosin, origi-
nal magnification ×400)



as indurated and the ductus choledochus and the ductus
pancreaticus as dilated (11/2 cm) and stated that no
communication with the duodenum was found. The re-
port also mentioned multiple walnut-sized lymph nodes
within the ligamentum hepatoduodenale. Grossly, we
found a firm, multilobulated tumour surrounded by a fi-
brous capsule. The histological examination revealed a
tumour with a solid growth pattern with monomorphic
nuclei and a low mitotic rate. The solid tumour nests
were partially separated by small fibrotic septae. The tu-
mour infiltrated the capsule and the surrounding tissue
(Fig. 4). We could not find glandular, acinar or cystic
structures. The cytoplasm stained negative for PAS. Im-
munohistochemical staining (neurogenic markers, cyto-
keratins) failed, because internal control tissue, such as
peripheral nerves and ductal cells, did not express their
respective markers. In view of the histological appear-
ance, however, we favour the diagnosis of a neuroendo-
crine carcinoma.

In case MN 4124, a 63-year-old woman, the diagnosis
was cystadenoma caudae pancreatis. In our histological
examination, we were able to subclassify this tumour ac-
cording to modern classifications as a serous microcystic
adenoma (Fig. 5). Notably, we found identical tumours
misdiagnosed at the beginning of the 20th century as
lymphangioma cavernosum cysticum (not presented in
this report).

Discussion

When we examined eleven pancreatic specimens from
the Collectio Rokitansky, which had been on display for
more than 100 years, we found the histological structure
surprisingly well preserved. This allowed us, despite
some autolytic changes, to assess the underlying histopa-
thology of each specimen. Especially well preserved
were the mesenchyme, vessels, and the tumourous tissue.
PAS staining was successfully applied to these “antique”
tissues. As expected, the tissues were not accessible to
immunohistochemistry, probably due to the long period
of formalin fixation. We were able to arrive at a clear di-
agnosis in six cases and at a plausible diagnosis in the re-
maining cases (Table 1).

In three cases (MN 344, 1184 and 1347), we identi-
fied chronic pancreatitis as the underlying disease. The
cystic changes that characterised two of these exhibits
and were termed cystis capitis pancreatis (MN 344) and
cystides pancreatis multiplices (MN 1184) proved to 
be extrapancreatic pseudocysts. One of these cases of
chronic pancreatitis was probably due to chronic alco-
holism, because the report accompanying the exhibit
mentioned that the patient also had liver cirrhosis. Inter-
estingly, the term chronic pancreatitis was not used in the
autopsy reports, although these cases reveal grossly typi-
cal changes of chronic pancreatitis.

In antiquity, many diseases of the pancreas were re-
ferred to by Claudius Galen (130–201/210 A.D.) as
“scirrhous” [6]. Rokitansky wrote about inflammation of
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large amount of necrotic material and fibrotic areas
could be seen. The pancreatic parenchyma was not visi-
ble. Ziehl-Neelsen staining was negative. We suggest
that this necrosis in association with sequestration may
result from acute pancreatitis. In this regard, Hanns 
Chiari (1851–1916, head of the department of pathology
of the German University of Prague for 24 years; his son
Hermann, 1897–1969, was the 7th person to succeed 
Rokitansky in Vienna) first described a case of seques-
tration after acute tryptogenic pancreatitis [7].

In case MN 3494, a 45-year-old woman, the diagno-
sis carcinoma solidum capitis pancreatis subsequente
hydrope ductus Wirsungiani had been made. The autop-
sy report described the tumour as callused, the pancreas

Fig. 5 Case MN 4124 (Cystadenoma caudae pancreatis). Typical
macroscopic (a) and histological (b, c) images of a serous micro-
cystic adenoma (in a with linear ruler in centimetres; b: original
magnification ×50, c: original magnification ×400, both haema-
toxylin and eosin)



the pancreas in his great Manual of Pathological Ana-
tomy (Handbuch der Pathologischen Anatomie) [28]:
“The inflammation of the pancreas, which appears less
acute, is very rare,...; The chronic inflammation leads to
solidification, induration of the cell substance, oblitera-
tion and sclerosis of the acini ending up in enlargement
or in later shrinkage of the gland”. From the late 18th to
the late 19th centuries, interest in pancreatic pathomor-
phology focused mainly on changes associated with dia-
betes mellitus. Autopsy findings were predominantly
published as case reports, most of which related exclu-
sively to diabetes, which had already been known for
many centuries. In the 1880s, pancreatic diseases were
poorly understood. W. Balser [practitioner in Sonneberg,
Thüringen, and assistant to Emil Ponfick during his time
in Göttingen, Germany; Ponfick (1844–1913) was a pu-
pil of Virchow’s] reported in this journal in 1882 that the
appearance of fat necrosis is related to the cause of death
[3]. These growing efforts finally culminated in the ex-
periments by Josef von Mering (1849–1908) and Oscar
Minkowski (1858–1931), who demonstrated that com-
plete removal of the pancreas in dogs caused diabetes
[20]. From that time on, elevated interest in pancreatic
diseases could be observed. One of the first general
overviews of pancreatic diseases was given in Noth-
nagel’s encyclopaedic series of textbooks by Leopold
Oser (1839–1910), who used the term “chronic indura-
tive pancreatitis” for his classification [24]. At the turn
of the century, the aetiology of pancreatitis attracted
more attention. Hanns Chiari related autodigestive ne-
crosis of the pancreas to fat necrosis [9]. Eugene L. Opie
(1873–1971) assumed that biliary reflux might cause
acute haemorrhagic pancreatitis [25, 26]. Opie also reali-
sed that interstitial fibrosis in chronic pancreatitis caused
diabetes due to the loss of islets of Langerhans [27].
Similar observations were also reported by Anton
Weichselbaum (1845–1920, the third head of Vienna’s
pathology department after Rokitansky) together with
Emil Stangl (histologist), who discovered that only atro-
phy of the islets of Langerhans led to diabetes [33].
Weichselbaum also investigated the role of chronic alco-
holism in chronic pancreatitis [32] and published a com-
prehensive study (145 autopsies) describing morphologi-
cal changes in the pancreas in diabetes [31].

In two cases (MN 1937 and MN 1943), we found
ductal adenocarcinomas that had originally been de-
scribed as non-malignant lesions. In this regard, Fitz-
gerald pointed out that because the differential diagnosis
at the time was based mainly on gross examination,
chronic pancreatitis and pancreatic cancer were often
confused [12]. Cancer, in general, was described by 
Galen as “a very hard malignant tumor, with or without
ulceration” which he distinguished from “scirrhous – 
a hard, heavy immobile and painful tumour” [6]. In his
famous book, Giovanni Battista Morgagni (1682–1771),
the “father of pathological anatomy”, described cancers
of the breast, stomach, rectum, and for the first time of
the pancreas [21]. Fitzgerald reported in his Medical 
Anecdotes Concerning Some Diseases of the Pancreas

[12] that cases of pancreatic cancer began to be de-
scribed in the 1820s and 1830s. According to Fitzgerald,
in 1858 Da Costa reported an adenocarcinoma of the
pancreas as one of his cases. Increasing attention within
the medical community yielded new insights, so that by
the end of the 19th century pancreatic cancer was clini-
cally and pathohistologically well known.

In our series of newly cut specimens, we suggest that
one tumour case (MN 3494) was a neuroendocrine carci-
noma, though immunohistochemical evidence is lacking.
Historically, Bard and Pic were the first to distinguish be-
tween duct and acinar cell cancers and to mention the pos-
sibility of islet cell cancer [4]. In Vienna, Feyrter de-
scribed the so-called “Helle-Zellen-System”, later called
the APUD cell system [11]. Nicholls [23] and Fabozzi
[10] observed the first adenoma and carcinoma of neuro-
endocrine cells, respectively. About 25 years later, it was
discovered that these tumours may cause hyperinsulinism
[34]. In 1955, Zollinger and Ellison [35] described recur-
rent peptic ulcers associated with neuroendocrine tu-
mours. The syndromes of watery diarrhoea, hypokalae-
mia, and achlorhydria (WDHA or pancreatic cholera)
were described by Verner and Morrison [29]. Subsequent-
ly, further hormone-producing tumours associated with
WDHA syndrome were recognised; these tumours secret-
ed gastrin [14], vasoactive intestinal peptide [5], glucagon
[19], pancreatic polypeptide, and somatostatin [17, 18].

In addition to the above-mentioned neuroendocrine
carcinoma (MN 3494) in our series, we were able to
identify the tumour MN 2757 as a solid-pseudopapillary
carcinoma. We can thus report that these tumour entities
existed long before their first histological description.
Solid-pseudopapillary tumours were first described by
Virginia K. Frantz in 1959 [13], but had probably al-
ready been observed by Nanson [22] and Warren [30],
who characterised them mainly on the basis of their clin-
ical and gross features. These peculiar tumours used to
be referred to as “solid-cystic”, “solid and papillary epi-
thelial” or “papillary-cystic neoplasms” and were mostly
considered to be adenocarcinomas. Recently, Kosmahl et
al. reviewed their immunocytochemical features and
speculated about their pathogenesis [16].

Finally, we can end this brief historical survey of pan-
creatic pathology with the comment that such collections
were important and useful in the 19th century for educa-
tion and research. Today they are hidden cultural trea-
sures, not only for medical history. Our study on second-
look histopathology of specimens in the Rokitansky col-
lection in Vienna succeeded in establishing up-to-date
diagnoses. We were able to show that neuroendocrine
carcinomas and solid-pseudopapillary tumours already
existed long before their histological description. As pa-
thologists we were not used to reviewing “antique” diag-
noses, yet such a study is more than merely a fascinating
journey through the history of our speciality.
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Abstract Loss of immunohistochemical expression of
Dpc4 occurs in about 50% of pancreatic ductal cancers
and its loss correlates with DPC4/Smad4 gene inactiva-
tion. Dpc4 expression was also lost in 6 of 16 (37%) am-
pulla of Vater cancers (AVCs) previously analyzed. Fur-
thermore, chromosomal losses involving 18q, where
DPC4 is located, have been observed in 34% of AVCs
and are associated with decreased survival. To evaluate
the possibility that expression of Dpc4 may be correlated
with survival, we analyzed 89 AVCs for inactivation of
DPC4 by immunohistochemical staining. Thirty-seven
cases showed no expression of Dpc4 (41%). Multivariate
survival analysis was performed including age, sex, tu-
mor size, histological subtype (intestinal or pancreatobil-
iary), grade of differentiation, T-stage, lymph-node me-
tastases and Dpc4 status. T-stage and histological sub-
type were selected as independent prognostic factors,
while Dpc4 immunostaining was not significantly asso-
ciated with any clinicopathological variable, including
histological subtype. Although Dpc4 expression is of no
clinical relevance, its involvement in AVC gives addi-
tional weight to the hypothesis that, among all pancreatic
exocrine and endocrine tumors, only AVC and common
ductal adenocarcinomas have similar molecular finger-
prints. Moreover, comparison of the frequencies of allel-
ic loss on chromosomal arm 18q and the loss of Dpc4
expression (34% and 41%, respectively) is highly sug-
gestive that DPC4 is the major target of these losses.

Keywords Pancreas · Carcinoma · Ampullary cancer ·
DPC4/Smad4

Introduction

Patients with cancer of the ampulla of Vater (AVC) ac-
count for up to 36% of those undergoing surgery for pan-
creaticoduodenal malignancies. Furthermore, among
those patients affected by cancers of biliopancreatic ori-
gin, they have up to a 50% chance of cure by surgical re-
section alone [3, 4, 12, 19, 21, 28, 29]. The majority of
neoplasms arising in the ampulla of Vater are gland
forming. Within this group, some tumors have an intesti-
nal histological appearance, while others resemble pan-
creatic and biliary adenocarcinomas [1]. These variations
in histology presumably reflect the fact that the ampulla-
ry region contains several types of epithelia, which may
thus give rise to different tumor types. It is generally
agreed that T stage is a significant and independent prog-
nostic factor for this cancer, whereas the predictive value
of tumor grade and lymph-node metastases is controver-
sial [3, 4, 6, 12, 19, 21, 25, 28, 29]. It has also been re-
ported that prognosis is better for patients with cancers
of the intestinal type rather than those with cancers with
pancreatobiliary histology [11].

In a recent study, we found that allelic losses (LOH)
on chromosomal arms 17p and 18q are relatively fre-
quent events in AVCs, with LOH on chromosomal arm
18q being more frequent in later stage tumors [25]. Al-
though both genetic alterations were associated with
shortened survival, only chromosome 17p status was se-
lected as an independent prognostic factor upon multi-
variate survival analysis [25]. Genetic losses involving
18q are among the most frequent anomalies in pancreatic
cancer [22], and DPC4 is a major target of these genetic
deletions. The DPC4/Smad4 gene encodes a component
of the transforming growth factor (TGF)β signaling
pathway [8]. It functions as part of various DNA-binding
transcriptional activator complexes, in which latent, cy-
toplasmic Dpc4 is activated and translocated into the nu-
cleus upon binding of an extracellular ligand of the TGF
superfamily [5, 16].

As part of a study involving more than 100 pancreatic
tumors of different types, we have recently shown that
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DPC4 is not expressed in 6 of 16 cases of ampullary
cancer, which would suggest that it is altered in these
cancers with a frequency close to that found in common
ductal adenocarcinoma [18]. In fact, inactivation of
DPC4 is relatively specific for pancreatic cancer, al-
though it has been observed in a minority of cancers
from other organs, including colon, breast, ovary and bil-
iary tract [7, 13, 27]. The most common route of aberra-
tion is homozygous deletion, although it may also be in-
activated by mutation of one allele and loss of the other
[17, 18, 22].

Given the need to find additional markers for malig-
nancy in ampullary cancers that may influence therapeu-
tic strategies, we studied the expression of Dpc4 in 89
formalin-fixed, paraffin-embedded samples with follow-
up available to look for possible correlations between
clinicopathological data and DPC4 status as determined
by immunohistochemistry. It has been recently demon-
strated that immunohistochemistry is a highly sensitive
and specific marker for alteration of DPC4 and its nega-
tive staining correlates with genetic inactivation in 93%
of cases [18, 31]. Thus, DPC4 status can be assessed by
a simple test on archival material.

Materials and methods

Selection of cases

Eighty-nine paraffin-embedded AVCs observed at the Verona Uni-
versity Hospital between 1986 and 2000 were selected by applying
the following criteria: (a) unequivocal establishment of their origin
from the anatomical structures forming the ampulla of Vater [2, 3,
23, 24, 25]; (b) treatment of patients with curative intent by pancre-
aticoduodenectomy alone; (c) availability of follow-up through di-
rect contact at least once a year with the patient or his/her physi-
cian. All cases were histologically classified according to the crite-
ria published by the Armed Forces Institute of Pathology [1].

Immunohistochemistry for Dpc4

Immunohistochemistry was performed on paraffin sections as de-
scribed [18]. Briefly, the monoclonal antibody (Santa Cruz Smad4
clone B-8 from Autogen Bioclear, Calne, UK) was used at a dilu-
tion of 1:200 following antigen retrieval by microwaving (750 W)
for three times 10 min each in 10 mM citrate buffer, pH 6. Normal
pancreatic structures in the same sections served as positive con-
trols. Cases scored as positive showed diffuse cytoplasmic and/or
nuclear staining in the vast majority of cancer cells; cases scored
as negative showed no stain at all or occasional positive cells.

Follow-up and statistical analysis

The primary statistical outcome in this study was overall survival
measured from the date of surgery. Death from cancer was the end
point. No case was lost at follow-up, which was updated in May
2001. Overall survival distribution was calculated by the product-
limit method and analyzed using the Mantel-Cox test. Multivariate
survival analysis was performed using the Cox’s proportional-haz-
ard model. To select the more stringent model, we used a back-
ward elimination procedure, including all conventional factors and
Dpc4 status. The conventional factors included age, sex, macro-
scopic features (ulcerated vs non-ulcerated), size, grade, stage,
histological type and nodal metastases. The final model only in-

cluded the factors consistently retaining significance (P<0.05).
The SPSS 10.0 (SPSS Inc., Chicago, Ill.) statistical analysis pack-
age was used.

Results

Clinicopathological characteristics

The main clinicopathological characteristics of the 89
cases are reported in Table 1. There were 55 male (62%)
and 34 female (38%) patients with a mean age of 59 years
(range 33–77 years). The average size of the cancers was
2.1±1 cm. Tumor stage was based on pathological and
clinical evaluation, which included preoperative radiogra-
phy, computed tomography and abdominal exploration at
laparotomy. The staging system used was that of Yamagu-
chi and Enjoji [32]: T-stage I, tumor restricted to within
the muscle of Oddi; T-stage II, infiltration of duodenal
submucosa; T-stage III, involvement of duodenal muscol-
aris propria; T-stage IV, infiltration of periduodenal fat and
pancreas; N, nodal metastases; and M, blood-borne metas-
tases. All but five colloid cancers were graded according
to Achille et al. [3]. Seven cancers were well (8%), 46
moderately (52%) and 31 poorly differentiated (35%). The
histological type was intestinal in 56 cases, pancreatobili-
ary in 28 tumors, and colloid in 5 cases. Nodal metastases
were present in 37 cancers (41%).

Specificity of anti-Dpc4 antibody

It has been previously shown by our group and others
that immunohistochemistry detects expression of Dpc4
in all normal pancreatic acinar, ductal and islet cells,
where strong to intermediate cytoplasmic reactivity with
variable nuclear labeling is observed [18, 31]. The cyto-
plasmic staining of islet cells is usually strong and the
nuclear immunoreactivity is variable from relatively few
to virtually all nuclei [26]. Typical examples are shown
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Table 1 Clinicopathological data of the 89 ampullary cancers

Histological type (no. of cases)

Intestinal Pancreatobiliary Colloid

Grade of differentiation
Well 6 1 –
Moderate 36 10 –
Poor 14 17 –

T Stage
I 3 – –
II 20 3 –
III 12 17 1
IV 21 18 4

Nodal metastasis
Positive 20 14 3
Negative 36 14 2



in Fig. 1. Moreover, Dpc4 immunohistochemical stain-
ing has been shown to be highly specific and sensitive
for inactivation of DPC4 [18, 31], a finding confirmed
by additional studies [15, 26].

Dpc4 expression in ampullary carcinomas

We thus used immunohistochemistry to study the expres-
sion of Dpc4 in 89 ampullary cancers. The immunolabel-

ing for Dpc4 was scored as positive or negative. Fifty-two
tumors scored positive and showed diffuse cytoplasmic
and nuclear staining in the vast majority of the tumor cells
(>90%), with the exception of two of the three positively
staining colloid cancers for which only nuclear staining
was observed with no cytoplasmic reactivity (Fig. 1g).
Thirty-seven cases stained negative for Dpc4 (41%), in
excellent agreement with a previous report in which only
16 cancers had been analyzed [18]. In particular, Dpc4 im-
munostaining was completely absent in 21 of the 56
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Fig. 1 Representative exam-
ples of immunohistochemistry
with anti-Dpc4 antibodies. 
a Normal pancreas showing
immunostaining of acini, two
islets of Langerhans and a hy-
perplastic duct. b Case AVC79
showing anti-dpc4-positive
dysplastic epithelium and nega-
tive carcinoma cells. c Positive-
ly staining intestinal type case
AVC24. d Negatively staining
intestinal type case AVC6. 
e Positively staining pancreato-
biliary cancer AVC59. f Nega-
tively staining pancreatobiliary
cancer AVC81. g Colloid-type
cancer AVC60 with nuclear
staining. h Case AVC79 show-
ing positive-staining cancer
cells and a vascular invasion
lacking anti-Dpc4 staining



(38%) intestinal type, 14 of the 28 (50%) pancreatobiliary
and 2 of the 5 colloid cancers. Only two of the 37 im-
munonegative cases showed occasional positive cells in
the more differentiated tumor component (Fig. 1h).

Statistical analysis

The grade of differentiation was significantly associated
with histological subtype. The pancreatobiliary type
showed a higher proportion of poorly differentiated tu-
mors (61%), whereas the intestinal type were well and
moderately differentiated in 75% of cases (chi-square
test P<0.006). Lymph-node metastases were not associ-
ated with histological type (chi-square test P=0.31); in
fact, positive nodes were found in the colloid, intestinal
and pancreatobiliary types in 60%, 36% and 50% of
cases, respectively. Dpc4 immunostaining was not sig-
nificantly associated with any clinicopathological vari-
able, including histological subtype. As follow-up data
was available for all these cases, survival analysis was
performed. The results of multivariate analysis are sum-
marized in Table 2 and Kaplan-Meier survival curves are

shown in Fig. 2 and Fig. 3. We first performed multivari-
ate analysis using Cox’s multiple regression model, with
the inclusion of all conventional factors (age, sex, tumor
size, macroscopic features, histological type, grade of
differentiation, lymph-node metastasis and Dpc4 status).
Only T stage and histological type emerged as indepen-
dent prognostic factors. The estimated risk of death from
cancer within the 5-year follow-up period for patients
with extraduodenal local extension of disease (T-stage
IV) was 6.7 times higher (95% CI 2.2–20.1) than that of
patients with their disease in stages I or II (P<0.001).
The median actuarial survival time for all patients was
46 months, while it was 17.5 months for T-stage IV and
51 months for T-stage III cases. Pancreatobiliary tumors
were accompanied by an increase in the relative risk of
death of 2.1 (95% CI 1.1–4.2; P<0.027). The median ac-
tuarial survival time was 19 months for patients with
pancreatobiliary cancers, whereas it was 70 months for
patients with intestinal-type cancers. Both multivariate
and univariate analyses showed no significant difference
between survivors and non-survivors for age, sex, mac-
roscopic features, tumor size, grade of differentiation,
lymph-node metastasis and Dpc4 expression status. 
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Table 2 Results of multivariate
statistical analysis (Cox’s mod-
el). Hazard ratio is adjusted for
age, sex, macroscopic feature,
size, histological type, grade
and DPC4 status. Three pa-
tients (one colloid and two in-
testinal type cancers) died dur-
ing the immediate postopera-
tive time and were not consid-
ered in this analysis

Variable No. of No. of Relative risk of death P value
surviving dead (95% confidence interval)
patients patients

Stage
I–II 20 4 1 –
III 10 10 2.59 (0.80–8.35) 0.11
IV 20 22 6.70 (2.23–20.15) 0.001

Type
Pancreatobiliary 10 18 1 –
Colloid 4 0 0.02 (0–80) 0.97
Intestinal 36 18 0.47 (0.24–0.92) 0.027

Fig. 2 Survival curve for all the patients obtained by the Kaplan
and Meier method. The median actuarial survival time for all pa-
tients was 46 months (range 4–203 months)

Fig. 3 Survival curves considering three groups of patients with
different T stages. Vertical lines indicate the 95% confidence in-
tervals



Discussion

Alteration of the expression of Dpc4 has been reported
in pancreatic ductal cancers and mucinous cystic neo-
plasms, as well as in a small series of ampullary cancers
[9, 14, 18, 31]. Moreover, inactivation of DPC4 has also
been suggested to occur late in neoplastic progression [9,
30]. Thus, in the prospect to find additional markers for
malignancy in AVC, we analyzed an enlarged series of
89 cases, all with available follow-ups, for expression of
Dpc4 using immunohistochemistry. This data was corre-
lated with various clinicopathological parameters, in-
cluding survival. Complete inactivation of Dpc4 was
found in 41% of cases, a frequency close to that found in
common ductal adenocarcinoma and in excellent agree-
ment with a report in which only 16 AVCs were ana-
lyzed [18]. However, no significant correlation between
loss of Dpc4 expression and any clinicopathological pa-
rameter was found. With regard to classical clinicopatho-
logical parameters, as expected, survival was significant-
ly correlated with T stage [25]. The pancreatobiliary his-
tological type was associated with poor prognosis as was
found in a previous report [11]. The lack of correlation
between prognosis and the presence of lymph-node me-
tastasis has already been observed [3, 4, 6, 12, 19, 21,
25, 28, 29].

In a subset of AVCs, microsatellite instability (MSI)
of the type seen in tumors with defects in DNA mis-
match repair genes has been found [3, 10]. Moreover, the
MSI phenotype has also been correlated with better
prognosis [3]. Loss of heterozygosity on chromosomal
arms 17p and 18q is also relatively frequent in these can-
cers, and the former event is significantly related to pa-
tient survival [25]. Our previous data suggest that chro-
mosome 18q loss occurs at a later stage than chromo-
some 17p loss in ampullary cancers [25]. Although LOH
on chromosome 18q was not identified as an indepen-
dent prognostic factor, a trend was observed, which sug-
gested that it might be associated with shortened patient
survival. LOH on this chromosomal arm is observed in
34% of cases. The fact that we observed loss of Dpc4 ex-
pression in 41% of cases is suggestive that DPC4 is the
major target of these losses. However, even with the
large number of cases under analysis in the present
study, anomalies of Dpc4 expression were not associated
with survival or any other clinicopathological parameter
including stage. This thus raises the possibility that
DPC4 is not the major target of genetic losses on chro-
mosome 18q and that another tumor suppressor gene lo-
cated on this chromosomal arm is associated with tumor
aggressiveness.

Involvement of DPC4 is rare in cancers other than
those arising from the gastroenteric system and, in this
regard, our findings strengthen a previous hypothesis
that AVCs and ductal carcinoma of the pancreas have
similar molecular fingerprints [18, 20]. However, while
inactivation of the four genes most frequently aberrated
in pancreatic ductal cancer, namely K-ras, p53, p16 and
DPC4, are also altered in AVCs, the relative frequencies

of these alterations are, in general, lower in AVC than in
ductal cancer. This would suggest that key molecular
events related to the pathogenesis of these tumors still
remain elusive. To date, the inactivation of DPC4 is the
most frequent molecular occurrence found in cancers
arising in the anatomical structures forming the ampulla
of Vater.
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Abstract The Epstein-Barr virus (EBV) is directly im-
plicated in the pathogenesis of a variety of undifferenti-
ated carcinomas and has also been identified in conven-
tional adenocarcinomas of the stomach. To date, the as-
sociation of EBV with non-small cell lung carcinoma is
restricted to Asian patients. To evaluate the presence of
EBV in lung cancers from Europeans, we investigated
primary lung adenocarcinomas with a similar morpho-
logical tumour pattern to those of the stomach, specifi-
cally rare tumours with components of signet-ring cells.
Three tumours of signet-ring cell type were examined by
means of polymerase chain reaction (PCR). To localise
the virus to the neoplastic cells, in situ hybridisation
(ISH) was performed using an antisense Epstein-Barr 
virus encoded RNA probe. Immunohistochemistry was
performed to evaluate the expression of latent membrane
protein-1 (LMP-1) and EBV nuclear antigen 2 (EBNA-2).
PCR investigation confirmed the presence of EBV in 
one case. Positive signals confined to tumour cells were
present on ISH. None of the tumours showed expression
of LMP-1 and EBNA-2. To our knowledge, this is the
first report on the presence of EBV in primary adenocar-
cinoma of the lung in a Caucasian patient. The present
study indicates that EBV may infect some lung cancers
with a specific tumour pattern.

Keywords Epstein-Barr virus · Adenocarcinoma · 
Signet-ring cell carcinoma · Lung

Introduction

Oncogenic viruses are well-established agents in the de-
velopment of certain types of cancers. The Epstein-Barr
virus (EBV), a widely distributed gammaherpes virus, is
directly implicated in the pathogenesis of a variety of
lymphoproliferative and neoplastic disorders, including
undifferentiated carcinomas of foregut-derived organs
with prominent lymphoid infiltrate, such as undifferenti-
ated nasopharyngeal carcinoma (UNPC, lymphoepitheli-
oma) and lymphoepithelioma-like carcinoma (LELC) at
various sites such as the lung, salivary gland and thymus
[2, 15]. Not all LELCs contain the virus, especially tu-
mours of non-foregut origin such as LELC of the skin
[4] and bladder [30]. The range of EBV-associated carci-
nomas has been expanded by the identification of the vi-
rus in conventional adenocarcinomas of the stomach, in-
cluding signet-ring cell type [10, 24, 29]. EBV has occa-
sionally been demonstrated in non-small cell lung carci-
noma (NSCLC) in Asians, including some squamous cell
carcinomas and two cases of adenocarcinomas [6, 16,
28] and recently in small cell undifferentiated carcino-
mas of the lung [11]. To date, the association of EBV
with NSCLC is restricted to Asian patients.

The purpose of the study was to investigate lung
adenocarcinomas from Europeans for the presence of
EBV. Since both the lung and the alimentary tract are
embryologically derived from the foregut, we confined
our study in connection with EBV-associated adenocar-
cinomas of the stomach to primary adenocarcinomas of
the lung with a similar morphological tumour pattern,
specifically rare tumours composed of signet-ring cells.

Materials and methods

Patients and tissues

The study comprises three primary signet-ring cell type adenocar-
cinomas of the lung occurring in Central European patients. Sig-
net-ring cell carcinoma (SRCC) was diagnosed if the tumour was
substantially composed of signet-ring cells. The three cases of
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SRCC were found among 345 cases with primary lung adenocar-
cinoma diagnosed between January 1996 and December 1998.
The haematoxylin and eosin-stained sections of the three cases
were examined. The number of slides per tumour ranged from
three to five (mean four). In all cases presented herein, imaging
studies – including thoracic and abdominal computed tomography
(CT) scan as well as careful endoscopic investigation of the gas-
trointestinal tract – were performed to confirm that the tumours
had originated in the lungs. In addition, autopsy was performed in
case no. 3.

Light microscopy and immunohistochemistry

The specimens were fixed in 10% buffered formalin. The paraffin
sections used for the study were routinely stained with haematoxy-
lin and eosin and Periodic acid–Schiff with diastase pretreatment
(D-PAS). Immunostaining was performed using the avidin–bi-
otin–immunoperoxidase method. Tissue sections were incubated
with antibodies against the following antigens in appropriate dilu-
tions: EBV latent membrane protein (LMP-1-CS1–4; Dakopatts,
Copenhagen, Denmark; diluted 1:50) and EBV nuclear antigen
clone PE 2 (EBNA-2; Dako; diluted 1:50). To elucidate the lym-
phocyte population, antibodies against CD 3 (Dako; diluted 1:100)
and CD 79a (Novo Castra, Newcastle, UK; diluted 1:100) were
used. The surgical specimens were staged according to the TNM
staging system [21].

Polymerase chain reaction

To confirm the presence of EBV, polymerase chain reaction (PCR)
analysis was performed (by B.P. and H.M.). One primer pair
(sense 5′ to 3′: CCAGAGGTAAGTGGACTT; antisense 5′ to 3′:
GACCGGTGCCTTCTTAGG) detecting a 125-bp fragment from
the BamHI-W region of EBV corresponding to position
1396–1520 of the EBV and another primer pair (sense 5′ to 3′:
GACGAGGGGCCAGGTACAGG; antisense 5′ to 3′: GCAG-
CCAATGCAACTTGGACG) amplifying a 239-bp fragment from
the EBV BamHI-K (IR3) region corresponding to position 11–250
of the 1153-bp HinfI subfragment which is included in the
BamHI-region of EBV were used. As a positive control, a primer
set amplifying a 110-bp fragment from the human β-globin gene
which includes the sites for the sickle cell and haemoglobin muta-
tions was used. All primer sets and probes were obtained from 
ViennaLab Laboratory Diagnostics (Vienna, Austria). For PCR,
the 5′ and 3′ primers were adjusted to 50 pmol per reaction. Buffer
conditions and dNTP concentrations (0.25 µM) for PCR were ac-
cording to the recommendations of the manufacturer (ViennaLab).
Reaction volumes of 25 µl were overlaid with mineral oil and 
subjected to 45 cycles of temperature variation (2 min 94°C, 
1 min 55°C, 1 min 72°C) with a final cooling step at 5°C in a 
Perkin Elmer Gene Amp PCR System9600. Visualisation of PCR
products was done on ethidium bromide-stained 2% Nusieve aga-
rose gels in Tris acetate ethylene diamine tetraacetic acid (TAE)
buffer. To improve the sensitivity of PCR, the amplified products
were blotted and hybridised to specific oligonucleotide probes
which were 5-end labelled with T4 polynucleotide kinase and 
32P-gamma ATP.

In situ hybridisation of EBV-encoded RNAs

To localise EBV genome to the neoplastic cells, in situ hybridisa-
tion (ISH) of EBV-encoded RNAs (EBERs) was performed (by
B.P). Tissue sections were deparaffinised, dehydrated in graded 
alcohol and rehydrated. After digestion with proteinase K
(10 mg/ml) for 5 min at 37°C, sections were postfixed in 0.4%
paraformaldehyde and incubated in hybridisation solution without
probes (4× standard sodium citrate, 30% deionised formamide,
10% dextran sulfate, 1× Denhard’s solution, 0.2 mg/ml yeast
tRNA). For the demonstration of EBV transcripts, DIG-conjugat-
ed antisense oligonucleotides specific for EBERs 1 & 2 (Dako
A/S) were used; for demonstration of k/l–light chain mRNA (posi-
tive controls), a DIG-conjugated cocktail of nine oligonucleotides
(R & D, Minneapolis, Minn.). The hybridisation was performed
overnight in a humid chamber at 37°C. After stringent washing
and blocking steps, DNA/RNA hybrids were detected immuno-
cytochemically with a one-step method using rabbit anti-FITC
(fluorescein isothiocyanate) conjugated to alkaline phosphatase
and NBT/BCIP as substrate [14]. The slides were counterstained
with a light haematoxylin. A positive signal was recognised as in-
tense brown nuclear staining under a light microscope.

Results

Clinical findings

The study group consisted of two men and one woman,
whose ages ranged from 51 years to 73 years (mean
60.0 years). Both male patients had a long smoking his-
tory. Symptoms included cough, shortness of breath and
bronchial asthma. The tumours of the three patients were
found to be situated in the periphery of the lung. All pa-
tients had already developed metastases before initial
presentation. In case no. 1, the disease initially manifest-
ed as a brain metastasis of signet-ring cells. In addition,
the patient had subcarinal lymph-node metastases. One
case (no. 2) was diagnosed by taking biopsies of both the
lung and subcarinal lymph nodes. One patient (case 
no. 3) had metastasis in peribronchial lymph nodes and
lymphangitic carcinomatosis in the right lung. None of
the patients showed abnormalities of the gastrointestinal
tract. Therapy included either a combination of lobecto-
my and postoperative chemotherapy (cases no. 1 and 
no. 3) or a combination of radiation and chemotherapy
(case no. 2). The patients died of disease 12 months and
6 months after presentation, respectively. Autopsy of
case no. 3 revealed organ metastases in liver and lower
lobe of the right lung. The clinicopathological findings at
the time of presentation are summarised in Table 1.
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Table 1 Clinicopathological findings of signet-ring cell carcinomas of the lung at the time of presentation. SOB shortness of breath,
LLL left lower lobe, RUL right upper lobe, SRC signet ring cell component, DOD died of disease

Case Age/sex Symptoms Location/size Types of TNM/clinical SRC Follow-up
no. (cm) specimens stage (%) (months)

1 51/Male Neurological, LLL/4.5 Lobectomy T2N2M1/IV 90 DOD/12
SOB

2 73/Male Cough, SOB RUL/6 Biopsy T2N2M0/IIIA 70 DOD/6
3 56/Female Bronchial RUL/4.2 Lobectomy, T2N1M0/IIB 40 DOD/6

asthma autopsy



Gross and light microscopy findings

On gross examination, all tumours were white, well de-
marcated and ranged in diameter from 4.2 cm to 6 cm.
Microscopic examination revealed moderately to poorly
differentiated adenocarcinomas with various proportions
of signet-ring cells varying from 40% to 90% in a mainly
solid growth pattern. Signet-ring cells were either scat-
tered within the solid areas or formed diffuse sheets
(Fig. 1a and Fig. 2). The histological features of metastatic
sites were similar to those of the primary tumours (Fig. 3).
Lymphoid infiltration was moderate and small necrotic fo-
ci were present in all cases. D-PAS staining was positive
in all cases. Immunohistochemically, none of the investi-
gated cases showed expression either of LMP-1 or
EBNA-2. Lymphoid stroma had a mixture of CD 79a pos-
itive B-cells and CD 3 positive T-cells in all cases. 

Polymerase chain reaction

EBV DNA was detected in one of the three investigated
cases (Fig. 4a). With the use of β-globin, the samples
produced 110-bp PCR products visualised on ethidium
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Fig. 1 Case 1. a Signet-ring cell carcinoma forming solid cell
nests surrounded by moderate lymphoplasmatic infiltrate. Haema-
toxylin and eosin ×330. b Epstein-Barr virus (EBV)-encoded
RNAs (EBERs) showing heterogeneously scattered nuclear stain-
ing of tumour cells. In situ hybridisation ×250. c EBER-positive
multinucleated tumour cell with intranuclear inclusions. In situ hy-
bridisation ×700. d EBER-positive tumour cell with clearing of
the chromatin pattern and migration of the chromatin to the nucle-
ar margin (left). In situ hybridisation ×700

Fig. 2 Case 3. Scattered signet-ring tumour cells within the 
solid area containing abundant intracytoplasmic mucin. Periodic
acid–Schiff with diastase pretreatment ×330



bromide-stained agarose gels showing the specimen to
be adequate for EBV-DNA analysis. Using dot-blot hy-
bridisation, the EBV-positive case yielded a clear signal
(Fig. 4b).

ISH of EBERs

EBER signals were positive in a small number of tumour
cell nuclei in case no. 1, showing scattered positive cells
accounting for less than 10% of the total tumour cells

(Fig. 1b). A few EBER-positive tumour cells showed
features characteristic of viral infection, like multinucle-
ated cells containing intranuclear inclusions (Fig. 1c).
Also clearing of the chromatin pattern with a migration
of the chromatin to the nuclear margins was noted
(Fig. 1d). Lymphocytes as well as the adjacent non-neo-
plastic parenchyma were EBER negative throughout.

Discussion

The presence of EBV in neoplasms apparently is not
limited to lesions with the lymphoepithelioma phenotype
[15]. Using PCR and RNA ISH, EBV genomes have also
been found in neoplastic cells in association with con-
ventional adenocarcinoma of the stomach, including sig-
net-ring cell type [10].

SRCC arises in various organs including the gastroin-
testinal tract, bladder, prostate, breast and lung. Primary
SRCC of the lung is an unusual and rare occurrence.
Based on the 1999 World Health Organization (WHO)
classification [26], SRCC of the lung is regarded as a
variant of mucin-producing adenocarcinoma and is char-
acterised by abundant intracellular mucin accumulation.
It has been found in part with a solid and tubuloacinar
pattern, as well as in association with bronchioloalveolar
carcinoma [12, 17]. Only a few cases were described as
pure SRCC. Several investigations suggest that lung
SRCCs are closely related to bronchial gland cell-type
adenocarcinomas rather than to the goblet-cell type in
terms of histogenesis and differentiation [12, 13].

To date, investigations of adenocarcinoma of the lung
for the presence of EBV revealed positivity only in two
cases of primary adenocarcinomas in Japanese patients
[16]. Several other studies performed on a higher num-
ber of adenocarcinomas showed no evidence of EBV 
either in Asian or Caucasian patients [5, 6, 7, 28]. How-
ever, EBV has been shown to infect and replicate in
some epithelial cells and to be present in broncho-alveo-
lar lavage, suggesting that the lung may be a reservoir of
EBV [20, 25].

In the present study, we used the PCR technique to
detect a few copies of EBV genome and ISH to precisely
localise EBV genome to the carcinoma, rather than to
normal parenchyma and lymphocytes. Case no. 1 yielded
clear but weak signals of the large internal repeat region
from the BamHI-W fragments (iterated an average of 11
times in viral isolates) using the PCR technique and clear
signals using dot-blot hybridisation. Similar to previous
reports concerning NSCLCs [5, 16, 28], in this case EBV
genome was localised only to a small number of tumour
cell nuclei on ISH. Features characteristic of virus-
induced nuclear alterations [8] were also present in some
nuclei of EBER-positive tumour cells.

EBERs are known to be transcribed in large amounts
during latent EBV infection and become undetectable in
the lytic phase [9]. It is suggested that EBV might play a
different role in tumours of different histological types,
and that moderately differentiated neoplastic cells may
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Fig. 3 Case 2. Lymph-node metastasis forming solid areas of sig-
net-ring tumour cells. Haematoxylin and eosin ×60

a

b

Fig. 4 a Polymerase chain reaction products of BamHI fragments
of the Epstein-Barr virus (EBV) genome from paraffin-embedded
sections showing weak but clear signals in case 1. M 100-bp 
ladder; 1 BamHI-W 125 bp; 2 IR3 238 bp; 3 β-globin 110 bp 
(1–3 numbers of cases). neg Negative control (distilled water), 
pos positive control. b Dot-blot hybridisation; +c1 positive con-
trol (NAMALWA cell line); –c negative control (mononuclar cells
of an EBV-negative patient); 1 EBER-positive case 1; 2 and 3
EBER-negative cases 2 and 3; +c2 positive control (mononuclear
cells of an EBV-positive Hodgkin’s disease)



make fewer copies of EBER RNA than undifferentiated
cells, by some currently unknown mechanism [6, 16].

Immunohistochemically, neither EBV latency-associ-
ated antigen, LMP-1 nor EBNA-2 were detected in the
EBV-positive case. These findings are similar to previ-
ous investigations of NSCLC [28]. The absence of
EBNA-2 is also known in other EBV-associated epithe-
lial tumours and Hodgkin’s disease, while Burkitt’s 
lymphoma expresses neither EBNA-2 nor LMP-1 [22].
LMP-1 may have an oncogenic effect. It is able to trans-
form on rodent fibroblast cell lines [27]. This viral pro-
tein has been detected to a varying extent in UNPC and
in cases of EBV-associated gastric adenocarcinoma [23],
suggesting different pathogenic roles for this protein,
which may be site specific and depend on the histologi-
cal types of tumours. The significance of LMP-1 expres-
sion in EBV-positive NSCLC is still uncertain.

Several EBV-positive malignancies are specifically
associated with certain geographic locations/ethnic
groups, such as Burkitt’s lymphoma in Africa and Papua
New Guinea and UNPC in the Chinese [1, 19]. In con-
trast, the highest rates of EBV-associated typical gastric
adenocarcinomas were found in regions of low inci-
dence, such as USA [24, 29].

Important cofactors in the development of EBV-asso-
ciated neoplasms include genetic and dietary compo-
nents as well as environmental factors, which are geo-
graphically related (e.g. nitrosamines in foods, other re-
gionally restricted pathogens, such as malaria in Africa)
[1]. In addition, geographic location and different EBV-
related tumours are associated with the presence of cer-
tain EBV strains. In this study, EBV genome was detect-
ed in primary lung adenocarcinoma of an immunocom-
petent European patient, suggesting an infection caused
by EBV type A, which is more prevalent in Caucasian
and Asian populations. Since the pathogenic significance
of one or another EBV type is yet to be determined [1],
we did not differentiate between type A (EBV-1) and
type B (EBV-2) in the first step of investigation.

In the present study, all patients had already devel-
oped metastases before clinical discovery and died of
disease within a short period of time. Due to the diffuse-
ly infiltrative nature of the tumour that leads to early
widespread metastases, the prognosis of patients with
SRCC of the lung, like SRCCs of other sites, is poor and
generally fatal [17].

The patient with EBV-positive tumour cells had a
smoking history. Cigarette smoking is considered to be
an important cause of lung cancer. However, in only a
minority of smokers does lung cancer develop, which in-
dicates that additional different host-related and environ-
mental factors may play a role in the genesis of lung can-
cer [3, 18]. Oncogenic viruses such as EBV are possible
candidates to be co-carcinogens in these tumours. Their
identification would be helpful for prevention and thera-
peutic intervention.

To our knowledge, this is the first report on the pres-
ence of EBV in primary adenocarcinoma of the lung in a
Caucasian patient. Although, we had only a limited num-

ber of SRCCs, the present study indicates that EBV may
infect some lung cancers with a specific tumour pattern.
However, further investigation is required to elucidate a
causal role for EBV in this type of cancer.
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Abstract Retinoid bioavailability is regulated by the ac-
tivity of specific cytoplasmic receptors. High levels of cel-
lular retinol binding protein-1 (CRBP-1) have been docu-
mented during experimental arterial and wound-healing
processes, but data concerning neoplastic smooth muscle
tissues are scarce and/or controversial. This study reports
that the expression of CRBP-1 is markedly higher in uter-
ine and gastrointestinal leiomyosarcomas than in leiomyo-
mas and normal myometrium; CRBP-1 was practically
absent in normal gastrointestinal smooth muscle tissue.
CRBP-1 positivity was particularly elevated in the epithe-
lioid variant of leiomyosarcoma; it was associated with in-
creased proliferative and apoptotic rates and inversely re-
lated to smooth muscle differentiation evaluated by α- and
γ-smooth muscle actin and desmin expression. Western
blotting and reverse-transcription polymerase chain reac-
tion confirmed the observations concerning CRBP-1 and
actin isoform expression and revealed higher NF-κ-Bp65
and RARα and lower Bax protein levels in leiomyosarco-
ma than in the other conditions. These findings document
that a high CRBP-1 expression is associated with smooth
muscle malignancy and suggest that CRBP-1 expression
represents a new useful marker for the classification of
unusual variants of smooth muscle tumors.

Keywords Actin isoforms · Myometrium · Retinoic acid ·
Smooth muscle

Introduction

Retinol and retinoid derivatives participate in a wide
range of biological processes and play a significant role

in the control of cell growth and differentiation of 
mesenchymally derived tissues [3, 6]. Trans-retinoic 
acid (RA), the principal functional retinoid [20, 48], de-
rives at least in part from the cytosolic bioconversion of
retinol [26]. Bioavailability of retinol is regulated by 
the presence of specific cytoplasmic receptors; among
these, cellular-retinol binding proteins 1 and 2 (CRBP-1
and -2) are members of the fatty acid-binding proteins
(FABP)/CRBP family and have distinct physiologic roles
[3, 27]. In the endometrium, epithelial and stromal cells
express significant levels of mRNA for CRBP-1 through-
out the menstrual cycle, whereas levels of CRBP-2 vary
and mediate the menstrual cycle effects of ovarian ste-
roids [23, 38]. CRBP-1 expression probably reflects the
cell requirement for retinol and its active metabolites [5,
27]. The role of retinoids and their receptors has been
extensively investigated in smooth muscle (SM) tissue of
the arterial district [30]. During experimental arterial
healing, intimal smooth muscle cells (SMCs) show tran-
sient increased proliferative and apoptotic rates associat-
ed with morphologic changes and decreased levels of 
α-smooth muscle actin (α-SM actin) [4, 28]. At the 
same time, many intimal SMCs express CRBP-1, where-
as quiescent medial SMCs do not [28, 29]. A similar in-
creased expression of CRBP-1 has been observed in
myofibroblasts during experimental wound healing [45].
Retinoids influence growth and differentiation of intimal
but not of normal media SMCs in vitro and inhibit inti-
mal thickening after injury in vivo [29]. These data sug-
gest that, at least under certain pathophysiological condi-
tions, CRBP-1 expression represents a crucial step in the
regulation of retinoid-related biological activities. 

Experimental data concerning the role of retinoids and
their receptors in other normal as well as neoplastic SM
tissue are scarce and apparently controversial. Retinoids
variably influence the growth of myogenic derived tumor
cell lines [14], and no difference is observed comparing
the action of retinol on proliferation and morphology of
myometrial and leiomyomatous SM cells in vitro [7]. To
document the expression of CRBP-1 and its possible rela-
tionship with cell morphology, differentiation, prolifera-
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tion, and apoptosis, we investigated, using morphologi-
cal, immunohistochemical, and biomolecular methods, 36
uterine and gastrointestinal leiomyomas and leiomyosar-
comas recruited over the past 5 years at the Institute of
Anatomic Pathology, Tor Vergata University of Rome, It-
aly. Differences in the CRBP-1 level under our conditions
are discussed in relation to the possibility of predicting
(1) the biological behavior of SM-derived tumors and (2)
their potential response to retinoid therapy.

Materials and methods

Tissue samples

Thirty-six uterine and gastrointestinal SM-derived tumors, includ-
ing typical leiomyomas (LM, n=10), cellular (n=3), symplastic
(n=3), epithelioid (n=4), myxoid LM (n=3), borderline tumors
(n=2), and typical (n=8) and epithelioid leiomyosarcomas (LMS,
n=3), were obtained from surgical pathology material over the last
5 years at the Institute of Anatomic Pathology, Tor Vergata Uni-
versity of Rome, Italy (Table 1). Common diagnostic criteria of
malignancy for uterine SM tumors were: ten or more mitotic fig-
ures per ten high-power fields (HPF), hypercellularity, tumor cell
necrosis, pleomorphism, and hyperchromasia [36]. Gastrointesti-
nal tumor criteria included large tumor size (<5 cm), mitotic activ-
ity (>5 per 10 HPF) and a negative immunoreaction for CD117 
(c-kit), CD34, and S-100 protein to differentiate them from stro-
mal tumors [36]. LMS, graded according to Coindre et al. [13],
were classified as two of grade 1, five of grade 2 and four of grade
3. Tumors were compared with normal uterine (n=7) and gastroin-
testinal (n=7) SM tissues from non-neoplastic surgical pathologic
specimens collected within the same period. Some freshly excised
samples were prepared for histology, immunohistochemistry, and
electron microscopy; others were frozen in isopentane cooled in
liquid nitrogen (Table 1) and stored in pools at –80°C for protein
and mRNA extraction.

Histology and immunohistochemistry

Tissue samples were fixed in 10% neutral buffered formalin, em-
bedded in paraffin and 3- to 4-µm-thick serial sections were
stained with hematoxylin and eosin and Masson trichrome. For
immunohistochemistry, after deparaffinization, blocking of endog-
enous peroxidase activity with 0.2% H2O2 (20 min), and incuba-
tion with normal goat serum (30 min), serial sections were reacted
for 1 h with monoclonal anti α-SM actin, anti-desmin, Ki67, and
CD34 (Dako) and with polyclonal anti-CRBP-1 [28], CD 117 
(c-kit, Santa Cruz), and S-100 protein (Dako) antibodies. Before
incubation with CRBP-1 and c-kit antibodies, heat-mediated anti-
gen retrieval in a solution of 10 mM sodium citrate buffer (pH 6.0)
in a microwave oven (three cycles of 5 min) was performed. Pre-
liminary studies have demonstrated that the CRBP-1 antibody spe-
cifically reacts with normal human SM and non-SM tissues, simi-
lar to what is observed in the rat (data not shown). Diaminobenzi-
dine (DAB) was used as the final chromogen. All immunohisto-
chemical procedures were performed at room temperature.

Semi-quantitative CRBP-1 and α-SM actin immunoreaction
was estimated at ×200 magnification by two different researchers
who used a grading system in arbitrary units as follows: negative
(–=0), focal (±=0.5), weak (+=1), moderate (++=2), and diffuse
positive (+++=3) staining. The inter-observer reproducibility was
greater than 95%. For each case, the ratio of the resulting score
with the total number of fields analyzed was calculated.

Proliferation and apoptosis

Ki67 positive nuclear staining identified proliferating cells in nor-
mal and neoplastic tissues. The positive/negative nuclear ratio was

calculated at ×200 magnification using a Quantimet 920 image an-
alyzer (Cambridge Instruments) connected to a Polyvar micro-
scope (Reichert Jung) by a HC3077 camera (Hamamatsu). The
number of fields required to obtain a significant difference was
calculated according to a stereological formula [44]. Two different
researchers evaluated a minimum of 12 random fields and 2 serial
sections, with inter-variability less that 5%.

To evaluate apoptosis, rehydrated sections were stripped from
proteins by incubation with 300 U/ml proteinase K (Sigma) for
15 min at 37°C and endogenous peroxidase blocked with 0.1%
H2O2 in methanol (20 min) at room temperature. Apoptotic nuclei
were revealed by means of terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end-labeling (TUNEL), according to
the method described by Gavrieli et al. [17]. Apoptotic differences
were quantified by calculating the positive/negative cell ratio, as
reported above.

To verify the myocytic nature and CRBP-1 expression of Ki67
positive and apoptotic cells, a modified double immmunohisto-
chemical reaction was performed on serial sections, as previously
reported [40], with minor modifications. A modified DAB by
NaCl2 precipitation was used as chromogen for the anti-Ki67 and
TUNEL, followed by the second immunoreaction for α-SM actin
and CRBP-1 using a Vector VIP Substrate Kit for peroxidase
(Vector), which produces a purple reaction product.

Ultrastructural study

For transmission electron microscopy, small tissue samples were
post-fixed in 1% OsO4 for 2 h and dehydrated through an alcohol
series and propylene oxide before embedding in EPON 812. Thin
sections were stained with toluidine blue. Ultrathin sections were
cut using an 8800 ultramicrotome III (LKB), counterstained with
uranyl acetate and lead citrate and studied under a Philips 301
electron microscope.

Sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
and immunoblotting

For sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS-PAGE), tissue samples from different pools were finely
fragmented in the presence of liquid nitrogen and mixed in buffer
according to Laemmli [22], immediately sonicated, boiled for
3 min, and centrifuged. Protein content was determined according
to the method described by Bradford [8]. All procedures were re-
peated three times. Forty micrograms of protein was electrophore-
sed on a 5–20% gradient gel and stained with Coomassie Brilliant
Blue (R 250, Fluka) in methanol, acetic acid, and water
(45:10:45). For Western blotting [41], 5–60 µg protein was 
electrophoresed on a 5–20% gradient gel. Separated proteins 
were transferred to nitrocellulose filters (0.45 mm, Schleicher &
Schuell) which were alternatively incubated with anti-α-SM actin
or anti-desmin (1:500) followed by a goat anti-mouse immuno-
globulin G (IgG, 1:105), anti-CRBP-1 (1:100), α, β and γ isotypes
of RARs (Santa Cruz, 1:500) and Bax protein (Santa Cruz, 1:100),
followed by a goat anti-rabbit IgG (1:105) or Bcl-2, (Santa Cruz,
1:100), and NFκBp65 (Santa Cruz, 1:200) followed by a donkey
anti-goat IgG (1:105). Enhanced chemiluminescence was used for
detection (Amersham). Quantification of X-Omat R films was per-
formed as previously reported [32].

RNA extraction and reverse-transcription polymerase 
chain reaction

Tissue samples were finely homogenized for 60 s using a T25 
Ultra-Turrax (Janke & Kunkel) and total RNAs isolated using 
Tri-Reagent (Molecular Research Center, Cincinnati, Ohio.), ac-
cording to the manufacturer’s instruction. Each RNA sample was
quantified spectrophotometrically at 260 nm. Reverse-transcrip-
tion polymerase chain reaction (RT-PCR) was performed as previ-
ously reported [12, 28] using the following specific primers syn-
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thesized (Invitrogen, Switzerland) based on published sequence
data:

1. CRBP-1 sense 5′-GGAAGATGTTGGTCAACGAG-3′
-Antisense 5′-GTGGAAGGTGTGGTCTGCAA-3′

2. α-SM actin sense 5′-AGAACGCAAATATTCTGTCTG-3′
-Antisense 5′-TAACCAGTAGCCTATTTCAGA-3′

3. γ-SM actin sense 5′-AGAGCGGAAGTACTCAGTCTG-3′
-Antisense 5′-CATGACTGGTAACAGAGTAGT-3′

4. β2-microglobulin sense 5′-ATCTTTCTGGTGCTTGTCTC-3′
-Antisense 5′-AGTGTGAGCCAGGATGTAGT-3′

PCR products were analyzed by means of electrophoresis on 2.5%
agarose gels using 1 µg pGEM DNA (Promega) as marker. The
amount of amplified products was analyzed by densitometric read-
ing in triplicate, and the final amount of PCR was expressed as the
ratio of each gene amplified to that of β2-microglobulin [12].

Statistical analysis

Statistical analysis was performed using an SPSS program (Statis-
tical Package for the Social Sciences, 4th edn., MJ Norusis/SPSS
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Table 1 Clinical data, immunohistochemical evaluation and ex-
perimental procedures. – negative, +/– focally positive, + weakly
positive, ++ moderately positive, +++ diffusely positive. Methods

used: 1 histology and immunohistochemistry, 2 proliferation and
apoptosis, 3 electron microscopy, 4 Western blotting, 5 reverse-
transcription polymerase chain reaction

Histology Age Sex Primary Cellular retinol α-Smooth Desmin Methods
(years) site binding protein-1 muscle actin

Nontumor tissue 46 Female Uterus +/– +++ +++ 1, 2
50 Female Uterus +/– +++ +++ 1, 2, 4, 5
48 Female Uterus – ++ +++ 1, 2
31 Female Stomach – +++ ++ 1, 2
41 Male Bowel – +++ +++ 1, 2, 4
55 Female Bowel – +++ +++ 1, 2, 4
43 Female Uterus +/– ++ +++ 1, 2, 4
48 Female Uterus +/– +++ +++ 1, 2, 4, 5
51 Male Stomach – +++ +++ 1, 2
51 Female Uterus – +++ ++ 1, 2
65 Male Bowel +/– ++ +++ 1, 2, 4
48 Female Bowel – ++ +++ 1, 2, 4
46 Female Uterus +/– +++ +++ 1, 2, 4, 5
69 Male Bowel – +++ +++ 1, 2

Leiomyoma 51 Female Uterusd + +++ ++ 1
51 Female Uterusa +/– +++ +++ 1, 2, 4
49 Female Uterusa +/– +++ ++ 1, 3, 4, 5
61 Male Bowela – +++ ++ 1, 2
39 Female Stomacha +/– ++ + 1, 2
45 Female Uterusd + ++ ++ 1
57 Female Uterusa +/– ++ ++ 1, 4, 5
42 Female Uterusa +/– +++ ++ 1, 2
65 Female Bowela – ++ ++ 1, 2, 4
49 Female Uterusb +/– ++ +++ 1, 2
48 Female Uterusa +/– +++ +++ 1, 2, 3, 4, 5
43 Female Uterusd +/– ++ ++ 1, 2, 4, 5
38 Female Uterusf +/– ++ ++ 1
41 Female Boweld + ++ + 1, 2
36 Female Uterusf + ++ ++ 1
54 Female Uterusb +/– ++ ++ 1
55 Female Uterusc + ++ ++ 1
48 Female Uterusf +/– ++ ++ 1
42 Male Bowela +/– ++ + 1, 4
44 Female Uterusb +/– +++ ++ 1
53 Female Uterusc +/– ++ ++ 1
49 Female Uterusc + ++ ++ 1
51 Male Bowela +/– ++ ++ 1, 3, 4
43 Female Uteruse +/– ++ ++ 1
25 Female Uteruse +/– +++ ++ 1, 2

Leiomyosarcoma 55 Female Uterusd +++ +/– +/– 1, 2, 4
48 Female Uterusa ++ ++ + 1, 2, 3, 4, 5
51 Female Uterusd ++ +/– + 1, 2, 4, 5
62 Female Bowela +++ +/– +/– 1, 2
49 Female Bowela ++ + ++ 1, 2
64 Female Bowela ++ + + 1, 2, 4
61 Male Bowela ++ ++ ++ 1, 2, 4
36 Female Uterusa ++ +/– + 1, 2, 4
49 Female Uterusa ++ +/– + 1, 2
56 Male Bowela ++ +/– ++ 1, 2, 3, 4
58 Female Uterusd ++ +/– + 1, 2, 3, 4, 5

a Typical b Cellular c Symplastic d Epithelioid e Bordeline tumor f Myxoid
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Inc). For each parameter, the mean, standard error of the mean,
and range were calculated. Differences were evaluated using 
t-tests and non-parametric Mann-Whitney tests; values of P<0.05
were considered statistically significant.

Results

Nontumor tissue

Clinical and immunohistochemical data are listed in 
Table 1. The mean age of patients was 49.4±2.5 years.
Normal gastrointestinal SM tissue showed an intense 
α-SM actin and desmin expression and a practically ab-
sent CRBP-1 immunostaining. Endometrial stromal and
epithelial cells appeared strongly positive for CRBP-1
and negative for α-SM actin immunostaining (Fig. 1). In
80% of the cases, examination of myometrium revealed
a slight CRBP-1 positivity with sparse and scattered
elongated positive cells (Fig. 1). Semi-quantitative eval-
uation of uterine and gastrointestinal nontumor SM tis-
sues confirmed different CRBP-1 (P<0.03) and similar
α-SM actin expression (Fig. 2). 

Leiomyoma

The mean age of patients with LM was 47.2±1.7 years.
The histological appearance of leiomyomatous tissue
was characterized by the presence of long and spindle-
shaped cells, arranged in rather well-oriented streaming
or interweaving bundles embedded in a collagenous 
stroma. The nuclei generally exhibited characteristically
blunt or rounded ends, with no atypia or mitotic activity,
and eosinophilic cytoplasms (Fig. 1). An immunohisto-
chemical examination showed that LM were strongly
positive for α-SM actin and desmin, weakly positive or
negative for CRBP-1, and negative for c-kit, S-100 and
CD34. Similar to myometrium, uterine LM showed
sparse, scattered elongated CRBP-1 positive cells
(Fig. 1). Semi-quantitative evaluation (Fig. 2) demon-
strated a significant increase of CRBP-1 immunoreactiv-
ity of gastrointestinal LM compared with nontumor tis-

sue (P<0.02) without differences compared with uterine
LM. Instead, α-SM actin immunoreactivity was similar
to that of nontumor tissues. Epithelioid LM showed
round or polygonal cells with abundant eosinophilic 
cytoplasm and moderately atypical nuclei. Symplastic
LM were characterized by the presence of pleomorphic
or giant cells with angular nuclei, very dark chromatin
and abundant eosinophilic cytoplasm, and practically ab-
sent mitosis (Fig. 3).

Uterine borderline tumors differed from typical LM
due to the presence of low-grade cell atypia and mitotic
rate (less than five mitoses for 10 HPF). No further im-
munohistochemical differences were observed compar-
ing borderline tumors and different LM types, including
the presence of scattered, single CRBP-1 positive cells
as well as α-SM actin expression (Fig. 2).

Leiomyosarcoma

The mean age of patients with LMS was 53.5±2.4 years.
Histologically, typical uterine and gastrointestinal LMS
were composed by slender or slightly plump cells ar-
ranged in fascicles of varying sizes. Hypercellular areas,
atypia, abundant mitotic figures, necrosis and infiltrative
edges were evident (Fig. 3). Cells appeared elongated
and blunt-ended, sometimes with large and hyperchro-
matic nuclei. Ultrastructural investigation confirmed dif-
ferences to LM. In general, LMS showed a reduced in-
tercellular matrix relative to LM. Epithelioid LMS were
characterized by predominantly round or polygonal cells,
which tended to be arranged in sheets and lobules simu-
lating an epithelial pattern, with clear cytoplasms, pleo-
morphic nuclei, and prominent nucleoli. In some cases,
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Fig. 1 Cellular retinol binding protein-1 (CRBP-1) and α-smooth
muscle (SM) actin immunoreactivity in nontumor SM tissue and
leiomyoma (LM). A strong CRBP-1 positive reaction of stromal
and epithelial cells is observed in early proliferative (b), secretive
(g), cystic atrophic endometrium (i) and adenomyosis (n) but not
in underlying or adjacent myometrium; α-SM actin immunoreac-
tion is localized in myometrium (c, h). Immunostaining with anti-
CRBP-1 antibody shows gastric positive epithelium and negative
muscularis mucosae (d); the latter stains intensely for α-SM actin
(e). Myometrial cells exhibit a slight diffuse immunostaining for
CRBP-1 with rare positive cells (f); serial sections of uterine LM
showing morphological aspect (j), a slight CRBP-1 positivity with
rare strongly positive cells (k) and intense α-SM actin immunore-
action (l); a rare Ki67 positive LM cell (m); CRBP-1 immuno-
staining of cirrhotic liver as control (o) shows markedly positive
Ito cells and slightly positive or negative hepatocytes. Original
magnifications: a–c, g, h, i, n ×100; d, e ×125; f ×160; j–m and o
×200

Fig. 2 Bar graphs represent mean differences (±SEM) of cellular
retinol binding protein-1 (CRBP-1) and α-smooth muscle (SM)
actin expression in gastrointestinal and uterine normal SM tissues,
leiomyoma (LM) and leiomyosarcoma (LMS). Amounts of
CRBP-1 and α-SM actin were evaluated by means of immunohis-
tochemistry on serial sections with a grading system in arbitrary
units as follows: absent 0; focal 0.5; weak 1; moderate 2; and dif-
fuse positive staining 3. For each case, the ratio of the resulting
score over the total number of fields analyzed was calculated

▲



epithelioid and sparse typical spindle-shaped areas were
adjacent. LMS were negative for c-kit, S-100, and CD34
immunoreactions. Typical LMS areas showed an intense
and diffuse positive CRBP-1 staining and a reduced 
α-SM actin and desmin expression. Staining of serial
sections confirmed that LMS areas with importantly re-
duced levels of α-SM actin were characterized by high
CRBP-1 expression (Fig. 3). Semi-quantitative evalua-
tion of both districts (Fig. 2) confirmed the increased
CRBP-1 and the decreased α-SM actin expression rela-
tive to LM (P<0.01). In some cases, almost negative 
α-SM actin LMS were slightly positive for desmin and
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Fig. 3 Cellular retinol binding protein-1 (CRBP-1) and smooth mus-
cle (SM) phenotypic marker immunostainings of leiomyoma (LM)
variant and leiomyosarcoma (LMS). Hematoxylin-eosin staining of
symplastic LM (a) shows large bizarre, sometimes multinucleated,
cells but no necrosis and mitosis, rare CRBP-1 (b) and diffuse α-SM
actin (c) positive cells. Serial sections of LMS tissue (d–f) with nu-
merous, strongly CRBP-1 positive cells and an adjacent negative tu-
nica media of a small artery (d), rare α-SM actin positive neoplastic
cells with strong vascular staining (e) and numerous desmin-positive
neoplastic cells (f); at low magnification, infiltrative edge of intesti-
nal LMS (g) strongly CRBP-1 positive (h), α-SM actin negative (i)
and desmin-positive (j); epithelioid LMS (k) diffusely and strongly
positive for CRBP-1 and (l) practically negative for α-SM actin.
Original magnifications: a–f, k, l ×200; g–j ×180



strongly positive for CRBP-1 (Fig. 3). Epithelioid LMS
showed the highest expression of CRBP-1 (Fig. 3), al-
though the semi-quantitative evaluation did not show a
significant difference relative to typical LMS, possibly a
consequence of the limited number of cases (data not
shown).

Proliferation and apoptosis

Proliferating cells were identified by Ki67 immunostain-
ing on serial sections. In myometrium, the Ki67 posi-
tive/negative cell ratio was higher than in gastrointestinal
SM tissue (P<0.01, Fig. 4). The ratio did not differ be-
tween uterine and gastrointestinal LM. Uterine and intes-
tinal LMS showed a strong increase of positive/negative
cell ratio (P<0.01) but without significant differences be-
tween the two districts.

As reported in Fig. 4, apoptotic cells detected using
TUNEL were more numerous in myometrium than nor-
mal gastrointestinal tissue (P<0.01). Gastrointestinal LM
also showed a reduced TUNEL positive/negative cell ra-
tio relative to the uterine counterpart (P<0.01). Apoptot-
ic rate strongly increased in LMS (P<0.01), but more in
the uterine than gastrointestinal district (P<0.02). No sig-
nificant differences were observed comparing Ki67 or
TUNEL positive/negative cell ratio of typical and epithe-
lioid LMS (data not shown). Double immunostaining
with α-SM actin confirmed that the majority of Ki67 or
TUNEL positive cells were of myocitic origin. Many
Ki67 positive cells were also positive for CRBP-1,
whereas the majority of TUNEL positive cells were
CRBP-1 negative.

Western blotting and RT-PCR analysis

As reported in Fig. 5, densitometric analysis of Western
blotting confirmed the strong CRBP-1 expression in
LMS relative to LM and nontumor tissues (P<0.01). The
opposite was true for α-SM actin (P<0.01). In gastroin-
testinal nontumor SM tissue, the CRBP-1 level was ex-
tremely low and less than that of LM of the same district
(P<0.01), in the absence of a difference of α-SM actin
expression. Increased levels of CRBP in LMS were 
parallel to those of RARα, whereas RARβ and γ levels
did not differ relative to LM. Analysis of RNA expres-
sion using RT-PCR corroborated the results obtained by
means of immunochemical and Western blotting investi-
gations of protein expression. Densitometric analysis re-
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Fig. 4 Bar graphs represent differences (±SEM) of cell prolifera-
tion and apoptosis in uterine and gastrointestinal normal smooth
muscle (SM) tissue, leiomyoma (LM) and leiomyosarcoma
(LMS). Proliferating cells were calculated as the Ki67 and
TUNEL positive/negative cell ratio on serial sections, respective-
ly. LMS of both districts show higher proliferative and apoptotic
values (P<0.01) than LM and nontumor tissues

Fig. 5 (a) Cytoskeletal proteins, cellular retinol binding protein-1
(CRBP-1), proliferation-related and apoptosis-signaling molecules
examined by Western blotting. Densitometric analysis (b) reveals
that α-smooth muscle (SM) actin expression is lower in leiomyo-
sarcoma (LMS, lanes 3, 6) than in leiomyoma (LM, lanes 2, 5)
and nontumor tissues (lanes 1, 4) of uterine (lanes 1–3) and gas-
trointestinal (lanes 4–6) districts. The opposite is true for CRBP-1
(c); normal gastrointestinal SM tissue shows a very low CRBP-1
expression (lane 4)



vealed that PCR products of CRBP-1 in uterine LMS
were threefold higher than those obtained from normal
and LM tissues, whereas the opposite was true for α- and
γ-SM actin isoforms (P<0.01, Fig. 6). 

In order to investigate the expression of prolifera-
tion and apoptosis-related proteins, we also performed
Western blotting analysis of Bcl-2, Bax and NF-κ-Bp65
(Fig. 5). Nontumor tissues showed a low expression of
Bcl-2; the latter was increased in LM (P<0.02). Bcl-2
expression was somehow lower in uterine but not in gas-
trointestinal LMS relative to LM. Densitometric scan-
ning showed that NF-κ-Bp65 expression was increased
in myometrium relative to gastrointestinal nontumor tis-
sue (P<0.02) and in LMS relative to LM and nontumor
tissues of both districts (P<0.01). Densitometric analysis
also demonstrated an increased bax expression in LMS
relative to LM tissues (P<0.01).

Discussion

The use of cytoskeletal markers such as α-SM actin, des-
min and SM-myosin heavy chains has been proven to be
useful in characterizing histopathological features of
SM-derived tumors [16, 25, 37]. In general, malignancy
is associated with a reduced expression of these markers,
and this is confirmed by the present results, although it
has been reported that differentiation, cell growth and
apoptosis in LMS are not necessarily linked [10, 11, 42].
Here we report that uterine and gastrointestinal LMS ex-
press high levels of CRBP-1, whereas this expression is
weak in LM and nontumor SM tissue. CRBP-1 levels are
also low in symplastic LM and borderline tumors. These
findings indicate that CRPB-1 represents an additional
phenotypic marker for the screening and classification of
SM-derived tumors in which nuclear pleomorphism

and/or increased mitotic activity suggest malignancy,
such as epithelioid or symplastic types [35]. The rela-
tively low frequency of these LM variants may cause
overestimation of nuclear atypia, especially when epithe-
lioid areas are encountered in otherwise typical or cellu-
lar areas. As far as we know, this is the first systematic
study of the relationships between the expression of
CRBP-1 and differentiative, proliferative, and apoptotic
features of SM tumors. In particular, CRBP-1 expression
is inversely related to SM differentiation evaluated by 
α- or γ-SM actin expression. Preliminary immunohisto-
chemical results show that these findings are shared by
LMS of other districts (Orlandi et al., unpublished re-
sults). Arterial SMCs cultured from experimental rat
neointima exhibit high levels of CRBP-1, an epithelioid
and dedifferentiated phenotype, and increased prolifera-
tive activity relative to normal media SMCs [32]. In this
respect it is worth noting that CRBP-1 expression was
higher in epithelioid than in typical LMS.

Presently, the biological role of CRBP-1 in SM-
derived tumor cells is not established. Retinoids contri-
bute to the growth and differentiation of many tissues 
[3, 48]. Bioavailability of retinol is regulated by the pres-
ence of specific receptors. Among these, CRBP-1 pro-
vides the substrate for RA biosynthesis [5, 34] and medi-
ates hormonal effects in myometrium [5]. Mesenchymal
cells appear to be, in some cases, more responsive to ret-
inol that to RA [1] and, in other cases, e.g., arterial
SMCs, more responsive to RA in terms of proliferation
and differentiation [29]. RA induces a TGFβ-indepen-
dent increase of CRBP-1 expression in epithelioid inti-
mal SMCs as well as in fibroblasts in vitro [29, 46]. RA
influences the expression of many genes through interac-
tion between RA receptors and response elements
(RARE) located in promoter regions [19]. It is conceiv-
able that the accumulation of CRBP-1 favors the conver-
sion of retinol into RA and its biological effects through
RARE induction. Indeed, high levels of CRBP-1 in LMS
are associated with increased expression of RARα but
not of β and γ signal gene transducers. RARα mediates
RA effects in CRBP-1-expressing SMCs in vitro [29].
The role of RARα as nuclear transducer of retinoic ef-
fects appears tissue specific, since the correlation be-
tween RA-induced growth inhibition and changes of the
expression of RA nuclear receptors differs in other neo-
plastic derived cell lines [15, 18]. Similarly, DNA syn-
thesis inhibition is observed in myometrial and stromal
endometrial cells but not in adjacent epithelium [6].

Experimental data suggest that progesterone may act
as a promoter for normal and tumoral myometrium
growth, whereas estrogens have opposite effects [47]. In
the rat uterus, a short-term treatment with RA markedly
reduces beta-estradiol-induced DNA synthesis in stromal
and myometrial cells [6]. It is noteworthy that systemic
administration of RA significantly reduces arterial inti-
mal thickening after endothelial injury in vivo [24, 29]
and in vitro induces apoptosis of CRBP-1 expressing in-
timal cells but not of normal media SMCs [33]. Our re-
sults support the possibility that the expression of

38

Fig. 6 Detection of cellular retinol binding protein-1 (CRBP-1),
β2-microglobulin (β2-M), α- and γ-smooth muscle (SM) actin
transcripts using reverse-transcription polymerase chain reaction.
Myometrial (lane 1) and leiomyomatous (lane 2) tissues contain
low amounts of CRBP-1 and high levels of α- and γ-SM actin iso-
form transcripts, whereas the opposite is observed in uterine leio-
myosarcoma (lane 3); lane M pGEM DNA marker



CRBP-1 represents a target for pharmacological strate-
gies aimed at influencing LMS growth through the con-
trol of RA availability. It is well known that the efficacy
of hormonal therapy for the treatment of breast cancer
depends on the expression by neoplastic cells of steroid
receptors [9]. In vitro retinoids inhibit proliferation and
induce apoptosis in several soft tissue sarcoma cell lines
[14, 15, 43]. Variable levels of CRBP-1 expression may
also explain the different sensitivity of myogenic tumor
cell lines to retinoid administration [14]. Our results
show that CRBP-1 overexpression is associated with
changes of proliferation and apoptosis-signaling mole-
cules. Bcl-2 was expressed more in LM and LMS than in
nontumor tissues, confirming that tumors of muscle ori-
gin preferentially express Bcl-2 [39]. Changes in Bcl-2
were associated with high levels of Bax protein in 
LMS but not in LM. Bax protein when overexpressed 
accelerates cytokine-induced apoptosis [31]. Thus, the
increased ratio of Bax to Bcl-2 in LMS compared 
with LM depends probably on the overexpression of
Bax. We also observed an increased NF-κ-Bp65 expres-
sion in LMS. NF-κ-B is composed of two subunits, 
p50 and p65 [2]. Antisense p65 oligonucleotides inhibit
tumorigenicity in mice [21], suggesting a main role 
of NFκBp65 in the control of growth progression of 
SM-derived tumors.

In conclusion, we report an increased expression of
CRBP-1 in LMS relative to LM and normal SM tissues.
This increase is associated with reduced expression of 
α- and γ-SM actin and increased proliferative and apo-
ptotic rates. Screening for CRBP-1 level may help to ob-
tain a more precise diagnosis.
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Abstract Pleural mesotheliomas, especially pure epithe-
lioid mesotheliomas, may histologically be easily con-
fused with peripheral pulmonary adenocarcinomas or
pleural carcinosis. As there is no specific antibody for
mesotheliomas, today a panel of immunohistochemical
markers is used for the differential diagnosis of these
two tumour entities. In search of further significant anti-
bodies for application onto formalin-fixed, paraffin-
embedded tissue, we immunohistochemically investigat-
ed the expression pattern of three adhesion molecules:
vascular cell adhesion molecule (VCAM), E-selectin and
E-cadherin. A comparatively large number of 44 meso-
theliomas (15 epithelioid, 15 biphasic, 14 sarcomatoid)
and 18 peripheral pulmonary adenocarcinomas were
analysed. While for these two tumour entities there were
no significant differences of the staining patterns for
VCAM and E-selectin, there were significant differences
in the expression of E-cadherin: while nearly all adeno-
carcinomas stained positively, there was almost no stain-
ing reaction of the mesotheliomas. Therefore, E-cadherin
– in contrast to E-selectin and VCAM – appears to be a
further relevant immunohistochemical marker for the
distinction between adenocarcinomas and mesothelio-
mas.

Keywords Mesothelioma · Adenocarcinoma · VCAM · 
E-selectin · E-cadherin

Introduction

Malignant mesotheliomas of the pleura, peritoneum and
pericardium can macroscopically and microscopically be
easily confused with pleural or peritoneal adenocarcino-

matous secondaries or reactive pleuritis. The fact that ep-
ithelioid mesotheliomas in particular show a tubular,
papillary or cystic growth pattern makes the distinction
from peripheral adenocarcinomas, e.g. of the lung, diffi-
cult.

Histochemical staining of acidic or neutral mucin
might be misleading on two accounts: first, not all
adenocarcinomas produce mucus and, second, mucin-
positive epithelioid mesotheliomas have been described
[18]. Therefore, today, these histochemical staining pro-
cedures are complemented by immunohistochemical
staining. Since no specific marker for mesotheliomas ex-
ists, a panel of immunohistochemical markers is used
(Table 1) [16, 31]

Adhesion molecules induce and maintain the cell–cell
contact. Thus, the E-cadherin molecule is expressed con-
stitutively to maintain the cell aggregation in different
(epithelial) tissues. The expression of the (endothelial)
adhesion molecules E-selectin and vascular cell adhesion
molecule (VCAM) is induced temporarily after stimula-
tion of endothelial cells. In the literature, studies on the
expression of the adhesion molecules VCAM, E-selectin
and E-cadherin by (pulmonary) adenocarcinomas and/or
mesotheliomas can be found [9, 17, 20, 22]. Until now,
the expression of E-selectin and VCAM has been studied
on mesotheliomas and adenocarcinomas, respectively [8,
22, 25]. Hence, we compared the expression of both
molecules in adenocarcinomas and mesotheliomas.

As the expression pattern of all three molecules –
probably on account of the rarity of mesotheliomas – has
been investigated only on smaller numbers of mesothe-
liomas [9, 17, 20, 22], we studied the expression of these
molecules in the largest series of mesotheliomas investi-
gated up to now, focusing on specific expression patterns
in order to allow an unequivocal differential diagnosis
between adenocarcinoma and mesotheliomas. We con-
centrated on these three molecules as the antibodies
against them – according to our previous studies – were
all applicable to formalin-fixed, paraffin-embedded tis-
sue. This aspect is a prerequisite for the use in every day
routine diagnostics.
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Materials and methods

We investigated 18 peripheral adenocarcinomas of the lung and 44
pleural mesotheliomas (15 epithelioid, 15 biphasic, 14 sarcoma-
toid; Table 2). All patients with mesotheliomas had been exposed
to asbestos in the past. By electron-microscopic fibre analysis, an
increased number of asbestos fibres was found in the lung tissue
of these patients.

Immunohistochemistry

For E-selectin and VCAM, the 0.4-µm sections were stained using
the APAAP (alkaline phosphatase anti-alkaline phosphatase) tech-
nique. The specifically diluted primary antibodies anti-E-selectin,
(monoclonal, 1:40; Upstate, N.Y.) and anti-goat anti-VCAM-1
(polyclonal, 1:600, R & D, Germany) were incubated for 25 min
at room temperature (RT). For the detection of the polyclonal
goat-antibody VCAM, the slides were incubated first with a rabbit
anti-goat antibody (1:200; Dako, Denmark) for 25 min at RT, then
with mouse anti-rabbit serum (1:300; Dako) for a further 25 min at
RT. For the monoclonal mouse antibody E-selectin, this second
step could be omitted. After incubation with a bridging antibody
(rabbit anti-mouse immunoglobulin = LINK, APAAP-kit K 500;
Dako, ready for use), the slides were incubated for a further
25 min at RT with an APAAP complex (APAAP-kit K 500, ready
for use, Dako).

For the staining reaction, the APAAP-Kit (colour Neufuchsin)
was used for four 5-min periods. For the staining of E-cadherin,
the ABC (avidin-biotin-complex) method was used. In order to
block endogen peroxidase, the slides were incubated in H2O2 (3%)
at RT for 30 min. The antibody was diluted in Tris buffer. After-
wards, the slides were incubated overnight with the monoclonal
antibody E-cadherin (1:10; BioGenex, San Ramon, Calif.) at RT,
subsequently with the biotinylated secondary antibody goat anti-
mouse/rabbit (ready for use, Dako) and finally with the ABC with
peroxidase (ready for use, Dako), each for 25 min at RT. The col-
our reaction was performed using 3,3-diaminobenzidine hydro-
chloride and H2O2 for 10 min.

All slides were counterstained with haematoxylin and – after
dehydration – covered with Eukitt. In control sections, each of the
three primary antibodies was omitted.

Scoring of the slides

The stained tissue sections were reviewed in a blinded fashion by
two observers.

The intensity and the extent of the staining for VCAM-1, 
E-selectin and E-cadherin was scored semi-quantitatively based on
a scale from (–) to (+++) (Table 3). Two observers independently
assigned a histological grade to each specimen. Any differences in
grading were resolved by joint examination.

Results

Vascular cell adhesion molecule

The tumour cells of all 18 adenocarcinomas stained ei-
ther strongly (5 cases) or moderately (13 tumours) with
the antibody against VCAM (Fig. 1a).

Of the 30 epithelioid or biphasic mesotheliomas, 26
were strongly or moderately stained (Fig. 1b), while the
remaining 4 tumours showed a weak positive staining re-
action with the antibody against VCAM. More than half
of the sarcomatoid mesotheliomas (8 cases) showed a
strong or moderate staining pattern: in five sarcomatoid
mesotheliomas the staining of the tumour cells was
weak. As the staining of the epithelioid cells was slightly
stronger than that of the sarcomatoid cells, the scoring
was based on the medium score of the staining of the ep-
ithelioid and sarcomatoid cells. In one sarcomatoid me-
sothelioma there was no staining of the tumour cells at
all (Table 4).

E-selectin

Of the 18 adenocarcinomas, 13 tumours stained strongly,
while the remaining 5 tumours were weakly positive
with the antibody against E-selectin (Fig. 1c). Of the epi-
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Table 1 Antibody panel for
routine diagnostics for the dif-
ferential diagnosis of adenocar-
cinomas and mesotheliomas

Table 2 Number of tumours, sex and age of patients

Number Adenocar- Mesotheliomas
of tumours cinomas n=44

n=18
n=15 n=15 n=14
Epithelioid Biphasic Sarcomatoid

Female 5 3 3 1
Age (years) 40–67 50–61 50–71 65

Male 13 12 12 13
Age (years) 53–76 47–85 49–76 50–89

Table 3 Scoring of the immunohistochemically stained specimens

0 No staining of the tumour cells 
(+) Focally positive staining: few tumour cells or groups 

of tumour cells are stained
+ Weak staining: all tumour cells show a faint but 

definite staining
++ Moderate staining: there is a moderate but distinct staining 

of all tumour cells
+++ Strong staining: there is a strong reaction of all tumour cells

Antibody Positive staining reaction with:

Carcinoembryonic antigen Cells of adenocarcinomas
Human epithelial antigen Surface and cytoplasm of epithelial cells
Calretinin Strongly: epithelioid mesothelioma cells; focally weak:  

fibrillary mesothelioma cells of sarcomatoid mesotheliomas [16, 31] 
BMA 120 Endothelial and mesothelial cells
Vimentin Mesenchymally derived cells



thelioid mesotheliomas, 14 stained moderately or strong-
ly positive (Fig. 1d) and 1 tumour stained weakly posi-
tive (Table 5).

Of the biphasic mesotheliomas, 13 were strongly or
moderately stained. As for VCAM, the staining of the
epithelioid cells was slightly stronger than those of the
sarcomatoid cells. Again, the scoring was based on the
medium score of the staining of the epithelioid and sar-
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Fig. 1 Strong immunohistochemical staining reaction of the tu-
mour cells of a bronchioloalveolar carcinoma (a) and an epithelio-
id mesothelioma (b) with the antibody against vascular cell adhe-
sion molecule. Strong positivity of the tumour cells of a pulmona-
ry adenocarcinoma (c) and an epithelioid mesothelioma (d) with
the antibody against E-selectin. Positive immunohistochemical re-
action of the tumour cells of a pulmonary adenocarcinoma with
the antibody against E-cadherin with typical membrane-associated
staining pattern (e) in contrast to a negative staining reaction of
this antibody with tumour cells of a biphasic mesothelioma (f)



comatoid cells. In two cases, there was a homogeneously
weak staining pattern of the epithelioid as well as the
sarcomatoid cells. Of the 14 sarcomatoid mesotheliomas,
4 showed a strong or moderate staining response. Of the
remaining 10 mesotheliomas, the cells showed a homo-
geneous or focal weak staining reaction (Table 5).

E-Cadherin

With the antibody E-cadherin, more than three-quarters
(n=14) of the adenocarcinomas showed a moderate or
strong (Fig. 1e) staining reaction, while three tumours
showed a weak reaction. In one adenocarcinoma – a
minimal to undifferentiated carcinoma – none of the tu-
mour cells was stained.

Of the 15 epithelioid mesotheliomas, 8 showed a
weak to focally weak staining while the remaining 7 epi-
thelioid mesotheliomas showed no staining at all. In the
group of biphasic mesotheliomas, 1 tumour showed a
weak staining of most of the epithelioid cells. In 4 tu-
mours, only few tumour cells were weakly stained, while
the remaining 10 mesotheliomas showed no staining re-
action of the tumour cells at all. In 2 sarcomatoid meso-
theliomas, we found a very weak focal staining pattern,
while the remaining 12 sarcomatoid mesotheliomas
showed no staining at all (Fig. 1f; Table 6).

Discussion

Although mesotheliomas are mesenchymally derived,
histologically they display a wide range of growth pat-
terns, varying from epithelioid patterns – often resem-
bling adenomatous carcinomas – to sarcomatoid ones.
Often these two patterns are mixed (so-called biphasic
mesotheliomas). Immunohistochemistry proves to be a
helpful tool for the sometimes troublesome differential
diagnosis of mesothelioma and peripheral pulmonary
adenocarcinomas invading the pleura or pleural metas-
tases of adenocarcinomas primarily localised elsewhere
[3]. Since there is no specific antibody for mesothelio-
mas yet, an antibody panel had to be used.

While the majority of mesotheliomas – according to
our records here in the German Mesothelioma Register,
Bochum – are positive for Calretinin, BMA 120 and vi-
mentin, and mainly negative for carcinoembryonic anti-
gen (CEA) and human epithelial antigen (HEA) (which
in turn are positive in most cases of adenocarcinomas),
there is still a certain percentage of cases in which the
immunoreactive staining pattern is equivocal. Hence,
there is an ongoing search for additional, perhaps more
specific, immunohistochemical markers, reducing the
ambiguity of the results.

In this context, during recent years, the paraffin-appli-
cable antibodies VCAM, E-selectin and E-cadherin have
been found or excluded in a relatively small number of
mesotheliomas and adenocarcinomas [9, 17, 20, 22] and,
hence, have been discussed as differential markers.

VCAM and E-selectin

We found a more or less intensive VCAM expression in
all 18 adenocarcinomas. This corresponds to results
from Staal van den Brekel et al. [25] who found an ex-
pression of VCAM in non-small cell lung carcinomas.
Besides, an expression of VCAM has been described for
malignant tumour cells, e.g. of ameloblastomas [21], re-
nal clear cell adenocarcinomas [6], nasopharyngeal car-
cinomas, gastric carcinoma, gallbladder carcinoma, duc-
tal type of the mammary gland and squamous cell carci-
nomas [32].
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Table 4 Intensity of the staining of the tumour cells of the adeno-
carcinomas and mesotheliomas with the antibody against vascular
cell adhesion molecule. 0 negative, (+) focally positive, + weak,
++ moderate, +++ strong

18 Adeno- 44 Mesotheliomas
carcinomas

n=15 n=15 n=14
Epithelioid Biphasic Sarcomatoid

0 – – – 1 (7.1%)
(+) – – – –
+ – 2 (13.3%) 2 (13.3%) 5 (35.7%)
++ 13 (72.2%) 5 (33.3%) 7 (46.7%) 5 (35.7%)
+++ 5 (27.8%) 8 (53.3%) 6 (40.0%) 3 (21.4%)

Table 5 Intensity of the staining of the tumour cells of the 
adenocarcinomas and mesotheliomas with the antibody against E-
selectin. 0 negative, (+) focally positive, + weak, ++ moderate,
+++ strong

18 Adeno- 44 Mesotheliomas
carcinomas

n=15 n=15 n=14
Epithelioid Biphasic Sarcomatoid

0 – – – –
(+) – – – 3 (21.4%)
+ 5 (27.8%) 1 (6.7%) 2 (13.3%) 7 (50.0%)
++ 8 (44.4%) 9 (60.0%) 10 (66.7%) 2 (14.3%)
+++ 5 (27.8%) 5 (33.3%) 3 (20.0%) 2 (14.3%)

Table 6 Intensity of the staining of the tumour cells of the adeno-
carcinomas and mesotheliomas with the antibody against E-cad-
herin. 0 negative, (+) focally positive, + weak, ++ moderate,
+++ strong

18 Adeno- 44 Mesotheliomas
carcinomas

n=15 n=15 n=14
Epithelioid Biphasic Sarcomatoid

0 1 (5.6%) 7 (46.7%) 10 (66.7%) 12 (85.7%)
(+) – 3 (20.0%) 4 (26.7%) 2 (14.3%)
+ 3 (16.7%) 5 (33.3%) 1 (6.7%) –
++ 6 (33.3%) – – –
+++ 8 (44.4%) – –



Comparable to our findings, Ruco et al. [22] detected
a VCAM expression in 14 of 16 mesotheliomas. They
concluded that neoplastic cells of malignant mesothelio-
mas retain some of their functional properties described
for normal mesothelial cells. A distinct VCAM expres-
sion on mesothelial cells of the parietal peritoneum in
patients with uraemia was described by Suassuna et al.
[26]. VCAM expression by mesothelial cells in vitro has
also been described [4, 14, 24].

As all specimens of malignant mesotheliomas studied
by us stem from patients with established excessive as-
bestos exposure and with increased numbers of asbestos
fibers and ferruginous bodies found in their lung tissues
(data not shown), the observations of combined asbestos
exposure and VCAM expression as reported by Choe et
al. [5] are of interest. They found a VCAM expression
after asbestos exposure in vitro as well as in vivo.
Hence, the presence of asbestos fibres could be an expla-
nation for the VCAM expression of the mesotheliomas
in our series.

E-selectin expression by malignant cells has been
rarely described. Nevertheless, it has been found on cells
of angiosarcomas [27] and renal cell carcinomas [2, 11].
We found it on pulmonary adenocarcinomas, too. Fur-
thermore, there is no available publication of any exten-
sive studies on E-selectin expression by mesothelial
cells. In contrast to the study of Gardner et al. [8], who
found no E-selectin expression on mesotheliomas of the
peritoneum, we found in all mesotheliomas at least a
weak expression of this adhesion molecule.

E-cadherin

The cell–cell adhesion molecule E-cadherin is expressed
by nearly all normal epithelial tissue cells, playing an
important role in the maintenance of cell adhesion and
tissue integrity [10, 12]. In contrast to mesenchymal tu-
mours, E-cadherin is expressed by epithelial tumour cells
[13]. Bohm et al. [1] described an expression of E-cad-
herin in normal lung tissue and Peralta-Soler [20] an ex-
pression of E-cadherin by pulmonary adenocarcinomas.
Corresponding to this, nearly 78% of our adenocarcino-
mas showed a strong and almost 17% of our tumours at
least a weak E-cadherin expression.

In contrast to the intense staining reaction of pulmona-
ry adenocarcinomas, 86% of the mesotheliomas studied
by us showed no staining and 14% only a focally weak
expression of E-cadherin. Thirkettle et al. [29] – on the
contrary – reported an immunoreactivity for E-cadherin
in more than half of the malignant mesotheliomas as-
sessed. The contradiction to our observations could be re-
solved looking at the percentage of positively stained epi-
thelioid mesotheliomas: 53% of the epitheloid mesothe-
liomas investigated by us showed a focally to evenly
weak staining reaction, i.e. the number of positively
stained mesotheliomas in this subgroup is comparable to
that of Thirkettle and co-workers. Since the mesothelio-
mas investigated by Thirkettle et al. showed – regardless

of the histological type – a similar immunophenotype,
they were grouped together. In their study, a high percent-
age of epithelioid mesotheliomas cannot be excluded.

An explanation for the focally weak expression of 
E-cadherin in epithelioid mesotheliomas might be the
fact that the mesodermally derived mesothelial cells
loose their remnant epithelial characteristics when trans-
forming into sarcomatoid mesotheliomas. Another expla-
nation could be that they acquire epithelial characteris-
tics when undergoing malignant transformation into epi-
thelioid mesothelioma cells [15].

These results concerning E-cadherin expression by
adenocarcinomas and mesotheliomas are in agreement
with other studies on these two tumour entities. Han et al.
[9] found a positive staining for E-cadherin on 13 of 14
adenocarcinomas, while 13 of 14 mesotheliomas exhibit-
ed no staining with this antibody. As in our study, the on-
ly adenocarcinoma without staining reaction was mini-
mally differentiated. Leers et al. [17] reported that of 20
mesotheliomas, 17 tumours (85%) showed no staining,
while all 21 adenocarcinomas were positively stained.
Here, again, 1 carcinoma exhibited no E-cadherin expres-
sion, but its tumour grading remains unknown.

The only adenocarcinoma in our series without E-cad-
herin expression was an adenocarcinoma with large ana-
plastic formations. This observation, too, is in accor-
dance with the literature: a diminishing E-cadherin ex-
pression parallel to a rising tumour grade was found by
Schippers et al. [23] for carcinomas of the head and
neck, Terpe et al. [28] for clear cell carcinomas of 
the kidney, Toyoyama et al. [30] for pulmonary carcino-
mas, Garcia del Muro et al. [7] for bladder cancer and
Matsumoto et al. [19] for oesophageal carcinomas.

In summary, we do not regard either VCAM or 
E-selectin as an appropriate marker for the differential
diagnosis of formalin-fixed pulmonary adenocarcinomas
and mesotheliomas. E-cadherin, however, appears to be
an additional promising antibody for this sometimes dif-
ficult differential diagnostic problem.
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Abstract The etiology of usual interstitial pneumonia
(UIP), a progressive lung disease, remains unclear. We
examined alveolar structure in UIP three-dimensionally.
Lung biopsy specimens from five patients with idiopath-
ic pulmonary fibrosis were used. Sections 150-µm thick
were stained with elastica solution for elastic fibers, with
α-smooth muscle actin antibody for myofibroblasts, with
anti-Thomsen-Friedenreich antibody for type-II pneumo-
cytes and with anti-CD34 antibody for blood vessels. We
examined them three-dimensionally using a laser confo-
cal microscope or light microscope. In the fibrotic le-
sions, the thick elastic fibers forming the alveolar frame-
work were not particularly dense considering the reduc-
tion in alveolar volume. Near the fibrotic lesions, some
of the thin elastic fibers in the alveolar wall were slightly
sinuous and ended with rounded tips. Type-II pneumo-
cytes had proliferated and were distributed uniformly
over the alveolar surface. Smooth muscle actin filaments
were detected only around the alveolar orifice. These
findings show that in UIP destruction of the elastic fiber
framework of the alveoli may lead to irreversible focal
alveolar collapse after damage to the alveolar epithelial
cells, and proliferation of type-II pneumocytes may be
involved with this elastolysis.

Keywords Usual interstitial pneumonia · Type-II 
pneumocyte · Elastic fiber · Alveolus · Idiopathic 
pulmonary fibrosis

Introduction

Idiopathic pulmonary fibrosis (IPF) is diagnosed by the
histological finding of usual interstitial pneumonia (UIP)
in lung biopsy specimens, but its pathogenesis remains
unclear [2]. The histopathological findings in UIP in-
clude an alveolar septal infiltrate of lymphocytes and
plasma cells, hyperplasia of type-II pneumocytes, dense
collagen deposition, and scattered foci of fibroblasts 
[3, 11]. In UIP, patchy interstitial inflammation is a very
important characteristic and is possibly a clue to the
pathogenesis of IPF. Morphological examination is nec-
essary to examine the heterogeneous inflammatory 
lesions found in UIP.

In pulmonary fibrosis, type-II pneumocytes may stim-
ulate myofibroblasts or fibroblasts [6, 12]. In UIP, epi-
thelial–mesenchymal interaction may occur focally be-
tween neighboring epithelial cells and mesenchymal
cells, and proliferation and distribution of type-II pneu-
mocytes may be important in remodeling the alveolar
structure. Type-II pneumocytes are found at the corners
of polygonal alveoli in the normal lung [7], and their
proliferation has been observed in UIP [3, 11].

Little is known about the three-dimensional morpholo-
gy of the alveoli in UIP. In the present three-dimensional
study, we examined the elastic fibers forming the alveolar
structure in UIP and also the distribution of myofibro-
blasts, type-II pneumocytes, and CD34-positive vessels.

Methods

Lung biopsy specimens obtained from five patients with IPF were
used in this study. All patients exhibited patchy ground-glass
opacities and reticulonodular shadows, predominantly in the lower
lungs, on the chest computed tomography scan, and these had pro-
gressed gradually for some years. Histological findings in all spec-
imens led to diagnoses of UIP. Biopsy specimens were obtained
by video-assisted lung biopsy in Shinshu University Hospital from
1992 to 2000, and the patients gave their informed consent to the
use of the materials examined here. We also examined five lung
specimens as a control; these were obtained from patients with
lung cancer matched to IPF patients in terms of age, sex, and
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Fig. 1 a Alveoli near a fibrotic lesion in usual interstitial pneumo-
nia (UIP); stereopair with Elastica van Gieson staining. Elastic fi-
bers form the alveolar framework. Alveolar orifices (arrows) are
slightly enlarged. Bar 100 µm b Hematoxylin and eosin stain. The
lesion, near a

Fig. 2 Alveoli near a fibrotic lesion in usual interstitial pneumo-
nia (UIP); stereopair with Elastica van Gieson staining. Thin elas-
tic fibers branching from thick elastic fibers ended with rounded
tips (arrows) on the thin alveolar face. Bar 50 µm

Fig. 3 a Moderately fibrotic lesion in usual interstitial pneumonia
(UIP); stereopair with Elastica van Gieson staining. Thick elastic
fibers are slightly sinuous, and one of them suddenly becomes 
narrower (arrow). Bar 50 µm. b Hematoxylin and eosin stain. The
lesion, near a

Fig. 4 a Severely fibrotic lesion in usual interstitial pneumonia
(UIP); stereopair with Elastica van Gieson staining. The thick
elastic fibers, which are irregular in diameter, are not particularly
dense and show little branching. Bar 100 µm. b Hematoxylin and
eosin stain. The lesion, near a



smoking history. The normal lung specimens were taken from ar-
eas as far away as possible from the primary lesions. Immediately
after resection, the tissues were fixed by injecting 10% buffered
formalin directly via an injection needle and then immersed in the
same fixative for 48 h. Small specimens were dehydrated through
graded alcohols, cleared in xylene, and embedded in paraffin. The
paraffin blocks were cut into several small pieces measuring
7×7 mm, and they were sectioned at 150-µm thickness on a vibra-
tome. These thick sections were deparaffinized in xylene, im-
mersed in phosphate-buffered saline, and then stained by floating
in a 1.5-ml tube without attaching them to slide glasses. The thick
sections were incubated in elastica solution [100 ml 70% ethanol
solution containing 4 ml 37% HCl and 0.1 g Resorcin-Fuchsin
(Chroma-Gesellschaft, Stuttgart, Germany)] for 12 h at room tem-
perature before being rinsed with 50% ethanol and then with run-
ning water. Other serial thick sections were stained with anti-
Thomsen-Friedenreich (TF) monoclonal antibody (1:200, Dako,
Grostrup, Denmark), anti-α-smooth muscle actin (1:300, Dako),
or CD34 (1:100, Dako) each for 18 h at 4°C. The specimens to 
be stained with anti-TF were pretreated with neuraminidase 
(from Arthrobactor ureafaciens, Nakarai Chemicals, Kyoto, 
Japan, 1 U/ml in 0.05 M phosphate buffer, pH 7.0) for 12 h at
37°C. These sections were visualized by incubating anti-mouse
IgG antibody labeled with fluorescein isothiocyanate (1:50, Dako)
for 18 h at 4°C. Three-dimensional reconstructions were generated
from ten images captured serially from thick sections stained with
elastica solution. This was done using a previously described
method [7, 8]. The sections stained with monoclonal antibodies
were examined under a laser confocal microscope (Karl Zeiss, 
Jena, Germany). Three-dimensional reconstructions were generat-
ed from 20 to 30 serial images.

Results

Elastica staining

The three-dimensional arrangement of the elastic fibers
in the control sections showed the same findings 
described previously by us [7]. Thick elastic bundles
form the orifices of the alveoli. Elastic fibers of slightly
smaller diameter branch from the elastic bundles and
form the framework of the alveoli and the sides of the
polygonal alveoli. Thin elastic fibers branching from the
thick elastic fibers criss-cross within the alveolar wall,
apparently supporting the delicate face of the alveolus.
In normal alveoli, almost all the elastic bundles and 
fibers are straight, not sinuous.

In the area of UIP with normal-looking alveoli, the
three-dimensional arrangement of the elastic fibers was
almost the same as in the normal lung. Near the fibrotic
area, the alveoli were small in size, and the thick elastic
bundles and fibers forming the alveolar orifices and
sides of the alveoli were slightly sinuous, but not strong-
ly so. Conversely, the alveolar orifices were slightly larg-
er than in the normal lung (Fig. 1). Thin elastic fibers
criss-crossing within the alveolar wall were sparse, irreg-
ular in diameter, and slightly sinuous, and some of them
ended with rounded tips (Fig. 2). In fibrotic lesions,
there were thick elastic fibers of irregular diameter; these
were slightly sinuous and not particularly dense consid-
ering the reduction in alveolar volume. They suddenly
became thinner in several places (Fig. 3), and some of
them ended with rounded tips. In strongly fibrotic le-
sions, elastic fibers of various diameters were observed,

and they had only a few branches. They were not partic-
ularly dense and did not intertwine one with another
(Fig. 4).

Immunostaining with α-smooth muscle actin and CD34

Although α-smooth muscle actin filaments were ob-
served in the walls of relatively large blood vessels and
bronchi, they were hardly detected in alveoli in the nor-
mal lung or in the area of UIP with normal-looking alve-
oli. In and near the fibrotic lesions in UIP, α-smooth
muscle actin filaments arranged into a circular or semi-
circular shape were seen at the alveolar orifices, as well
as in the blood vessels and bronchi. The circularly ar-
ranged α-smooth muscle actin filaments were not partic-
ularly dense and did not cross one another (Fig. 5). In
strongly fibrotic lesions, semi-circularly arranged actin
filaments were observed sparsely.

Small blood vessels and capillaries showed no or only
weak staining for CD34 in the normal lung or in the area
of UIP with normal-looking alveoli. In the strongly fi-
brotic areas of UIP, however, small CD34-positive ves-
sels with a rough surface branched irregularly (Fig. 6).

Type-II pneumocytes

In the control sections, type-II pneumocytes were located
at the corners of the alveoli and alongside the thick elas-
tic fibers forming the alveolar structure [7]. Near the 
fibrotic areas in UIP, type-II pneumocytes had apparently
proliferated and were distributed uniformly on the alveo-
lar faces. However, they did not make contact with one
another, and clear space could be seen between them.
Within the fibrotic areas (Fig. 7), type-II pneumocytes
were close to one another and formed island-like clus-
ters, giving the lesion a glandular appearance (Fig. 7a).

Discussion

To judge from the present evidence, elastolysis may oc-
cur in the fibrotic lesions of UIP. In the fibrotic lesions,
elastic fibers of various diameters had only a few
branches, were not particularly dense considering the de-
gree of alveolar shrinkage, and were not intertwined. Our
findings indicate that a few thick elastic fibers remain in
the fibrotic lesion and that the thin elastic fibers branch-
ing from the thicker ones have disappeared.

Matrix metalloproteinase (MMP)-2, MMP-9, or both
may be involved in elastolysis because they have a sub-
stance affinity for elastin as well as for basement mem-
brane type-IV collagen or denatured collagens [9, 15].
MMP-9 has been shown to be intensely expressed by re-
generated cells, alveolar macrophages, and neutrophils in
UIP, and the intense expression of MMP-9 by metaplas-
tic epithelial cells is especially characteristic of UIP [19].
Possibly, the proliferated type-II pneumocytes may se-
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crete MMP-2 or -9 and destroy the elastic fibers forming
the alveolar structure.

Near the fibrotic lesions in our cases, type-II pneumo-
cytes had proliferated and were distributed uniformly
over the alveolar surface. They did not make contact
with one another, and indeed there was clear space be-
tween them. This finding indicates that, in UIP, type-II
pneumocytes proliferate until their density on the alveo-
lar surface reaches a certain level. One of the functions
of type-II pneumocytes is to repair the alveolar epithelial
damage [5], and their proliferation in UIP possibly indi-
cates continuing alveolar damage.

Type-II pneumocytes may migrate onto the alveolar
face from the corners of the alveoli in a variety of lung
diseases, including UIP. In the normal lung, type-II pneu-
mocytes are found at the corners of the alveoli and along
the elastic fibers forming the sides of polygonal alveoli
[7]. Collagenase production by type-II pneumocytes sup-
ports their migration to the alveolar wall [16, 18].

Alveolar collapse following epithelial necrosis is an
important mechanism underlying lung remodeling in
UIP [14]. Granular pneumocytes attempting to re-epithe-
lialize have been reported to proliferate over the surface
of apposed septa with the folded or collapsed alveoli
forming a single thickened septum [10]. Our three-
dimensional observations are consistent with the above
ultrastructural findings.

Once the thin elastic fibers criss-crossing within the
alveolar face have vanished, the thin alveolar faces are
left without support by elastic fibers and can easily fold
and focally collapse. The alveolar wall may appear thick
due to such folding, as well as to deposition of extracel-
lular matrix [10]. Although the alveoli were reduced in
volume in the fibrotic lesions, the thick elastic fibers
forming the alveolar orifices were still almost straight,
suggesting that the structure of the alveolar ducts re-
mained relatively intact at this stage.

The question arises as to which is the more important
in UIP, proliferation of type-II pneumocytes or prolifer-
ation of mesenchymal cells. It is known that epithelial–

mesenchymal interactions are of critical importance 
during tissue morphogenesis and repair [4, 12]. Myo-
fibroblasts serve as contractile cells in inflammatory 
and malignant lesions in various organs [17, 20] and
seem to be key cells in the pathogenesis of pulmonary
fibrosis [1, 13]. However, myofibroblasts reactive with
anti-α-smooth muscle actin were sparsely observed in
or near the fibrotic lesions in the present study. Our
three-dimensional morphological analysis seems to sug-
gest that destruction of the elastic fibers forming the 
alveolar structure may be one of the most important fac-
tors leading to the reduction in alveolar volume, in addi-
tion to the alveolar epithelial damage. Proliferation of
type-II pneumocytes may be involved with this elastoly-
sis. Regrettably, irreversible alveolar collapse may
prove resistant to the various therapies used against UIP.
Finally, our findings lead us to conclude that three-di-
mensional imaging provides us with much more infor-
mation than the more conventional two-dimensional ex-
amination.
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Fig. 5 Moderately fibrotic lesion in usual interstitial pneumonia
(UIP); a stereopair immunostained with anti-α-smooth muscle ac-
tin antibody and b stereopair immunostained with anti-α-smooth
muscle actin antibody and viewed using differential interference-
contrast technique. Smooth muscle actin filaments can be seen ob-
served at the entrance to the alveoli (arrows) and in blood vessel
walls (arrowheads). Bar 50 µm

Fig. 6 a Severely fibrotic lesion in usual interstitial pneumonia
(UIP); stereopair immunostained with anti-CD34 antibody. CD34-
positive vessels with a rough surface (arrows) branch irregularly.
Bar 100 µm. b Hematoxylin and eosin stain. The lesion, near a

Fig. 7 a Moderate fibrotic lesion in usual interstitial pneumonia
(UIP); stereopair immunostained with anti-Thomsen-Friedenreich
antibody. Fibrotic lesion is in left upper part of figure. Type-II
pneumocytes proliferate uniformly across the alveolar surface.
They are close to one another, forming island-like clusters and
giving the fibrotic lesion a glandular appearance (arrows). Bar
100 µm. b Hematoxylin and eosin stain. The lesion, near a
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Abstract To determine the role of cell proliferation and
apoptosis in uterine leiomyoma growth, we studied pro-
tein expression of two major regulatory proteins of apop-
tosis – Bcl-2 (anti-apoptotic) and Bax (pro-apoptotic) –
and two endogenous markers of cell replication – prolifer-
ating cell nuclear antigen (PCNA) and Ki-67 – in tumors
and matched myometrium from premenopausal women.
Conventional mitotic indices also were determined, and
all proliferation data were correlated to tumor size. In situ
end-labeling of fragmented DNA and routine histology
were used to assess apoptosis. Our results showed that the
apoptosis-regulating proteins (Bcl-2 and Bax) were ex-
pressed in the cytoplasm of the leiomyoma and myometri-
al smooth muscle cells throughout the menstrual cycle.
Bax expression differed from Bcl-2 in that it also was
found in the cytoplasm of vascular smooth muscle cells of
the myometria and tumors. Both tumors and myometrial
samples expressed 26-kDa and 21-kDa proteins that react-
ed with antibodies directed towards Bcl-2 and Bax, re-
spectively. Apoptosis was not a prominent feature of uter-
ine leiomyomas or myometrium. PCNA- and Ki-67-label-

ing and mitotic counts were significantly (P<0.05) higher
in leiomyomas than in matched myometrial samples. Pro-
liferative activity was variable for individual tumors of the
same patient and independent of tumor size. Our results
suggest that altered apoptosis by overexpression of Bcl-2
or by decreased expression of Bax does not appear to be a
major factor in uterine leiomyoma growth. We conclude
that increased cell proliferation is the most significant
contributor to growth and that the proliferative state is au-
tonomous for each tumor in a given patient and is inde-
pendent of tumor size.

Keywords Leiomyoma · Proliferation · Apoptosis · 
Bcl-2 · Bax · Immunohistochemistry

Introduction

Uterine leiomyomas (fibroids, myomas) are the most
common tumors found in the genital tract of American
women over 30 years of age. These tumors are often
multiple and are estimated to be clinically significant in
at least 25% of the American female population [5];
however, uterine leiomyomas have been reported to oc-
cur at an incidence as high as 77% in women with or
without clinical history of myomatous uteri [4]. Al-
though uterine leiomyomas are benign growths, symp-
tomatic tumors are often associated with reproductive
and gynecologic problems such as infertility, lost preg-
nancy, pelvic pain, and menorrhagia [3, 19]. In the United
States alone, uterine leiomyomas are responsible for
nearly 200,000 hysterectomies annually [6].

The contributory role of cell proliferation versus pro-
longed cell survival in the development of uterine leio-
myomas is of interest since these tumors can range in size
from 1 mm to greater than 30 cm and yet may show no or
very low mitotic activity [10, 16, 29, 30]. Due to the ex-
pansive nature of some uterine leiomyomas in the absence
of high mitotic activity, we were interested in the role of
altered programmed cell death (apoptosis) versus cell pro-
liferation as a mechanism of uterine leiomyoma growth.
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Two of the major regulators of apoptosis encoded by
the Bcl-2 gene family are Bcl-2 (B-cell lymphoma/
leukemia 2) and Bax (Bcl-2-associated X) proteins [12,
32]. Bcl-2 is a 26-kDa intracellular membrane-associated
protein which, when expressed, results in prolonged cell
survival through the inhibition of programmed cell death
by restricting the activation of caspases. Other anti-
apoptotic proteins in the bcl-2 gene family, such as 
Bcl-XL, Mcl-1, Bcl-W, A1/Bfl-1, and including Bcl-2,
are overexpressed in many human cancers [14, 15, 27].
Bcl-2 overexpression has been classically linked to B-cell
lymphoma; however, nonhematolymphoid cancers of the
colon [2], prostate [14], nasopharynx [17], and lung [1]
have been found to express this protein. Benign tumors
including uterine leiomyoma and spindle cell lipoma are
reported to express Bcl-2 protein [24]. Overexpression of
Bax, a 21-kDa protein, and other apoptosis inducers
(Bak, Bok/MTD, BAD, Bik, Bid, Bim/Bod) results in
accelerated programmed cell death [13, 25, 26, 28].
Some of these pro-apoptotic proteins induce death by di-
merizing directly with Bcl-2 and Bcl-2-like proteins,
while others induce apoptosis independently of dimer-
ization with Bcl-2 and other apoptosis suppressors [27].

In this study, we assessed uterine leiomyoma growth
by evaluating the expression of endogenous markers of
proliferation [proliferating cell nuclear antigen (PCNA),
Ki-67, mitotic index], the apoptotic index, and the apop-
tosis-regulating proteins Bcl-2 and Bax in uterine leio-
myomas and patient-matched myometrium from pre-
menopausal women. We also compared the expression of
proliferation markers with tumor size.

Materials and methods

Tissue preparation

Forty-five samples of leiomyoma and six samples of normal myo-
metrium were obtained from six premenopausal women undergo-
ing hysterectomy at Duke University Medical Center. Tissue sam-
ples and menstrual cycle history were obtained with no identifiers
or links to patient identification in accordance with guidelines by
the National Institutes of Health Office of Human Subjects Re-
search. On the basis of menstrual cycle history or endometrial his-
tology, two patients were in the secretory phase, and two were in
the proliferative phase of the menstrual cycle. One patient had a
disordered inactive endometrial pattern, and in one patient (no. 5)
there was no histology or menstrual history data available.

Tissue samples were immersed in 10% neutral buffered forma-
lin, fixed overnight, and then placed in 70% ethanol until time of
processing (within 24 h). Tissues were paraffin-embedded, sec-
tioned at 6 µm, and mounted onto poly-L-lysine coated Fisher
Probe-On glass slides (Histology Control Systems, Glen Head,
N.Y.). Glass slides, each containing a section of the normal uterus
(myometrium) or leiomyoma, were stored at room temperature in
dust-free slide boxes until the time of immunohistochemical stain-
ing or in situ hybridization.

Immunostaining

Bcl-2 and Bax proteins

Tissue sections were deparaffinized and rehydrated prior to stain-
ing. Deparaffinization of tissues was performed with two changes

of xylene for 30–60 s each. Tissues were next rehydrated, succes-
sively, in two changes of 100% and 95% ethanol (ETOH), and one
change of 70% ETOH, for 30 s each. This was followed by two
incubation periods in a 1× automation buffer (Biomeda Corpora-
tion, Foster City, Calif.) for 30 s each. Tissues were then placed in
3% H2O2 (Cumberland-Swan, Incorporated, Smyrna, Tenn.) for
10 min to inactivate endogenous peroxidase activity. A citrate
buffer antigen-retrieval solution (0.1 M citric acid, monobasic;
0.1 M sodium citrate, trisodium salt) was used for exposure of
masked epitopes. A protein block for nonspecific staining was
performed with normal horse (Bcl-2) or goat (Bax) serum for
20 min. A primary monoclonal (mouse anti-human Bcl-2; Dako
Corporation, Carpinteria, Calif.) or a primary polyclonal [rabbit
anti-human Bax (N-20); Santa Cruz Biotechnology, Inc., Santa
Cruz, Calif.] antibody was applied to tissues at dilutions of 1:200
or a concentration of 2 mg/ml, respectively, for 1 h at room tem-
perature. Tissue sections were incubated with biotinylated horse
anti-mouse IgG (for Bcl-2 detection; Vector Laboratories, Burlin-
game, Calif.) or goat anti-rabbit IgG for Bax detection (Vector
Laboratories) at a dilution of 1:200 for 30 min. The chromogen
3,3′-diaminobenzidine (DAB) tetrahydrochloride was used for vi-
sualization of Bcl-2 and Bax staining. Tissue sections were count-
erstained with Mayer’s hematoxylin (Polyscientific Research and
Development Corp, Bay Shore, N.Y.) for 1 min, routinely dehy-
drated and coverslipped with Permount (Fisher Scientific, Pitts-
burgh, Penn.).

The immunostaining results were scored according to intensi-
ty of staining as: 0 negative, 1+ weak, 2+ moderate, 3+ intense, 
4+ very intense. The results presented for both uterine leiomyo-
mas and normal myometrium represent the mean intensity for
each protein. Statistical analysis was performed on the summary
of mean staining intensity scores of leiomyomas and myometrial
samples for Bcl-2 and Bax proteins. The staining intensity scores
were compared using the Wilcoxon signed-rank test [30].

PCNA and Ki-67

Deparaffinization, hydration, inactivation of endogenous peroxi-
dase activity, and blocking procedures were similar to those de-
scribed for Bcl-2 and Bax staining. A lead antigen-retrieval solu-
tion (BioGenex Laboratories, San Ramon, Calif.) was used to re-
trieve masked epitopes for PCNA staining [7].

A monoclonal antibody, anti-human PCNA (Coulter Corpora-
tion, Hialeah, Fla.) or a rabbit anti-human Ki-67 polyclonal anti-
body (Dako) was used to detect proliferatively active cells. The
tissues were blocked with 0.5% milk + 1% bovine serum albumin
(BSA)–automation buffer (AB) for PCNA for 20 min and normal
goat serum in 5% milk + 1% BSA–phosphate buffered saline
(PBS) for Ki-67 for 30 min. Incubation with the primary PCNA
antibody was done for 30 min at a dilution of 1:800 in 1%
BSA–automation buffer. The Ki-67 polyclonal primary antibody
was applied to tissue at a 1:50 dilution in 1% milk + 1%
BSA–PBS for a duration of 1 h at room temperature. The Ki-67-
labeled tissues were subsequently rinsed three times (30 s each) in
1% milk + 1% BSA–PBS before and after application of a biotin-
ylated anti-rabbit IgG antibody. For PCNA staining, a 1× AB rinse
for two changes (5 min each) was done before and after applica-
tion of the biotinylated secondary antibody for 30 min (anti-mouse
IgM, Vector Laboratories Incorporated). The PCNA tissues were
subsequently placed in a labeling solution, peroxidase-conjugated
streptavidin, (BioGenex Laboratories) for 30 min. The Ki-67 
labeling was detected using an avidin–biotin-complex system
(Vectastain ABC Kit, Vector Laboratories Incorporated). The
DAB detection step, counterstaining, dehydration, and coverslip-
ping were similar to that described for Bcl-2 and Bax staining.

Western-blot and immunoblot analysis

Frozen tissue from five samples of leiomyoma and normal myo-
metrium was homogenized in a lysis buffer containing 10 mM Tris
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pH 8.0, 150 mM NaCl, 3 mM MgCl2, and 0.5% Nonidet P-40 with
protease inhibitors (2 mM phenylmethylsulphonyl fluoride and
10 µg/ml Aprotinin) using a glass homogenizer, incubated for
10 min on ice, and centrifuged at 12,000 g at 4°C for 10 min. The
supernatants collected were measured to obtain a total protein con-
centration using an automatic calculator (GeneQuant, Pharmacia
Biotech Ltd., Cambridge, England) and diluted in the lysis buffer
(described above) with a reductant (100 mM dithiothreitol) to de-
nature the proteins. Sample concentrations were adjusted to
10 µg/30 µl in the lysis buffer. Thirty microliters of each sample
(containing 10 µg protein) were mixed with 20 µl sample buffer
containing 10% glycerol, 60 mM Tris pH 6.8, 2% sodium dodecyl
sulfate (SDS), and 0.02% bromophenyl blue, boiled for 10 min,
and subjected to SDS–polyacrylamide gel electrophoresis on
12.5% polyacrylamide gel. The proteins were then transferred to a
polyvinylidene fluoride membrane (Immobilon-P, Millipore Cor-
poration, Bedford, Mass.). The blots were incubated with the pri-
mary antibodies against Bcl-2 or Bax at concentrations of 1:100
and 1:20, respectively, for 2 h at room temperature after blocking
for non-specific staining with 10% non-fat milk overnight at 4°C.
The reaction was visualized using an enhanced chemilumines-
cence detection system (ECL kit, Amersham, England).

Specificity of Bcl-2 antibody for immunohistochemical stain-
ing was confirmed using Western blotting with purified human
Bcl-2 protein and the methodology described above. Specificity of
Bax was confirmed using dot-blotting analysis of 100, 200, or
1000 ng purified human Bax protein. The dot blot was incubated
with a 1:20 dilution of the anti-Bax antibody.

Quantitation of PCNA and Ki-67 labeling and mitotic indices 
and statistical analysis

PCNA and Ki-67

Quantitation of PCNA and Ki-67 labeling indices was determined
using a system of counting with an ocular grid and light micros-
copy (40× objective). Approximately 14–28 high powered fields
(HPFs) were required to reach a total cell count of 1000 cells in
the normal myometrium and uterine leiomyomas. Nuclei that were
brown to black were counted as positive. Labeling indices were
determined by the number of cells having positively staining nu-
clei divided by 1000 cells (labeled and unlabeled) and multiplied
by 100 to obtain percent labeling indices.

Mitotic counts

A Leitz Laborlux 12 microscope with 10× Periplan eyepieces and
a 40× objective was used for counting mitotic figures. The field
diameter used was 0.46 mm, and the field area was 0.17 mm2. The
entire section was scanned initially to search for an area or areas
of mitotic activity, and the area of apparent greatest mitotic activi-
ty chosen for the mitotic count. One hundred HPFs were counted
per tissue section, which in many instances required counting
most if not all of the tissue section. Only metaphase, anaphase,
and telophase mitoses were counted; that is, no cells in apparent
prophase with an intact nuclear membrane were included. In addi-
tion, only chromatin clots with hairy projections were counted to
reduce the possibility of counting apoptotic cells. Mitoses per 10
HPFs (as is often expressed clinically) was not used because the
spread of values obtained was too small to adequately demonstrate
the numerical differences between specimens that became appar-
ent with the counting of 100 HPFs.

Statistical analysis

For each of the three parameters (mitoses, PCNA, and Ki-67), the
average values of all the leiomyomas for each patient, as well as
the range of values for the leiomyomas in each patient, are shown
in Table 1. For each of the three parameters listed above, the val-
ues for matched myometrial samples for each patient are also

shown in Table 1. The overall ratio of leiomyoma to myometrial
proliferative activity (mitosis, PCNA-, Ki-67-labeling) was deter-
mined by calculating the average number of mitotic figures, or la-
beling indices, for all of the leiomyomas in the study and dividing
by the average number of mitotic figures or labeling indices for all
of the myometrial samples in the study. A Wilcoxon signed-rank
test was used to assess the significance of differences between
normal myometrium and uterine leiomyomas for mitotic activity,
PCNA- or Ki-67-labeling [31].

Analysis of tumor size and proliferation

Tumor size was determined by measuring tumor diameter on
cross-section of cut tumor. Leiomyomas were divided into five
size (centimeter) categories (1–2, 2–3, 3–4, 4–6, >6), and prolifer-
ative activity was compared among these categories (Table 2).
Kruskal-Wallis nonparametric analysis of variance procedures
[31] were used to determine if labeling or mitotic indices differed
significantly among the five tumor diameter categories. Jonck-
heere’s test [9] was also used to determine if there was a signifi-
cant trend in proliferative activity with regard to tumor size. Data
are reported as mean±SEM.

In-situ hybridization of DNA fragmentation 
and microscopic analysis of apoptosis

In situ hybridization studies were performed using Apoptag, an
apoptosis detection kit (S7100-kit, Oncor, Gaithersburg, Md.) that
detects by a terminal deoxynucleotidyl transferase-mediated de-
oxyuridine triphosphate–biotin nick-end labeling (TUNEL) proce-
dure. Six-micron-thick paraffin-embedded tissue sections were
mounted on poly-L-lysine coated Fisher Probe-On glass slides.
Tissue sections were deparaffinized with xylene and rehydrated in
a series of graded ethanols similar to tissues stained for immuno-
histochemistry (see above). Protein digestion was done with
20 mg/ml proteinase K (Sigma Chemical Co., St. Louis, Mo.). Tis-
sue sections were rinsed in distilled water, followed by quenching
of endogenous peroxidase with 2.0% H2O2 in PBS. Samples were
rinsed in PBS, excess liquid was removed by blotting, and a 1×
equilibrium buffer (kit part no. S7100–1) was applied for 10–15 s
at room temperature. Residues of digoxigenin-nucleotide (digoxi-
genin-11-dUTP and dATP) were added to DNA using TdT en-
zyme (kit part no. S7100–3) in a reaction buffer (kit part no.
57100–2) and incubating the samples in a humidified chamber at
37 C for 1 h. The tissue sections were then placed in a pre-warmed
stop/wash buffer (kit part no. S7100–4) for 30 min at 37 C. Next,
samples were incubated with anti-digoxigenin (kit part no.
S7100–5) conjugated to peroxidase and visualized using DAB te-
trahydrochloride, followed by counterstaining with Mayer’s hema-
toxylin, dehydration with a series of graded ethanols, and cover-
slipping with Permount.

Using light microscopy, Apoptag-labeled sections of myometri-
um and uterine leiomyoma were evaluated for the presence of
DAB-stained (brown) fragmented nuclear material. The hematoxy-
lin and eosin (H&E) stained sections of myometrium and leiomyo-
ma were also evaluated for the presence of apoptotic nuclei. Mor-
phologic criteria such as intensely basophilic nuclei (compaction of
chromatin), cell membrane blebbing, karyorrhexis, cell shrinkage
with formation of apoptotic bodies, absence of a significant inflam-
matory response, and phagocytosis of dying cells by adjacent nor-
mal cells and macrophages were used to diagnose apoptosis [20].

Results

Bcl-2 and Bax immunohistochemistry

The distribution of Bcl-2 protein was cytoplasmic and
granular, and in many of the leiomyoma and normal
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myometrial cells the staining was perinuclear (Fig. 1A,
B, C and Fig. 2). There was diffuse staining of smooth
muscle cells of both the leiomyomas and normal
myometrial tissue for Bcl-2; a similar staining pattern
was observed in Bax-stained tissue, although staining of
the leiomyoma and myometrial cells was often less in-
tense for Bax than for Bcl-2 (Fig. 1D, E and Fig. 2). In
the Bax-stained tissues there was staining of the smooth

muscle wall of blood vessels in both myometrial and
leiomyoma samples (Fig. 1D, E); however, this vascular
staining pattern was not evident in Bcl-2-stained tissues.
The prominent bands of connective tissue in the leio-
myomas were negative for expression of Bcl-2 and Bax
proteins. 

The intensity of Bcl-2 and Bax staining ranged from
weak (1+) to moderate (2+). Statistical comparison of
mean staining intensity scores showed no significant dif-
ference in immunoexpression of Bcl-2 in leiomyomas
when compared with matched myometrial samples
(Fig. 2). The same was true for Bax-stained uterine leio-
myomas and myometrial tissue although the overall inten-
sity of staining was marginally less than Bcl-2 for both tis-
sues (Fig. 2). Significant differences in Bcl-2 and Bax ex-
pression associated with ovarian hormonal changes were
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Fig. 1 Diffuse immunolocalization of Bcl-2 (A, B, C) and Bax
(D, E) in the cytoplasm of smooth muscle cells in uterine leiomy-
oma (B, C, E) and myometrial (A, D) tissues. Note absence of
staining of the bands of connective tissue in the leiomyomas 
(B, E) and presence of perivascular staining for Bax protein in the
myometrium (D) and leiomyoma (E). Magnifications: A, B ×82;
C ×330; D, E ×165



not evident in the myometrial or leiomyoma samples taken
from the limited number of subjects evaluated in this study.

Western-blot studies

Western-blotting analysis of five samples of leiomyoma
and normal myometrium confirmed the immunohisto-

chemistry results and showed that the tumors and normal
myometrium expressed both Bcl-2 and Bax proteins with
molecular weights of approximately 26 kDa and 21 kDa,
respectively. Overall, Bcl-2 protein was more abundant
in uterine leiomyomas and normal myometrium than was
the Bax protein (Fig. 3). There was one patient in which
the uterine leiomyoma and myometrial samples showed
minimal to no Bax protein. Another patient showed min-
imal expression of Bcl-2 protein in the myometrium
compared with other myometrial and leiomyoma sam-
ples. Also, an approximately 22-kDa protein was detect-
able using anti-Bcl-2 antibody in three of five of the nor-
mal myometrium samples; however, this protein was not
found in any of the leiomyoma samples. The anti-Bcl-2
antibody detected a 26-kDa discrete band of purified hu-
man Bcl-2 protein by Western blotting, and the anti-Bax
antibody showed reactivity and specificity to purified
human Bax protein in a dot blot (data not shown).

PCNA, Ki-67 labeling indices and mitotic indices

The mean mitotic, PCNA-, and Ki-67-labeling indices
were significantly (P<0.05) increased for leiomyomas
compared with myometrium (Table 1). In the uterine leio-
myomas the PCNA and Ki-67 labeling indices ranged
from 0.4–9.0% and 0.2–7.2%, respectively, compared
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Fig. 2 Staining intensity of Bcl-2 and Bax in myometrial and leio-
myoma tissue samples. Note that staining intensity scores
(1=weak; 2=moderate; 3=intense; 4=very intense) are not signifi-
cantly different

Fig. 3 Western-blot analysis of
leiomyoma (L) and patient-
matched myometrial (M) tissue
extracts for Bcl-2 and Bax pro-
teins. Note anti-Bcl-2 and anti-
Bax antibodies specifically de-
tected proteins at 26 kDa and
21 kDa, respectively

Table 1 Summary of proliferative indices. HPFs high power fields, PCNA proliferating cell nuclear antigen

Subject Mitotic index/100 HPFs PCNA labeling index (%) Ki-67 index (%)

Number of Myometrium Leiomyoma Myometrium Leiomyoma Myometrium Leiomyoma
leiomyoma
samplesa Mean Range Mean Range Mean Range

1 3 0 1.0 0–3 0.4 1.1 0.6–2.0 0.2 1.5 0.4–3.5
2 4 0 4.4 2–13 0.2 2.8 0.5–5.8 0.6 1.3 0.6–1.8
3 1 1 4.0 – 0.1 2.7 – 0.1 1.1 –
4 14 0 1.3 0–4 0.1 1.8 0.4–4.8 0.4 0.9 0.2–1.7
5 6 0 3.8 2–6 0.1 3.8 2.0–5.0 0.5 1.3 0.8–2.3
6 17 1 10.8 2–31 0.2 5.4 1.6–9.0 0.5 2.3 0.6–7.2
Overall 16.9 19.2 4.0
ratiob

a There was a single sample of myometrium for each subject
b Overall ratio of proliferative activity (mitoses, PCNA labeling
index, and Ki-67 labeling index, respectively) in the leiomyomas
relative to that in the myometrium. For all three variables the in-

creased proliferative activity in the leiomyomas relative to the
myometrium is statistically significant (P<0.05 using a Wilcoxon
signed-rank test)



with 0.1–0.4% (PCNA) and 0.1–0.6% (Ki-67) for normal
myometrium. The overall ratio of leiomyoma/myometrial
proliferative activity was highest (19.2) for PCNA label-
ing and lowest (4.0) for Ki-67 labeling. For both the tu-
mors and the myometrium there were characteristically
more positively staining nuclei with the PCNA antibody
than with the Ki-67 antibody (Fig. 4). Individual tumors

of each patient showed varied proliferative indices com-
pared with other tumors of the same patient (Fig. 5). 

Tumor size and proliferation

There was no statistically significant relationship be-
tween proliferative activity and tumor diameter (Table 2).
Tumors varied in their proliferative activity, and the pro-
liferation was independent of size.

Morphologic evaluation of apoptosis by in situ 
hybridization of DNA fragmentation and histology

Uterine leiomyomas and matched myometrium, overall,
were negative for 3′-OH end-labeling (TUNEL) of DNA
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Fig. 4 Sections of myometrium (A, C, E) and leiomyoma (B, D, F).
Hematoxylin and eosin-stained myometrial (A) and leiomyoma
(B) tissues; note increased cellularity and central mitotic figure in
leiomyoma sample. Proliferating cell nuclear antigen (PCNA)-
labeled myometrial (C) and leiomyoma (D) samples; note numer-
ous PCNA positively stained nuclei in the leiomyoma versus 
single positive cell in the myometrium. Ki-67-labeled myometrial
(E) and leiomyoma (F) tissues; note frequent Ki-67 positively
stained nuclei in leiomyoma versus single positive cell in the myo-
metrium. All digital images ×100
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Fig. 5 Summary comparison
of proliferative activity of leio-
myomas compared with
matched myometrium. Mitotic
indices and proliferating cell
nuclear antigen (PCNA)- and
Ki-67-labeling indices are
shown for each tumor in six
subjects. 1 N, 2 N, 3 N, 4 N,
5 N, and 6 N represent the
myometrial samples for each 
of the six patients. The figure
illustrates four points: (1) the
proliferative activity of almost
all leiomyomas exceeds that of
matched myometrium; (2) the
proliferative activity of differ-
ent leiomyomas of the same 
patient often varies; (3) the
three indices of proliferative
activity are similar and almost
superimposable for the leio-
myomas of each patient; and
(4) the proliferative activity is
independent of the tumor size



fragments. There were 1–2 TUNEL-labeled nuclei iden-
tified among the leiomyoma cells in each of two leiomy-
oma samples from two different patients (data not
shown). In the H&E-stained sections apoptotic bodies
were not identified, which would support the overall
negative results obtained with DNA end-labeling.

Discussion

This is the first study, to our knowledge, to assess the
role of cell proliferation and both positive (Bax) and
negative (Bcl-2) protein mediators of programmed cell
death (apoptosis) in uterine leiomyomas. Although most
uterine leiomyomas have low mitotic activity (four or
less mitotic figures/10 HPFs) these uterine tumors may
grow as large as 30 cm or more in diameter [29, 30]. It
has been hypothesized that the growth of these tumors
observed clinically, in the absence of overtly increased
mitotic activity, might be the result of inhibition of pro-
grammed cell death (apoptosis). In this study, we found
no evidence of overexpression of Bcl-2 in the uterine
leiomyomas examined, suggesting that inhibition of ap-
optosis is unlikely to be of major significance in the de-
velopment and growth of these tumors. Previous studies
in the literature have reported sharply differing results
with regard to the expression of Bcl-2 in the myometri-
um as well as the leiomyomas arising there. Gompel et
al. [8] examined the endometrium and myometrium for
Bcl-2 expression during the different phases of the men-
strual cycle and found the myometrial cells to be strong-
ly stained, irrespective of the phase of the cycle. Similar-
ly, Lu et al. [18] surveyed multiple adult and embryonic
tissues and found markedly positive Bcl-2 staining of the
myometrium. However, Miettinen et al. [24] examined
Bcl-2 reactivity in a variety of mesenchymal tissues and
tumors and found variably positive staining of the myo-
metrium, while all uterine leiomyomas were Bcl-2 posi-
tive. Other investigators have reported increased expres-
sion of Bcl-2 protein in human uterine leiomyomas, and
in one study it was found to be most abundant during the
secretory phase of the menstrual cycle [11, 22]. This ex-
pression of Bcl-2 was shown to be upregulated in leio-
myoma cell cultures treated with exogenous progester-
one [21, 22, 23]. These authors also reported absence of
Bcl-2 expression in the myometrium. Their results are in
contrast to our findings in which we have noted, al-
though in a limited number of subjects, no menstrual cy-

cle effects on Bcl-2 or Bax protein expression in the leio-
myoma or myometrial samples examined and have fur-
ther noted no detectable difference in Bcl-2 expression
between leiomyoma and matched myometrial samples
either by immunohistochemistry or Western-blotting
analysis. Our results are similar to those of Gompel et al.
[8], as mentioned earlier, in that they found expression of
Bcl-2 was hormonally regulated in the endometrium, but
this effect was not observed in the myometrium. An ex-
planation for these disparate results in the literature is
not readily apparent, but perhaps technical factors such
as the specificity and sensitivity of antibodies used in the
different studies, method of tissue fixation, or preserva-
tion of tissues may play a role. Further studies are war-
ranted in order to resolve these issues.

Although Bax expression was less intense than Bcl-2
for both leiomyoma and myometrial tissue, complete
loss of Bax protein expression was not a feature of the
uterine leiomyomas or myometrial samples evaluated in
this study. Staining patterns differed between Bcl-2 and
Bax in that Bax was often expressed in the myometrial
vascular smooth muscle cells, which were not a site of
localization of Bcl-2. The lack of Bcl-2 staining of vas-
cular smooth muscle in the myometrium has been previ-
ously noted by Gompel et al. [8].

The essentially equivalent immunohistochemical ex-
pression of Bcl-2 and Bax in the leiomyomas and myo-
metria was mirrored by the Western-blot studies, which
likewise failed to reveal any apparent differences be-
tween the tumors and matched myometria in the expres-
sion of each of these two proteins. These findings are
consistent with the lack of morphologic evidence of dif-
ferences in degree of apoptosis within the tumors and
corresponding myometria, either by examination of
H&E-stained sections or by the TUNEL technique. A
similar lack of difference in apoptotic indices between
leiomyomas and myometrium has been observed by oth-
er authors [33].

In contrast to the lack of obvious differences in apoptot-
ic indices, the mean mitotic counts and PCNA and Ki-67
percent labeling indices were significantly higher in the
uterine leiomyomas compared with normal myometrium.
The PCNA and Ki-67 labeling indices for the leiomyomas
were generally significantly higher than those of the myo-
metria, with the labeling indices ranging from less than 1%
up to 7.2% (Ki-67) or 9% (PCNA) compared with consis-
tently less than 1% labeling for all myometrial samples.
Only leiomyomas had labeling indices greater than 1%.
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Table 2 Tumor size versus proliferative activity of uterine leiomyomas. There was no statistically significant association between pro-
liferative activity and tumor diameter. Data are expressed as mean±SEM. PCNA proliferating cell nuclear antigen

Tumor diameter (cm) Number of samples Mitotic index PCNA labeling (%) Ki-67 labeling (%)

1–2 10 5.20±1.77 3.01±1.77 1.19±0.21
2–3 6 5.83±3.04 3.13±1.05 1.60±0.51
3–4 13 4.31±1.52 3.57±0.72 1.19±0.23
4–6 10 7.80±3.23 4.20±0.93 2.58±0.64

>6 6 5.50±2.03 3.45±0.69 0.85±0.16



When we compared PCNA and Ki-67 labeling indices
and mitotic indices of these tumors in the secretory ver-
sus proliferative phase of the menstrual cycle, we were
unable to find statistical significance, which could be at-
tributed to our small subject size. Other authors have
found increased Ki-67 labeling or mitotic activity in
leiomyomas during the secretory versus the proliferative
phase of the menstrual cycle [10, 33].

Regardless of the menstrual phase, individual tumors
in the same patient showed differential expression of
proliferation markers. For example, examination of the
tumors in one patient revealed PCNA labeling indices
that ranged from less than 1% to 5.8% for different leio-
myomas exposed to the same hormonal milieu within
that patient. These data suggest that factors other than
the hormonal milieu are important in regulating the
growth of uterine leiomyomas. Perhaps receptor levels
for estrogen and progesterone, or for growth factors
such as insulin-like growth factor-I or vascular endothe-
lial growth factor, differ from one tumor to another as
determined by variation in genetic or epigenetic aberra-
tions.

The relationship of the size of the leiomyomas to
their proliferative index was also explored in this study.
It might be speculated, for example, that to have at-
tained a larger size, the larger tumors would be more
mitotically active. Conversely, it might be reasoned that
the smaller tumors could simply be in an earlier prolif-
erative phase, which would be associated with higher
proliferative indices. In this study, however, no statisti-
cally significant relationship could be drawn between
the size of a tumor and its proliferative state on the basis
of any of the three indices examined. It is of interest that
the mitotic count and the PCNA and Ki-67 labeling in-
dices decreased uniformly in the tumors over 6 cm in
size; however this did not reach statistical significance.
It may be that increased growth observed in larger tu-
mors is attributable to exuberant elaboration of extracel-
lular matrix rather than simply leiomyoma cell prolifer-
ation.

Our results show that neither expression of Bcl-2 and
Bax proteins, nor morphological indices of apoptosis
differ in uterine leiomyomas and myometrium, and sug-
gest that neither prolonged cell survival nor loss of ex-
pression of apoptosis-inducing proteins are likely to be
significant mechanisms of uterine leiomyoma cell
growth. However, it is clear from our studies that cellu-
lar proliferation is significantly increased in most leio-
myomas as evidenced by increased mitotic index and
PCNA and Ki-67 labeling indices compared with
matched myometrial samples. We conclude that a higher
rate of cell proliferation plays the dominant role in uter-
ine leiomyoma growth, and furthermore, based on these
studies, that the proliferative state is autonomous for in-
dividual tumors in a given patient and is independent of
tumor size.
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Abstract Amoebiasis, a disease of worldwide distribu-
tion, is endemic in tropical countries with suboptimal
sanitation facilities. Isolated amoebic appendicitis (IAA)
is regarded as a rare manifestation of the disease global-
ly. Because there are no defined clinical features that dis-
tinguish IAA from bacterial appendicitis, diagnosis is
usually dependent on histopathological examination. A
9-year retrospective study was undertaken to investigate
the clinicopathological aspects of IAA. The main 
complaints were fever and abdominal pain. None of 
the patients had dysentery. The pre-operative clinical di-
agnosis was acute appendicitis and acute abdomen in 13
and 8 patients, respectively. In all cases the intra-opera-
tive diagnosis was acute appendicitis. Gross pathological 
appraisal revealed peritonitis and perforation in 19 and
17 cases, respectively. Histopathological examination 
of these appendices demonstrated appendiceal ulcer-
ation, transmural mixed inflammation, haematophagous
amoebic trophozoites and necrosis in all cases. Vascular
pathology comprised venous and capillary luminal 
plugging (11 cases), necrotising small vessel vasculitis
(11 cases), thrombophlebitis of medium sized veins 
(9 cases) and arteritis with associated thrombosis 
(1 case). Organising fibrinopurulent peritonitis was pres-
ent in 19 cases. Two appendices that appeared normal

macroscopically demonstrated ulceration and inflamma-
tion that were confined to the mucosa and submucosa.
All of 18 patients who were treated with metronidazole
survived without further surgery, while three patients
who were untreated succumbed to the disease. Appendi-
cectomy, accurate histopathological appraisal thereof and
optimal, timely management of IAA were critical to the
favourable outcome in the present study.

Introduction

Entamoeba histolytica, an enteric protozoan responsible
for amoebiasis, infects 10% of the world's population
and is responsible for 100,000 deaths per year [1, 5]. A
disease of worldwide distribution, amoebiasis is endemic
in tropical countries with suboptimal sanitation facilities
[5]. Although the prevalence is therefore highest in un-
der-resourced developing countries with the lowest lev-
els of sanitation, occurrence in developed countries is
documented in association with modern travel, high rates
of emigration and the existence of high risk groups, such
as institutionalised patients and homosexuals [1, 16, 18].
While the clinicopathological spectrum, morbidity and
mortality of invasive intestinal amoebiasis are well re-
corded in medical literature [6, 13, 18], clinicopathologi-
cal reports on isolated amoebic appendicitis (IAA), re-
garded as a rare intestinal manifestation of invasive
amoebiasis globally, are confined mainly to single case
reports [2, 3, 12, 17, 20, 24, 25, 32]. Although amoebic
appendicitis may share the spectrum of complications
and morbidity and mortality trends associated with inva-
sive amoebic colitis, some authors have documented ex-
cellent outcome in IAA [2, 24, 25].

Amoebiasis is endemic in Kwazulu Natal, a coastline
region in the Republic of South Africa situated between
latitudes –31° South and –27° North and longitudes 29°
West and 32° East [8, 27]. IAA has not received the
same attention that intestinal amoebiasis has, even in en-
demic areas. It is possible that in poor countries where
amoebiasis is endemic, attention is focused on fulminant
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amoebic colitis, which mandates intense life-saving mea-
sures [4, 21, 22]. Therefore, IAA is probably often over-
looked and under-diagnosed. It is also possible that in
our environment, where the majority of patients with
IAA have had a favourable outcome following surgical
intervention, IAA is not viewed with the same serious-
ness that characterises fulminant amoebic colitis and has,
therefore, been under-investigated and under-reported.

This study was therefore undertaken to assess the
clinicopathological features of IAA, to stress the diffi-
culty associated with its pre-operative diagnosis and to
emphasise the crucial, lifesaving role of timely histo-
pathological diagnosis in the successful outcome of this
eminently treatable disease. In addition, the spectrum of
vascular alterations is discussed.

Materials and methods

This is a retrospective study encompassing reappraisal of all ap-
pendicectomies diagnosed and coded using the Systemized No-
menclature of Medicine coding system as amoebic appendicitis in
the Departments of Anatomical Pathology and General Surgery,
Nelson R. Mandela School of Medicine and King Edward VIII
Hospital, Durban, South Africa, from 1 January 1991 to 31 De-
cember 1999. Archival slides and sections cut and stained with
haematoxylin and eosin from archival wax blocks were reviewed.
In all cases, periodic acid Schiff staining was performed. Clinical
details were obtained from outpatient and inpatient charts and
from histopathology request forms. The identification of haemato-
phagous amoebic trophozoites within the appendiceal wall was
necessary to diagnose amoebic appendicitis. Isolated appendiceal
involvement was diagnosed on the basis of symptoms and signs of
acute appendicitis [9], absence of dysentery, intra-operative find-
ings confined to the appendix only and presence of amoebiasis-
free surgical excision margins on histopathological examination.
Patients who did not meet the above criteria or those with untrace-
able results were excluded from the study.

Results

Clinical details

Twenty-one patients with IAA formed the basis of the
study (Table 1). The age range of patients was 2 months to
73 years (mean age 30.9 years). Although fever and ab-
dominal pain were present in all patients, diarrhoea, nau-
sea and vomiting were variable symptoms. Dysentery was
not a finding in any patient. At surgery localised appendi-
ceal involvement was diagnosed in 19 of 21 patients. Of
21 patients with symptoms and signs of acute appendici-
tis, 2 had normal-appearing appendices at surgery. While
the intra-operative diagnosis in all cases was acute appen-
dicitis, in none was an amoebic aetiology considered.

Pathological findings

Gross findings

Of 21 appendicectomy specimens, 2 appeared normal on
gross examination, necessitating processing and histo-
pathological examination in their entirety. In none of the
specimens was a macroscopic pathological diagnosis of
amoebic appendicitis made. Three, five and seven blocks
containing between 9 and 20 sections were examined
histologically.

Microscopic findings

Mucosal ulceration, luminal acute inflammatory exudate,
a mixed inflammatory cell infiltrate, necrosis with karyor-
rhectic debris and haematophagous amoebic trophozoites
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Table 1 Summary of clinical and gross pathological findings. WBCC white blood cell count, AGDT amoebic gel diffusion test, HIV hu-
man immunodeficiency virus, NK not known

Features Findings

Age 2 months–73 years (mean 30.9 years)
Sex Male (22), female (5)
Symptoms Fever (21), abdominal pain (21), nausea (11), diarrhoea (8), vomiting (7)
Duration of symptoms (13 patients) 1–5 days (mean 2 days)
Pre-operative diagnosis Acute appendicitis (13), acute abdomen (8)
Intra-operative diagnosis Acute appendicitis (21)

Investigations
WBCC (15 patients) 7.2–31.3×109 (mean 18.4×109)
Haemoglobin (18 patients) 8.1–14.8 g/dl (mean 12.2 g/dl)
AGDT 10 tested/10 positive
HIV serology 10 tested/8 positive

Gross pathology
Length 5–9 cm
Peritonitis 19
Entire appendix 12
Distal third only 7
Perforation 14
Faecolith 8 (proximal third)
Luminal pus 19
Irregular ulcers NK
Other pathology Nil



(HATs) were identified transmurally in 19 of 21 cases, but
were confined to the mucosa or submucosa in one case
each (Fig. 1, Fig. 2, Fig. 3, Fig. 4). Apart from mild hy-
peraemia, the latter two appendices had appeared normal
at laparotomy. The inflammatory infiltrate comprised neu-
trophils, lymphocytes, plasma cells and histiocytes. In six
specimens, a zonation phenomenon was seen (Fig. 3a, b).
At the advancing inflammatory edge within the muscu-
laris propria, a large number of HATs were seen adjacent
to a zone of karyorrhexis. Closer to the lumen was an 
eosinophilic, amorphous infarctoid zone (Fig. 3a). Acute
inflammatory cells were present in the luminal surface

(Fig. 3a). In 16 appendices there was exclusive involve-
ment of the mid and/or distal thirds and the resections
margins were amoebiasis free. Although there was in-
volvement of the proximal third of five appendices, the
surgical excision was free of amoebiasis in all cases.

Vascular alterations, present in all cases, comprised
variable congestion, vasodilatation and/or vasculitis, in-
volving small and large vessels. In 11 cases, HATs were
identified within capillary calibre vascular channels in
the absence of inflammation (Fig. 4). Of 21 cases, 19
demonstrated vasculitis with variable vessel-wall inflam-
mation, fibrinoid necrosis, luminal thrombosis and HAT
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Fig. 1 Ulceration and inflammation confined to the mucosa (as-
terisks, hematoxylin and eosin 48×). Inset: high power of encir-
cled ulcerated focus with numerous haematophagous trophozoites
(arrows) and necrotic debris (periodic acid Schiff 640×)
Fig. 2 Extension of inflammatory process up to submucosa (S)
with haematophagous amoebic trophozoites in advancing edge
(arrows, M mucosa) (periodic acid Schiff 320×)
Fig. 3 a Ulceration and extension of the inflammatory process in-
to the muscularis propria (P), luminal exudate (L) and zone of in-
farctoid necrosis (N). Haematophagous amoebic trophozoites (ar-
row) in advancing edge [periodic acid Schiff (PAS) 48×]. b Under-
mining (asterisks) of mucosa (M), zone of infarctoid necrosis (N),
haematophagous trophozoites in advancing edge (arrow) and
karyorrhexis (K, PAS 320×)
Fig. 4 Serosal and omental extension of inflammation with tropho-
zoites between adipocytes [periodic acid Schiff (PAS) 160×]. Inset:
intravascular haematophagous trophozoites (arrows, PAS 160×)



(Fig. 5a, b). Sixteen and four cases demonstrated total or
partial vascular luminal obliteration, respectively. Nec-
rotising small vessel vasculitis with leucocytoclasis,
compatible with leucocytoclastic vasculitis, was present
in 11 specimens (Fig. 5a). Arteritis and thrombophlebi-
tis, of medium sized submucosal and mesenteric veins in
association with mural HAT, were present in one and
nine cases, respectively (Fig. 5b).

Fibrinopurulent peritonitis with variable organisation
and HAT in the peritoneal exudate were present in 19 of
21 specimens. In 12 of 21 cases there was a dense fibrin-
opurulent exudate with a prominent granulation tissue
response while 7 cases demonstrated a fibrinous reac-
tion, scattered neutrophils and an early granulation reac-
tion in the distal third of the appendix only. Coincidental
schistosomiasis, ascariasis and trichuriasis were present
in 4, 2 and 1 cases, respectively.

Clinical outcome

Three patients aged 11 months, 11 years and 34 years
died before the diagnosis was confirmed. In these cases

there was a delay of 3–5 days before the appendicectomy
specimens reached the pathology laboratory. The appen-
dix from the infant and the 34-year-old patient demon-
strated amoebiasis from the tip to the proximal third, but
the resection margin was free of disease. The 11-year-old
patient demonstrated involvement of the middle and dis-
tal third of the appendix only. Of 18 patients in whom
treatment with metronidazole was instituted within 24 h
of appendicectomy, 16 who were followed up for an 8-
to 12-week period recovered uneventfully. Two patients
who had improved and were well on discharge did not
return for further follow-up.

Discussion

Amoebic appendicitis has been documented in patients
presenting with acute abdomen in association with cae-
cal disease in 7–40% of fatal cases of amoebiasis [16].
Some workers have stated that amoebic involvement of
the appendix arises exclusively or almost exclusively by
extension of the infection from the caecum and colon 
[4, 7]. Although in most cases amoebic appendicitis 
is accompanied by caecal involvement (Table 2), IAA,
although rare, is a distinct entity with examples of IAA
being reported mainly as individual case reports in the
literature (Table 2). The spectrum of amoebic appendice-
al pathology therefore encompasses amoebic infestation,
acute appendicitis in association with colonic/caecal in-
volvement and isolated amoebic appendicitis. In the
present study, the intra-operative diagnosis in all cases
was acute appendicitis. The adjacent caecum and ileum
appeared normal on the serosal surface. It is not possible,
however, to entirely exclude co-existent caecal involve-
ment despite the normal appearance. Based on the ab-
sence of amoebic ulceration at the surgical resection
margin in all cases and the localisation of the disease in
16 cases to the distal and/or middle third of the appen-
dix, IAA was diagnosed. In addition, the excellent out-
come following appropriate therapy in the present study
parallels the experience of some workers who have doc-
umented excellent outcome in IAA, as opposed to poor
outcome of patients with active caecal disease.

Parasitic lesions of the appendix, including those
caused by Schistosoma, Enterobius and Entamoeba spe-
cies, have long been known to involve the appendix and
to engender manifestations simulating acute appendicitis
[12]. The preoperative diagnosis of IAA is impossible
because there are no clinical features or diagnostic labo-
ratory tests that differentiate between amoebic and bacte-
rial appendicitis [12]. Amoebic appendicitis may be sus-
pected only if amoebae are identified in stool samples or
if there is co-existent intestinal amoebiasis. It is unclear
why some parasites become pathogenic and invasive,
promoting bacterial co-infection and typical acute appen-
dicitis. The exact sequential role of the amoebae and
bacterial flora in the initiation of the inflammatory pro-
cess is perplexing and speculative. That the amoebae are
pathogenic is exemplified by the presence of HAT, not
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Fig. 5 a Necrotising vasculitis (curved arrows) with karyorrhectic
debris in vessel wall (arrowheads) and extravascularly. Intravas-
cular haematophagous trophozoites [straight arrows, periodic acid
Schiff (PAS) 480×]. b Vein with thrombophlebitis, karyorrhectic
debris (asterisk) and haematophagous trophozoites (arrow) in vein
wall (PAS 160×)



only in the different layers of the bowel wall but also
within the vasculature. Amoebae, however, are depen-
dent on bacteria for their growth in vivo and in vitro
[31].

The presence of neutrophils in the inflammatory re-
sponse in amoebiasis may be due to secondary bacterial
infection or they may represent the earliest amoeba-in-
duced inflammatory response [7]. In the present study,
neutrophils and bacterial colonies were present in all
specimens. It is therefore not possible to determine
whether the presence of a primary bacterial appendicitis
altered the virulence of amoebae and converted them to
pathogenic virulent forms, or whether amoebic appendi-
citis arose denovo and the neutrophilic and bacterial
components were the secondary event. In addition, in six
cases a zonation phenomenon was evident that suggested
that the advancing inflammatory process in these cases
was driven by HAT and that this was followed by sec-
ondary bacterial superinfection. The exact significance
of the amoeba–bacterium relationship in the pathogene-
sis of the resultant acute appendicitis, however, is aca-
demic. What is of crucial importance is that the presence
of pathogenic amoebae must be recognised in order to
institute appropriate therapy and prevent more serious
complications that are associated with invasive amoebia-
sis. In the present study, IAA was not considered pre-
operatively, but the histopathological recognition of HAT
within the wall of the inflamed appendices confirmed the
diagnosis and ensured time-appropriate therapy.

Vascular pathology in amoebic colonic disease has
been implicated in the pathogenesis of fulminant trans-
mural colitis and has served as the link between amoebic
intestinal and extra-intestinal hepatic involvement [23,
29]. It has been stated that vascular changes such as dila-

tation and congestion are common and that “thrombosis
is rare, fibrin deposition and vasculitis are never seen”
[4]. The spectrum of vascular changes in amoebic colitis
has not been investigated in detail at a microscopic level.
Vascular pathology in IAA has not yet been described. In
the present study, vascular alterations, present in 19
cases, ranged from luminal plugging of capillaries and
venules by amoebic trophozoites, capillary and venous
thrombosis, leucocytoclastic or necrotising vasculitis,
thrombophlebitis and arteritis. Necrotising small vessel
vasculitis is associated with anti-neutrophil antibody 
associated diseases such as Wegener's granulomatosis
[14, 15]. Although the development of anti-neutrophil
cytoplasmic antibody in invasive amoebiasis is well re-
cognised and arteritis associated with thrombosis in
amoebic colitis has been documented, small-vessel nec-
rotising vasculitis has not been described in invasive in-
testinal amoebiasis [11, 19, 23, 28]. In their documenta-
tion of anti-neutrophil cytoplasmic autoantibody
(ANCA) positivity in invasive amoebiasis, Pudifin et al.
hypothesised that damaged neutrophils could generate an
immune response and contribute to the vascular patholo-
gy of invasive amoebiasis [28]. In the present series, the
underlying pathogenesis of necrotising small-vessel vas-
culitis is hypothesised to be either a direct toxic, histolyt-
ic event induced by the amoebae in the appendiceal wall,
or it may represent an immune-mediated response to
components of damaged neutrophils [30]. The latter may
be associated with concurrent bacterial or human immu-
nodeficiency virus (HIV) infection, the latter being im-
plicated in ANCA production and in vasculitis [10, 19].
Although necrotising small-vessel vasculitis was present
in all HIV-infected patients in the present study, it was
also noted in one HIV-negative patient and in two pa-
tients in whom the HIV status was not known. However,
the testing of only a minority of patients with HIV co-
infection in this study precludes determination of the 
exact impact of HIV on the spectrum of clinical and 
histopathological features, including the pathogenesis of
vasculitis, in IAA.

Gulati et al. have suggested that patients with IAA
should be managed conservatively with amoebicidal
drugs and antibiotics [12]. They advocated appendicec-
tomy only for patients whose cases had become compli-
cated with perforation or peritonitis. However, the dilem-
ma emanating from the present study is that the similari-
ties between bacterial and amoebic appendicitis make it
impossible to diagnose IAA pre-operatively. Although
acute appendicitis was diagnosed by clinical criteria in
all patients, two appendices appeared normal at surgery,
while 19 had features of appendicitis. In none was an in-
tra-operative amoebic aetiology considered. Had surgery
and histopathological examination not been performed in
the patients in the present study, treatment for amoebia-
sis would not have been instituted.

In the present study, 3 of 21 patients, including two
children, with IAA died. The appendicectomies from
these patients reached the pathology laboratory after a
delay of 3–5 days, resulting in delayed histopathological
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Table 2 Literature review of amoebic appendicitis (AA)

Study Total no. No. with AA

Caecal/colonic amoebiasis with appendiceal involvement
Clark (1925) [6] 186 76
Craig (1934) [13] 60 16
Strong (1936) [13] 100 7
Kean et al. (1956) [18]) 148 3
Torres (1967) [16] 2 2
Brandt and Tamayo (1970) [4] 295 24
Kapoor et al. (1972) [17]) 68 23
Poltera and Owor (1973) [26] 99 1
Judy (1974) [16] 8 8
Ciftci et al.a (1999) [5] 554 7

Isolated amoebic appendicitis
Vaandrager and Grimm (1961) [32] 1 1
Botman and Ruys (1963) [3] 1 1
Solimanb (1966) [32] 77 1
Gulati et al. (1971) [12] 1 1
Peison (1973) [25] 1 1
Bhaskar et al. (1988) [2] 1 1
Malik et al. (1994) [24] 1 1
Ciftci et al.a (1999) [5] 554 4

a Ciftci et al.: review of 554 cases of intestinal amoebiasis
b Soliman: review of 77 cases of non-specific bacterial appendicitis



diagnosis and treatment. Literature review reveals that
the diagnosis of amoebic appendicitis is usually made
late in the course of the disease or at autopsy [16]. It is
documented that appendicectomy is difficult to perform
due to the friability of the oedematous tissue [21, 22]. In
the Chicago epidemic of 1933, 41% of 32 patients who
underwent appendicectomy died [16]. Surgical manage-
ment of active amoebic conditions is associated with
poor outcome, high morbidity and mortality [18, 21, 22].
Although this holds true for the vast majority of invasive
amoebic conditions, the poor outcome associated with
surgery for amoebic appendicitis is not shared by all
workers or with the findings of the present study. Judy
stated that early diagnosis and treatment have the great-
est impact on morbidity and mortality and that the diag-
nosis of amoebiasis was not a contraindication to early
operation in a patient with an acute surgical abdomen
[16]. Peison reported that poor outcome in amoebic ap-
pendicitis was associated with spread from an adjacent
primary focus, such as the caecum [25]. In the rarely
documented cases of IAA the postoperative course has
been uneventful. It would appear that the gold standard
in the management of these patients is appropriate and
timely amoebicidal therapy, which is only possible if the
diagnosis of amoebic appendicitis is made.

In the present study, appendicectomy was a necessary
diagnostic procedure. Although amoebic appendicitis
was not considered clinically, only 3 of 21 patients with
IAA succumbed. Surgical resection, rapid histopatholog-
ical diagnosis and timely institution of appropriate thera-
py were responsible for the excellent outcome.
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Abstract A major characteristic of Chagas’ disease is a
myocarditis constituted primarily of mononuclear cells,
both during the acute and chronic phases of the disease.
Using monoclonal antibodies and image analyses we
have quantified canine CD8+ T cells (caCD8+ T cells),
canine CD4+ T cells (caCD4+ T cells) and neutrophils in
canine chagasic myocardiopathy induced by two strains
isolated from the first human clinical case of Chagas’
disease. We also evaluated the influence of tissue para-
sitism in the genesis of chronic myocarditis through
immunohistochemistry. As in human myocarditis, there
was a predominance of T lymphocytes in the inflammatory
infiltrate in all animals studied. In the dogs inoculated
with strain Berenice 78 (Be78) and necropsied during the
acute phase of infection, we found 58% caCD8+ and
42% caCD4+ T cells. In chronically infected animals,
53% of T cells were represented by caCD8+ and 47%
were caCD4+ T cells. Since normal canine lymphoid
organs are constituted by 70–80% caCD4+ T cells and
20–30% caCD8+ T cells our results indicate a higher
proliferation of caCD8+ T cells in dogs inoculated with
the Be78 strain. In chronic myocarditis induced by the

Berenice 62 (Be62) strain, caCD8+ cells constituted 33%
of the T cells and 67% were caCD4+ T cells, a proportion
similar to that found in normal canine lymphoid organs.
Since the Be78 strain induces greater loss of myo-
cardiocytes than strain Be62, we believe that the caCD8+

T cells, among other factors, can be important in the
genesis of these lesions. Amastigote nests and immuno-
histochemically labelled Trypanosoma cruzi antigen
were not found in dogs necropsied during the chronic
phase. The absence of the parasite in the myocardium
suggests the involvement of other mechanisms in the
genesis of the inflammatory process.

Keywords Trypanosoma cruzi · Chagasic
cardiomyopathy · Immunohistochemistry · Lymphocytes ·
Myocarditis

Introduction

Chagas’ disease (American trypanosomiasis) is caused
by the flagellate protozoa Trypanosoma cruzi and can be
divided into three phases: acute, indeterminate and
chronic [18]. High parasitaemia and tissue parasitism
leading to acute myocarditis are observed during the
acute phase without clinical signs of the disease. As
immune response develops, parasites start to disappear
from blood and tissues, due mainly to the presence of
interferon-gamma (IFN-γ) [35], CD8+ T lymphocytes
[32] and macrophages [21]. Nevertheless, the parasite is
not completely eliminated, even in the presence of those
elements. Gradually, the intensity of inflammation is
reduced significantly, being focused on the myocardium
for a long period (indeterminate phase). After this period,
a chronic fibrosing myocarditis and other lesions that
could culminate in congestive cardiac insufficiency are
observed in some hosts [25]. Some mechanisms have
been suggested in an attempt to explain the pathogenesis
and development of this cardiopathy, such as direct
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tissue destruction by T. cruzi, lesions in the intracardiac
nervous system, chagasic microangiopathy, fibrosis and
autoimmunity [25, 30]. The mechanisms involved in the
genesis of chronic chagasic myocarditis are very contro-
versial, and inflammatory infiltrate has a crucial role in
the induction of congestive cardiac insufficiency in
chronic Chagas’ disease [4]. The presence of a predomi-
nantly chronic lymphocyte infiltrate in the absence or
scarcity of parasites has suggested the involvement of
immune mechanisms [9, 10]. These mechanisms can be
important in the emergence of lesions in the myo-
cardiocytes and in exacerbation of the inflammatory
process. Although there is a vast literature about this
subject, little is known about the immunological mecha-
nisms that control changes in local and general reactivity
of the host during evolution of the chagasic infection.
Identification of these cells and the study of such mecha-
nisms are of fundamental importance for elucidation of
the natural history of Chagas’ disease and, consequently,
for the research and application of therapeutic methods
in chagasic patients.

We have demonstrated that acute and chronic phases
of Chagas’ disease are easily reproduced in the dog, and
are very similar to what happens in humans [16, 17, 31].
Based on this experimental Chagas’ disease model, we
decided to perform for the first time the immunohisto-
chemical characterisation of caCD8+ and caCD4+ T cells
present in inflammatory infiltrate of acute and chronic
canine chagasic cardiomyopathy. We also evaluated the
influence of the tissue parasitism in the genesis of chronic
myocarditis by examining amastigote nests and immuno-
histochemically labeled T. cruzi antigens.

Materials and methods

Dogs and infection

Twenty-nine young mongrel dogs (65–70 days old) were used in
the experiment. Dogs were born and maintained in animal facilities
under controlled experimental conditions: they were all negative
for anti-T. cruzi antibodies and had a normal haemogram and
electrocardiogram.

Nine animals were inoculated with 2000 metacyclic trypomasti-
gotes/kg Berenice 78 strain (Be78) by the conjunctival route and
were necropsied during the acute phase of infection. Six dogs
were inoculated with the Be78 strain and another five dogs with
the Be62 strain [15] and were submitted to necropsy during the
chronic phase. These strains were isolated from the patient Berenice,
who is considered the first human clinical case of Chagas’ disease
[8]. Infection of the dogs was confirmed through examination of
fresh blood. The nine remaining animals constituted the control
group, three for the acute and six for the chronic phase.

Necropsy

All animals were sacrificed by means of a thionembutal injection
(Abbot, São Paulo, Brazil). Nine dogs inoculated with the Be78
strain were sacrificed about 33 days after infection, and the
remaining 11 chronically infected dogs were sacrificed between
22 months and 129 months after infection. Necropsy was performed
and a fragment of approximately 1.0×1.0×0.2 cm from the right
atrial wall was taken. Smaller fragments were prepared from this

material for histopathological and immunohistochemical processing.
The nine control dogs were sacrificed at the same age as the
experimental animals.

Histopathology

Fragments were fixed in 10% buffered formalin solution, dehydrated,
cleared and embedded in paraffin. Blocks were cut into
4-µm-thick sections stained with haematoxylin and eosin (H & E)
and Gomori’s trichrome. Control dogs were analysed for histo-
pathology only.

Immunohistochemistry for T. cruzi

About 60 histological sections per animal also obtained from
paraffin-embedded fragments were utilised for T. cruzi detection.
Polyclonal anti-T. cruzi serum was obtained from a rabbit immunised
with T. cruzi Y strain. The sections were incubated with anti-T.
cruzi serum diluted 1:500 overnight at 4°C. Subsequently, the
sections were incubated with biotinylated anti-rabbit IgG and
peroxidase-conjugated streptavidin (LSAB Kit, Dako Corporation,
Carpinteria, Calif.). Labelling was detected using 3,3′-diamino-
benzidine tetrahydrochloride. Sections obtained from canine acute
myocarditis rich in amastigote nests were used as positive controls.
In some sections, primary antiserum was substituted for phosphate-
buffered saline (PBS) as a negative control. The sections were
counterstained with diluted Harris’s haematoxylin. Sections were
qualitatively analysed in an attempt to evaluate the intensity of the
inflammatory infiltrate in relation to the possible presence of
amastigote nests.

Immunohistochemistry for caCD5, caCD8 and caCD4

Fragments from the right atrial wall and spleen were taken and
kept on dry ice at –70°C. Frozen fragments were fixed in 100%
acetone at –20°C overnight, dehydrated, infiltrated and included in
catalysed acrylic monomer (JB-4 Kit; Polysciences, Inc., Warrington,
Pa.) at 4°C [7, 29]. Serial 4-µm-thick sections were obtained using
an automatic Reichart-Jung microtome. Sections were washed
with PBS, pH 7.2, followed by a treatment with 3.5% PBS/H2O2
solution for blocking endogenous peroxidase. Unspecific binding
was blocked by goat serum diluted 1:50. The following monoclonal
antibodies, diluted 1:10, were used subsequently and incubated
overnight at 4°C: anti-canine CD5 (caCD5), anti-canine CD8
(caCD8) and anti-canine CD4 (caCD4) rat IgGs (Serotec Ltd.,
Oxford, UK). The sections were then incubated with biotinylated
goat IgG diluted 1:50 (Zymed Laboratories Inc., San Francisco,
Calif.), washed once more in PBS and incubated with streptavidin
diluted 1:100 (Zymed Laboratories Inc.). Colour was detected
using a solution of 0.05% diaminobenzidine and 0.2% H2O2 at
room temperature for 10 min. Sections were counterstained with
diluted H & E and mounted on balsam. Spleen sections were used
as positive controls. Primary antiserum was substituted by PBS in
some sections constituting the negative control.

Morphometric analyses

Analyses of sections labelled with anti-caCD5,
caCD8 and caCD4 antibodies

All positive cells were counted in 30 random images (fields) at 40×
from each section labelled with anti-caCD5, caCD8 and caCD4
antibodies making up 90 images and a total area of 4.8×106 µm2

from each animal. The images were obtained through a JVC TK-
1270/RGB microcamera and the KS300 software built in a Kontron
Elektronick/Carl Zeiss image analyser [5]. The immunohistochemical
reactions were interpreted according to Williams [36]. caCD5 is
considered the best canine PAN-T marker and thus indicated the
total number of T cells in the inflammatory infiltrate. The caCD8 is
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a marker for cytotoxic T cells, while caCD4, different from that in
humans and other species, is a marker for both helper T cells and
neutrophils. For this reason it was necessary to perform the calcula-
tions bellow to obtain the total number of caCD4+ T cells:

● Number of caCD4+ cells (helper T cells and neutrophils)
+ number of caCD8+ T cells = X

● X – number of caCD5+ T cells = number of neutrophils
● Number of caCD4+ cells – number of neutrophils = number of

caCD4+ T cells (helper T cells)

To verify the number of neutrophils obtained using the formulae
above, neutrophils were also counted in 30 random images at 40×
in sections stained with H & E (also looking at a total area of
4.8×106 µm2 for each dog). The number of neutrophils obtained
using this counting and the immunohistochemical method was
compared using the Wilcoxon test (GraphPad InStat software).

Results

Necropsy and histopathology during the acute phase

Four of the nine animals infected with T. cruzi exhibited
variable degrees of cardiomegaly: hearts had a globous
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Fig. 1 Myocardium of dogs inoculated with Trypanosoma cruzi
Be78 strain. a Intense acute myocarditis constituted by a mononu-
clear infiltrate especially rich in lymphocytes that dissociates bun-
dles of myocardiocytes. Amastigote nest (arrowhead). Haematox-
ylin and eosin ×440. b Chronic fibrosing myocarditis constituted
by a mononuclear infiltrate especially rich in lymphocytes and ac-
centuated diffuse interfascicular fibrosis. Gomori’s trichrome
×120. c Immunohistochemistry for T. cruzi in myocardium of a
dog necropsied during the acute phase. Note the presence of
strongly stained amastigote nests. Haematoxylin counterstained
×230. d Immunohistochemistry for T. cruzi in myocardium of a
dog necropsied during the chronic phase. Note the presence of
chronic inflammatory infiltrate in the absence of amastigote nests.
Haematoxylin counterstained ×230



shape, their tips were formed by the two ventricles and
cardiac chambers were dilated, especially the right atrium.
Hydroperitoneum, hydrothorax, hydropericardium and
lymph-node hypertrophy were also observed in the
majority of the chagasic dogs. Acute myocarditis was
detected under light microscopy in all of the animals
(Fig. 1a); myocarditis was moderate to intense and was
constituted by a predominantly mononuclear infiltrate,
especially rich in lymphocytes, and also had macro-
phages, neutrophils and plasmocytes in smaller amounts.
This infiltrate showed endomysial distribution between
normal, degenerated or necrotic myocardial cells. Amasti-
gote nests were also observed. Myocardium of the three
control dogs was completely normal and did not exhibit
any kind of inflammatory focus.

Necropsy and histopathology during the chronic phase

Two of the eleven animals infected with T. cruzi exhibited
cardiomegaly. Hydropericardium was observed in the
majority of the chagasic dogs. Chronic chagasic myocar-
ditis was also detected under light microscopy in all ani-
mals (Fig. 1b); diffuse and focal myocarditis was discreet
to moderate and was constituted by a mononuclear infil-
trate especially rich in lymphocytes. The presence of
neutrophils and amastigote nests was not detected after
exhaustive analysis of the sections. The deposition of
perimysial and endomysial extracellular matrix occurred
at variable degrees, promoting disorganisation and isolation
of muscle bundles. Myocardium of the six control dogs
was histologically normal with rare mononuclear cells.

Search for amastigote nests during chronic phase

All of the amastigote nests in canine acute myocarditis
exhibited positive immunohistochemical reactions (Fig. 1c).
Amastigote nests were not found in the myocardium
of chronically infected dogs. In all myocardium
regions where an inflammatory infiltrate was observed,
sometimes associated with lesions of myocardiocytes,
neither amastigote nests nor immunohistochemically
labelled T. cruzi antigens were detected (Fig. 1d).

Immunohistochemical quantification of caCD5+,
caCD8+ and caCD4+ T cells during acute phase

In sections of the spleen it was possible to verify the
positivity of the reactions in T-dependent areas. Substi-
tution of primary antisera for PBS yielded a negative
reaction. Quantitative analysis confirmed that most of
the cells in the inflammatory infiltrates expressed caCD5
pan T-cell marker in canine acute chagasic myocarditis
(Fig. 2). When sections were qualitatively analysed, a
difference between the number of caCD8+ and caCD4+

cells was not observed (Fig. 3a, b). However, the quanti-
tative analysis showed a heterogeneous distribution
in the number of caCD8+ and caCD4+ T cells in the
animals studied here (Fig. 2). Five dogs exhibited more
caCD8+ than caCD4+ T cells. In the other four dogs, a
number similar to those of the two lymphocyte subpopu-
lations was found: 58% were caCD8+ cells and 42%
caCD4+ T cells. Means, standard deviations of caCD5+

T cells, caCD8+ T cells, caCD4+ T cells and
caCD4:caCD8 ratios are shown in Table 1. Mean and
standard deviation of neutrophils when using the immuno-
histochemical method were 277±85.16, while in the
sections stained with H & E it was 266±89.46. Statis-
tical analysis using the Wilcoxon test (P=0.16) showed
that there was no difference in the countings in
either of the two methods (immunohistochemical and
H & E-stained sections). 
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Fig. 2 Number of neutrophils, caCD5+, caCD8+ and caCD4+

T cells in dogs inoculated with T. cruzi and necropsied during the
acute phase. Dogs 1, 2, 3 and 9 showed cardiomegaly

Table 1 Means of caCD5+,
caCD8+, caCD4+ T cells and
caCD4:caCD8 ratios in acute
and chronic myocarditis induced
by Trypanosoma cruzi Be78
and Be62 strains

Groups caCD5+ T cells caCD8+ T cells caCD4+ T cells caCD4+:caCD8+

Acute Be78 3278±392.65 1901±218.96 1376±340.03 0.72
Chronic Be78 800±203.15 411±114.16 365±98.12 0.88
Chronic Be62 1018±315.98 336±148.23 677±186.39 2.01

Fig. 3 Immunohistochemistry reaction for caCD8 and caCD4 in
myocardium of dogs necropsied during acute and chronic phases.
a Acute myocarditis showing a large number of strongly labelled
caCD8+ T cells. b Myocardium of the same dog also showing
large number of intensely stained caCD4+ T cells. c Chronic
myocarditis induced by the Be78 strain showing a focus of
caCD8+ T cells, close to damaged myocardiocytes (arrowheads)
and without parasitism. d The same region contains a similar
number of caCD4+ T cells. e Chronic myocarditis induced by
the Be62 strain showing absence of caCD8+ T cells. f caCD4+

T cells in the same region. Haematoxylin and eosin counterstained
×440

▲
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Immunohistochemical quantification of caCD5+,
caCD8+ and caCD4+ T cells during chronic phase

In all of the dogs sacrificed during the chronic phase, the
counting of caCD5+cells confirmed that most cells in the
inflammatory infiltrates expressed the pan T-cell marker
in canine chronic chagasic myocarditis. In the dogs
inoculated with the Be78 strain, the countings of these
cells also showed a different distribution in the animals
studied (Fig. 4), although this difference was not verified
qualitatively between the caCD8+ and caCD4+ populations
(Fig. 3c, d): 53% were caCD8+ T cells and 47% were
caCD4+ T cells. In the dogs inoculated with the Be62
strain, a greater number of caCD4+ T cells (67%) was
found in comparison with caCD8+ T cells (33%; Fig. 3e,
f and Fig. 5). Means, standard deviations and
caCD4:caCD8 ratios are shown in Table 1. 

Discussion

This study allowed us to characterise the major cells
involved in acute and chronic canine chagasic myocarditis
and to evaluate the influence of tissue parasitism on the
chronic inflammatory infiltrate using immunohistochem-
istry. Quantitative studies of the cells that constitute acute
inflammatory infiltrates are not unanimous as to the
predominant cell type. Immunohistochemical studies
revealed that CD8+ T cells predominate in murine acute
chagasic myocarditis [28, 29]. However, another report
demonstrated that neutrophils predominate and that CD4+

T cells are the majority among lymphocytes [39]. In the
rat, results point both to CD8+ T cells [26] or macro-

phages as the predominant cells of infiltrates, followed by
a few CD8+ T cells and natural killer cells [27]. Recently
it was verified that CD8+ and CD4+ T cells are present in
similar proportions in human acute chagasic myocarditis
[11] as opposed to the chronic phase in which CD8+ T
cells predominate in a CD4:CD8 ratio equal to 0.3 [13,
23]. Looking at our mean results, we saw a tendency of
caCD8+ T cells to be present in slightly higher pro-
portions than caCD4+ T cells during acute and chronic
myocarditis in dogs inoculated with the Be78 strain. In
lymphoid organs of normal dogs, caCD4+ and caCD8+

T cells constituted 70–80% and 20–30% of total caCD5+

T cells, respectively [22], showing a 3:1 ratio. As seen
before in canine distemper encephalitis [37], a decrease
in the caCD4:caCD8 ratio points to an important increase
in the number of caCD8+ cells in dogs inoculated with
strain Be78. Preliminary results showed a significant
increase in the number of caCD8+ T cells also in the
circulating blood and in the spleen of these dogs [6].
Curiously, dogs inoculated with strain Be62 showed higher
numbers of caCD4+ T cells in comparison with caCD8+

T, in a ratio close to that found in lymphoid organs of
normal dogs. In these animals, a greater number of
caCD4+ T cells was also detected in the circulating blood
and in spleen [6]. Quantitative data have shown that in
chronic myocarditis induced by strain Be78, there is more
destruction of myocardiocytes than that induced by strain
Be62 (M.V. Caliari, unpublished observations). The pres-
ence of higher numbers of caCD8+ T cells in dogs inocu-
lated with Be78 suggests an important role for such cells
in the genesis of these lesions. CD8+ T lymphocytes are
thought to be the major T-cell subset responsible for
immunopathology during the chronic Chagas’ disease [32].

Autoimmune mechanisms have been postulated as
one of the factors in the development of chronic chagasic
cardiopathy. Induction of chronic chagasic myocarditis
through injection of T. cruzi in monkeys [20] and rabbits
[34] has shown that mechanisms other than rupture of
amastigote nests may be involved in the pathogenesis.
Spleen lymphocytes isolated from mice chronically
infected with T. cruzi developed in vitro cytotoxic activity
against myocardiocytes. These animals exhibited chronic
myocarditis with exsudation predominantly formed by
mononuclear cells in the absence of tissue parasitism [1].
Grafting of syngeneic newborn hearts in mice chronically
infected with T. cruzi was rejected by the 20th day post-
transplantation while in normal syngeneic receptors
grafts were maintained for several months [24]. Anti-
CD4 treatment established tolerance to syngeneic cardiac
grafts in chronically infected animals. These results are
questioned by some authors who could only reproduce
the rejection after inoculation of T. cruzi in the graft
[33]. The presence of T-lymphocyte clones from chronic
chagasic cardiopathy that were able to simultaneously
recognise cardiac myosin and T. cruzi B13 protein has
been demonstrated [10]. In our opinion, autoimmunity is
of great importance in understanding the pathogenic
mechanisms on Chagas’ disease; thus, all efforts should
be made to continue research in this area.
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Fig. 4 Number of caCD5+, caCD8+ and caCD4+ T cells in dogs
inoculated with Trypanosoma cruzi Be78 strain and necropsied
during the chronic phase. Dog 4 showed cardiomegaly

Fig. 5 Number of caCD5+, caCD8+ and caCD4+ T cells in dogs
inoculated with Trypanosoma cruzi Be62 strain and necropsied
during the chronic phase. Dog 3 showed cardiomegaly



In principle the chronic inflammatory infiltrate does
not seem to correlate with parasitism since parasitised
cells are rarely found [19]. One of the hypotheses put
forward to explain myocarditis genesis is that a silent
multiplication of T. cruzi could stimulate emergence of
inflammatory foci. The difficulty in finding parasites in
chronic myocarditis testifies against that hypothesis, sug-
gesting that it is not the main mechanism involved in the
disease. However, amastigote nests and T. cruzi antigens
have been observed during the chronic phase of Chagas’
disease by means of immunohistochemistry [12, 38] or
polymerase chain reaction (PCR) [2, 14]. In all of the
studied dogs, we did not find amastigote nests or im-
munohistochemically labelled T. cruzi antigens in the
myocardium, although we have demonstrated that all of
them were PCR positive in the blood [3]. In situ PCR re-
actions, which we will perform for these dogs, will clari-
fy the level of involvement of the parasite in canine
chronic chagasic myocarditis. Absence of parasite in the
myocardium of these dogs suggests involvement of other
mechanisms in the genesis of the inflammatory process.

In conclusion, in dogs, T lymphocytes are the pre-
dominant cells during acute and chronic chagasic myo-
carditis, similar to what is known for the human disease.
The caCD4+:caCD8+ ratio in myocardium of dogs inocu-
lated with the Be62 strain was close to that found in lym-
phoid organs of normal dogs. In contrast, an inversion of
the caCD4+:caCD8+ ratio was observed in the dogs inoc-
ulated with strain Be78, indicating a greater caCD8+ T
cell proliferation. Since strain Be78 brings about more
destruction of myocardiocytes than Be62, it is possible
that a higher number of CD8+ T cells is a determining
factor in the genesis of these lesions.

Absence of parasites in the myocardium suggests the
existence of other mechanisms that could be inducing in-
flammation. We have frequently noticed the presence of
lymphocytes in close contact with damaged myocardiocy-
tes. In the absence of vascular lesions, such morphological
findings suggest that autoaggression could be one of the
factors that generate chronic chagasic myocarditis.
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Abstract Cyclooxygenase-2 (COX-2) and Bcl-2 have
been implicated in upper gastrointestinal tract carcino-
mas, but the underlying mechanisms are not known. In
the present study we assessed the correlation of COX-2
and Bcl-2 to known cell kinetics in the glandular stom-
ach mucosa of 104 Wistar rats given combinations
of Helicobacter pylori, MNNG (N′-methyl-N′-nitro-N-
nitrosoguanidine) and bile. COX-2 expression, Bcl-2 and
cell proliferation (Ki-67) in antral and corpus mucosa
were determined immunohistochemically. Apoptotic
cells were detected using terminal uridine deoxynucleo-
tidyl nick end labelling technique. Expression of COX-2
was found in the lower portion of glandular corpus epi-
thelium, and Bcl-2 positivity was mainly seen in the pro-
liferative zone of both antrum and corpus mucosa. COX-
2 expression in histologically normal-appearing corpus
mucosa was associated with cell proliferation, atrophy
and intestinal metaplasia in antrum and with Bcl-2
expression in corpus mucosa. No correlation was found
between apoptosis and Bcl-2 expression. MNNG but not
H. pylori significantly increased COX-2 in corpus mucosa.
H. pylori, however, promoted the COX-2 expression in
corpus when bile was added and Bcl-2 expression in
antrum. Abnormal expression of both COX-2 and Bcl-2
seem to be involved in H. pylori-induced gastric carcino-
genesis by altering the gastric cell kinetics.

Keywords Bcl-2 protein · Cyclooxygenase-2 ·
Cell proliferation · Helicobacter pylori · Gastric cancer

Introduction

Helicobacter pylori infection is thought to have an
important role in the early stages of gastric carcinogenesis
[4]. The mechanisms of the putative carcinogenic effects
by H. pylori are still virtually unknown. Increased cell
proliferation is a common finding in premalignant
lesions and neoplasia. In vivo studies of H. pylori-infected
humans and animals conclude that the presence of H. pylori
and its inflammatory response are associated with
increased number of proliferating cells in gastric mucosa
[1, 15]. It has been proposed that H. pylori may act as a
tumour promoter by changing both proliferation and
apoptosis of the gastric epithelium [21].

MNNG (N-methyl-N′-nitro-N-nitrosoguanidine) has
proved to be one of the most powerful mutagenic and
carcinogenic compounds that regularly induces adeno-
carcinomas in the pylorus mucosa of Wistar rats when
given in the drinking water [29]. Co-administration of
MNNG with bile into the stomach is known to enhance
its carcinogenic activity [9]. We have recently introduced
the Wistar rat model in studying the role of H. pylori in
gastric cancer, also adding MNNG and/or bile [15].

Cyclooxygenase (COX)-2 is a key enzyme in stomach
mucosa that catalyses the formation of prostaglandins
and other eicosanoids from arachidonic acid. The COX-2
expression can be induced by various stimuli such as
mitogens, hormones, cytokines and growth factors.
Furthermore, enhanced COX-2 expression in man has
been linked to H. pylori infection [8, 30]. Increased
COX-2 expression may be important in early stages of
gastric carcinogenesis [14], with potential roles such as
inhibition of apoptosis [32] and increase of cell prolifer-
ation [26].

Bcl-2 is a proto-oncogene, and its protein has often
been shown to inhibit apoptosis and to promote growth
without increasing proliferation. Reduced apoptosis may
cause tumour cells to survive longer and to accumulate
genetic mutations. Abnormal Bcl-2 expression has been
seen in gastric precursor lesions with persistence
throughout the neoplastic progression to cancer [19, 34].
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H. pylori infection may induce epithelial cell apoptosis,
by Bak-dependent pathway, with little change in expres-
sion of Bcl-2 [2].

The association of COX-2 and Bcl-2 expression to
both gastric cancer and H. pylori infection suggests that
these proteins may be of importance in H. pylori-associated
gastric carcinogenesis. In a previous study we examined
what role H. pylori had in mucosal cell kinetics in the
glandular stomach of Wistar rats exposed to combina-
tions of H. pylori, MNNG and bile[15]. In the present
study we aimed to investigate the COX-2 and Bcl-2
expressions in rat mucosa and their relationship to cell
kinetics.

Materials and methods

Animals

The methodology, except for COX-2 and Bcl-2 expression, has
been described in detail elsewhere and is only outlined below [15].
One hundred and four 8-week-old, male Wistar rats weighing
about 200 g were used. These animals have recently been studied
with regard to gastric cell kinetics and morphology in antrum [15].
The animals were housed in Macrolon cages, two rats per cage, in
a room with regulated temperature (20–22°C), humidity (50–60%)
and a 12-h/12-h light/dark cycle. The rats were allowed at least
1 week of acclimatisation before the experiment. The animals had
free access to drinking water and Rat and Mouse Diet No. 2 (B&K
Universal, Sollentuna, Sweden). Body weight was controlled
every second week. Termination and autopsies were performed
when the rats were sick or after experimental week 37. The care of
the animals and the experimental procedures were carried out
according to accepted standards and with approval of the regional
ethics committee.

H. pylori strain

H. pylori (He l73, vacA+, cagA+) used in this study was isolated
from a patient with duodenal ulcer. The strain was rat adapted
[11].

Chemicals

A stock solution of MNNG (Aldrich Chemicals, Inc., Milwaukee,
Wis., USA) was prepared every second week with distilled water
to a concentration of 1 g/l. The solution was kept in the dark at
4°C. Every other day an aliquot of this stock solution was diluted
with tap water to a concentration of 100 mg/l. The solution was
provided in light-shielded bottles ad libitum to MNNG-animals as
the drinking water. Control animals were given only tap water.
Taurocholic acid (Sigma Chemicals, Sweden) was added to the
ground meal at a concentration of 0.25%, which was then pelleted.

Study design

The animals were randomly separated into two groups. Sixty-two
rats (H. pylori, n=11; H. pylori + MNNG, n=18; H. pylori + bile,
n=13; H. pylori + MNNG + bile, n=20) were given the H. pylori
suspension (about 5×108 CFU/ml) by gavage (2 ml/rat) four times
over a 5-day period. Three hours before the first inoculation the
rats were given omeprazole (Astra Hässle AB, Mölndal, Sweden)
400 µmol/kg suspended in carbonate-buffered 0.5% Hydroxypro-
pylmethylcellulose (Shinyetsu, Japan), pH 9, by gavage [13].The
control groups consisting of 42 animals (MNNG, n=10; bile,
n=10; MNNG + bile, n=12; nontreated n=10) were kept for the

same period of time but they were not inoculated. Four weeks
after the inoculation of H. pylori the treated rats and controls were
separated into eight subgroups. The treated and the control ani-
mals received tap water, MNNG, bile or a combination of MNNG
and bile for 32 weeks. All rats were sacrificed 37 weeks after the
study commenced, blood was sampled and serum was separated
and stored at –20°C until analysis. The stomach was opened along
the greater curvature and was carefully examined, as were all
other organs. All subsequent investigations were performed by
operators blinded with regard to the different treatment groups.

Histopathological examination

The stomach was fixed in 10% neutral-buffered formalin for 48 h
at room temperature and embedded in paraffin. Five-micron
sections were stained with hematoxylin and eosin, Giemsa and
periodic acid–Schiff and examined for morphological lesions and
the presence of bacteria.

Histological parameters included assessment of degree of
inflammation, erosions, presence of goblet cell metaplasia, focal
atrophy, dysplasia and adenocarcinoma. The inflammation score
was based on criteria described by Mohammadi et al. [18].

Detection of H. pylori

H. pylori was cultured on GC II agar plates (BBL, Cockeysville,
Md., USA) at 37°C under microaerophilic conditions for
4–14 days. One in-house enzyme-linked immunosorbent assay
was used to demonstrate serum IgG anti-H. pylori antibodies as
described by Mohammadi et al. [17]. For histological detection of
H. pylori Giemsa stain was used. The definition of a H. pylori-
positive animal was at least one positive test with histology,
serology or culture.

Immunohistochemistry

Immunohistochemical staining for Ki-67, COX-2 and Bcl-2
was performed using an antigen-retrieval system and a Dako
Techmak500 Plus immunostaining machine (Dako, Glostrup,
Denmark). For each primary antibody and tissue, negative controls
were run by replacing the primary antibody with nonimmune
serum.

Proliferation

Gastric epithelial cell proliferation in the antrum mucosa was
assessed using the aviditin–biotin peroxidase complex method
(Dako). The monoclonal antibodies used were MIB-5, specific for
rat Ki-67 antigen (Dianova, Hamburg, Germany) [6]. For each
primary antibody and tissue, negative controls were run by replacing
the primary antibody with nonimmune serum.

Proliferation was assessed by counting 1000 epithelial cells in
antral mucosa approximately 400 µm from the gastroduodenal
junction and 3 mm from the squamous epithelium in corpus. A
310-µm-wide swath, perpendicular to the mucosal surface and
comprising the entire thickness of the mucosa was used. Within
the swath, all labelled as well as unlabelled epithelial cells were
counted. Special attention was paid to assessing these measure-
ments only in slides containing vertical cuts. Areas with artefacts
such as foldings of the tissue sections were omitted from counting.
The results were expressed as labelling index (Mib-5-LI), which is
the percentage of labelled cell nuclei over the total number of
counted epithelial cell nuclei [12].

COX-2

Polyclonal rabbit antisera against murine COX-2 were purchased
from Cayman Chemical Co (Ann Arbor, Mich., USA). The
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expression of COX-2 was estimated using an image analysis tech-
nique with a Leica DMRXE microscope (Leica Microsystems
Wetzlar GmbH, Germany). The image processing and analysis
was performed using the Leica Q-Win (Leica Microsystems Imaging
Solutions Ltd., Cambridge, U.K.) analysis program. Starting at the
squamoglandular junction, every second of 20 fields of view with
their lower border at the muscularis mucosae layer (10 fields of
view totally; magnification 1500× on the computer screen) was
evaluated. Every field of view measured 0.02 mm2, the total evalu-
ation area being 0.2 mm2. The immunohistochemically COX-2-
positive areas in the lower part of the corpus mucosa was identi-
fied in the hue, saturation and intensity space on a computer moni-
tor and demarcated by thresholding using standard procedures of
the software (Fig. 1a–c). The results are given as the mean
percentage of COX-2-positive area per field of view.

Bcl-2

Mouse monoclonal antibodies against Bcl-2 were used (Bcl-2:
sc-7382, Santa Cruz Biotechnology, Inc. Santa Cruz, Calif., USA).
The number of positively stained epithelial cells in the full depth
of the mucosa were counted in two 3-mm-long parts of the
stomach. In the antrum, counting started at the gastroduodenal
junction and in the corpus 3 mm distally of the squamoepithelial
junction. Only cells with larger nuclei identifiable as epithelial
type were counted in order to omit Bcl-2-positive leucocytes with
small darker nuclei within the epithelium. The results were
expressed as a Bcl-2 index, which represents the number of Bcl-2-
positive cells/mm mucosal length.

Apoptosis

Apoptotic cells were identified with the terminal uridine deoxy-
nucleotidyl nick end labelling technique using the In Situ Apoptosis
Detection Kit (Oncor, Gaithersburg, Md., USA). The number of
positively stained epithelial cells in the full depth of the mucosa
were counted in two 3-mm-long parts of the stomach. In the
antrum, counting started at the gastroduodenal junction and in the
corpus 3 mm distally of the squamoepithelial junction. The results
were expressed as an apoptotic index, which represents the
number of apoptotic cells/mm mucosal length [11].

Statistics

The nonparametric Mann-Whitney U test was used for pairwise
comparisons, while the Kruskal-Wallis test was used for overall
comparisons between the groups. Chi-squared test for trend was
used to analyse the relationship between COX-2 expression and
mucosal atrophy respectively goblet cell metaplasia. Spearman
rank-correlation coefficients were calculated to analyse the relation-
ship between Mib-5-LI, apoptosis, COX-2 and Bcl-2. Significance
was defined as P<0.05.

Results

A total of 57 of 62 H. pylori-inoculated rats were colonised
(one rat each from the subgroups H. pylori + MNNG and
H. pylori + bile and three rats from H. pylori + MNNG+
bile were not colonised and thus excluded). All non-
infected rats, as well as eight animals that died of pneu-
monia according to autopsy, were excluded from the
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Fig. 1 a Photomicrograph of the corpus mucosa showing areas
stained and not stained with cyclooxygenase-2 (COX-2) antibodies.
Bar 100 µm. b Photomicrograph of the lower part of the corpus
mucosa showing COX-2 staining primarily in chief cells. The
arrow indicates a single inflammatory cell positive for COX-2

between the glands. Bar 25 µm. c Photomicrograph of the same
field of view as in b. Red areas show the COX-2 positive cells
that have been thresholded with the image analysis software
before measurement. Bar 25 µm



subsequent investigations (three rats from MNNG + bile,
four from H. pylori + MNNG + bile and one from the
nontreated group).

Histopathological findings

These results have been described in detail elsewhere
and are only outlined below [15]. The mucosal inflam-
mation was dominated by infiltration of lymphocytes
and macrophages and was localised to the antrum and
the corpus/antrum transition zone. Rarely, inflammatory
cells were seen in corpus.

In contrast to H. pylori infection, MNNG treatment
was associated with focal atrophy and areas with atypical
cells in antrum in more than 50% of all animals. These
animals also showed goblet cell metaplasia in 10–50% of
the cases. Dysplasia was found in three rats (two MNNG
+ bile, one MNNG), and two rats had adenocarcinoma
(MNNG + bile) in the antrum. No animals had atrophy,
goblet cell metaplasia, dysplasia or cancer in corpus.

Epithelial proliferation and apoptosis

Gastric antrum

As previously reported [15], the H. pylori group had
significantly higher Mib-5-LI (P<0.003) but not apoptotic
index (P=0.21) than the control group. Furthermore,
H. pylori promoted the Mib-5-LI in the bile group
(P<0.002). The number of apoptotic cells was higher in
the MNNG group than the H. pylori + MNNG group
(P<0.01). Both the MNNG and the MNNG + H. pylori
groups had higher apoptotic indices and Mib-5-LIs than
the control group. The bile and control groups did not
differ in LIs or apoptotic indices.

Gastric corpus

The H. pylori group had significantly higher Mib-5-LI
(P<0.02) but not apoptotic index (P=0.22) than the con-

trol group. Furthermore, H. pylori promoted the Mib-5-
LI in the MNNG + bile group (P<0.03). All MNNG-
treated groups had significantly higher apoptotic indices
(Table 1) and Mib-5-LIs than the nontreated control
group. The bile-treated and the control groups did not
differ in Mib-5-LIs or apoptotic indices.

COX-2 and Bcl-2 expression

Gastric antrum

COX-2 expression was only found in a few inflammatory
cells in antral mucosa. In Bcl-2-positive epithelial cells,
immunolabelling was seen throughout the cytoplasm
(Fig. 2). When present, the immunolabelling was mainly
seen in the area of the proliferative zone of the glands.
Bcl-2 expression was significantly higher in the H. pylori
group (P<0.01) and the MNNG group (P<0.03) than the
control group (Fig. 3). 

Gastric corpus

COX-2 expression was found in corpus mucosa in all
treated animals as well as in the nontreated controls.
Strong cytoplasmic immunoreactivity for COX-2 was
observed in the lower portion of the epithelial glands.
Predominantly chief cells, but also parietal cells and a
few inflammatory cells were stained. COX-2 expression
was significantly higher in all MNNG-treated animals
(P<0.001) and the H. pylori + bile group (P<0.001) than
either the controls or the bile group (Fig. 4). COX-2
expression was also increased in the H. pylori group, but
not significantly, when compared with controls (P<0.07).
However, H. pylori infection promoted COX-2 expression
in the H. pylori + bile group when compared with bile
group alone (P<0.002).
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Table 1 Number of apoptotic cells/mm gastric mucosa in epithelial
cells. All values are expressed as median (25–75 centiles).
Hp Helicobacter pylori, MNNG N-methyl-N′-nitro-N-nitrosoguanidine

Apoptotic index

Group Corpus Antrum

Hp 6.0 (1–30) 3.6 (2–5)
Hp+MNNG 17.0 (13–34)* 6.8 (4–19)*

Hp+MNNG+bile 10.0 (8–40)* 3.6 (2–7)
Hp+bile 4.0 (2–8) 3.3 (2–8)
MNNG 19.5 (13–40)* 31.3 (12–52)*

Bile 10.0 (2–27) 1.3 (1–4)
MNNG+bile 20.0 (7–24)* 4.8 (3–10)
Control 1.0 (0–8) 1.6 (1–7)

*P<0.05 (significant difference from the control group)

Fig. 2 Bcl-2-positive epithelial cell in antral mucosa (arrows) in a
rat treated with Helicobacter pylori and N-methyl-N′-nitro-N-
nitrosoguanidine (MNNG). Bar 25 µm



All animals had some expression of Bcl-2. There was
no significant difference in Bcl-2 between the groups.

COX-2, Bcl-2, cell kinetics and histopathology

Gastric antrum

COX-2 expression in corpus correlated with Mib-5-LI
(R=0.28, P<0.007) but not with apoptosis in antrum

(Fig. 5). There was no association between Bcl-2,
Mib-5-LI or apoptosis in antrum. Mib-5-LI was not
correlated with apoptotic index (R=0.12, P<0.3).

However, there was a correlation between the area of
COX-2 expression in corpus and both atrophy (χ2=7.1,
df=1, P=0.008, Table 2) and goblet cell metaplasia in an-
trum (χ2=10.1, df=1, P=0.001, Table 3). Bcl-2 signifi-
cantly correlated to the inflammation score in antrum
(R=0.24, P<0.02). No significant variation in Bcl-2 ex-
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Fig. 3 Bcl-2 levels in antrum
mucosa in the experimental
groups. H Helicobacter pylori
(n=11), H+M H. pylori + N-
methyl-N′-nitro-N-nitrosoguan-
idine (MNNG, n=17), H+M+B
H. pylori + MNNG + bile
(n=13), M MNNG (n=10),
B bile (n=10), C control (n=9),
H+B H. pylori + bile (n=12),
M+B MNNG + bile (n=9).
*Significant difference, P<0.05

Fig. 4 Cyclooxygenase-2
(COX-2) levels in corpus
mucosa in the different groups.
H Helicobacter pylori (n=11),
H+M H. pylori + N-methyl-N′-
nitro-N-nitrosoguanidine
(MNNG, n=17), H+M+B H.
pylori + MNNG + bile (n=13),
M MNNG (n=10), B bile
(n=10), C control (n=9), H+B
H. pylori + bile (n=12), M+B
MNNG + bile (n=9). *Signifi-
cant difference, P<0.001

Fig. 5 The correlation between
Mib-5-labelling index of
antrum and COX expression in
corpus



pression in mucosa could be seen in areas with atrophy,
goblet cell metaplasia, dysplasia and cancer. 

Gastric corpus

COX-2 expression was significantly correlated with Bcl-2
(R=0.30, P<0.004) but not with Mib-5-LI or apoptosis.
Bcl-2 correlated with Mib-5-LI (R=0.34, P<0.03) but not
with apoptotic index. Mib-5-LI was not significantly
correlated with apoptotic index (R=0.29, P<0.07).

Discussion

In the present study we demonstrated for the first time a
correlation between COX-2 expression in corpus and cell
proliferation in antrum. No correlation was found with
apoptosis. It is known that COX-2 is overexpressed in
gastric cancer, and its mediated prostaglandin synthesis
has been suggested to be involved in the development of
cancer [22]. Epidemiological studies that have shown that
long-term use of nonsteroidal anti-inflammatory drugs re-
duces the risk for both colon cancer [24] and gastric can-
cer [31] are in line with this concept. Recent studies have
demonstrated that cell proliferation in the gastrointestinal
tract and in cultivated gastric cancer cells was reduced by
COX-2 inhibitors [5, 26]. It is well known that increased
cell proliferation predisposes to cancer by increasing the
chance of mutations from exo- or endogenous mutagens.
However, other co-carcinogenic mechanisms may con-
tribute, and overexpression of COX-2 has also been asso-
ciated with angiogenesis and immunosuppression [33].
This indicates that the COX-2 may influence gastric epi-
thelial cell proliferation but probably not apoptosis.

In the present study, overexpression of COX-2 in cor-
pus could be demonstrated in the MNNG groups having
focal atrophy and goblet cell metaplasia exclusively in
antrum. These morphological findings are in accordance
with the sequence of gastric carcinogenesis as suggested
by Correa [3]. The development of human and experi-
mental gastric cancer follows this concept, and the can-
cer site is mainly in the distal part of the stomach. Fur-
thermore, it has also been shown that MNNG more easily
penetrates antral than corpus mucosa in the rat [27]. The
penetration was deeper, more marked and involving
more proliferative cells in antrum. However, this was a
quantitative and not a qualitative difference.

It is puzzling that most of the COX-2 staining was
found in corpus mucosa while the preneoplastic changes
were localised to antrum. One possible mechanism could
be that the prostaglandins produced in corpus mucosa
stimulate the endocrine cells to release hormones acting
on the mucosal cells in antrum. Another is that prostag-
landins act indirectly by releasing growth factors and
cytokines that in turn affect the cells in antrum. The pre-
cise mechanisms between COX-2 expression and effect
on cell kinetics and preneoplastic events in antrum is
open for further studies.

The scoring of COX-2 expression was performed
using a computerised colour image-analysis system,
instead of the semi-quantitative scoring method. The
results were expressed as the percentage of COX-staining
area over the total area measured in the corpus mucosa.
In this way we got a reproducible, objective and rapid
method for quantifying the total amount of COX-2-pro-
ducing cells. A few inflammatory cells might have been
included, but very few positive cells were observed out-
side the epithelium. All negative controls to COX-2 were
negative. Thus we exclude the possibility that inflamma-
tory cells could have interfered with results of the image
analysis of COX-2. Furthermore, any COX-2-positive
cell could affect other cells by producing prostaglandins,
and in this way we got a measurement on the total
amount of prostaglandins produced. COX-2 expression
was localised to the lower portion of glandular epithelium
in corpus, with staining of chief cells, parietal and a few
mononuclear cells in the lamina propria. This is in agree-
ment with previous studies that have observed COX-2
expression in parietal cells [16].

H. pylori enhanced the COX-2 expression in rat corpus
mucosa but not significantly. Several studies in humans
have demonstrated that H. pylori upregulates COX-2
expression significantly in gastric mucosa [16, 23]. These
differences could be due to variations in species or in anti-
bodies used. In this study, we used taurocholic acid, which
is known to be the most potent bile acid to break the
mucosal barrier. We observed that H. pylori infection pro-
moted COX-2 expression in animals given dietary bile
acids mimicking bile reflux. This finding is in line with a
recent study showing that dihydroxy bile acids, but not
conjugated bile acids, mediated induction of COX-2 in a
tumour cell model [35]. However, bile acids alone did not
change the COX-2 or Bcl-2 expression in our experiment.
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Table 2 Relationship between cyclooxygenase-2 (COX-2) expres-
sion and atrophy. Results are given as area per field of view

Atrophy (antrum)
COX-2a (corpus) Negative Positive Total

0–4 37 11 48
4–8 17 10 27
8–12 6 9 15
Total 60 30 90

a COX-2 level is expressed

Table 3 Relationship between cyclooxyenase-2 (COX-2) expression
and goblet cell metaplasia. Results are given as area per field of
view

Goblet cell metaplasia (antrum)
COX-2a (corpus) Negative Positive Total

0–4 45 3 48
4–8 21 6 27
8–12 9 6 15
Total 75 15 90

a COX-2 level is expressed



Furthermore, in the present study H. pylori infection
significantly increased Bcl-2 expression in antrum but
not in corpus. This is of interest since H. pylori increases
the risk for development of adenocarcinoma of the distal
stomach [20], and antrum is the main site of the infection
[28]. The cagA-positive H. pylori strain that we used
was associated with significantly higher Mib-5-LI but
not with higher apoptotic index than the controls. This
confirms the finding of Peek et al. [21] who showed in
man that cagA-positive strains have a dissociation be-
tween cell proliferation and apoptosis that may explain
the increased risk for gastric carcinoma that are linked to
these strains.

Interestingly this study shows that Bcl-2 positivity was
mainly located to the proliferative zone, which confirms
the findings in a previous study [10]. By inhibiting apop-
tosis of the stem cells this proto-oncogene may aid in the
renewal and repair of the epithelium. However, by pro-
longing the life span of the other cells it may increase the
possibilities for mutations and help initiated cells survive
by avoiding the programmed cell death. Recent studies in
man have described increased Bcl-2 expression in differ-
ent premalignant gastric lesions [10] and carcinomas [7,
25]. However, this was not the case in the Wistar rats that
we have studied. Lauwers et al. [10] hypothesised that in-
creased proliferation leads to the production of immature
cells, which were protected from apoptosis by aberrant
Bcl-2 expression. A correlation in corpus mucosa be-
tween Bcl-2 and Mib-5-LI in our study could support this
theory. In contrast, in humans it has been shown that Bcl-2
inhibits apoptosis without affecting cell proliferation
[25]. This is in accordance with our findings in antrum
mucosa where no correlation could be seen between Bcl-2
and Mib-5-LI or apoptosis. Further studies are required to
precise the role of Bcl-2 in cell replication.

The association of enhancement of COX-2 expression
with H. pylori infection, in addition to its correlation to
Mib-5-LI, atrophy and goblet cell metaplasia in antrum,
suggests that the induction of COX-2 may be an impor-
tant mechanism in H. pylori-associated carcinogenesis.
In addition, H. pylori is associated with induction of
Bcl-2 in antrum.

Together these findings imply that H. pylori, by
inducing COX-2 and Bcl-2 expression, may alter the
cell kinetics in antral mucosa favouring gastric carcino-
genesis.
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Sir,

We read with interest the report of pseudoangiomatous
stromal hyperplasia (PASH) with multinucleated giant
cells (MGC) in gynecomastia by Damiani and Eusebi
[3]. Both patients were associated with type 1 neurofi-
bromatosis, and therefore a suggestion was made that
PASH with giant cells could be a characteristic feature of
patients with neurofibromatosis. Now we would like 
to demonstrate a similar lesion in a patient with von
Recklinghausen’s neurofibromatosis which further sup-
ports this suggestion. Our case was published 6 years
ago as a gynecomastia with PASH and giant cells [7] but
without clinical knowledge of neurofibromatosis type 1
in the patient. The recent report by Damiani and Eusebi
prompted us to search for symptoms of this syndrome in
our patient and, indeed, the neurofibromatosis type 1 was
discovered in him and seemed to appear strongly in his
family.

The patient was a 13-year-old boy with gynecomastia
of 6-month duration in the left breast which was surgi-
cally excised. Two years later, a similar mass was ex-
cised from the right breast. The specimens measured
7×7×2 cm and 7×6×2 cm, respectively, and both ap-
peared homogeneous, whitish, and fibrous. Histological
features were similar in both lesions. The stroma pre-
dominated over the ducts that showed hyperplasia, with
a few micropapillary projections (Fig. 1). Scarce ducts

showed an apocrine change. The stroma was paucicellu-
lar, rich in collagen, and contained numerous tissue
clefts typical of PASH [4, 5, 6] (Fig. 2). The stromal
cells were of spindle to stellate shape and many of them
showed bizarre lobulated nuclei or multinucleation
(Fig. 3). The clefts of PASH were lined with both uni-
and multinucleated stromal cells. Mitoses were very 
rare. Immunohistochemically, the uni- and multinucle-
ated stromal cells strongly expressed vimentin, CD99
(MIC2 gene product), CD34, and calponin (Fig. 4), indi-
cating a myoid nature of both the uni- and the multinu-
cleated cells. Estrogen and progesterone receptors were
limited to ductal epithelium, with reactivity in 60% and
30% of epithelial cells, respectively. Alpha smooth mus-
cle actin, muscle-specific actin, desmin, S100 protein,
CD99 (MIC2), EMA, and cytokeratin were negative in
the stromal cells.

Eight years after the first excision, multiple cutaneous
lesions were discovered in the patient, and therefore a
neurological examination was performed. The patient
presented with multiple neurofibromas having a maxi-
mum diameter of 1 cm and located on the skin of the tor-
so and extremities, freckles in the axillary and inguinal
region, several café-au-lait macules of 2.5-cm maximum
diameter, and some lesions with the appearance of fili-
form fibromas on the trunk and extremities. Further neu-
rological examination revealed no sign of any extracuta-
neous lesion. The biopsy of two cutaneous tumors, mea-
suring 8 mm and 10 mm in diameter, showed neurofibro-
ma of the circumscribed and plexiform types, respective-
ly, thus confirming the diagnosis of neurofibromatosis
type 1. The patient refuses additional examinations by a
team of specialists. According to his information, his
brother and mother have similar skin lesions. Other
members of the family refused medical examination as
well, and therefore the familial occurrence of the syn-
drome, although very probable, cannot be proven with
unequivocal certainty.

The present case supports the suggestion made by
Damiani and Eusebi that gynecomastia with PASH and
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MGC is associated with neurofibromatosis type 1. Al-
though the isolated occurrence of both PASH and MGC
was always described in gynecomastia in patients with-
out this syndrome [1, 2], the simultaneous presence of
both structures shows the association mentioned, and so
it can be helpful in discovering neurofibromatosis in 
patients with gynecomastia.
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Fig. 1 The ducts with mild epithelial hyperplasia and abundant
collagenized stroma with clefts of PASH. Original magnification
×100

Fig. 2 Medium power view shows the clefts of PASH and MGC.
Original magnification ×200

Fig. 3 A detailed picture of stromal MGC. Original magnification
×400

Fig. 4 Expression of calponin in both uni- and multinucleated
cells. SABC technique. Original magnification ×200
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Abstract Five autopsy cases of Vibrio vulnificus infec-
tion with liver disease are reported. All five patients ate
raw seafood 24 h before the onset of illness. The clinical
presentation was of primary septicemia, with positive
cultures in both the blood and cutaneous lesions. Stool
cultures were positive for the organism in one patient
with gastrointestinal symptoms. Autopsy examination 
revealed liver cirrhosis in three cases and alcoholic liver
disease in two; all showed portal hypertension. Gastroin-
testinal mucosal changes were seen in four patients: 
edema, hemorrhagic necrosis, and lymphocyte infiltra-
tion. One case was of an human immunodeficiency virus
infected patient in which histology showed a rare intesti-
nal disease, phlegmonous colitis. We believe this is the
first description of a case of concomitant phlegmonous
enterocolitis and V. vulnificus infection. Patients with 
liver disease should be warned about the possibility of
life-threatening infections and complications associated
with the consumption of raw seafood.

Keywords Vibrio vulnificus · Liver disease · 
Phlegmonous colitis

Introduction

Vibrio vulnificus, a toxin-producing, lactose-positive,
halophilic marine organism, is highly invasive as many
body tissues have been reported to be sites for infection,
and high-grade bacteremia occurs frequently [17]. Most
V. vulnificus infections result in one of three clinical 
syndromes: wound infection, primary septicemia, or gas-
troenteritis [16]. Persons who are most susceptible to 
V. vulnificus infection usually suffer from a chronic dis-
ease that affects either liver function or the immune
system [18]. Almost all cases of primary septicemia and

gastroenteritis are preceded by consumption of raw sea-
food. The gastrointestinal tract is thought to be the main
portal of entry in cases of primary septicemia. Evidence
supporting V. vulnificus as a cause of gastrointestinal ill-
ness is limited, however, with a few studies reporting
isolation of the organism from stool culture or linking
the organism with diarrheal illness [8]. Histological evi-
dence is minimal.

Here we report five autopsy cases of V. vulnificus
infection in which postmortem examination revealed
chronic liver disease and gastrointestinal abnormalities.
Of particular interest is the inclusion of a patient with
human immunodeficiency virus (HIV) positive hemo-
philia A in whom the acute infectious change involved
the submucosa of the cecum, i.e., phlegmonous colitis
[10, 13]. We believe this is the first description of a case
of concomitant phlegmonous enterocolitis and V. vulnif-
icus infection.

Materials and methods

We searched 1637 autopsy files of the Department of Pathology at
Saga Medical School for the period of January 1985 through
March 2001. Five cases of V. vulnificus infection that were origi-
nally diagnosed between 1998 and 2000 were selected. All 
five were men, with a median age of 62.4 years (range 30–66; 
Table 1).

Clinical information was obtained from the medical records
and from interviews with the treating physicians. The microbiolo-
gy records of all five patients were reviewed to confirm the diag-
nosis of V. vulnificus infection and to determine the specimens
from which the organism was recovered. Details investigated in-
cluded whether seafood was consumed, or whether there was ex-
posure to seawater during the week before the onset of illness if
there were gastrointestinal symptoms, and whether underlying dis-
eases were present. If seafood was consumed, the type eaten,
whether the seafood was raw or cooked, the quantity eaten, and
date of consumption were noted.

Autopsy examination in systemic organs was carried out gross-
ly and microscopically. For gross examination slides of macro-
scopic images and the findings described in autopsy records were
used. For microscopic examination all available hematoxylin and
eosin stained slides were reviewed. Tissue sections stained with
periodic acid–Schiff and Gram stain were prepared to investigate
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the presence of bacterial infection. Tissues, including liver and
skin specimens obtained in one case, were processed for transmis-
sion electron microscopy.

Results

Clinical features

All five cases were diagnosed as primary septicemia due
to the presence of systemic illness that included fever,
hypotension, or a change in mental status, with V. vulnif-
icus isolated from blood or tissue cultures and no evi-
dence of wounds. Most patients had abrupt onset of 
fever and chills. Secondary cutaneous lesions including
ecchymosis, bullae, or cellulites and associated with in-

tense pain developed within the first 24 h after the onset
of illness. Gastrointestinal symptoms such as diarrhea
and tarry stool were seen in two patients. V. vulnificus
was isolated from both blood and cutaneous lesions in all
five cases. Stool cultures were positive for the organism
in one case (case 3) marked by diarrhea when the origi-
nal specimen was obtained. All five patients were hypo-
tensive at the time of hospitalization. Although prompt
antibiotic treatment and aggressive surgical debridement,
or even amputation was performed, all five patients died
from the infection after an average of 9 days (range
2–20). Underlying chronic liver diseases included liver
cirrhosis with hepatitis virus B and/or C infection in
three cases and alcoholic liver disease in two cases. Dia-
betes was present in one case (case 1). A 30-year-old
man (case 5) had hereditary hemophilia A, HIV infection
of 11 years’ duration, and human T lymphotrophic virus
type 1 infection of 9 years’ duration in addition to liver
cirrhosis (Table 1).

Autopsy findings

Histological analysis of the autopsied liver tissue showed
liver cirrhosis or alcoholic liver disease with various de-

Fig. 1A–D Cutaneous lesions in V. vulnificus-infected patients. 
A Appearance of the legs in one patient with urticarial rash, pete-
chial hemorrhage, purpura, swelling and calf tenderness. B Micro-
scopically, dermal tissue shows neutrophil infiltration surrounding
blood vessels with abundant bacteria (arrowhead); hematoxylin
and eosin, ×400. Inset Higher magnification of the bacteria; hema-
toxylin and eosin, ×1000. C Electron microscopy reveals coloniza-
tion of micro-organisms in damaged dermal tissue; ×3000. Note
several organisms accumulating in a vessel-like structure (arrow).
D Higher magnification of the organisms; ×25,000
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Table 1 Clinical and pathological manifestations of V. vulnificus infection in study subjects (CH chronic hepatitis, B hepatitis virus B, 
C hepatitis virus C, LC liver cirrhosis, HIV human immunodeficiency virus, NA not available)

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Clinical data
Age (years) 66 60 60 46 30
Sex M M M M M
Origin Raw jellyfish Raw shellfish Raw shellfish Sashimi Sashimi
Gastrointestinal symptoms NA Tarry stool Diarrheaa NA NA
Underlying disease LC (C) diabetes CH (alcoholic) LC (C) CH (alcoholic) LC (B+C) 

HIV carrier 
HTLV-1 carrier

Skin lesion + + + + +
Treatment Antibiotics, Antibiotics, Antibiotics, Antibiotics, Antibiotics 

debridement debridement, debridement debridement
amputation

Survival period 4 days 14 days 20 days 5 days 2 days

Autopsy findings
Liver histology LC Alcoholic hepatitis LC Alcoholic liver LC

with mild fibrosis fibrosis
Ascites (ml) 0 30 700 1200 350
Spleen (g) 17.3 150 180 45 580
Esophageal varices + – + + +
Sites of gastrointestinal disease Ileum Jejunum ileum Ileum Ileum ascending Bauhin’s valve 

cecumb colonb cecum

a Stool culture positive for Vibrio vulnificus; b Submucosal edema

Fig. 2A–C Gastrointestinal abnormalities in the study cases. 
A Mucosal changes in case 3 with hemorrhagic necrosis and non-
specific chronic inflammatory infiltration; hematoxylin and eosin,
×100. B Gross appearance of phlegmonous colitis in case 5 show-

ing thickened gastrointestinal wall due to submucosal edema. 
C Microscopically, infiltration of neutrophils and histiocytes is
noted in the submucosa. No mucosal damage is evident; hematox-
ylin and eosin, ×25



grees of fibrosis (Table 1). Esophageal varices, ascites,
and splenomegaly were present in most cases. Both legs
of all five patients were swollen and tender, with multi-
ple purpuric spots and hemorrhagic bullae (Fig. 1A).
Skin lesions of the legs microscopically showed nonspe-
cific acute dermal inflammation with various degrees of
vasculitis. Gram-negative bacilli were found in the der-
mis of all patients in biopsy and/or autopsy specimens
(Fig. 1B). Electron microscopy showed the organism to
be present in the skin lesions (Fig. 1C, D). Hemosidero-
sis was noted in one case (case 2). Disseminated intra-
vascular coagulation was diagnosed in three cases (cases
2–4). Septic shock was the major cause of death in all
five cases.

To determine the path of infection we especially reex-
amined the gastrointestinal tracts of all five cases grossly
and microscopically. Although gastrointestinal abnor-
malities were seen in all cases, differences were noted
between cases 1–4 and case 5 (Table 1), who was infect-
ed with HIV and human T lymphotrophic virus type 1.
In cases 1–4 the small intestines were the main foci of
gastrointestinal abnormalities. Microscopically the intes-
tinal mucosae showed nonspecific inflammatory infil-
trate predominantly by lymphocytes with edema and
hemorrhagic necrosis (Fig. 2A). Gram-positive micro-
cocci were evident on the surface epithelium in two
cases. Submucosal edema without inflammatory infiltra-
tion in the large bowel was noted in two cases. Findings
characteristic of phlegmonous colitis were noted in the
cecum of case 5. Macroscopically the mucosal folds
were edematous and thickened, and a cut section showed
thickening of the wall due to submucosal edema
(Fig. 2B). The serosa was pale and edematous. Histology
sections revealed an intense, acute inflammatory reaction
in the submucosa with focal involvement of the upper
muscularis propria (Fig. 2C). No mucosal changes were
observed. Diffuse nodular lymphoid hyperplasia was
noted throughout the terminal ileum.

Discussion

V. vulnificus infection is rare but highly lethal. Of all 
autopsy cases in Saga Medical School since 1985, five
cases of V. vulnificus infection (0.31%) were diagnosed
between 1998 and 2000, which may indicate increasing
recognition by physicians of this infection in recent
years in Japan. Cases of V. vulnificus are most commonly
reported during warm-weather months (April–October)
and predominantly involve men over the age of 40 years.
The incubation period is 24–48 h between the ingestion
of raw seafood and the onset of symptoms [1]. The cases
presented herein illustrate these epidemiological charac-
teristics. All five patients had eaten raw seafood 24 h be-
fore the onset of symptoms, and the manifestations were
of primary septicemia with positive cultures in both the
blood and cutaneous lesions.

Preexisting medical conditions are well described in
patients with primary septicemia. Liver disease, includ-

ing cirrhosis and alcoholic liver disease, is the most
common risk factor, present in up to 86% of individuals
infected [16]. The underlying iron dysregulation and
poor liver function associated with these conditions are
considered contributors to the high mortality rate in
cases of V. vulnificus sepsis, even though the organism is
sensitive to commonly used antibiotics [2]. Other poten-
tial risk factors for infection may include disruption of
the gastric acid barrier by peptic ulcer disease (or its
treatment) or a weakened immune system due to malig-
nancy or use of steroids [11, 14]. The five cases de-
scribed here involved either liver cirrhosis with hepatitis
B and/or C virus or alcoholic liver disease. A rare under-
lying risk factor, HIV infection, was noted in one young
man. Although the presence of HIV has previously been
reported with V. vulnificus infection [5], the actual risk
posed by HIV or acquired immunodeficiency syndrome
remains unclear. Only 5 (1%) of 422 V. vulnificus infect-
ed patients in one series were reported to have HIV in-
fection [16].

Patients with hepatic cirrhosis are known to be sus-
ceptible to bacterial infection [4, 15, 19, 20]. Frequent
isolation of enteric organisms suggests that the gastroin-
testinal tract is an important source of infection [7, 9, 
12, 20]. The possibility of intestinal infection with V. vu-
lnificus is suggested by recovery of the organism from
the stool of one patient in our study. Causes of increased
bacterial infection include disruption of the intestinal
permeability barrier, bacterial overgrowth, and reduced
host immune defenses. Portal hypertension, by produc-
ing structural changes in the bowel mucosa, facilitates
invasion of intestinal bacterial in cases of cirrhosis. 
Mucosal biopsies of the colon in patients with portal 
hypertension reveal increased mucosal abnormalities in
cirrhotic patients who had undergone band ligation
and/or sclerotherapy of esophageal varices [3]. Portal
hypertension and gastrointestinal abnormalities also
were noted in all our present patients. The small intestine
seemed to be the main portal of V. vulnificus invasion
since intestinal mucosal injury, including edema, hemor-
rhagic necrosis, and lymphocyte infiltration, was evident
in four cases. In addition, the HIV-infected patient
showed phlegmonous colitis, a rare but fatal complica-
tion in patients with hepatic disease [15], without evi-
dence of mucosal injury. Differences between the pa-
tients may be due to different mechanisms of bacterial
infection. Bacterial translocation from the intestinal lu-
men to the submucosa with microscopically undetectable
mucosal injury is considered to be the pathogenesis of
phlegmonous colitis [6, 10, 15]. Although Escherichia
coli is the most commonly reported causative agent for
phlegmonous colitis, V. vulnificus in the gastrointestinal
tract may gain entry into the submucosa by bacterial
translocation. Whether HIV infection is related to this
process is yet unknown, although spontaneous V. vulnif-
icus peritonitis has been reported in one other HIV-in-
fected patient [5].

Although the mechanisms of increased susceptibility
to V. vulnificus infection in association with liver disease
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are unclear, disruption of the intestinal permeability bar-
rier may in part explain how the organism can cross the
intestinal mucosa rapidly. A role for intestinal mucosal
change in V. vulnificus infection is also supported by ob-
servations that liver disease is more common in patients
with primary septicemia (80%), which is always preced-
ed by consumption of raw seafood, than in those with
wound infection (22%) [16]. It is also possible, however,
that the intestinal morphological changes observed in
these cases are the result and not the cause of V. vulnif-
icus infection. If so, alterations in other host defense
mechanisms, such as decreased immunity, may be impli-
cated. In general, physicians should be cognizant of the
dangers of V. vulnificus infection in cirrhotic patients, 
especially in those with portal hypertension.
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We read with great interest the article by Kirchner et al.
that recently appeared in your journal [5]. In their semi-
nal paper the authors gave a detailed account of cytoker-
atin 7 (CK7) expression in various phases of stomach de-
velopment in human fetuses, in normal uninflamed stom-
achs, during H. pylori gastritis, intestinal metaplasia, in-
traepithelial neoplasia (dysplasia), and gastric cancer.
Whereas the normal stomach only focally expresses
CK7, CK7 is consistently expressed in the fetal stomach
during gastric-pits development, during H. pylori gastri-
tis, type III metaplasia, high-grade dysplasia, and signet-
ring-cell gastric carcinoma. Moreover, cystic changes,
particularly of nonmucous duct type, express CK7. The
authors concluded that CK7 is a possible marker of tran-
sient dedifferentiation in the sequence between gastritis,
metaplasia, dysplasia, and cancer [5].

These findings are particularly interesting, as we have
found strong CK7 expression by fundic gland polyps
(FGPs) in our field of research. Studying the immuno-
phenotype of both sporadic FGPs [2], and subsequently
of syndromic FGPs [3, 4], we found a strong CK7 posi-
tivity in practically all our cases.

We graded our results as following: +, positivity lim-
ited to sparse cells of surface epithelium; ++, diffuse
positivity to surface epithelium; and +++, diffuse posi-
tivity of surface and glandular-cystic epithelium. Using
this score, we found a high degree (++ and +++ scores)

of CK7 positivity in 25 of 28 sporadic FGPs, and in all
five cases of syndromic FGPs (Fig. 1).

Moreover, we recently had the opportunity to extend
our immunohistochemical study to six cases of FGPs in
patients with Zollinger-Ellison syndrome (ZE) [1]. Using
the same score, we found high-degree CK7 positivity in
all six cases.

We commented on our results as follows: “As CK7
and mucin epitopes are normally expressed by fetal
stomach, FGPs showed an immature phenotype” [4].
The paper by Kirchner et al. now expands on our previ-
ous observations. As previously stated, FGPs (sporadic,
syndromic, and ZE-related) are lesions that nearly al-
ways express CK7, a marker of dedifferentiation; further,
as lesions with an “immature” phenotype, they express
other markers of fetal stomach, such as CEA, syalil-Tn,
CA19.9, and CA50 [2].
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Fig. 1a,b The stain with CK7 was completely negative in fundic
normal mucosa (a), whereas fundic gland polyps showed intense
and diffuse positivity (b) (ABC, hematoxylin counterstain, 10×)



Virchows Arch (2002) 440:123–127

The following Table 1 should have been included: 

Table 1 Clinicopathological features in seven cases of chordoma

Case Age Gender Location Primary (P) or recurrent (R) Pathological findings
chordoma, or metastasis (M)

Cytokeratin E-cadherin Ep-CAM

1 60 F Sacrum P ++ + –
R ++ + –

2 75 M Sacrum P ++ + –
3 60 M C3 P ++ + –

R ++ + –
4 69 M Intracranial P ++ + –
5 37 M Intracranial P ++ + –
6 38 F Intracraniala P +b + –
7 21 F Intracraniala P +b + –

Spinal cord (C3–7) M ++ + –
Thoracic wall M ++ + –

a Chondroid chordoma
b Only a few cells were positive

The online version of the original article can be found at http://dx.
doi.org/10.1007/s004280100525
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Virchows Arch (2002) 440:181–186

Due to a printer’s error, the first two columns of the fol-
lowing two tables were misprinted in the print version of
this contribution. Here are the two tables, Tables 3 and 4,
in their correct form. 

The online version of the original article can be found at http://
dx.doi.org/10.1007/s004280100488
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Table 3 Summary of lectin binding to alveolar epithelial cells in sepsis and controls

Study group Case number Con A MAA UEA Jac GSAI GSAII PNA MPA SNA WGA LPA

Sepsis 1 +++ ++ – – – – – – – – –
2 +++ + – – – – – – +++ – –
3 +++ + – ++ – – – – +++ – –
4 +++ + – +++ – – – – +++ – –

Control 1 +++ – – +++ – – – + +++ – –
2 +++ + – – – – – ++ – – –
3 +++ ++ – +++ – – – + +++ – –
4 +++ – – +++ – – – + +++ – –

Table 4 Summary of lectin binding to mucous parts of subepithelial seromucous glands

Study group Case number Con A MAA UEA Jac GSAI GSAII PNA MPA SNA WGA LPA

Sepsis 1 – – – +++ – – +++ – +++ ++ –
2 – – – +++ – – – – – ++ –
3 – – – – – – – – – +++ –
4 – – – – – – – – – +++ –

Control 1 ++ – – – – – – ++ – +++ –
2 – – – +++ – – – +++ +++ ++ –
3 – – – – – – – ++ +++ +++ –
4 + – – – – – – ++ +++ ++ –



Abstract Recently, two new classification systems for
grading of urothelial neoplasms have been published.
The objective of both was to avoid the overdiagnosis of
cancer and to create better criteria for the grades. The
WHO/ISUP classification of 1998 distinguishes papillo-
ma, papillary urothelial neoplasm of low malignant po-
tential (PUNLMP), low and high grade carcinomas,
whereas the WHO 1999 system subdivides the high
grade into grades II and III, and is otherwise identical.
This note summarizes studies supporting the rationale of
the two new systems, describes pattern recognition crite-
ria for the grades, and highlights the homology between
them.

Keywords Bladder carcinoma · Malignancy grading ·
Classification

Introduction

Malignancy grading of neoplasms has traditionally been a
highly subjective exercise, and different neoplasms offer
different degrees of complexity regarding their cellular
architecture. Urothelial carcinomas lend themselves bet-
ter for grading than many other malignancies, since they
are highly cellular with little stroma. The architecture and
the cellular details are more easily accessible for both vi-
sual and morphometric analysis than that of many other
tumors. The following represents a summary of some ar-
guments supporting the rationale and prognostic implica-
tions of the two new systems, which depend on improved
criteria, and strongly argues against the views presented
in the article by Dr Bostwick et al. in this issue [4].

History of bladder cancer grading

1920s. Broders [5] – based on proportion of undifferenti-
ated tumor areas

1950s. Franksson [9] (Scandinavia) – based on invasion
1966. Bergkvist et al. [3] – based on patterns (grades 1,

2, 3–4)
1973. WHO [16] – based on cellular anaplasia (grades

1, 2, 3)
1986. Malmstrom et al. [12], modified Bergkvist et al.

[3] – based on architectural pattern and object-
related features (grades 1, 2A, 2B, 3)

1998. WHO/ISUP [8] – based on pattern- and object-
related features (papillary urothelial neoplasm of
low malignant potential; PUNLMP); low-grade,
high-grade urothelial carcinomas

1999. WHO 1999 [17] – based on pattern- and object-
related features. Congruent with Malmstrom et al.
1986 [12] (PUNLMP); low-grade I, high-grade II
and high-grade III

Emergence of the WHO/ISUP 1998 
and WHO 1999 systems

1997. Fall: workshop at the A.F.I.P., Washington D.C.,
following answering an inquiry sent out by F.K.
Mostofi to 60 pathologists, urologists, cytologists,
oncologists, and basic scientists; 26 of them par-
ticipated in the A.F.I.P. meeting and made recom-
mendations for the WHO panel.

1998. March: I.S.U.P. meeting at the U.S and Canadian
Academy of Pathology meeting in Boston, orga-
nized by Dr Jonathan Epstein.

1998. April: I.S.U.P. Workshop in Tromso, Norway ar-
ranged by Dr Christer Busch. Participants: 
Algaba, Amin, Busch, Epstein, Grignon, Reuter,
Sesterhenn, Boccon-Gibaud.

1999. The WHO “Blue book”: Histological typing of
urinary bladder tumours, 2nd edn. was published.
Mostofi, Davis, Sesterhenn, in collaboration with
pathologists in ten countries [17].
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1999. August: A newly illustrated synopsis of the
WHO/ISUP CONSENSUS classification was pub-
lished [14].

Why abandon the WHO 1973 classification?

1. Everything visible at cystoscopy tended to be named
as cancer except for about 1% of “true papillomas”.
Less than 5% of the grade-1 carcinomas progressed or
killed the patients. Hence, more than 95% of these tu-
mors did not appear to be cancers. Many of the grade-
1 carcinomas of the 1973 classification were classi-
fied as such because their epithelium was too hyper-
plastic for a diagnosis of papilloma. Also, the defini-
tion of grade 1 incorporated lesions, which were cyto-
logically bland.

2. Imprecise criteria for the grades: poor definition of
differences between grades 1 and 2 and between
grades 2 and 3, respectively.
“Grade 1 applies to the tumours that have the least de-
gree of nuclear anaplasia compatible with a diagnosis
of malignancy; grade 3 applies to tumours with the
most severe degree of anaplasia; and grade 2 lies in
between.”

The lack of rules for the distinction of grade-1 tumors
from grade 2 as well as for the distinction of grade 2
from grade 3 has opened for a lumping of cases in the
middle. This, inevitably leads to a large and heterogene-
ous group, which is well documented in numerous publi-
cations. Despite its shortcomings, the WHO 1973 blad-
der cancer classification is probably one of the most ex-
tensively used, hence having given a false impression of
validity regarding reproducibility and prognostic rele-
vance.

The interobserver reproducibility using the 1973
system has been shown to be poor [10, 13, 15] and was
tested around 1985 (C. Busch et al. unpublished observa-
tions) in a small trial in which 51 cases of bladder cancer
were sent to three experienced centers (Department of

Pathology, Rush Presbyterian Hospital, Chicago and the
Genito-Urinary Branch, A.F.I.P., Washington, D.C.).
This experiment was intended to test the relationship be-
tween the Malmstrom et al. [12] modification of Berg-
kvist et al. [3] systems with that of WHO 1973 [16] as
well as the interobserver variation within the WHO 1973
system. In some cases, the WHO 1973 grade was I–II or
II–III. These were registered as the worst grade. Hence,
the discrepancies may be somewhat less pronounced
than Table 1 indicates, but there is still a considerable in-
terobserver variation.

How do the new classifications translate 
to one another and to WHO 1973?

The relationship between WHO/ISUP 1998 and WHO
1999 is given in Table 2. In Fig. 1 the difficulty in trans-
lating the 1973 grades into the new ones is schematically
indicated. The problem being that some 1973 grade-1 tu-
mors become LMPs, some low grade, and that some
1973 grade 2 fall into the low-grade cancer category.
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Table 1 Interobserver variation
in grading according to the
WHO 1973 system using a set
of 53 bladder carcinoma hema-
toxylin and eosin stained slides
from the files of the Depart-
ment of Pathology, University
Hospital, Uppsala, Sweden.
These were graded according
to Malmstrom et al. [6], with
the objective to “translate” the
grading systems into one an-
other

Malmstrom et al. WHO 1973 [5] Rush Presbyterian-St Luke’s Armed Forces Institute 
[6] Medical Center* of Pathology**

1 n=5 1 80% 25%
2 20% 75%
3

2A n=21 1 38% 25%
2 62% 75%
3

2B n=12 1 8%
2 75% 67%
3 17% 33%

3 n=15 1
2 27%
3 100% 73%

* Courtesy of Dr. R. Weinstein, Cook County Hospital, Chicago, Ill., USA
** Courtesy of Drs F.K. Mostofi and I. Sesterhenn

Table 2 Nomenclature of grade classes according to WHO/ISUP
1998 and WHO 1999. The descriptions of each of the classes are
virtually identical in the two classifications [6, 7] and follow the
pattern-recognition rules of Malmstrom et al. [6]. Please note that
WHO 1999 also gives the option not to separate the two high
grades. Thus, the two classifications can be regarded as identical.
In Tromso, we report as follows: “Papillary urothelial carcinoma,
low-grade I” or “papillary urothelial carcinoma, high-grade II or
III”

WHO/ISUP 1998 WHO 1999

Papilloma Papilloma
Papillary neoplasm low malignant Papillary neoplasm low malignant
Potential (PUNLMP) Potential (PUNLMP)
Low-grade carcinoma Low-grade carcinoma, grade I
High-grade carcinoma High-grade carcinoma, grade II
High-grade carcinoma High-grade carcinoma, grade III
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the new systems. This is based on recognition of pre-
dominant order or disorder in the architectural pattern as
well as the distinction of variation or no variation of the
cellular features building the architecture.

Is there a scientifically founded prognostic validity
of the new systems?

Several publications have appeared showing an impact
on the recurrence rates and rate of progression of the
new systems:

Holmang et al. [10] showed a pronounced difference
in recurrence rate between PUNLMP on the one hand
and low- and high-grade cancers on the other. None of
the PUNLMP tumors progressed, whereas 7% of the
low-grade cases did, and around 40% of the high-grade
tumors did after 7 years of follow-up.

They also demonstrated a difference between the two
high-grade categories of the WHO 1999 classification in

Fig. 1 Schematic representation of the relationships between the
WHO 1973 classification and the WHO/ISUP 1998 and WHO
1999 classifications

Fig. 2 A decision tree for grad-
ing of bladder carcinoma based
on recognition of the distinc-
tion of order/disorder and vari-
ation/no variation in the archi-
tectural pattern and cellular
features

This is due to the above-mentioned poor criteria for the
separation of these classes in the 1973 system. 

Figure 2 illustrates a simple-to-follow decision tree,
which can be used to apply the criteria for the classes of
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that grade II showed a fairly modest progression rate at
5 years (~10%) relative to 70% of grade-III cases. At
7 years of follow-up, the corresponding figures were
50% and 70%, respectively [13].

Similarly, Desai et al. [7] demonstrated 33% recur-
rence rate in LMPs relative to 64% and 56% for low and
high grades, respectively. In their material of 120 Ta and
T1 cases, 0% of the LMPs progressed in stage, 10.5% of
low and 27% of high grades.

Alsheik et al. [2] showed a 25% recurrence rate for
LMPs and 48% for low grade, again indicating that
LMPs may be controlled less frequently than low-grade
cases. They also demonstrated that cytokeratin 20 immu-
nostaining helps to distinguish LMPs from low-grade
carcinomas.

An argument for not subdividing the high-grade tu-
mors is that grade III are only around 4% of all pTa
cases, and WHO grade III pTa are only 6% of all grade-
III tumors (J. Epstein, personal communication). This is
correct but, based on the available data, these cases have
a different biology and prognosis than high-grade II tu-
mors and, for specialized institutions interested in scien-
tific analysis of bladder cancer with modern molecular
tools, it makes sense to subdivide. For example the high-
grade II class have more tetraploid cases and fewer aneu-
ploid cases than high-grade III, which are mostly aneu-
ploid.

Cina et al. [6] investigated 151 specimens from 81 pa-
tients and found a Ki67 labeling index of 0.4% in LMP,
2.9% in low-grade and 25.7% in high-grade tumors.
Similarly p53 immunostaining was found in 2.5%, 7.3%
and 15.7%, respectively, in the three categories [17].

Conclusions

● The WHO/ISUP 1998 and the WHO 1999 classifica-
tions are congruent and easily “translated” into one
another. The only difference between the two is that
WHO 1999 subclassifies the high-grade tumors.

● Several recent studies verify differences in recurrence
rate, progression rate, and mortality between all classes.

● The WHO/ISUP Consensus classification provides a
slightly simpler and possibly more reproducible strati-
fication of low- and high-grade cases, which is of
practical value in the clinical decision process. The
LMPs can probably be submitted to follow-up visits
and cystoscopies less frequently than other tumors.

● WHO high-grade III tumors are relatively rare in the
pTa category but distinguish themselves in biological
behavior and are mostly aneuploid. Molecular analy-
sis of bladder cancer probably requires recognition of
this class for relevant comparisons of mutations, am-
plifications, and deletions, especially with the power-
ful array techniques.
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Abstract The contemporary classification and grading
of human papillary urothelial neoplasms remains unset-
tled, with multiple recent suggestions by groups of pa-
thologists with little or no clinical input. One of the chief
motivations for these new approaches was to avoid use of
the term “cancer” for neoplasms with a low likelihood of
invasion, recurrence, and death. Also, critics contended
that earlier grading schemes were too imprecise to be
clinically useful. We summarize the work carried out by
the majority of members of Committee No. 1 at the Inter-
national Consultation on the Diagnosis of Non-Invasive
Urothelial Neoplasms held in Ancona, Italy (11–12 May
2001). Our deliberations represent a multidisciplinary in-
ternational effort based on the best available data and the
perception of existing practical methods of classification
by clinicians, pathologists, and cancer registrars. The
WHO 1973 classification for papillary urothelial neo-
plasms (papilloma, grade 1, grade 2, and grade 3 carcino-
ma) is still superior to all existing alternatives (such as
WHO/ISUP 1998 and WHO 1999), although some re-
finement of diagnostic criteria would be useful. Some pa-
thologists may prefer additionally to report synonymous
classification in other schemes, but this is discouraged
owing to variations and difficulties in translations.

Keywords Urothelium · Urothelial papillary neoplasia ·
Urothelial papilloma · Urothelial papillary carcinoma ·
WHO 1973 classification · WHO/ISUP 1998 and WHO
1999 classification

Introduction

There has been substantial effort in standardizing classi-
fication and grading of urothelial neoplasms during the
past few years in order to create uniform terminology
that would allow valid comparison of results from
around the world [33]. For instance, the term “transition-
al cell” has been formally abandoned, and the recom-
mended term is “urothelial” or “urothelium”; thus, “uro-
thelial carcinoma” should be used rather than “transition-
al cell carcinoma” [33]. This suggestion resulted from
awareness of the unique nature of the urothelial lining –
it is not a “transition” from one type or form of epithelial
cell to another. The German term Übergangsepithel,
which means “transitional epithelium,” was originally
used to describe the transition from a flattened epithelial
lining in the distended bladder to a somewhat taller 
epithelium in the empty bladder. Also, the term “superfi-
cial” was abandoned in bladder cancer to avoid impre-
cise language that combines multiple TNM stages (Ta,
Tis, and T1) into a single diagnostic “bin” [33].

The goal of the Ancona International Consultation on
the Diagnosis of Non-Invasive Urothelial Neoplasms
(11–12 May 2001) was to assemble an international
multidisciplinary team of experts to discuss and reach
consensus regarding the optimal contemporary diagnosis
and classification of non-invasive and early invasive uro-
thelial carcinoma.

This report is based on the work carried out by the
members of Committee No. 1 and presents our delibera-
tions regarding contemporary classification and grading
of human urothelial carcinoma, focusing on papillary
neoplasms. Our findings represent a majority opinion of
a multidisciplinary international effort based on the best
available data and our perception of existing practical
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methods of classification by clinicians, pathologists, and
cancer registrars; the minority opinion is found else-
where. Flat lesions were addressed by the members of
Committee No. 2 at this Conference [73].

Classification and grading of non-invasive urothelial
papillary neoplasia

Several classification and grading schemes of the urothe-
lial non-invasive papillary tumors are reported in the liter-
ature. These include the WHO 1973, the WHO/ISUP
1998, and WHO 1999 classifications [33, 82]. These three
classification and grading schemes are shown in Fig. 1.

The clinical and prognostic importance of the WHO
1973 scheme has been seen in several studies. In particu-
lar, it has been demonstrated that urothelial carcinoma
grade is correlated with cancer stage, including the prob-
ability of muscle invasion and metastases, as well as sur-
vival [60, 62, 105, 110, 111, 112].

The proposal of the contemporary classification and
grading schemes was made with little or no clinical in-
put. Studies aimed at confirming the clinical and prog-
nostic relevance have been carried out only following the
publication of these new schemes. Variations in transla-
tions between the WHO/ISUP 1998 and the WHO 1999
have emerged in these studies. When one of the support-
ers/proponents of these new schemes was asked about
the scientific and clinical basis of the WHO/ISUP 1998
and WHO 1999, his answer was that the WHO/ISUP
1998 and WHO 1999 were to be considered “working
classifications” (P.F. Bassi, Padua, Italy, personal com-
munication).

We recommend use of the WHO 1973 classification,
with refinement. The reasons for this recommendation are
presented below. Some may prefer additionally to report
synonymous classification in other schemes, but this is
discouraged owing to variations and current difficulties in
translations. Recommendations for the diagnosis and
grading of papillary urothelial neoplasms are as follows:

● International adoption of the WHO 1973 grading of
urothelial neoplasms (with some modifications):
– Papillary lesions (four categories): papilloma and 

grades 1, 2, and 3 carcinoma.
● The term “transitional cell” should be abandoned and

replaced by “urothelial” or “urothelium” as appropriate.
● The term “superficial” should be abandoned in blad-

der cancer, and Ta and T1 (TNM 1997 classification)
cancers should be evaluated separately rather than be-
ing lumped together.

● The term “urothelial tumor of low malignant poten-
tial” should be abandoned.

Urothelial papilloma

Urothelial papilloma of the urinary bladder was previ-
ously controversial [70, 89] Much of the difficulty in di-

agnosis and acceptance of this lesion was based on vary-
ing diagnostic criteria. If one employs restrictive diag-
nostic criteria as we recommended (WHO 1973 [82],
and WHO/ISUP 1998 [33]) this lesion is uncommon,
representing no more than about 3% of papillary urothe-
lial tumors [30]. A small number of authors believe that
papilloma should subsume all grade I urothelial carcino-
mas as defined by the WHO 1973 [87, 101], but we [13]
and the WHO/ISUP 1998 consensus group [33] do not
follow this recent suggestion. The restrictive criteria for
papilloma as defined by the World Health Organization
include a small usually solitary papillary lesion with a
delicate fibrovascular core lined by cytologically and 
architecturally normal urothelium without mitotic figures
[82]. Such lesions usually occur in patients under
50 years of age.

Mild cytological atypia of the superficial cells does
not exclude the diagnosis of papilloma, particularly
when accompanied by an explanatory inflammatory in-
filtrate. Table 1 reports diagnostic clues for the histolog-
ical distinction of urothelial papilloma from grade 1
urothelial papillary carcinoma (WHO 1973 scheme).
Cytokeratin 20 immunoreactivity may be useful in sepa-
rating patients with papilloma and grade 1 carcinoma
who are likely to suffer recurrence from those who are
not [45].

Papilloma by itself does not have the capacity to in-
vade or metastasize, and we and most authors conse-
quently do not consider it malignant [60, 112, 113, 114].
It is, however, considered neoplastic, based on the pro-
pensity for recurrence and the association with subse-
quent development of carcinoma. Invasive carcinoma
develops in up to 10% [42, 97]. In one study, urothelial
papilloma accounted for 25% of papillary neoplasms of
the bladder; of these patients 3.3% developed higher
grade lesions, and 4.4% died of urothelial carcinoma
[60]. Cheng et al. [20] recently reported that 5 of 58 pa-
tients with papilloma developed recurrent papilloma with
a mean follow-up of 10 years; one other patient devel-
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Fig. 1 Histological grading of papillary urothelial tumors



oped stage T1 urothelial carcinoma 6 years after resec-
tion of the papilloma.

Diffuse papillomatosis

This is a rare lesion that is characterized by replacement
of most or all of the bladder mucosa by delicate papillary
processes, creating a velvety cystoscopic appearance [30,
81]. The papillae are covered by urothelium that is indis-
tinguishable from normal mucosa or may have slight cy-
tological changes. Histologically, there is a proliferation
of small papillae covered by cells with conspicuous eosi-
nophilic cytoplasm, minimal or no architectural distor-
tion, little or mild nuclear atypia, and no mitotic figures.
These lesions are occasionally focal [30]. The malignant
potential of this lesion is uncertain.

Non-invasive papillary urothelial carcinoma

Grading urothelial carcinoma (WHO 1973)

Grading of papillary urothelial carcinoma is based on the
worst grade present. Grade 1 carcinoma consists of a uro-
thelium more than seven cell layers thick containing cells
that display minimal to slight nuclear enlargement, nor-
mal or slightly distorted architecture, and rare or absent
mitotic figures. By contrast, grade 2 carcinoma displays
greater nuclear pleomorphism, coarsely clumped chroma-
tin, and some disruption of the normal architecture. Grade
3 carcinoma displays the most extreme nuclear abnormal-
ities, similar to those seen in carcinoma in situ, including
loss of normal architecture and cell polarity, non-cohesive
cells, and frequent mitotic figures. Cellular anaplasia,
characteristic of grade 3 carcinoma, is defined as in-
creased cellularity, nuclear crowding, disturbance of cel-
lular polarity, absence of differentiation from the base to
the mucosal surface, nuclear pleomorphism, irregularity
in the size of the cells, variation in nuclear shape and
chromatin pattern, increased number of mitotic figures,
and the occasional presence of neoplastic giant cells. True
koilocytosis is uncommon by light microscopy or molec-
ular techniques [46, 72].

The greatest criticism of the WHO 1973 classification
is the imprecision of the diagnostic criteria; arguably,
this imprecision has been the impetus for the proposal of
new schemes during the past 29 years. Difficulty in pre-
cisely defining the cutoff points between grades 1 and 2
and between grades 2 and 3 has resulted in a wide vari-

ety of incidences for grade 2 carcinoma, ranging from
13% [60] to 69% [95]. A study of 103 urothelial carcino-
mas revealed that 14% were grade 1, 58% grade 2, and
28% grade 3 carcinoma [70]. Despite this variation in
histological grading virtually all studies have concluded
that tumor grade is one of the most powerful predictive
factors for all patient outcome variables [17, 56, 60, 61,
70, 72, 84, 95, 110].

Morphological criteria useful for diagnosis and grad-
ing have been continuously refined and updated [79].
This has led to a high level of reproducibility and accu-
racy in the diagnosis and grading of papillary neoplasms.
Recent efforts to grade urothelial carcinoma using image
analysis based on nuclear morphometry, silver-staining
nucleolar organizer regions, diagnostic decision support
systems (e.g., Bayesian belief networks), and other
markers have also been successful but are not routinely
used [57, 67]

WHO 1973 vs. WHO/ISUP 1998 and WHO 1999

The WHO 1973 classification was proposed in 1973, and
since the time of proposal, only one minor change has
been suggested: i.e., the subdivision of grade 2 in to 2A
and 2B [33]. The WHO/ISUP 1998 and WHO 1999 were
proposed by the same group of pathologists almost at the
same time, thus giving the impression that they were not
working in unison. The 1998 and 1999 classifications
and grading schemes for bladder cancer were introduced
with little input from urologists, oncologists, or radiation
therapists and have spawned considerable controversy;
great resistance has been encountered among clinician
users (D.G. Bostwick, personal correspondence; G. Mi-
kuz, personal correspondence).

The advantages and disadvantages of WHO 1973 are:

● Advantages
– Widely used for 29 years everywhere
– Vigorously accepted and defended by pathologists,

urologists, and oncologists
– Successful for stratifying patients for therapy
– Four bins
– “Why change if not broken?”

● Disadvantages
– Imprecise criteria and application of criteria
– High interobserver variability
– Heterogeneity of grades 1 and 2
– Use of “carcinoma” for neoplasm with minimal 

biological consequences (grade 1)
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Table 1 Papilloma versus
grade 1 papillary carcinoma:
diagnostic criteria

Feature Papilloma Grade 1 (of 3) carcinoma

Patient age (years) Usually less than 50 Usually over 50
Multicentricity Usually solitary Solitary or multifocal
Number of epithelial cell layers 7 or less Greater than 7
Superficial (umbrella) cells Present/smalla Usually present/small
Nuclear enlargement Nob Slight to moderate
Nuclear hyperchromasia Absent Slight in occasional cells

a In rare instances superficial
cells may be conspicuous and
enlarged
b Some nuclear enlargement of
superficial cells may be present



The advantages and disadvantages of WHO 1999 are:

● Advantages
– Relatively precise criteria
– May solve problem of heterogeneity of grades 1

and 2 in WHO 1973
– Can be used for clinical therapy in same way as

WHO 1973

● Disadvantages
– Not validated; only rare supportive studies
– Reproducibility uncertain
– Reclassification of grades 1, 2, 3 creates confusion
– Introduction of two different systems by similar

authors within 12 months raises serious questions
of credibility and stability (WHO/ISUP 1998 and
WHO 1999)

– Introduced unwanted term “low malignant potential”
– Cannot easily translate WHO 1973 to WHO 1999
– Has already encountered resistance
– Use of “high-grade” may induce cystectomy by

some urologists (WHO/ISUP 1998)
– Five bins – uncertainty if this changes therapy

The term “urothelial neoplasm of low malignant poten-
tial” was introduced in the WHO/ISUP 1998 classifica-
tion to replace the WHO 1973 grade 1 carcinoma in rec-
ognition of the low probability of recurrence or progres-
sion of this neoplasm, especially after complete removal,
and the preference not to label these patients with the
term “cancer” [33]. In WHO 1999, this category was pre-
served, but grades 1, 2, and 3 were also retained, creating
a situation in which “urothelial neoplasm of low malig-
nant potential” in one system was not equivalent to the
other system (Fig. 2); this remains confusing and unre-
solved for most pathologists and clinicians today. Fur-
thermore, recent studies have suggested that the term is
inappropriate for patient care [21]. Compounding the
confusion of WHO 1999 was retention of the grade 1, 2,
and 3 categories that apparently do not correspond direct-
ly to grades 1, 2, and 3 of WHO 1973 (Fig. 2). For exam-
ple, grade 1 in WHO 1999 grade 1 cancer is apparently
equivalent to some cases of WHO 1973 grade 1 cancer
and WHO grade 2 cancer. Similarly, WHO 1999 grade 2

cancer includes some cases of WHO 1973 grade 2 cancer
and WHO 1973 grade 3 cancer. There are observed diffi-
culties in translations between the various classifications.
Thus, the introduction of grades 1, 2, and 3 (WHO 1999)
that differ from the time-tested grading of WHO 1973
seems ill-advised.

Invasive papillary urothelial carcinoma

One of the most important pathological features in blad-
der neoplasms is recognition of the presence and extent
of invasion [13]. The criteria for urothelial carcinoma in-
vasion are:

● Isolated cells or small nests
● Irregular contours of cell nests
● Larger cells and cell nuclei
● Marked cytoplasmic eosinophilia relative to surface

epithelium
● Caution urged with:

– Diagnosis of invasion of grade 1
– Tangential cutting
– Marked inflammation and reactive changes
– Broad front invasion

● Only diagnose invasion when there is definite evidence
– Ancillary method: keratin immunostains for single 

cells

Foci of invasion are often single and solid, but may be
mixed with papillary carcinoma and other growth pat-
terns [5]. Commonly, there are nests and small clusters
of cells that irregularly infiltrate the bladder wall and
elicit a stromal fibrous response. Conversely, there may
be solid diffuse growth with little intervening stroma.
The pattern of growth is clinically important; a broad
front of invasion has a more favorable prognosis than
tentacular invasion [36]. In small, fragmented, and cau-
terized specimens it may be particularly difficult to de-
termine the presence or extent of subepithelial invasion.
In such cases, we sometimes employ broad-spectrum an-
tikeratin immunostaining (AE1–AE3) to identify epithe-
lial differentiation in suspicious cells.

Almost all non-invasive urothelial carcinomas are
grade 1 or 2 in the three-tier WHO 1973 classification
[8, 15, 109]. Approximately 70% of these tumors are
non-invasive (stage 0; pTa), and 30% invade the lamina
propria (stage A; pT1) [32].

Grade 1 carcinoma is occasionally associated with in-
filtrating cancer at its base [48]. Sometimes, the invasive
component is higher grade than the non-invasive compo-
nent. Those advocating expansion of the papilloma cate-
gory to include non-invasive papillary grade I cancer 
argue that the overlying or associated non-invasive com-
ponent in such cases is papilloma [60], but this conten-
tion was not supported by the WHO/ISUP 1998 consen-
sus [33] or by our consensus group.

Invasive cancer is almost always grade 2 or 3 and is
often deeply invasive (pT2 or higher), although rare
cases have deceptively benign-appearing cytological fea-
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Fig. 2 WHO 1973 vs. WHO 1999



tures near the surface (nested pattern). In the majority of
cases, the stroma contains a lymphocytic infiltrate with a
variable number of plasma cells. The inflammation is
usually mild to moderate and focal, although it may be
severe, dense, and widespread. Neutrophils and eosino-
phils are rarely prominent unless there is coexistent cys-
titis. Urothelial carcinoma without inflammation may be
more aggressive than inflamed cancer.

The term “urothelial carcinoma” usually refers to in-
vasive cancer of the urinary bladder, and should be dis-
tinguished from carcinoma in situ and non-invasive pap-
illary carcinoma [19, 41, 52]. It is rare under 40 years of
age [12] and is more common in men than women.
There is coexistent urothelial carcinoma of the upper uri-
nary tract in about 14% of patients [114]; rarely, urachal
carcinoma is associated with primary urothelial carcino-
ma of the bladder.

Clinical and prognostic significance of the WHO
1973

Urothelial carcinoma grade correlates with the probabili-
ty of invasion and metastases, as well as survival [62,
110, 111, 112]. Patients at risk for recurrence or progres-
sion can be identified by a variety of prognostic factors,
including tumor grade, tumor stage, depth of invasion,
presence of vascular or lymphatic invasion, the number
and size of tumors, associated mucosal abnormalities,
grade and stage of first recurrence, time to first recur-
rence, and numerous biological markers [18, 29, 34, 47,
52, 112]

The majority of stage pTa tumors are grade 1, whereas
almost all stage pT1 cancers are grade 2 or 3 [26]. More
than 60% of non-invasive tumors recur locally, and the
remainder progress to invasion [24, 40, 50, 52, 54, 64, 80,
103, 112] Papillary tumors may have a pushing border
with no desmoplastic stromal reaction and may abut the
muscularis propria [1, 12, 66, 115]. Some authors have
combined pTa and pT1 cancer into a single category of
“superficial” cancer, but this imprecise term was rejected
by the WHO/ISUP 1998 consensus group, and we concur
[33]; stratification by TNM stage is more appropriate and
avoids misinterpretation.

Grade 1 carcinoma has a 29% likelihood of recur-
rence or progression with a mean follow-up of 13 years
[21]. Mean interval from diagnosis to recurrence was
4.1 years. Of those who recurred or progressed, 75% had
higher grade cancer than the initial biopsy. Three percent
of patients died of bladder cancer.

The actuarial 20-year survival rate for patients with
grade 1 carcinoma is over 90%, and most patients have a
normal life expectancy, regardless of the number of re-
currences; only 4% of these patients die of cancer, and
3% of grade 1 cancers progress to grade 3 cancer [60].
The 20-year survival rate for treated grade 2 carcinoma
is over 80%.

In the National Bladder Cancer Study Group series,
61% of patients with non-invasive grade 1 tumors subse-

quently developed other papillary tumors, and 4.5% de-
veloped invasive carcinoma, including 16% with higher
histological grade [86, 88].

Conclusion

The WHO 1973 scheme is still the international standard
for the classification and grading of urothelial papillary
neoplasms. Uniformity of pathological reporting should
improve the comparability of different studies and thera-
pies, and provide more accurate information to urologists
in managing patients.
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Abstract The present paper documents an investigation
of the morphology, immunohistochemistry, and ultra-
structure of Toker cells (TC), aiming for a better defini-
tion of these elements and better understanding of their
histogenesis. We studied 12 nipples removed for nipple
adenoma from twelve patients and a case of supernumer-
ary nipple. In addition four cases of Paget’s carcinoma
(PC) restricted to the nipple without underlying tumor
were studied for comparison. All cases were stained with
hematoxylin and eosin (H&E), Alcian blue pH 2.5 and
periodic acid-Schiff (PAS) preceded by diastase diges-
tion and with immunohistochemistry using antisera anti
cytokeratin 7, cytokeratin 20, protein S100, GCDFP-15,
c-Erb-B2, CAM 5.2, and epithelial membrane antigen
(EMA). Two cases from the nipple adenoma series were
studied by electron microscopy. In seven cases within
the series of 12 nipple adenomas as well as in the case of
supernumerary nipple, keratin 7 antibody highlighted nu-
merous cells located within the nipple epidermis which
in three cases showed dendritic processes. These same
elements were also positive with CAM 5.2. All these
same elements were negative with Alcian Blue (AB),
PAS and the other antisera employed. Ultrastructural 
examination demonstrated that these cells differed from
keratinocytes while they presented the same features as
the glandular cells seen in the related nipple adenoma.

The cells constituting Paget’s carcinoma showed more
irregular nuclei and were more easily seen in the context
of the epidermis. The immunocytochemical profile of the
cancer cells was similar to that of TC, but in addition the
neoplastic cells were c-Erb-B2 and EMA positive in all
cases, and one case also displayed numerous cells immu-
noreactive with anti GCDFP-15 antibody. Keratin 7
highlighted dendritic cells in two cases and AB, PAS
was negative in all patients. The immunocytochemical
profile and the ultrastructural features of TC are similar
to those of the glandular cells constituting the ducts and
the adenoma. These findings together with the localiza-
tion of TC near or around the openings of the lactiferous
sinuses indicate that TC might be ductal cells with a den-
dritic aspect and migrate through the galactophorous 
ostia. PC cells not related to ductal carcinomas have a
similar but not superimposable immunohistochemical
profile to TC, and in two cases the neoplastic elements
were also dendritic which suggests that these same cells
are likely to be the neoplastic counterpart of TC.

Keywords Toker cells · Ultrastructure · Paget cells ·
Nipple · Breast

Introduction

Toker cells (TC) were described in full detail by Toker
[16], although they had been previously observed but not
recognized by Orr and Parish [10]. TC have a roundish,
bland nucleus and paler cytoplasm than the surrounding
keratinocytes and are difficult to identify at the haema-
toxylin and eosin (H&E) level. They are smaller than
typical PC cells, but larger than their squamous neigh-
bors [16]. TC are histologically evident at the summit of
normal nipples as well as in the skin from the areola, 
although they are most numerous immediately above the
opening of lactiferous sinuses [7]. At the H&E level they
were present in 9% of surgical material and in 23 nipples
out of a series of 190 nipples (12%) from 101 post-mort-
ems; their number varied from “scattered individuals” to
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many clear cells [16]. Use of keratin 7 antibody raised
the incidence of TC to 83% in a series of non neoplastic
post-mortem patients [7]. TC are a diagnostic problem
since their distinction from Paget cells is difficult, espe-
cially in those cases in which they are numerous when
associated with nipple adenoma [18]. Immunohisto-
chemistry is useful though not distinctive since TC share
with PC antigenic properties such as immunopositivity
for keratins (7 and CAM 5.2) and inconsistently for
EMA [6], as well as negativity for keratin 20 and 
S100 protein [7]. GCDFP-15 is occasionally positive in
PC while it is negative in TC [7]. Probably the only
helpful immunostain to distinguish the two cell types is
c-Erb-B2 antibody which are negative in TC [18] but
consistently positive in PC [1]. Therefore, as repeatedly
stressed by Toker, the differential diagnosis resides on
absence of cytological stigmata of malignancy and ab-
sence of carcinoma in lactiferous ducts [16]. The pur-
pose of the present paper is to draw attention to the his-
togenesis of TC, whether they are cellular extensions
from the epithelium of the ducts or remnants from em-
bryonic tissue [14, 16]. We chose a series of nipple ade-
nomas, since Toker cells are frequent in this condition.
Furthermore, the first ultrastructural description of these
elements is provided. Finally, TC are compared to a 
series of Paget’s carcinoma in which no underlying 
tumor was present. This was undertaken to investigate
whether a true relation exists between TC and PC.

Materials and methods

Cases and clinical data

We studied 12 nipples removed for nipple adenoma and randomly
selected. Patient ages ranged from 29 to 69 years (median 50), and
one patient was male. In addition a supernumerary nipple from a
22-year-old woman was included in the study. The cases of nipple
adenoma were treated with complete nipple excision in nine cases,
and wedge biopsy followed by tylectomy in the remaining 
patients. Follow-up (FU) ranged from 3 to 14 years (mean 8.2).
Neither recurrences nor metastases were seen.

Four cases of Paget’s carcinoma restricted to the nipple with-
out underlying tumor as demonstrated in multiple blocks after
mastectomy (from four women aged 77, 70, 66, and 60) were also
included in the study. FU ranged from 2.5 to 12 years (average
7.8). No recurrence was seen in these four.

The cases came from the files of the Section of Anatomic 
Pathology, of the Department of Oncology, University of Bologna,
at Ospedale Bellaria, Bologna, Italy, from the files of the Depart-
ment of Pathology, Institute of Oncology of Ljubljana, Slovenia,
and from the Department of Pathology of the Netherlands Cancer
Institute of Amsterdam.

Tissues were formalin fixed and routinely processed to paraf-
fin. Blocks were serially cut and stained with H&E, Alcian blue
pH 2.5 and periodic acid-Schiff (PAS) preceded by diastase diges-
tion. The ABC immunohistochemical method was followed. An
epitope retrieval method was employed as as now described. Be-
fore immunostaining, sections were steamed in citrate buffer for 
5 min and cooled for 5 min. Source and dilutions of the antisera 
in use were: cytokeratin 7 [clone OVTL12/30, Dako (Glostrup,
Denmark), dilution 1:100], cytokeratin 20 (clone Ks20.8, DAKO,
dilution 1:40), protein S100 (DAKO, polyclonal, dilution 1:1500),
GCDFP-15 [clone D6, (DBA, Milan, Italy) dilution 1:300], 
c-Erb-B2 [clone CB11, (Neomarkers, Freemont, Calif., USA) 

dilution 1:50], Cam 5.2 [clone CAM 5.2, (Becton Dickinson,
Erembogen-Aalst, Belgium) prediluted], and EMA (clone E29,
DAKO, dilution 1:80).

Ultrastructural study

Two nipple adenoma cases (cases 10 and 12),were studied by elec-
tron microscopy (EM).

Tissue from each case was obtained from de-waxed paraffin
blocks. After staining with keratin 7 antibody, small blocks were
microdissected where TC were most numerous as seen at the 
immunohistochemical level. In case 12 tissue from the adenoma
was obtained for comparison.

The small biopsies were routinely de-waxed by immersion
overnight in xylol and rehydrated to phosphate buffer, through a
graduated series of alcohol dilutions. Biopsies were then re-fixed
in buffered glutaraldehyde and post-fixed in OsO4, dehydrated in
alcohol, and embedded in Epon 812 (Fort Washington, Pa., USA).
Thick sections stained with toludine blue were used to select areas
with major numbers of TC. Thin sections were stained with uranyl
acetate and Reynold’s lead citrate, and observed in a Philips CM
10 TEM (Eindhoven, Netherlands).

Results

Light microscopy

The 12 cases of adenoma of the nipple displayed the fea-
tures of the glandular proliferation of the upper portion
of the nipple beneath the squamous epithelium of the
epidermis. Eight cases were characterized by florid epi-
thelial hyperplasia while the remaining were represented
by the sclerosing adenosis pattern [11]. Squamous differ-
entiation extended also to the superficial part of glands
of the “adenomatous” proliferation.

In three of these cases single cells were seen within
the squamous epithelium of the nipple with a round,
bland nucleus and cytoplasm paler and slightly more 
copious than that of the surrounding keratinocytes
(Figs. 1, 2). Their number did not exceed six pale cells
per case and most were individually located along the
suprabasal layer. In the epidermis of the supernumerary
nipple no cells that differed from the keratinocytes were
evident at H&E.

The four cases of PC were characterized by “easily”
visible cells located along the epidermis. These cells
were larger than keratinocytes, were individually located
within the epidermis, but occasional small nests of them
were evident. They appeared located anywhere within
the Malpighian layer, although the suprabasal location
was most frequent. Their cytoplasm was eosinophilic
and abundant; the nuclei were large, irregular, with evi-
dent nucleoli (Fig. 3).

Immunohistochemistry

In eight cases of the 12 nipple adenomas (67%) keratin 7
antibody stained numerous individually located cells in
the epidermis (or arranged in small nests in one case)
(Fig. 4), as well as staining the cells lining the glandular
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Fig. 1 Case 2: Toker cells: sparse cells with cytoplasm, paler than
that of the keratinocytes, are immersed within the Malpighian 
layer (H&E, ×200, original magnification)

Fig. 2 Case 2: These Toker cells show round nuclei with dis-
persed chromatin (H&E ×400, original magnification)

Fig. 3 Case 14: PC cells: the intraepidermal cells of this case of
PC show abundant cytoplasm and irregular nuclei (H&E ×250,
original magnification)

Fig. 4 Case 10: Toker cells: in this case numerous cells are
stained by keratin 7. The cells are individually located within the
epidermis or are arranged in small nests. Notice thin dendritic pro-
cesses. This case figures Toker cell hyperplasia (ABC immunoper-
oxidase, ×175)

Fig. 5 Case 10: Toker cells: keratin 7 stains globoid elements that
are mostly located in suprabasal position (ABC immunoperoxi-
dase, ×250, original magnification)

Fig. 6 Case 4: Merkel cell: one cell only, basally located, is
stained by keratin 20 (ABC immunoperoxidase, ×200, original
magnification)



adenomatous proliferation and those of the large ducts
(Table 1). The myoepithelial cell layer appeared un-
stained. The same pattern of staining was obtained by
CAM 5.2 antibody which appeared less sensitive than
keratin 7 as it stained the intraepidermal cells in only
seven cases.

Most of the stained cells located in the epidermis
were globoid (Fig. 5), but in three cases occasional cells
showed short dendritic cytoplasmic processes (Fig. 4).
All these cells were immersed within the Malpighian
layer, mostly located in the suprabasal position with oc-
casional elements dispersed in the upper layer of the epi-
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Fig. 7 Case 14: Numerous cells of this PC are stained by Keratin 7.
Occasional cells display cytoplasmic “dendritic” projections (ABC
immunoperoxidase, ×175 original magnification)

Fig. 8 Case 16: PC. Numerous cells appear stained for EMA
(ABC peroxidase, ×250, original magnification)

Fig. 9 Case 16: PC: the cytoplasmic membrane is nicely outlined
by the anti c-ErB-2 antibody (ABC peroxidase, ×400, original
magnification)

Table 1 Histochemical and immunohistochemical profile of intraepidermal cells. NA nipple adenoma, SN supernumerary nipple, 
PC Paget’s carcinoma, nd not done, CK cytokeratin, APO GCDFP–15, AB Alcian blue, NEU c–Erb–B2

Cases CK7 CK20 CAM5.2 NEU EMA APO AB PAS S100

1 NA – – – – – – – –
2 NA + – + – – – – –
3 NA – – – – – – – –
4 NA + + – – – – – –
5 NA – – – – – – – –
6 NA + – + – – – – –
7 NA – – – – – – – –
8 NA + – + – – – – –
9 NA + – + – – – – –

10 NA + – + – – – – –
11 NA + – + – – – – –
12 NA + – + – – – – –
13 SN + – + – – – – –
14 PC + – + + + + – –
15 PC + – nd + + – – –
16 PC + nd nd + + – – –
17 PC + – + + + – – –



dermis. TC averaged one positive cell for every 70 kera-
tinocytes in the affected epidermis. The tip of the nipple
was the site of the major concentration of these ele-
ments, but positive cells were also found individually
scattered through the entire nipple epidermis. In two
cases, positive cells were also seen along the walls of
lactiferous sinuses, especially at the ductal-epidermal
junction. All other antibodies tested (keratin 20, 
c-Erb-B2, S-100 protein, EMA, GCDFP-15) were found
to be consistently negative.

Case 4 was characterized by rare cells situated along
the basal layer of the epidermis that were positive both
for keratins 7 and 20, while dendritic keratin 7-positive
cells located within the epidermis were not observed in
this case (Fig. 6).

In the supernumerary nipple rare keratin 7 and CAM
5.2 cells were scattered in the nipple epidermis showing
the same distribution as observed in the other cases.

In 10 out of 12 cases of nipple adenoma, EMA
stained the adenomatous cells. The staining was confined
mostly to the luminal border of the cells while most of
the remaining proliferating cells were unstained.

Paget’s carcinoma

The pale neoplastic cells were strongly positive for kera-
tin 7, CAM 5.2, c-Erb-B2, and EMA in all cases (Figs. 7,
8, 9), and GCDFP-15 was positive in only one case (case

14). All the other antibodies were consistently negative
as was the AB PAS stain. PC cells, mostly globoid and
averaging one for every ten keratinocytes, were spread
along a long tract of the affected epidermis. In addition,
in two cases occasional cells showed short dendritic pro-
cesses (Fig. 7).

Electron microscopy

The intraepidermal clear cells from both cases that were
examined by EM showed round to ovoid nuclei with
one to three nucleoli and dispersed chromatin. The cells
were round to elongated and one of them displayed
short dendritic projections. The cytoplasmic membrane
showed a festoon-like polycyclic profile with blunt ex-
traflexions and rare hemidesmosomes. Rare organelles,
sparse cytoskeletal filaments, and occasional dense bod-
ies were present. These elements were surrounded by
epidermal keratinocytes showing darker cytoplasm char-
acteristically filled with thick bundles of keratin
(Fig. 10).

In the adenomatous proliferation three types of cells
were visible: 1- luminal cells with microvillous projec-
tions; 2- myoepithelial cells located mostly at the edge of
the glands; and 3- elements showing the same features
seen in the epidermal clear cells, except for the 
festooned and dendritic appearance. These last were 
the most numerous elements (Fig. 11).
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Fig. 10 Case 10: This cell has
a round nucleus with three
small nucleoli. The cytoplasm
contains thin filaments and 
the cell membrane shows a 
festoon-like polycyclic profile
(×15,500, bar 1 µm)



Discussion

The clear cells of the nipple identified by Toker in 1970
[16] are still in need of histogenetic clarification. These
cells, “normal” constituents of the nipple epidermis, 
occasionally constitute a diagnostic pitfall because of
their similarity to PC cells, from which they must be 
distinguished. In our series of nipple adenomas and one
supernumerary nipple, cells having the same histological
and immunohistochemical features of TC as defined by
Toker [16] and subsequently by Lundquist et al. [7] were
seen in eight cases. TC were apparent on routine histolo-
gy in three cases, mostly seen as individual elements 
located within the epidermis in a suprabasal position.
Keratin 7 and CAM 5.2 selectively stained these cells
and revealed positive elements in an additional five
cases which had remained undetected with H&E. These
cells were generally globoid and in two cases showed
dendritic processes. Most keratin 7 and CAM 5.2 posi-
tive cells were located close to the lactiferous sinuses.
All the other antibodies were consistently negative. One
case (case 4) presented occasional cells situated along

the basal layer. These showed Merkel cell features, being
positive only to keratins 7 and 20 [8, 2].

Both cases of nipple adenomas studied ultrastructur-
ally revealed that TC were easily distinguished from the
surrounding keratinocytes, Langerhans cells, melano-
cytes, and Merkel cells. This was true because they
lacked the features specific of each of these other 
cells, such as thick bundles of keratin, indented nuclei,
Birbeck bodies, abundant melanosomes, or endocrine-
like granules. Toker cells were globoid or showed den-
dritic cytoplasmic projections. Rare hemidesmosomes
were evident and no microvillous cytoplasmic surface
was seen, the latter a feature of PC [12]. In addition,
when TC were compared to cells of the adenomatous
glandular structures of case 12, no distinguishing fea-
tures were observed other than dendritic features. The 
ultrastructure of these intraepidermal cells have not pre-
viously been illustrated; they are reminiscent only of the
clear basal cell as described by Toker in normal breast
ducts [15]. These elements do not have microvilli, but
have thin cytoskeletal filaments. The lack of microvilli
might explain the EMA negativity in TC.

In view of the fact that ductal (clear basal cells) and
TC share similar immunohistochemical and ultrastruc-
tural features, and considering that TC are found pre-
dominantly along the opening of lactiferous sinuses, it
seems likely that ductal cells migrate from the lactifer-
ous sinuses into the epidermis. This is also suggested by
the dendritic features of TC occasionally observed with
cytokeratin 7, and probably, by analogy with PC as sug-
gested by De Potter et al., reflects release of cytokines
from keratinocytes [3, 4]. Schelfhout et al. [13] have
shown that keratinocytes produce heregulin-alpha, a 
motility factor. When this factor is added in vitro to
breast carcinoma cells, these form long thin plasma
membrane protrusions and pseudopodia, and move apart.
However, a malformative aberrant line of differentiation
of epidermal keratinocytes towards ductal “secretory”
cells cannot be excluded [9], especially from those cases
that do not harbor proliferative adenomatous lesions or,
as in one case of the present series, TC are present in a
supernumerary nipple.

The four cases of PC were characterized by cells that
had an immunocytochemical profile similar to that of
TC, with the exception that the PC cases were all consis-
tently EMA and c-Erb-B2 positive. In addition, one PC
case was also positive with GCDFP-15. Therefore, it
seems that in this respect negativity with c-Erb-B2 anti-
body together with (as stressed by Toker) absence of 
cytological stigmata of malignancy militate against the
diagnosis of PC.

Toker has suggested that mammary Paget’s carcinoma
arises either from duct neoplastic cells that migrate from
neoplastic ducts or are the malignant counterpart of 
intraepidermal cells [16]. This is especially the case for
the rare patients with PC without associated carcinoma
in the rest of the breast. The case of mammary Paget’s
carcinoma confined to the areola and associated with
multifocal TC hyperplasia [17] is consonant with this
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Fig. 11 Case 12: Cellular proliferation within the adenoma of the
nipple. A lighter cell remarkably similar to the intraepidermal
clear cells (×11,000, bar 1 µm)



view as well as the case of Paget’s carcinoma of a super-
numerary nipple that was difficult to distinguish from
TC hyperplasia as reported by Decaussin et al. [5]. Final-
ly the dendritic features (indicating motility of the cell)
of two of the present cases of PC, similar to those seen in
TC, together with the fact that the four cases did not
have an associated carcinoma, are all features consonant
with a strict relationship between the two processes.

In conclusion, the ultrastructural examination of two
cases of nipple adenoma revealed that these TC have the
same features as some ductal elements. We suggest that
TC are ductal elements migrated to the nipple epidermis.
PC unrelated to duct carcinoma are probably the malig-
nant counterpart of TC.
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Abstract In histopathological sections, it is frequently
observed that carcinoma cells invade the stroma as co-
herent cell nests rather than single cells. We have called
this type of movement “cohort migration (CM)” and de-
veloped an in vitro model, in which human colon carci-
noma cells move as coherent cell sheets when stimulated
with hepatocyte growth factor/scatter factor (HGF/SF).
In this CM model, localized release from cell–cell adhe-
sion at the lower portion of cells is essential for cell
movement. Its mechanism was investigated in this study
with special reference to the E-cadherin/catenin complex
(Ecc) and IQGAP1. IQGAP1 is a target molecule of
Cdc42 and Rac1 and negatively regulates the Ecc-based
cell–cell adhesion by dissociating α-catenin, a key mole-
cule that links Ecc to actin cytoskeleton, from Ecc. In
our study, the amount of IQGAP1 bound to Ecc in-
creased in migrating cells in association with a decrease
in the α-catenin level in Ecc. In accordance with this,
IQGAP1 showed a shift from the cytosol to the mem-
brane fraction. Moreover, confocal laser microscopic
study demonstrated the localization of IQGAP1 at the
membranes of the lower portion of migrating cells,
where cell–cell adhesion was specifically disrupted dur-
ing CM. Furthermore, when HGF/SF-induced CM was
enhanced with pre-coated extracellular matrix (ECM)
components, the level of IQGAP1 in Ecc increased more
than that caused by HGF/SF alone. On the contrary,
when CM was inhibited by interrupting cell–ECM inter-
action, the level of IQGAP1 in Ecc did not increase de-
spite HGF/SF stimulation. Taken together, these results
indicate close association of IQGAP1 with localized dis-
ruption of cell–cell adhesion during CM and that modu-
lation of CM by cross-talk between signals induced 
by HGF/SF and cell–ECM interactions also involves 
IQGAP1-related mechanisms.

Keywords Tumor invasion · Cell motility · Cohort 
migration · IQGAP1 · HGF/SF · Cross-talk

Introduction

One of the reasons that carcinoma is thought to be a ma-
lignant and mortal disease is that carcinoma cells metas-
tasize. In the metastatic cascade, cell migration plays an
important role. The mechanisms by which cells move
have predominantly been investigated using in vitro mod-
els in which cells move as single cells [24]. In histopatho-
logical tumor sections, however, carcinoma cells often
proliferate and invade the surrounding tissue as coherent
cell nests rather than single cells [19, 25], suggesting that
there is a way by which carcinoma cells move together as
coherent cell clusters. A time-lapse video-microscopic
demonstration of migrating cell clusters in primary tumor
explants embedded in collagen gels [4] also supports this
concept. We have called this type of movement “cohort
migration (CM)” and demonstrated that better differenti-
ated carcinoma cells move en mass keeping cell–cell con-
tact with each other in vitro [14, 15, 16]. This in vitro CM
is induced by a naturally occurring motogenic factor, he-
patocyte growth factor/scatter factor (HGF/SF) in several
human colorectal carcinoma cell lines [18]. Moreover,
cell–cell contact in the coherent migrating cell sheets reg-
ulates expression and localization of proteins used for mi-
gration, such as gelatinase A and membrane-type-1 ma-
trix metalloproteinase (MT1-MMP), to work predomi-
nantly at the front of the migrating cell sheets [20]. These
lines of evidence suggest that CM is a specific mode of
cell migration; thus, we now consider that not only sin-
gle-cell locomotion but also CM could be involved in
carcinoma-cell invasion: the former mainly in poorly dif-
ferentiated carcinomas while the latter in well to moder-
ately differentiated carcinomas.

In a CM model, localized disruption of cell–cell adhe-
sion is most characteristic: migrating cells maintain close
cell–cell adhesion with one another in the upper portion
of cells with tight junctions and desmosomes, whereas
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wide-open intercellular spaces are formed in the lower
portions, which enables cells to extend leading lamella
forward to move [15]. The cell–cell adhesion of epithelial
cells is mediated predominantly by a transmembrane gly-
coprotein, E-cadherin, and a set of cytoplasmic cadherin-
associated molecules collectively called the catenins [in-
cluding α-, β-, γ- (plakoglobin) and p120cas catenins]
[26, 28]. Catenins form a complex with E-cadherin and
link it to the actin cytoskeleton, which is essential for 
E-cadherin to express its full adhesive function. β-Cat-
enin is a regulatory molecule involved in both cell–cell
adhesion and signal transduction. As a signal transducer
molecule, it translocates to the nucleus to activate tran-
scription, and abnormal nuclear accumulation of β-cat-
enin has been reported in carcinomas [1, 12]. As a cell-
adhesion regulatory molecule, β-catenin suppresses cad-
herin-mediated cell–cell adhesion via its tyrosine phos-
phorylation [26, 28]. When CM was induced with 12-O-
tetradecanoylphorbol-13-acetate (TPA) treatment, a local-
ized release from cell–cell adhesion at the lower portion
of cells was associated with increased tyrosine phosphor-
ylation of the E-cadherin/catenin complex (Ecc), includ-
ing β-catenin [16]. In HGF/SF-induced CM, however, the
tyrosine phosphorylation level was not altered and, in-
stead, the level of α-catenin that formed complex with E-
cadherin was reduced [18]. Since α-catenin is a key mol-
ecule that links the E-cadherin/β-catenin complex to the
actin cytoskeleton, we looked for the mechanism respon-
sible for this dissociation of α-catenin from the complex.

IQGAP1, a recently identified target molecule of
Cdc42 and Rac 1 small GTPases, has been shown to
negatively regulate the Ecc-based cell–cell adhesion by
dissociating α-catenin from Ecc [5, 7, 8, 29]. The bind-
ing site on β-catenin for IQGAP1 overlapped with that
for α-catenin; thus, IQGAP1 dissociated α-catenin from
the β-catenin/α-catenin complex in a dose-dependent
manner in vitro. Consistent with this, overexpression of
IQGAP1 in mouse L fibroblasts stably expressing E-cad-
herin resulted in a reduction of Ecc-based cell–cell adhe-
sion associated with dissociation of α-catenin from Ecc.

In this study, we demonstrated that IQGAP1 was
closely associated with localized disruption of cell–cell
adhesion during HGF/SF-induced CM of human colon
carcinoma cells. Furthermore, IQGAP1 was also in-
volved in modulation of CM by cross-talk between
HGF/SF signals and those from cell/extracellular matrix
(ECM) interactions.

Materials and methods

Reagents

Recombinant (r-) HGF/SF was purchased from Toyobo (Osaka,
Japan), and mouse monoclonal antibody (mAb) to human E-cad-
herin, HECD-1, was obtained from Takara (Tokyo, Japan). Syn-
thetic peptides, Gly-Arg-Gly-Asp-Ser (GRGDS) and Gly-Arg-
Gly-Glu-Ser-Pro (GRGESP) were purchased from Telios (San
Diego, Calif.), and human fibronectin (FN) and type-I collagen
(C-I) were obtained from Becton Dickinson Labware (Bedford,
Mass.) and Koken (Tokyo, Japan), respectively. Rat mAb to hu-

man α-catenin, α18, was a generous gift from Drs. Tsukita and
Nagafuchi (Kyoto University, Japan).

Cell culture

A highly metastatic subline to the liver (L-10) of the human colon
adenocarcinoma cell line RCM-1 was obtained by in vivo selec-
tion in nude mice [9]. L-10 cells were maintained in growth medi-
um (GM), a 1:1 mixture of RPMI 1640 and Hams F-12 (Nissui
Seiyaku, Tokyo, Japan) supplemented with 5% fetal calf serum
(FCS), L-glutamine (746 mg/ml), 25 mM N-2-hydroxyethyl 
piperazine-n-2-ethane sulfonic acid (HEPES), streptomycin
(90 mg/ml), and penicillin G (90 mg/ml), pH 7.35.

Cell motility on a Lab-Tek chamber slide

The motility assay was run as described previously [14], with
some modifications. Briefly, L-10 cells were seeded into compart-
ments of an eight-well Lab-Tek tissue culture chamber slide
(Nunc, Naperville, Ill.; 1.2×105 cells in 0.4 ml GM) and allowed
to attach for 40 h (1 day and overnight) in standard culture condi-
tions (37°C, 5% CO2 in air, 100% humidity). L-10 cells formed in-
terlinked and piled-up cell islands on the tissue culture glass sub-
strate of the Lab-Tek chamber slide. The cells were then exposed
to test medium (GM with or without HGF/SF, 20 ng/ml) for vari-
ous periods up to 48 h. Since stimulated L-10 cells migrated out-
ward from the cell islands into inter-island spaces as coherent cell
sheets one-cell thick, quantification was achieved by counting
their number in ten randomly selected high power fields (×400) af-
ter the cells were fixed with 3.7% formaldehyde in phosphate-buf-
fered saline (PBS) and stained with hematoxylin. All experiments
were performed in duplicate and repeated three times. Means and
standard errors of the mean were calculated, and statistical differ-
ences were analyzed using Student’s t-test for non-paired samples.

In experiments on FN or C-I-coated substratum, the glass sub-
strate of each compartment of the eight-well Lab-Tek chamber slides
was coated with 200 µl 1 µg/ml FN or C-I for 36 h at 4°C [17]. Dif-
fuse coating was confirmed by protein staining. Using these coated
chamber slides, cell migration was determined as described above.

In experiments with ECM protein-derived synthetic peptides,
cells were preincubated with the peptides for 30 min at 37°C, and
migration was induced in the presence of both HGF/SF and the
peptides.

Immunoblot analysis

To identify IQGAP1 on Western blots, a polyclonal antibody was
raised in rabbit against the N-terminal 30 amino acid-peptide of
IQGAP1 and purified by affinity purification using the immobi-
lized peptide as described previously [8, 21]. Western-blot analy-
sis with this antibody of total cell lysates from L-10 cells revealed
a single band with an approximate molecular weight of 190 kDa.
This band was identified as IQGAP1 by immunoaffinity chroma-
tography and immunoblot analysis with commercially available
anti-IQGAP1 antibody. Briefly, an immunoaffinity column was
prepared by cross-linking the antibody IgG to protein A-sepharose
[2]. Cell extracts from L-10 cells were chromatographed on the
column [2], and sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis (SDS-PAGE) of the eluted antigen revealed a single
band of 190 kDa, as above. This band was reacted with our anti-
IQGAP1 antibody on immunoblot analysis, which was carried out
as below, and its reaction was competitively inhibited by the pres-
ence of the N-terminal peptide used as an antigen. Moreover, this
single band was also reacted with anti-IQGAP1 monoclonal anti-
body (Transduction Laboratories, Lexington, Ky.).

The cell lysates, immunoprecipitates or cell fractions obtained
from HGF/SF-treated L-10 cells as described below were subject-
ed to SDS-PAGE using 7% gels. After electrophoresis, the pro-
teins were transferred electrophoretically to Immobilon mem-



brane. After the non-specific sites had been blocked with 5% non-
fat dry milk in Tris-buffered saline (pH 7.6) containing 0.05%
Tween-20 (TBS-T) at 37°C for 3 h, the membrane was incubated
with anti-IQGAP1 antibody, HECD-1, or anti-α-catenin mAb
overnight at 4°C. The membrane was washed three times with
TBS-T and incubated for 1 h with peroxidase-conjugated anti-rab-
bit (for anti-IQGAP1), anti-mouse (for HECD-1), or anti-rat (for
anti-α-catenin) IgG. Chemiluminescence reagent (Dupont NEN,
Boston, Mass.) was used to visualize the labeled protein bands ac-
cording to the manufacturer’s instructions. The bands on the film
were subjected to image analysis in order to quantify relative
amount (Adobe Photoshop, Adobe Systems, Mountain View, 
Calif.). The same blots used for demonstration of IQGAP1 or 
α-catenin were re-probed with HECD-1 and shown as loading
control. Statistical analysis was done using Student’s t-test.

Cell lysis and immunoprecipitation

Immunoprecipitation of IQGAP1 from L-10 cells was performed
according to Kuroda et al. [8]. Briefly, L-10 cells (3.8×106) in 
s35-mm dishes were incubated at 37°C for appropriate times with
HGF/SF (20 ng/ml) and exposed to a cross-linker, dithiobis 
(succinimidyl propionate; DSP, 0.75 mM; Sigma, St. Louis, Mo.),
for 20 min at room temperature (RT) before lysis. The DSP activity
was quenched by addition of 50 mM glycine in PBS. The cells
were then lysed in a solution (500 µl) containing 50 mM Tris-HCl
(pH 7.5), 1 mM ethylene diamine tetraacetic acid (EDTA), 50 mM
NaCl, 10 µM (p-amidinophenyl) methanesulfonyl fluoride (PMSF;
Boehringer Mannheim GmbH, Germany), leupeptin (10 µg/ml),
0.25% (w/v) Triton X-100, and 1 mM CaCl2. The protein concen-
trations of the cell lysates were determined using the Bradford as-
say (Bio-Rad, Hercules, Calif.). Aliquots of 300 µg total cell pro-
teins in 300 µl were incubated with 6 µg HECD-1 overnight at 4°C,
followed by the addition of 2 µg rabbit anti-mouse IgG (MBL,
Nagoya, Japan) and protein A-Sepharose (Bio-Rad). The pellet was
collected by centrifugation, washed three times with the lysis solu-
tion, dissolved in SDS sample buffer, and immediately subjected to
electrophoresis. Immunoblot analysis with anti-IQGAP1 antibody,
anti-α-catenin mAb, or HECD-1 was carried out as described.

Cell fractionation

The cell fractionation was performed as described previously [23].
Briefly, L-10 cells were incubated with HGF/SF as above, collect-
ed by scraping and centrifugation at 55 g for 5 min, then suspend-
ed in 500 ml double-strength sonication buffer [40 mM Tris-HCl,
4 mM EDTA, 10 mM ethyleneglycoltetraacetic acid (EGTA),
0.5 M sucrose, 0.02% leupeptin, 8 µM PMSF, 20 mM β-mercapto-
ethanol, pH 7.5]. The suspension was sonicated for six 30-s bursts,
and the sonicates were centrifuged at 100,000 g for 30 min at 4°C.
The supernatants were collected (cytosol fraction) and the pellets
were sonicated for four 15-s bursts in 500 µl sonication buffer
containing 0.2% Triton-X 100. After incubation at 4°C for 30 min,
the samples were centrifuged as above and the supernatants were
collected (membrane fraction). The protein concentrations of the
fractions were determined using the Bradford assay.

Immunofluorescent staining

After cell motility assays had been carried out, as described above,
the cells were fixed with 2% paraformaldehyde in 0.1 M phos-
phate buffer for 30 min at 4°C. They were then washed twice in
cold PBS and treated with 0.1% Triton X-100 in PBS for another
30 min at 4°C. Then the cells were incubated with 10% normal
goat serum (Cadarlane, Hornby, Canada), 1% BSA (Sigma), and
0.025% thimerosal (Sigma) in PBS for 1 h at RT to block non-spe-
cific binding sites. They were subsequently incubated with poly-
clonal antibodies against human IQGAP1, which were diluted
with the above blocking solution for 1 h at RT. The cells were then
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washed in PBS and incubated with anti-rabbit IgG goat Fab’ con-
jugated Alexa488 (Molecular Probes, Eugene, Ore.) for 1 h at RT.
After rinsing with PBS four times, the cells were stained with rho-
damine-phalloidin (Molecular Probes) in PBS for 20 min at RT.
After rinsing with PBS, the cells were immediately viewed under
the confocal laser microscope (Leica, Wetzlar, Germany).

Results

The level of IQGAP1 bound to Ecc during CM

The expression levels and complex formation of IQGAP1
with E-cadherin during CM were examined. With 24-h
HGF/SF treatment, CM was induced as localized cell
sheets at intervals along the margin of the cell islands
(Fig. 1b), while few cells came out without treatment

Fig. 1 Hepatocyte growth factor/scatter factor (HGF/SF)-induced
cohort migration of L-10 cells. The cells were incubated with (b) or
without (a) HGF/SF (20 ng/ml) for 24 h. a Few cells move out from
the piled-up cell islands without treatment. b With treatment, cells
move outwards from the cell islands as coherent sheets one-cell
thick. The cells at the front edge of the migrating cell sheets show
motile cell morphologies with leading lamellae (arrows). The por-
tions of remaining piled-up cell islands are indicated by arrowheads
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Fig. 2 Protein levels of IQGAP1 in total cell lysates (a) and 
E-cadherin/catenin complexes (Ecc) (b). a After incubation with
(+) or without (–) hepatocyte growth factor/scatter factor
(HGF/SF) for 24 h, L-10 cells were lysed and subjected to immu-
noblotting with anti-IQGAP1 antibody (upper panel, IQGAP1). 
b After cells were treated as in a, L-10 cell lysates were immuno-
precipitated with anti-E-cadherin antibody, followed by immuno-
blotting with anti-IQGAP1 antibody (upper panel, IQGAP1). The
same blots were re-probed with anti-α-catenin antibody (upper
panel, α-catenin). The bands on the immunoblots were subjected
to image analysis as described, and the lower graphs show relative
protein levels of IQGAP1 and α-catenin in HGF/SF-treated cells
(hatched column) compared with those in non-treated control cells
(open column). The values are means and standard errors of the
mean (n=3). The blots used for detection of IQGAP1 and α-cat-
enin were re-probed with anti-E-cadherin antibody and are shown
as loading control (upper panel, E-cadherin). Note that the intensi-
ties of E-cadherin bands are almost the same for both HGF/
SF-treated and non-treated cells. *P<0.01; unpaired Student’s 
t-test

Fig. 3 Time courses of cohort migration and IQGAP1 protein lev-
els bound to E-cadherin/catenin complexes (Ecc). Migrating cell
numbers are shown as closed circles and solid lines, and the levels
of IQGAP1 that were immunoprecipitated with HECD-1 are dem-
onstrated as hatched bars compared with those of non-stimulated
control. Open circles and broken lines indicate control cell migra-
tion without hepatocyte growth factor/scatter factor (HGF/SF)
treatment. Time (h) indicates the duration of HGF/SF treatment.
The values are means and standard errors of the mean (n=3).
*P<0.01; unpaired Student’s t-test

Fig. 4 A shift of IQGAP1 from the cytosol to the membrane frac-
tion after treatment of cells with hepatocyte growth factor/scatter
factor (HGF/SF). L-10 cells were incubated with (+) or without
(–) HGF/SF (20 ng/ml) for 24 h and then lysed. The cytosol (a)
and membrane (b) fractions obtained from the lysate were subject-
ed to immunoblotting with anti-IQGAP1 antibody (upper panel,
IQGAP1). Relative protein levels of IQGAP1 in HGF/SF-treated
cells (hatched column) compared with those in non-treated control
cells (open column) are shown in the lower graph. The values are
means and standard errors of the mean (n=3). The same blots used
for detection of IQGAP1 that were re-probed with anti-E-cadherin
antibody are shown as loading control (upper panel, E-cadherin).
*P<0.01; unpaired Student’s t-test

(Fig. 1a). The cells at the front edge of the migrating cell
sheets showed motile cell morphologies, with leading la-
mellae, and the following cells in the sheets appeared to
have cell–cell contact with one another. After this 24-h
stimulation with HGF/SF, Western blotting of total cell
lysates of L-10 cells revealed no significant alteration of
expression levels of IQGAP1 protein (Fig. 2a). However,
the amount of IQGAP1 co-immunoprecipitated with 
E-cadherin increased by approximately 60% at that time
(Fig. 2b, IQGAP1 and its quantification graph). This
change was associated with an approximate 20% de-
crease in the α-catenin level in the E-cadherin immuno-
precipitates (Fig. 2b, α-catenin and its quantification
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Fig. 6 Stimulation of cohort migration by type-I collagen (C-I) or
fibronectin (FN)-coated substratum. Prior to migration assays, the
glass substratum of each compartment of Lab-Tek chamber slides
was coated with 1 µg/ml FN or C-I for 36 h at 4°C. Migration after
various times of incubation with hepatocyte growth factor/scatter
factor (HGF/SF; 20 ng/ml) is shown. Open marks migration with-
out HGF/SF treatment, closed marks migration with HGF/SF
treatment, circles migration on C-I-coated substratum, triangles
migration on FN-coated substratum, squares migration on non-
coated substratum. The values are means and standard errors of
the mean (n=3). *P<0.01, **P<0.05; unpaired Student’s t-test

graph), as reported previously [18]. The E-cadherin im-
munoprecipitates contained α-, β- and γ-catenin which
formed complexes with E-cadherin in addition to 
IQGAP1 (data not shown) and, therefore, corresponded
to Ecc. Since HGF/SF does not alter protein levels of E-
cadherin in L-10 cells [18], E-cadherin protein levels
served as loading controls (Fig. 2a, b, E-cadherin). 

Time course of complex formation of IQGAP1 with
Ecc during CM is shown in Fig. 3. Migration was in-
duced quite slowly compared with that induced by TPA
[14]: migrating cells first appeared around 12 h after
stimulation had started, and 55–60% of the maximum
migration were achieved after 18 h. The level of 
IQGAP1 in Ecc increased by 10–25% 3 h after HGF/SF
treatment had started and remained unchanged up to
15 h, then showed the maximum increase (approximately
60%) at 24 h, when migration also reached the maximum
level.

Localization of IQGAP1

Since binding of IQGAP1 to Ecc increased during CM,
we examined the IQGAP1 level in the membrane frac-
tion to confirm that IQGAP1 bound to Ecc on the cell
membrane. The amount of IQGAP1 in the cytosol frac-
tion did not show a significant change, although there
was a tendency to decrease, while that in the membrane
fraction increased by about 50% after 24-h treatment
with HGF/SF (Fig. 4), suggesting a shift of IQGAP1
from the cytosol to the membrane fraction. The protein
content of the cytosol fration was four to five times more
than that of the membrane fraction, which was supposed
to obscure a decrease in the cytosol IQGAP1 level. The
amounts of E-cadherin applied to the gel (Fig. 4, indicat-
ed as E-cadherin) showed no alteration (loading control).

Next, we attempted to directly view the localization
of IQGAP1 with a confocal laser microscope using an
immunofluorescent technique. The results are shown in
Fig. 5. On a horizontal view (Fig. 5a, c, e), coherent mi-
grating cell sheets (Fig. 5a, arrows) were formed in be-
tween two piled-up cell islands (Fig. 5a, arrowheads).
This horizontal view was taken at the plane through the
migrating cells that were flatter and thinner than the cells
of piled-up islands. Actin filaments, demonstrated in red,
showed circular arrangement along the cell membranes

Fig. 7 Effect of C-I or FN-coated substratum on the protein level
of IQGAP1 bound to E-cadherin/catenin complexes (Ecc). After
migration had been induced for 15 h with (+) or without (–) hepa-
tocyte growth factor/scatter factor (HGF/SF) treatment on glass
substratum coated with fibronectin, type-I collagen or phosphate-
buffered saline (control), cells were lysed and subjected to immu-
noprecipitation with anti-E-cadherin antibody, followed by immu-
noblotting with anti-IQGAP1 antibody (upper panel, IQGAP1).
The same blot that was re-probed with anti-E-cadherin antibody is
shown as loading control (upper panel, E-cadherin). The lower
graph shows relative protein levels of IQGAP1 in Ecc obtained
from HGF/SF-treated cells compared with those from non-treated
control cells. The values are means and standard errors of the
mean (n=3). *P<0.01, **P<0.05; unpaired Student’s t-test

Fig. 5 Immunocytochemical localization of IQGAP1 in migrating
cells. After cohort migration was induced with hepatocyte growth
factor/scatter factor (HGF/SF) treatment (20 ng/ml, 20 h), cells
were fixed and subjected to immunofluorescent staining. a, b Actin
filaments stained with rhodamine-phalloidin are demonstrated as
red. c, d IQGAP1 stained with anti-IQGAP1 antibody is demon-
strated as green. e, f Merged actin and IQGAP1. a, c, e A horizon-
tal view taken at the plane through the basal half of migrating cells.
In a, a migrating cell sheet is marked with arrows, and the remain-
ing piled-up cell islands are shown by arrowheads. b, d, f A verti-
cal view taken along a solid line marked in a. IQGAP1 demonstrat-
ed at the lower portion of the posterolateral cell–cell border of mi-
grating cells is indicated by arrows in d and f

▲
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and also formed short radiating bundles at the base of the
leading edges of the migrating cells (Fig. 5a). IQGAP1,
shown in green, were demonstrated predominantly along
the lateral membranes of the migrating cell sheets
(Fig. 5c). The merged view more clearly shows predomi-
nant localization of actin filaments in piled-up cell is-
lands and that of IQGAP1 in lateral membranes of mi-
grating cells (Fig. 5e). Moreover, on a vertical view,
which was observed along a solid line marked in Fig. 5a,
IQGAP1 was demonstrated predominantly at the lower
portion of the posterolateral cell–cell border of migrating
cells (Fig. 5b, d, f; arrow).

Effect of altered ECM–cell interactions 
on the IQGAP1 level bound to Ecc

Next, we examined whether modulation of CM by ECM
components could also alter the level of IQGAP1 bound
to Ecc.

Time courses of L-10 cell migration on the substra-
tum coated or non-coated with ECM components are
shown in Fig. 6. Coating of substratum with C-I or FN
induced 2.3 or 1.3 times more migration than non-coated

substratum, respectively, after 24-h stimulation with
HGF/SF. After 15-h stimulation, the cells on non-coated
substratum showed only 10% of their maximum migra-
tion, while the cells on C-I or FN-coated substratum al-
ready migrated to the level of 60–70% of their maximum
migrations. At this time, cells were lysed and the level of
IQGAP1 in Ecc was examined by means of immunopre-
cipitation with anti-E-cadherin antibody. Migrating cells
on C-I and FN-coated substratum showed a 30% and
45% increase in the IQGAP1 level bound to Ecc, respec-
tively, compared with non-stimulated controls (Fig. 7),
whereas migrating cells on non-coated substratum exhib-
ited only a 7% increase, despite induction of migration
by the same amount of HGF/SF (20 ng/ml). 

Attachment of cells to FN via α5β1 integrin is based
on the RGD motif within the cell binding domain of FN
[22], and thus the RGD-containing synthetic peptide –
such as GRGDS – competitively blocks the cellular at-
tachment to FN. During CM, L-10 cells produce FN
themselves and move on the FN substrate in an RGD-
dependent manner [17]. In this study, therefore, we used
RGD-containing peptides to block migration. Treatment
of cells with GRGDS peptides (200 µg/ml) almost com-
pletely inhibited CM (Fig. 8a) as previously shown [17],
while GRGESP (200 µg/ml) control peptides did not
show any inhibitory effect compared with control. When
CM was inhibited with GRGDS peptide treatment, bind-
ing of IQGAP1 to Ecc was not enhanced despite the
presence of HGF/SF stimulation (Fig. 8b, RGD). In case
of treatment with GRGESP control peptides, the level of
IQGAP1 in Ecc increased by HGF/SF stimulation
(Fig. 8b, RGE).

Discussion

In this work we have demonstrated possible association
of IQGAP1 with localized disruption of cell–cell adhe-
sion that is essential for CM of carcinoma cells. During
CM, dissociation of cell–cell adhesion occurs only at the

Fig. 8 Effect of RGD/RGE peptides on hepatocyte growth fac-
tor/scatter factor (HGF/SF)-induced migration and protein levels
of IQGAP1 in E-cadherin/catenin complexes (Ecc). a Cohort mi-
gration assays were run without any treatment (HGF/SF–) or in
the presence of HGF/SF alone (C), HGF/SF and the GRGDS pep-
tide (200 µg/ml) (RGD), or HGF/SF and the GRGESP peptide
(200 µg/ml) (RGE). b After the migration was induced as in a
with (+) or without (–) HGF/SF treatment in the presence of
GRGDS (RGD) or GRGESP (RGE) peptides, IQGAP1 protein in
Ecc was demonstrated as in Fig. 7. A representative immunoblot
indicating IQGAP1 protein levels in Ecc is shown (upper panel,
IQGAP1). The same blots that were re-probed with anti-E-cad-
herin antibody are shown as loading control (upper panel, E-cad-
herin). The lower graph shows relative protein levels of IQGAP1
bound to Ecc in HGF/SF-treated (+) cells (hatched column) com-
pared with those in non-treated (–) control cells (open column).
The values are means and standard errors of the mean (n=5).
*P<0.01; unpaired Student’s t-test



lower portion of cells, whilst keeping cell–cell contact at
the upper portion. In this study, the amount of IQGAP1
bound to Ecc increased in migrating cells in association
with a decrease in the α-catenin level in Ecc. In accor-
dance with this, IQGAP1 showed a shift from the cytosol
to the membrane fraction. Moreover, immunofluorescent
study with a confocal laser microscope demonstrated the
localization of IQGAP1 at the membranes of the lower
portion of migrating cells, the site of compartmentalized
disruption of cell–cell adhesion. IQGAP1 has been
shown to negatively regulate the Ecc-based cell–cell ad-
hesion by dissociating α-catenin, a key molecule that
links the E-cadherin/β-catenin complex to actin cytoskel-
eton, from Ecc [5, 8]. Taken together, these lines of evi-
dence indicate close association of an IQGAP1-related
regulation mechanism with compartmentalized modula-
tion of cell–cell adhesion during cohort type migration.
Correlation between the levels of IQGAP1 bound to Ecc
and the extents of migration that was modulated by 
enhancing or blocking cell–ECM interactions also sup-
ported the above association. Furthermore, transfection
of dominant active mutant of Rac1, which inhibits 
IQGAP1-induced cell dissociation, into carcinoma cells
suppressed HGF/SF-induced CM, while transfection of
dominant negative mutant of Rac1, which stimulates 
IQGAP1-mediated cell dissociation, enhanced the CM
(K. Nabeshima et al., unpublished results). These find-
ings also support our speculations. IQGAP1-mediated
regulation of cell–cell adhesion was initially demonstrat-
ed in mouse L fibroblasts stably expressing human 
E-cadherin by means of overexpressing IQGAP1 [5, 8].
However, the physiological situations in which this 
IQGAP1 regulatory system operates, especially in hu-
mans, remain to be clarified [5]. Our work suggests its
possible involvement in human carcinoma cell move-
ment.

Recently IQGAP1 expression was examined immuno-
histochemically in human endometrial [11] and gastric
[27] carcinomas. We also examined IQGAP1 expression
in human colorectal carcinoma and found its higher lev-
els in carcinomas compared with their normal counter-
parts. Moreover, IQGAP1 expression was associated
with invasion fronts (K. Nabeshima et al., unpublished
observations). In poorly differentiated endometrial carci-
nomas, abnormal complexes containing E-cadherin and
IQGAP1 were found at cell adhesive sites, where α-cat-
enin was not demonstrated [11]. IQGAP1 was frequently
observed diffusely in the cytoplasm in intestinal-type
gastric carcinomas (mostly well to moderately differenti-
ated adenocarcinomas), but was expressed at the cell
membrane in diffuse-type tumors (mostly poorly differ-
entiated adenocarcinomas) [27]. In these gastric carcino-
mas, membranous expression of IQGAP1 was inversely
correlated with that of E-cadherin or α-catenin. These
lines of evidence suggest that IQGAP1 might be bound
to the E-cadherin/β-catenin complex and interfere with
intercellular adhesion in poorly differentiated adenocar-
cinomas. In our study, however, it was suggested that
this IQGAP1-mediated negative regulation of Ecc-based

cell–cell adhesion might be involved also in cohort type
migration of carcinoma cells observed in well to moder-
ately differentiated adenocarcinomas. It may induce tran-
sient release from cell–cell adhesion, which occurs focal-
ly along the cell borders and enables cells to extend lead-
ing edges and move as cell clusters or tubules.

In this study, we have also shown that there is cross-
talk between HGF/SF-induced signals and those from
cell–ECM interactions in modulation of CM, and that
this cross-talk involves IQGAP1. HGF/SF-induced CM
was enhanced by FN or C-I-coated substratum and al-
most completely inhibited by blocking cell–ECM inter-
actions with RGD-containing peptides. During the en-
hancement of HGF/SF-induced migration by ECM pro-
teins, the level of IQGAP1 in Ecc increased more than
that caused by HGF/SF alone. On the contrary, when mi-
gration was inhibited with RGD peptides, the level of
IQGAP1 in Ecc did not increase as in non-stimulated
cells despite the presence of HGF/SF stimulation. These
results might indicate possible involvement of IQGAP1-
mediated regulation of cell–cell adhesion in modulation
of migration by cross-talk between signals from HGF/SF
stimulation and cell–ECM interactions. The cross-talk
mechanism for coordinate regulation of cell–cell and
cell–ECM adhesions during epithelial cell movement has
been an interesting topic. It was reported in KYN-2 hu-
man hepatocellular carcinoma cells that integrin-mediat-
ed cell-substratum adhesion inhibited E-cadherin-medi-
ated cell–cell adhesion, possibly through activation of 
c-Src bound to E-cadherin [6]. In migrating neural crest
cells, treatment of cells with RGD peptides or antibodies
to FN or β1 and β3 integrins blocked cell migration and,
at the same time, caused rapid accumulation of N-cad-
herin molecules into adherens junctions in tight associa-
tion with the cytoskeleton [13]. Moreover, coordinate ex-
pressions of cell–cell and cell–ECM adhesion molecules
have recently been described. In general, expression lev-
els of FN, integrins, and integrin-binding proteins are in-
versely correlated to those of cell–cell adhesion mole-
cules, such as E-cadherin. For example, overexpression
of integrin-linked kinase (ILK), a serine/threonine kinase
that binds to the integrin β1 cytoplasmic domain, stimu-
lated FN matrix assembly in epithelial cells, and this was
accompanied by a reduction in the E-cadherin expression
[30]. Xenopus XTC cells stably transfected with E-cad-
herin showed downregulation of FN and α3β1 integrin
expression, associated with impaired adhesion to FN and
laminin [3]. Similarly, in mouse mammary epithelial
cells, transition from epithelial to fibroblastic phenotype
by TGF-β1 correlated with decreased expression of 
E-cadherin, ZO-1 (a tight junction molecule) and des-
moplakin I and II (desmosomal molecules) and increased
expression of FN [10]. Further investigation of the sig-
nals involved in these coordinate expressions of adhesive
molecules and modulation of their functions might pro-
vide a new approach to prevent invasion and metastasis
of carcinoma cells.
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Abstract Background: The INK4a-ARF (CDKN2A) lo-
cus, located on chromosome 9p21, encodes two func-
tionally distinct tumor suppressor genes, p14ARF and
p16INK4a, that play active roles in the p53 and Rb tumor
suppressive pathways, respectively. We analyzed the al-
terations of p14ARF, p16INK4a and p53 to study the contri-
bution of each pathway in tumorigenesis of 29 patients
with primary and consecutive (second primary) squa-
mous cell carcinoma of the head and neck (HNSCC),
with a total of 68 carcinomas. Methods: After microdis-
section, the DNA of 29 primary and 39 consecutive
squamous cell carcinomas was analyzed for INK4a-ARF
inactivation and p53 mutation by means of DNA se-
quence analysis, methylation-specific polymerase chain
reaction (MSP), restriction-enzyme-related polymerase
chain reaction (RE-PCR), multiplex RT-PCR and immu-
nohistochemistry. In addition, microdeletions of p14ARF

and p16INK4a were assessed using differential PCR. 
Results: Altogether inactivation (methylation, loss of
heterozygosity and mutation of exon 1β) of p14ARF was
found in 29 of all 68 (43%) carcinomas, with a signifi-
cant difference in primary [8 of 29 (28%)] relative to
second primary carcinomas [21 of 39 (54%)]. Methyla-
tion of p16INK4a occurred in 22 of 68 (32%) carcinomas
with an even distribution among primary and consecutive
tumors. Only two (secondary) carcinomas showed simul-
taneous promoter methylation of p14ARF and p16INK4a.
Mutations of p53 were found in 32 of 68 HNSCCs
(44%), evenly distributed among primary and recurrent
carcinomas. p14ARF alterations showed no relationship to
p53 mutations. Conclusions: Our data indicate that the
INK4a-ARF-/p53 pathway was disrupted in 58 of 68
(84%) primary and recurrent tumors, either by p53 muta-

tions or by INK4a-ARF inactivation. p14ARF methylation
occurred independently of p16INK4a alterations and
showed no correlation to p53 mutations. The significant-
ly higher rate of p14ARF alterations in recurrent (respec-
tive second primary) carcinomas suggests a further ac-
quired genetic aberration during the development of the
recurrent carcinomas.

Keywords Squamous cell carcinoma · Head and neck ·
p14ARF · p16INK4a · p53 · Methylation

Introduction

The latest advances in molecular biological methods
contributed to the understanding of the multi-step pro-
cess of carcinogenesis. Genetic instability, dysregulation
of cell cycle and apoptosis, as well as changes of onco-
genes and tumor suppressor genes are involved in the de-
velopment of squamous cell carcinoma of the head and
neck (HNSCC). A first “tumor progression model” was
developed by Califano et al. [9], who described allelic
imbalances at 9p21 as an early event during the “tumor
pathway”. However, despite the advances in molecular
characterization of HNSCC, the exact mechanisms of
carcinogenesis and the different biological behavior of
the tumors are still unknown. Especially the develop-
ment of recurrent/second primary carcinoma remains an
impending question to the treating clinician: despite re-
cent advances in tumor surgery and multimodal treat-
ment regimens, the prognosis of HNSCCs as well as the
development of recurrent/second primary carcinomas
has remained almost unchanged for the past 10 years [6].
Therefore, additional studies of the molecular character-
istics of HNSCC are needed.

The INK4a-ARF locus, encoding the two growth sup-
pressive genes p14 ARF and p16INK4a, is one of the major
chromosomal aberration hotspots in a variety of human
cancers [29], representing a convergence of the two ma-
jor pathways of tumorigenesis: the Rb and p53 path-
ways. p14ARF leads to the localization and sequestration
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of MDM 2 in the nucleolar compartment, thereby block-
ing MDM 2-mediated inhibition of p53, inducing G1 and
G2 arrest [5]. Thus, it has been suggested that concomi-
tant p14ARF and p53 gene inactivation must be rare
events in the same tumor [14, 22]. p16INK4a controls cell
cycle progression by maintaining an unphosphorylated
(inactive) RB protein via inhibition of kinase activity of
Cdk 4 and 6 [2]. The two genes encoded by the INK4a-
ARF locus, p16INK4a and p14ARF, share a common cod-
ing sequence for exons 2 and 3 with distinct sequences
for promoters and exon 1, which is spliced into 1α and
1β: exon 1α for p16INK4a and 1β for p14ARF. Functional
inactivation of the INK4a-ARF locus occurs by muta-
tion, homozygous deletion, or gene methylation in many
tumors of diverse origin [4]. For HNSCC, promoter
methylation as well as somatic alterations of p16 INK4a

have been described as major factors in carcinogenesis
[8, 11, 12, 16, 19, 21].

So far, there have only been a few studies demonstrat-
ing the alterations of both genes encoded by the INK4a-
ARF locus as an event in tumorigenesis of HNSCC [18,
25, 34] and, to our knowledge, there is no investigation
comparing the alteration status of primary and corre-
sponding recurrent/second primary carcinoma.

To obtain further information of the carcinogenesis of
HNSCC and their recurrent/second primary tumors, we
analyzed the alterations of p14ARF, p16INK4a and p53 in a
group of patients with multiple HNSCCs.

Materials and methods

Patients and tissue samples

Tissue samples of 29 patients with clinically defined locally recur-
rent HNSCCs were collected between February 1993 and Febru-
ary 2000, with the longest observation period being 7 years. All
tumor samples were snap frozen using liquid nitrogen and stored
immediately at –80°C. Recurrent lymph-node metastases were not
included in our study. All patients had undergone complete resec-
tion and postoperative radiotherapy of the primary tumor. Nine pa-
tients presented with more than one secondary carcinoma, with
one patient exhibiting three consecutive tumors (Table 1). Alto-
gether there were 68 informative tumor samples (primary and con-
secutive carcinomas). Tumor typing and staging was performed
using WHO 1997 [36], WHO 1991 [35], and UICC 1997 [33] cri-
teria. The majority of the primary tumors were located in the oro-
pharynx (12 cases), followed by larynx (nine cases), hypopharynx
(five cases) and floor of mouth (three cases). According to UICC
1997 [33], staging of primary carcinomas was as follows: stage I
n=5, stage II n=7, stage III n=7 and stage IV n=10 tumors. All pa-
tients were informed of special examination of tumor samples
which was in accordance with the ethics standards of the Commit-
tee on Human Experimentation of the University of Leipzig. All
samples were taken during treatment procedures under therapeutic
intent.

DNA samples

All mutation analyses were performed by direct sequencing of ge-
nomic DNA. For each HNSCC sample, the histopathological le-
sions of interest were first identified on routinely stained slides.
Parallel sections were cut with the microtome set at 6 µm, and the
slides dried overnight at 37°C. Corresponding areas of interest

were delineated and microdissected after rapid staining with he-
matoxylin and eosin. Thereafter, the tissue was scraped off the
slide (the sections were covered with 25 µl Tris buffer, 0.05 mol)
with the tip of a sealed glass pipette and then sucked into a micro-
capillary tube. Tissue samples were then put into Eppendorf tubes
and incubated with proteinase K at 37°C overnight. Proteinase K
activity was inactivated by heating to 95°C for 10 min. For DNA
extraction, standard methods were used: after incubation with pro-
teinase K at 37°C overnight, the tissue was extracted twice in phe-
nol and twice in chloroform, followed by ethanol precipitation.

Methylation status of INK4a-ARF locus

The CpG WIZ p16 methylation assay kit was used (OncorInc,
Gaithersburg, Md.) according to the manufacturer's description.
After an initial bisulfide reaction to modify the DNA, a polymer-
ase chain reaction (PCR) amplification with specific primers was
performed to distinguish methylated from unmethylated DNA.
Primers specific for unmethylated p16 (5′-TTATTAGAGGGTG-
GGGTGGATTGT-3′, 5′-CAACCCCAAACCACAACCATAA-3′) 
or methylated p16 (5′-TTATTAGAGGGTGGGGCGGATCGC-3′,
5′-GACCCCGAA CCGCGACCGTAA-3′) were used. DNA
(7 µg/100 µl) was denatured with 0.2 M NaOH for 10 min at
room temperature. DNA modification reagent I was added, incu-
bated for 24 h at 50°C and subsequently purified with DNA mod-
ification reagents II and III in the presence of 50 µl water. The bi-
sulphate modification of DNA was completed with 0.3-M NaOH
treatment for 5 min, followed by ethanol precipitation. For hot-
start PCR, the PCR mixture contained Universal PCR buffers
[1×9, four dNTPs (1.25 nM), U or M primers (300 ng each per re-
action)]. The annealing temperature was 65°C for three cycles.
The PCR product was directly electrophoresed on a 3% agarose
gel, stained with ethidium bromide and visualized under UV illu-
mination. Bisulfite-converted DNA from corresponding normal
mucosa from each patient served as a negative control as indicat-
ed by the presence of the unmethylated but not the methylated
band. To control the efficacy of bisulfite treatment, a primer set
used for unmodified or wild type (“wt”) was used (5′-CA-
GAGGGTGGGGCGGACCGA-3′ and 5′-CGGGCCGCGGCCG-
TGG-3′). In case of insufficient bisulfite modification of the
DNA, the wild-type primers should have been amplified (Fig. 1).

The methylation pattern in the CpC islands of the p14ARF were
determined by primers designed for either methylated or unmeth-
ylated DNA [3]. The primers spanned six CpG sites within the 5′
regions of the gene. The 5′ positions of the sense unmethylated
and methylated primers correspond to 195 bp and 201 bp of Gen-
Bank sequence number LA1934. The primer sequences for the un-
methylated reaction were 5′-TTTTTGGTGTTAAAGGGTGG-
TGTAGT-3′ (sense) and 5′-CACAAAAACCCTCACTCACAAC-
AA-3′ (antisense), yielding a PCR product of 132 bp. The primer
sequences for the methylated reaction were 5′-GTGTTAAAG-
GGCGGCGTAGC-3′ (sense) and 5′-AAAACCCTCACTCGCG-
ACGA-3′ (antisense), which amplify a 122-bp product [13].

Placental DNA treated with methyltransferase was used as a
positive control for methylated alleles. PCR products (15 µl) were
electrophoresed on an 8% polyacrylamide gel, stained and directly
visualized.

In addition to methylation-specific PCR (MSP), a second ap-
proach was used to determine the methylation status of p14ARF

and also p16INK4a, the restriction enzyme-related polymerase chain
reaction (RE-PCR), as described by Chaubert et al. [10]. Genomic
DNA was digested with four methyl-sensitive (HpaII, NaeI, EaglI
and Ksp1) and one non-methyl-sensitive (MspI) restriction en-
zyme. After chloroform/phenol extraction and precipitation, a
316-bp fragment of p14ARF exon 1 containing one HpaII and one
Ksp1 site was amplified by PCR. The following primers were
used: 5′-GCCTGCGGGGCGGAGAT-3′ (forward) and 5′-GCGG-
CTGCTGCCCTAGA-3′ (reverse). For p16INK4a, a 150-bp frag-
ment of exon 1 containing two HpaII and one Ksp1 site was am-
plified by PCR. The primer sets were 5′-GGGAGCAGCATG-
GAGCCG-3′ (forward) and 5′-CTGGATCGGCCTCCGACCGTA-
3′ (reverse).
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Table 1 Pathohistological data of patients with primary and second primary squamous cell carcinoma (HNSCC) of the head and neck

Patient no. TNM Grading Tumor localization Time interval between primary
and second primary HNSCC (months)

1 T1N0M0 G1 Oropharynx R
T1N0M0 G2 Oropharynx R 12

2 T1N0M0 G3 Vocal cord R
T3N0M0 G2 Larynx 17

3 T3N0M0 G1 Buccal mucosa R
T2N2M0 G1 Buccal mucosa R 7

4 T2N2M0 G3 Base of tongue L
T2N2Mx G2 Base of tongue L 16

5 T4N2M0 G1 Naso-Oro-Hypopharynx L
T2N0Mx G3 Oropharynx L 7

6 T3N2M0 G2 Oral cavity/Oropharynx L
T4N0M0 G2 Oral cavity/Oropharynx L 10
T4N2Mx G1 Oral cavity/Oropharynx L 4

7 T3N2M0 G2 Base of tongue L
T2N0Mx G1 Base of tongue L 24

8 T3N2M0 G1 Tonsil R
T2N0Mx G2 Base of tongue 8
T3N0Mx G3 Base of tongue, Epiglottic 8

9 T1N1M0 G1 Oropharynx
T3N1M0 G2 Oro/hypopharynx 34
T4N2Mx G3 Hypopharynx 5

10 T2N0M0 G1 Vocal cord R
T4N0Mx G2 Larynx 9

11 T2N0M0 G1 Vocal cord L
T4N0M0 G2 Larynx 10
T3N0Mx G1 Trachea 8

12 T2N0M0 G2 Floor of mouth L
T3N2Mx G2 Floor of mouth L 10

13 T2N1M0 G1 Tonsil L
T3N1Mx G1 Base of tongue 7

14 T2N1M0 G1 Vocal cord L
T3N0M0 G1 Larynx L 9
T3N2M0 G2 Hypopharynx,Esophagus 7

15 T1N0M0 G1 Vocal cord L
T3N0M0 G2 Larynx L 8

16 T2N0M0 G2 Lower lip
T1N1Mx G3 Lower lip 15

17 T3N2M0 G2 Base of tongue
T2N0M0 G1 Oropharynx 4
T2N0M0 G2 Oropharynx 6

18 T3N2M0 G2 Larynx/Hypopharynx
T2N0Mx G2 Hypopharynx 7

19 T1N0M0 G2 Vocal cord R
T2N0M0 G2 Larynx 9

20 T2N0M0 G1 Floor of mouth R
T3N0M0 G3 Floor of mouth R 8

21 T2N0M0 G1 Tonsil L
T2N2Mx G2 Oropharynx L 23
T3N2Mx G1 Oropharynx L 14

22 T1N0M0 G2 Vocal cord R
T2N2M0 G3 Larynx L 29

23 T3N1M0 G3 Oropharynx R
T2N2M0 G2 Oropharynx R 8

24 T3N1M0 G2 Oropharynx, floor of mouth L
T2N0M0 G2 Floor of mouth L 6
T4N0Mx G2 Floor of mouth 4

25 T4N2M0 G2 Oropharynx/oral cavity
T4N0M0 G2 Oral cavity 10

26 T3N0M0 G2 Hypopharynx, supraglottic
T4N2Mx G3 Hypopharynx 10

27 T2N0M0 G1 Supraglottic L
T2N2M0 G1 Larynx 6

28 T1N2M0 G3 Hypopharynx
T4N0M0 G3 Hypopharynx 20
T2N0M0 G2 Hypopharynx 8
T3N2Mx G3 Hypopharynx 2

29 T3N2M0 G3 Hypopharynx/larynx
T4N2M0 G3 Upper esophagus 14
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Fig. 1 Analysis of p14ARF, p16INK4a, and p53 in three primary
squamous cell carcinomas (case no. 6, no. 16 and no. 28; same pa-
tients as in Table 1). a p14ARF analysis with restriction enzyme-re-
lated polymerase chain reaction (RE-PCR): the methyl-sensitive
restriction enzymes used for RE-PCR are indicated (HpaII, KspI).
Digestion with the non-methyl-sensitive enzyme MspI serves as a
negative control; undigested DNA (control) serves as a positive
control. The p14ARF gene is methylated in case 16 and unmethylat-
ed in cases 6 and 28. b p16INK4a analysis with RE-PCR. Digestion
with the non-methyl-sensitive enzyme MspI serves as a negative
control; undigested DNA (control) served as positive control.
Methylation of p16 INK4a is detected in case 6, but not in cases 16
and 28. c p16 INK4a analysis using methylation-specific polymerase
chain reaction (MSP). Bisulfite-treated DNA (which changes the
unmethylated but not the methylated cytosines into uracil) is sub-
jected to PCR amplification using primers designed to anneal spe-
cifically to the methylated bisulfite-modified DNA. MSP results
are expressed as unmethylated p16-specific bands (U) or methylat-

ed p16-specific bands (M). Bisulfite-converted DNA from normal
corresponding mucosa (N) served as a negative control, as indicat-
ed by the presence of the U but not the M band. In concordance
with b, methylation of p16 INK4a is detected in case 6, but not in
cases 16 and 28. d Immunostaining of p16 INK4a protein in primary
squamous cell carcinomas. Case 6 with methylated p16 INK4a and a
complete loss of p16 INK4a (tumor cells negative for p16 protein).
p16 INK4a is detectable in case 16 and case 28 (brown reaction
product within the tumor cell nuclei). There is also an immuno-
staining within the non-tumorous tissue (original magnification
×40). e Immunostaining of p14ARF protein in primary squamous
cell carcinomas. Case 6 with unmethylated p14 ARF and a strong
immunoreactivity of the tumor cells for p14 protein (brown reac-
tion product within the tumor cell nuclei). Case 16 with a methyl-
ated p14ARF and a complete protein loss within the tumor tissue.
Case 28 with unmethylated p14 ARF and a strong immunoreactivity
of the tumor cells for p14 protein (brown reaction product within
the tumor cell nuclei).



Undigested placental and tumor DNA was used as control.
Cases were considered as positive using RE-PCR when PCR am-
plification was obtained after digestion with one of the methyl-
sensitive restriction enzymes used (Fig. 1a, b, c). Two CpG dinu-
cleotides of exon 1 of p14ARF and three from p16 INK4a exon 1
were analyzed.

In six cases, contradictory results of RE-PCR and MSP were
obtained. These tumors were re-analyzed until concordant results
of the methylation status were obtained. All results were further
controlled by mRNA and protein data.

Allelic dosage analysis of loss of heterozygosity and homozygous
deletion and DNA sequencing for INK4a-ARF (CDKN2A) locus,
multiplex RT-PCR and p53

Allelic dosage analysis for the p14ARF and p16INK4a genes was per-
formed using differential PCR. DNA fragments were amplified in
exon 1b of p14ARF, exon 3 of p16INK4a and exon 2 using the follow-
ing primers: p14arf exon 1b ARF2F 5′-CTCGTGCTGATGCT-
ACTAGAG-3′ and ARF2R 5′-AAGTCGTTGTAACCCGAATG-3′;
p16 exon 3 p16ex3F 5′-CGATTGAAAGAACCAGAGAG-3′ and
p16ex3R 5′-ATGGACATTTACGGTAGTGG-3′; and interferon-γ
INFGF2dF 5′-GCAGGTCATTCAGATGTAGC-3′ and INFG2RdR
5′-AGAGCACAAACAGAGGATGA-3′. As negative control, a glio-
blastoma cell line (LNZ343) with a known deletion of the INK4a-
ARF locus was used. For positive controls, the HCC cell line HepG2
with an intact INK4-ARF locus was analyzed. The ratio of DNA
fragment intensity in HepG2 between exon 1b or exon 3 and the in-
ternal control IFN-γ was used to normalize the results. Hemizygous
deletion was diagnosed if the ratio of the tumor sample was 50% of
that found in HepG2. If the ratio was less than 40%, the tumor sam-
ple was considered to harbor a homozygous deletion (Fig. 2).

Single-stranded conformation polymorphism (SSCP) analysis
is a technique used for the detection of mutations based on the
three-dimensional conformation taken by a single-stranded DNA
in a nondenaturing environment. Coding sequences and flanking
intronic sequences of exons 1α, β and 2 of the INK4a-ARF gene
were analyzed by means of PCR–SSCP. Primer sequences for ex-

ons 1 α,β and 2 have been described previously [32]. Exon 1β was
analyzed through two overlapping PCR products generated with
the primer pairs P14F1 (5′-TCAGGGAAGGGCGGGTGCG-3′)
and P14R1 (5′-GCCGCGGGATGTGAACCA-3′), which generat-
ed a 245-bp product, and the primer pair P14F2 (5′-GCCGCGAG-
TGAGGGTTTT-3′) and P14R2 (5′-CACCGCGGTTATCTCCTC-
3′), which generated a 257-bp product. The primers were labeled
with 32P-ATP and each sample was subjected to PCR analysis (de-
naturing for 30 s, annealing for 45 s, extension for 30 s at 94°C,
55–60°C and 72°C, respectively). The PCR products were electro-
phoresed, the gels dried and autoradiographed. Variant SSCP
bands were cut out from the gel and the DNA eluted. Variants
bands and 3 µl of the eluted DNA were used as template for unla-
belled PCR. After purification of the PCR products, sequencing
analysis was performed using the DNA sequenase kit (Amersham,
Germany) and an automatic sequencing analyzer (ABI 373; Ap-
plied Biosystems, Perkin Elmer, Germany). All mutations found
were confirmed by direct sequencing of the amplified tumor and
corresponding non-tumorous DNA to identify germline mutations
and polymorphisms.

To compare the relative levels of p16INK4a and p14ARF mRNA,
multiplex RT-PCR was performed. Total RNA was extracted from
30 µg microdissected hepatocellular carcinoma tissue by TRIzol
reagents (GIBCO BRL, Rockville, Md.). After ethanol washing
and drying, RNA was suspended in 60 µl diethyl pyrocarbonate-
(DEPC)-treated water. After concentration determination, 2 µg to-
tal RNA was subjected to reverse transcription reaction using ran-
dom oligonucleotide primers and superscript II reverse transcrip-
tase (Gibco BRL, Rockville, Md.) in a 20-µl reaction volume for
60 min at 42°C. The RT reaction product (1 µl) was then amplified
by means of PCR using the forward primers of exon 1α und 1β
and the reverse primer for exon 2 of the p16INK4a-p14ARF gene.
The primers were as follows: forward exon 1α (sense 1) 5′-
GCTGCCCACGCACCGAATA-3′; exon 1β (sense 2) 5′-CCC-
TCGTGCTGATGCTACTGA-3′; and reverse primer (antisense)
5′-ACCACCAGCGTGTCCAGGAA-3′. Hot-start PCR was per-
formed for 35 cycles (95°C for 45 s; 57°C for 45 s and 72°C for
60 s). The size of the products were 179 bp for p16INK4a and
200 bp for p14ARF, respectively. The PCR products were electro-
phoresed on a 2% agarose gel and stained. β-Actin amplification
was performed to show the RNA quality.

Inasmuch as 98% of p53 gene mutations in diverse types of
cancers have been found in exons 5 to 9, we focused our study on
exons 4 to 10 [31]. Each exon 4 to 10 of the p53 gene was ampli-
fied by 35 cycles of PCR using 5′-end-labeled primers and Taq
polymerase (Perkin Elmer/Cetus, Norwalk Conn.). The following
primers were used to amplify p53 exons 4 to 9:

● Exon 4: 5′-CCT GTG GGA AGC GAA AA-3′ and 5′-GCA
AGA AGC CCA GAC GGA AAC-3′

● Exon 5: 5′-TGT TCA CTT GTG CCC TGA CT-3′ and 5′-CAG
CC TGT CGT CTC TCC AG 3′

● Exon 6: 5′-TGG TTG CCC AGG GTC CCC AG-3′ and 5′-
TTA ACC CTT CTT CCC AGA GA 3′
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Fig. 2 Allelic dosage analysis of p14ARF and p16INK4a. Results of
differential polymerase chain reaction (PCR) technique as de-
scribed in the text. Negative control: LNZ343 with a known dele-
tion of the INK4a-ARF locus. Positive controls: HepG2 with an
intact INK4-ARF locus. The ratio of DNA fragment intensity in
HepG2 between exon 1β or exon 3 and the internal control inter-
feron (IFN)-γ was used to normalize the results. Hemizygous dele-
tion was diagnosed if the ratio of the tumor sample was 50% of
that found in HepG2 (patients no. 7, no. 28). In patients no. 5 and
no. 6 and recurrent carcinoma of patient no. 6 (6R), the ratio 
between exon 1β or exon 3 and the IFN-γ was 70–100% of the ra-
tio found in HepG2, suggesting that there was no loss at the
INK4a-ARF locus



● Exon 7: 5′-CCC CTG CTT GCC ACA G-3′ and 5′-CTA CTC
CCA ACC ACC CTT GT-3′

● Exons 8/9/10: 5′-AAG GGT GGT TGG GAG TAG A-3′ and
5′-AAA CGG CAT TTT GAG TGT TAG-3′.

In difficult cases, nested PCR was used for minimizing the back-
ground during sequencing. The sequences of all primers used for
amplification are available from the authors upon request. PCR
products were purified using the Qiaquick PCR purification kit
(Qiagen, Hilden, Germany) and sequenced using dye primer cycle
sequencing and AmpliTaq polymerase FS on an Applied Biosys-
tems 373 DNA sequencer (ABI 373; Applied Biosystems-Perkin-
Elmer/Cetus, Norwalk).

Immunohistochemical analysis and assessment

The immunohistochemical analysis was performed as described
recently [32]. In all cases, tumor and non-neoplastic mucosa was
examined. The following antibodies were used: p16 polyclonal –
rabbit, dilution 1:500 (Pharmingen, San Diego, Calif.); p53 mono-

clonal – DO-7, dilution 1:1000 (Dakopatts, Denmark); p14 poly-
clonal – rabbit, dilution 1:100 (Zymed Laboratories, South San
Francisco, Calif.).

Sections known to stain positively were included in each batch
and negative controls were also performed by replacing the prima-
ry antibody with mouse or goat ascites fluid (Sigma-Aldrich Bio-
chemicals, St. Louis, Mo.).

To minimize inter-observer error, all counts were performed
separately. In three cases, in which conflicting numbers of positive
cells were evaluated, recounting was performed to obtain a con-
cordance of opinion.

Statistics

Differences in frequencies between subgroups were analyzed with
the Kruskal-Wallis-Test and the Mann-Whitney U-test for un-
paired samples. Correlation coefficients were calculated according
to Pearson, and χ2-statistics were used for contingency tables.

138

Table 2 p53 Mutations, p16 and p14 alterations in primary and second primary squamous cell carcinoma (HNSCC) of the head and
neck. ND not deleted, wt wild type, + methylation present, – methylation absent

Patient no. p53 mutation p16methyl p14methyl Mutation Loss of
heterozygosity

Codon amino acid

6 wt + – c.305G>T: G102 V ND
175 CGC → CAC – – wt ND
249 AGG → ACG + – wt ND

15 wt – – wt ND
246 ATG → GTG – + wt ND

20 wt + – wt ND
245 GGC → GAC – + wt ND

1 130 CTC → CGC – – wt ND
wt – + wt ND

8 54 TTC → TTT – – wt ND
wt + + wt ND
wt + + wt ND

9 62 GAA → GAG + – wt ND
245 GGC → GAC – – c.305G>A: G102E ND

wt – + wt ND
14 319 AAG → GAG + – wt ND

wt + – wt ND
175 CGC → CAC – + wt ND

27 241 TCC → ACC + – wt ND
wt – + wt ND

4 273 CGT → CAT + – wt ND
193 CAT → CCT – – wt LOH

5 250 1 bp del – – wt ND
248 CGG → CAG + – wt ND

7 125 ACG → AAG – – wt LOH
282 CGG → TGG – – c.305G>A: G102 V ND

16 193 CAT → CCT – + wt ND
84 GCC → GGC – – wt LOH

24 125 ACG → AAG + – wt ND
202 CGT → CCG – + wt ND
236 del –3 + – wt ND

25 82 CCG → CTG – – wt ND
180 CAG → AAG – – wt ND

26 344 CGT → CCG – – wt ND
108 del –6 – – wt LOH

28 84 GCC → GGC – – wt LOH
209 del –2 + – wt ND
219 CCC → TCC – – c.305G>T: G102 V ND
248 CGG → CAG – – c.305G>A: G102E ND

29 178 CAC → AAC – – Wt ND
241 TCC → ACC – – Wt ND



Results

Methylation status of p14ARF and p16INK4a genes

Promoter methylation of p14ARF was present in 13 of 68
cases (19%) (Table 2 and Table 3). However, only 2 of
the primary carcinomas presented p14 ARF alterations by
methylation compared with 11 recurrent tumors (Ta-
ble 4). This difference was significant (χ2; P<0.05). In
corresponding non-neoplastic mucosa no p14 ARF pro-
moter methylation was detected. 

Analysis of the adjacent p16INK4a gene revealed meth-
ylation in 22 of 68 (32%) tumor samples, with an even
distribution among primary and recurrent carcinomas (12
vs 1 cases, respectively; Table 2 and Table 3).

Concomitant methylation of p14 ARF and p16 INK4a

was observed in 2 carcinomas only, both of which were
secondary tumors of the same patient (no. 8, Table 3)
and both with unmutated p53, whereas the primary tu-

mor presented mutated p53. Thus our data show no di-
rect correlation of the methylation status of both genes
encoded by the INK4aARF locus. The methylation status
of both genes, p14ARF or p16INK4a, were not associated
with stage and grade of disease or any other pathohisto-
logical feature.

Analysis of INK4a-ARF deletions and mutations

Sixty-eight normal/tumor pairs could be interpreted for
allelic dosage analysis. The allelic balance of the two
genes was determined using the interferon-γ gene as in-
ternal control (Fig. 2). The two genes were found hemi-
zygously deleted in 1 case (5 primary/5 recurrent tumors;
Table 1 and Table 2). Homozygous losses were not iden-
tified. No exclusive loss of either p16 INK4a or p14 ARF

was found in our tumor samples.
Mutations of exons 1 and 2 were analyzed by means

of SSCP-PCR followed by direct sequencing of the cases
with anomalous migrating bands. INK4a-ARF mutations
were found in six cases exclusively located at exon 1β,
thereby affecting the p14 ARF gene (Table 2 and Table 3).

All cases with promoter methylation, loss of hetero-
zygosity (LOH) or mutation of either of p14ARF or
p16INK4a showed a complete loss of immunoreactivity
(Fig. 1d, e) within the tumor tissue, whereas in tumors
lacking alterations a moderate to strong immunoreactivi-
ty was observed in all cases (Fig. 1d, e). All of the tissue
samples of normal mucosa showed a positive immuno-
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Table 3 Primary and second primary SCC without p53 mutations
in relation to p14 and p16. ND not deleted, wt wild type, + meth-
ylation present, – methylation absent

Patient p16methyl p14methyl Mutation Loss of
no. heterozygosity

2 – + wt ND
– + wt ND

3 – – wt LOH
+ – wt ND

10 + – wt ND
– – wt LOH

11 + – wt ND
+ – wt ND
– – wt ND

12 – – wt ND
– – wt ND

13 + – wt ND
– + wt ND

17 – – wt LOH
– – wt ND
– – wt ND

18 + – wt ND
– – c.305G>A ND

19 – – wt ND
– – wt ND

21 – – wt LOH
– – wt LOH
+ – wt ND

22 + – wt ND
– – wt ND

23 – – wt ND
– – wt ND

Table 4 p14 Alterations in pri-
mary and recurrent tumor p14 Loss of INK-ARF Total

Methylation heterozygosity Mutation (1β) p14 Alterations

Primary tumor (n=29) 2/29 (7%) 5/29 (17%) 1/29 (3%) 8/29 (28%)
Recurrent tumor (n=39) 11/39 (28%) 5/39 (13%) 5/39 (13%) 21/39 (54%)
P value <0.05 n.s. <0.05 <0.05

Table 5 p14/p16 Alterations in relation to p53 mutation

p14 Methylation wt- p53 mt-p53 Total
(n=36) (n=32)

Absent 28/36 (78%) 27/32 (84%) 55/68 (81%)
Present 8/36 (22%) 5/32 (16%) 13/68 (19%)

p16 Methylation
Absent 23/36 (64%) 23/32 (62%) 46/68 (68%)
Present 13/36 (36%) 9/32 (28%) 22/68 (32%)

INK4aARF mutation
Absent 35/36 (97%) 27/32 (84%) 62/68 (91%)
Present (1ß) 1/36 (3%) 5/32 (16%) 6/68 (9%)

Loss of heterozygosity
Absent 31/36 (86%) 27/32 (84%) 58/68 (85%)
Present 5/36 (14%) 5/32 (16%) 10/68 (15%)



histochemical protein expression of p14 ARF and only oc-
casional expression of p16INK4a.

Multiplex RT-PCR for p16INK4a- and p14ARF mRNA

Using a specific sense primer for exon 1α and exon 1β
and a common reverse primer for exon 2, both tran-
scripts were simultaneously amplified in a single reac-
tion. p16INK4a mRNA was amplified in 36 of 68 cases,
p14ARF transcripts were detected in 39 of 68 tumors.
Among the tumors with downregulated p16INK4a or
p14ARF mRNA, methylation of the corresponding pro-
moters, mutations or loss of the 9p21 locus were ob-
served in 32 and in 29 cases, respectively.

p53 Mutations

Mutations of the p53 gene were detected in 32 of 68
cases (47%), with an even distribution among primary
[14 of 29 (48%)] and secondary tumors [18 of 39 (46%);
Table 2 and Table 3]. Eleven patients presented muta-
tions of the p53 gene in both carcinomas with a distinct
mutation pattern between the individual lesions (patients
4, 5, 7, 9, 14, 16, 24–26, 28, 29). In one primary and
three secondary carcinomas, the mutation was caused by
a deleted codon. Most mutations were found in exon 7
(nine cases), followed by exon 6 (six cases). Altogether
there were 16 transversions and 14 transitions with the
most common changes being G→A transitions (Table 3).

The number of p53 positive tumor cells varied from
case to case with a considerable intratumorous heteroge-
neity. p53 Mutations showed no significant correlation to
alterations of p14 ARF or p16 INK4a (Table 5), tumor grade
or stage.

Methylation status of p14arf and p16INK4a in relation to
p53 mutations

There was no significant difference in the rate of methyl-
ation of p14 ARF in tumors with or without p53 mutations
(Table 5). p16INK4a methylation occurred more often in
tumors without (39%) than with p53 mutations (28%);
however this difference was not significant. The primary
tumor of the two recurrent carcinomas with concomitant
methylation of p14 and p16 INK4a presented mutated p53.

Discussion

HNSCCs develop in a multi-step process, acquiring dif-
ferent molecular alterations during carcinogenesis. So
far, mutations of p53 and abberations of p16 INK4a have
been demonstrated to play a major role in the develop-
ment of HNSCC [1, 12, 17, 18, 20, 23, 24, 25]. In the
present study, we examined the relationship of altera-
tions of the INK4a-ARF locus on chromosome 9p21 and

mutations of p53 in primary and recurrent/second prima-
ry HNSCCs. To our knowledge there is no study com-
paring, simultaneously, alterations of p16 INK4a, p14 ARF

and p53 in primary and consecutive carcinomas so far.
In previous studies, the inactivation mechanisms for

INK4a-ARF varied in frequency and predominance: for
example, whereas Gonzales et al. and Wu et al. [16, 37]
attributed a major inactivation event to homozygous de-
letions of p16 INK4a, El-Naggar et al. [12] postulated pro-
moter methylation of p16 INK4a as possible early altera-
tions in HNSCC carcinogenesis. Alterations of p14 ARF

have been shown to be rare events in tumor development
[18]. Our investigations revealed promoter methylation
of p14 ARF and p16 INK4a with a total of 51% to be more
frequent than INK4a-ARF mutations (9%), LOH at
INK4a-ARF (15%) or p53 mutations (47%). Except for
two cases, methylation of p14 ARF and p16 INK4a occurred
exclusively without concomitant methylation of either
one of the other alternatively spliced genes, indicating
selective epigenetic silencing of both genes. This is in
concordance with Xing et al. [38], who found exclusive
methylation for p16 INK4a but not p14 ARF in esophageal
SCC. In accordance with Viswanathan et al. [34] and 
Olshan et al. [24], alterations of p16 INK4a as well as 
p14 ARF were independent of p53 mutations. However,
this is contrary to previous observations in colon cancer
[7] as well as those of Sarkar et al. [27] and Fulci et al.
[14], who suggested fewer p53 mutations in tumors with
p14ARF alterations, since both genes are regulators of the
same tumor suppressive pathway [27, 30]. Thus, it
would seem that a simultaneous inactivation of both
genes is of no further growth advantage for the tumor
[26].

We found no mutations of exons 2 and 3 of the
INK4a-ARF locus. Six tumors exhibited exclusive muta-
tions of exon 1β, with a predominance in carcinomas
with mutated p53 (results not statistically significant),
which further supports the concept of selective inactiva-
tion of p14 ARF and p16 INK4a.

With an overall incidence of 15%, LOH at 9p21 was
markedly lower in our tumors than in previously exam-
ined carcinomas [9, 15, 18, 28] and showed no correla-
tion to tumor stage or grade. Comparing primary and re-
current carcinoma, the status of p16 INK4a methylation
and LOH at INK4a-ARF showed no significant differ-
ence. However, the frequency of promoter methylation
of p14 ARF as well as point mutations at exon 1β was sig-
nificantly higher in secondary carcinoma with distinct
inactivation mechanisms. The latter hypothesis is sup-
ported by the fact that 17 of 29 patients (59%) had dis-
cordant mutation patterns of p53 in primary and corre-
sponding tumor: 11 patients presented discordant muta-
tions in both tumors, whereas in 6 patients one of the tu-
mors showed distinct mutations of p53 with a lack of
mutation in the corresponding tumor. Further studies are
clearly necessary to answer these questions using other
genetic loci or allelic imbalance.

In conclusion, our data suggest that promoter methyl-
ation, especially of p16 INK4a, appears to be the main
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cause of inactivation of the INK-ARF locus in HNSCC.
Promoter methylation occurs exclusively for either
p14ARF or p16INK4a and is independent of p53 mutation.
The significantly higher frequency of p14ARF alterations
as well as the distinct mutation patterns of p53 in prima-
ry compared to recurrent/secondary carcinoma either
provide evidence for an independent origin of the recur-
rent carcinoma or suggest further acquired late muta-
tions, leading to the development of the secondary tu-
mor.
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Abstract Mucosal IgA and IgG are involved in the im-
mune defense against Helicobacter pylori in infected pa-
tients. In contrast to IgG, IgA is transported into the gas-
tric lumen and is responsible for the first-line defense.
Therefore antigens recognized by mucosal IgA are possi-
ble candidates for vaccination. This study compared 
the IgA and IgG immune response to H. pylori in the gas-
tric mucosa and that in the serum of 21 patients with 
H. pylori gastritis by the immunoblotting technique. In
particular, mucosal IgA immune response against the ure-
ase antigen of H. pylori was studied in detail, as vaccina-
tion with this antigen was not curative in men. The results
show that mucosal IgA was not represented by serum IgA
and IgG, and that the H. pylori specific mucosal IgA and
IgG immune responses differ in antigen-recognition pat-
tern. This disparity may reflect the different transport
ways and functions of these two immunoglobulin iso-
types. Furthermore, mucosal IgA specific for urease was
found inconsistently in patients with H. pylori gastritis.
As vaccination antigens should induce an appropriate
mucosal IgA immune response against H. pylori, our
findings may have important implications for the selec-
tion of antigens for vaccination against H. pylori.

Keywords Helicobacter pylori · Mucosal immune 
response · Vaccination · Urease

Introduction

Infection of the gastric mucosa by Helicobacter pylori
triggers acquisition of the mucosa-associated lymphatic

tissue (MALT), which contains plasma cells producing
H. pylori specific antibodies. Gastric mucosal IgA,
which is produced by plasma cells, is transported into
the gastric lumen. It is responsible for the first-line de-
fense against H. pylori and supports the cell-mediated
immunity against the invader. Therefore H. pylori anti-
gens recognized by mucosal IgA are possible candidates
for vaccination. In contrast to mucosal IgA, mucosal IgG
is not transported into the gastric lumen.

Because of the different transport way and function of
these two immunoglobulin isotypes mucosal H. pylori
specific IgA antibodies may differ as well from serum
IgA as from mucosal IgG.

The humoral immune response to H. pylori has been
investigated in many studies by testing specific IgG anti-
bodies in the serum [3, 6, 9, 17, 16, 18, 21, 23]. Other
studies have analyzed the mucosal IgA and IgG immune
response in H. pylori infection [4, 13, 19, 20, 23]. This
study for the first time compares the IgA and IgG im-
mune response to H. pylori in the mucosa and the in the
same patients. As in vaccination studies, urease and its
subunits ureB and ureA were not curative in men [14],
the mucosal IgA immune response to H. pylori urease
was investigated in detail.

Our study demonstrated a clearcut disparity between
IgA and IgG immune response in both the gastric muco-
sa and the serum of patients infected with H. pylori. Mu-
cosal H. pylori specific IgA is not represented by serum
IgA or mucosal IgG. Furthermore, mucosal and serum
IgA immune response to ureB and ureA of H. pylori was
inconsistent.

Material and methods

Patients, gastric specimens, and sera

Gastric mucosa with chronic H. pylori gastritis of patients with 
H. pylori associated diseases (2 with gastric ulcer, 7 with gastric
adenocarcinoma, 12 with gastric MALT-type lymphoma, mean age
53 years; 8 women, 13 men) was collected from gastrectomy 
specimens. All patients investigated were from the same ethnic
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group (German) and the same geographic area (Germany). Ac-
cording to clinical data, no eradication therapy or chemotherapy
was performed. Infection with H. pylori was determined by serol-
ogy using the H. pylori western blot kit purchased from Biermann
(Bad Nauheim, Germany). On the western blot we determined the
120-kDa protein (cagA gene product), 87-kDa protein (vacA gene
product), 67-kDa flagellin protein, and the urease subunits. The
exact position of these antigens on the nitrocellulose membrane
was determined by the manufacturer. According to the manufac-
turer’s instruction, H. pylori serology was positive when three of
these antigens were detectable by the serum. Sera from all patients
were collected at the time of surgery and stored at –20°C until
analysis.

Gastric tissue culture

Specimens were taken separately from different sites of the chron-
ically inflamed antrum and corpus mucosa which was devoid of
ulcer or tumor as determined by histological examination. Imme-
diately after surgery the mucosa was dissected from the submu-
cosa and fragmented in small tissue pieces (about 3 mm3). Intra-
epithelial and lamina propria lymphocytes were prepared by minc-
ing these small mucosa tissue fragments in RPMI 1640 medium
using a pair of scalpel blades. After vigorous vortexing the minced
tissue fragments were incubated for 10 min on ice to sediment de-
bris. To exclude that lymphoid cells were lost in tissue fragments
debris was examined by histology for residual lymphoid cells. Vir-
tually no lymphoid cells were detected in the debris. The superna-
tant containing the intraepithelial and lamina propria lymphocytes
was centrifuged. Cells were resuspended in RPMI 1640 medium
and washed three times to remove possible contamination by
small volumes of serum in the tissue. Purified cells (4×105/ml)
were cultured in RPMI 1640 medium with 10% fetal calf serum
and 40 µg gentamicin at 37°C in a humidified 5% carbon dioxide,
95% air incubator. The viability of the isolated cells was tested by
Trypan blue staining. After 7 days a viability of the isolated cells
between 40% and 60% was found.

Kinetic studies were performed with culture supernatant on
days 1, 4, and 7.

From day 1 to day 4 the number of antigens recognized by IgA
and IgG increased, as determined by immunoblotting. No qualita-

tive or quantitative changes in the antigen pattern were detected
between days 4 and 7, indicating a saturation of the kinetic on 
day 7. Therefore after 7 days supernatant was collected by centri-
fugation at 500 g for 10 min and stored at –20°C until use.

Immunodetection of H. pylori antigens

Detection of H. pylori specific mucosal and serum antibodies was
performed by immunoblotting using a H. pylori western blot kit
purchased from Biermann. The exact position of ureB (66 kDa)
and ureA (29 kDa) on the nitrocellulose membrane was deter-
mined by the manufacturer. Supernatants from the cultured cells
were used undiluted. Serum was diluted at 1:50.

Results

H. pylori infection and histology

All patients were infected with H. pylori as determined
by serology at time of surgery. Additionally, routine biop-
sy specimens taken shortly before surgery showed coloni-
zation of H. pylori in tumor-free antrum by histopatholo-
gy in these patients as determined by histopathology. In
all patients a dense chronic inflammatory infiltration typi-
cal of H. pylori infection was found in the gastric mucosa
of the surgical specimens devoid of ulcer or tumor.

Mucosal H. pylori specific IgA is not represented 
by serum IgA or IgG

Mucosal IgA in H. pylori gastritis of different sites of
inflamed antrum and corpus recognized a broad spec-
trum of low and high molecular H. pylori antigens
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Fig. 1 Representative mucosal
and serum IgA immune re-
sponse to H. pylori in H. pylori
gastritis of patients with gastric
ulcer, carcinoma and MALT-
type lymphoma. Serum IgA 
antibodies recognized only a
subset of antigens detected by
mucosal IgA, whereas the IgA
immune response in antrum
and corpus was identical



(Fig. 1). No significant differences in the mucosal IgA
antigen pattern were found between antrum and corpus
mucosa. However, serum IgA antibodies of all patients
recognized only a subset of antigens detected by mucos-
al IgA (Fig. 1). There was no correlation between the
pattern of antigens recognized by IgA or IgG and the
underlying disease (lymphoma, carcinoma, or ulcer).
Mucosal IgG recognized a broad spectrum of low and
high molecular H. pylori antigens. In contrast to IgA,
mucosal IgG did not differ from serum IgG (Fig. 2).
Comparing humoral immune response in the mucosa
and the serum clearcut differences between H. pylori
specific IgG and IgA between these two compartments
were found in all patients (Fig. 3). Its unlikely that dif-
ferences between mucosal and serum immunoglobulin
response to H. pylori are due to different immunoglobu-
lin contents in the mucosal preparation, and that the se-
rum as the immunoblot pattern between mucosal IgG
and serum IgG are identical (Fig. 2). In conclusion, our
data show that mucosal IgA was not represented by se-
rum IgA and IgG, and that the H. pylori specific mucos-
al IgA and IgG immune responses differ in antigen rec-
ognition pattern. 

Mucosal and serum IgA immune response to ureB 
and ureA of H. pylori

As H. pylori urease or its subunits ureA and ureB were
used as vaccination antigens, the mucosal IgA immune
response to the subunits ureB and ureA was examined.
Mucosal IgA antibodies directed to ureB were found in
10 of 21 patients (48%) with H. pylori gastritis. UreA
specific mucosal IgA antibodies were detected in 14 of

21 of these patients (67%). Serum IgA showed reactivity
to ureB in none of the patients and to ureA in only five
(Fig. 4, Table 1). Our results demonstrate that mucosal
IgA specific for urease was found only in some of the
patients with H. pylori gastritis. 
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Fig. 2 Representative mucosal
and serum IgG immune re-
sponse to H. pylori in the 
H. pylori gastritis of patients
with gastric ulcer, carcinoma
and MALT-type lymphoma.
The IgG immune response in
antrum, corpus and serum was
identical

Fig. 3 In example, differences between the IgA and IgG immune
response to H. pylori in the mucosa (antrum, corpus) and in the
corresponding serum are displayed. In the gastric mucosa and the
serum the IgA and IgG antibodies recognized different H. pylori
antigens



Discussion

In H. pylori gastritis the mucosal IgA immune response
to H. pylori was not represented by serum IgA and IgG,
which is usually tested by investigating the immune re-
sponse to H. pylori. Therefore testing only serum anti-
bodies provides only limited insight to the humoral mu-
cosal immune response to H. pylori.

Mucosal IgA is produced by mucosal plasma cells in
a di- or polymeric form linked by the J-chain. Via the 
J-chain it can be transported directly into the gastric lu-
men, where it is able to block bacterial adhesion to gas-
tric epithelial cells [15] and to neutralize bacterial toxins.
Therefore mucosal IgA plays the major role in the first
line defense to H. pylori, which inhabits the mucus layer
overlying gastric epithelium. To exclude that IgA immu-
noglobulins produced in the mucosa are not completely
secreted into the gastric lumen we investigated IgA in

the mucous in two patients and compared it with muco-
sal IgA. Mucosal IgA and IgA from mucous showed the
same antigen pattern (data not shown), indicating that
IgA found in the mucosa is secreted into the gastric lu-
men.

H. pylori specific IgG antibodies are also produced by
mucosal plasma cells in H. pylori gastritis. IgG triggers
the complement cascade and enhances phagocytosis by
Fc binding to polymorphonuclear leukocytes and mono-
nuclear cells. This mechanism may amplify the nonspe-
cific immune response in the lamina propria [20]. In con-
trast to IgA, mucosal IgG cannot be actively secreted in-
to the gastric lumen and is consequently not involved in
the first-line defense to H. pylori. These functional dif-
ferences may be reflected by the different IgA and IgG
H. pylori antigen recognition pattern found in this study.

As IgA antibodies provide the first-line defense in the
stomach, antigens used for vaccination should be able to
induce an appropriate mucosal IgA immune response
against H. pylori. H. pylori urease or the subunits ureB
and ureA were recently used as vaccination antigens. In
the mouse model immunization with urease or its sub-
units protected against H. pylori infection or was cura-
tive [2, 5, 8, 10, 11, 12]. Vaccination with urease in men
has not been curative so far [14].

To our surprise, the mucosal IgA response to ureB or
ureA was found in only about one-half of our series. The
absence of mucosal urease specific IgA antibodies in
many patients may be one reason that vaccination with
this antigen was not curative in humans infected by 
H. pylori. Otherwise, in our study patients with long-
standing chronic H. pylori infection were investigated
whose immune response obviously had failed to eradi-
cate the bacterium. Therefore we cannot exclude that the
humoral immune response in patients chronically infect-
ed by H. pylori differed from that which is needed for
successful eradication of the bacterium.

Recently it was speculated that the synthesis of mu-
cosal IgA results predominantly from plasma cells of the
intestinal mucosa and is transported via serum into the
gastric mucosa [1, 7]. As in our study no ureB-specific
IgA antibodies were found in the serum, an ureB-specific
IgA production in another site of the gastrointestinal
tract and a transport via serum to the gastric mucosa
seems to be unlikely. In all patients with a serum im-
mune response to ureA, ureA-specific IgA was also pro-
duced by local plasma cells in the gastric mucosa. There-
fore it is unlikely that IgA directed to H. pylori ureA is
transported to the gastric mucosa from other sites of the
gastrointestinal tract.

In conclusion, our results show that mucosal IgA 
was not represented by serum IgA and IgG, and that the
H. pylori specific mucosal IgA and IgG immune re-
sponse differ in antigen recognition pattern. This dispari-
ty may reflect the different functions of these two immu-
noglobulin isotypes. Moreover, our findings may have
important implications for the selection of antigens for
vaccination against H. pylori. As vaccination antigens
should induce a mucosal IgA immune response against
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Fig. 4 Mucosal IgA immune response to urease B and urease A il-
lustrated in patients infected by H. pylori

Table 1 IgA immune response
to urease B and urease A in pa-
tients infected by H. pylori
(n=21)

Positive

n %

UreB specific IgA
Mucosa 10 48
Serum 0 0

UreA specific IgA
Mucosa 15 67
Serum 5 24



H. pylori, and serum IgA and IgG does not represent mu-
cosal IgA, mucosal IgA antibodies may be more appro-
priate for detecting vaccination antigens for H. pylori.
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Abstract Pagetoid urothelial carcinoma in situ (CIS) is
a rare variant of bladder cancer that is characterized by
an intraepithelial proliferation of large cells arranged sin-
gly or in clusters and randomly distributed. These neo-
plasms deserve recognition and attention, chiefly be-
cause they may be overlooked or misdiagnosed as uro-
thelial dysplasia, then causing unsuspected tumor recur-
rence after surgery. We report on the clinicopathologi-
cal features and immunohistochemical findings of 11
(14.86%) cases of pagetoid CIS in a retrospective study
of 74 cases of conventional carcinoma in situ. Most
patients were male (n=10). Their ages ranged from
31 years to 78 years. The lesion can be present with pri-
mary (n=2) or secondary (n=9) CIS. Pagetoid CIS is usu-
ally a focal lesion occurring in a clinical and histological
setting of conventional CIS, and these patients essential-
ly have the same progression and survival rates as pa-
tients without pagetoid changes and are treated in the

same way. In cases with extensive urothelial denudation,
pagetoid CIS may be focally present in otherwise nor-
mal-looking urothelium, thus alerting the pathologist to
search for additional CIS elsewhere in the bladder. Given
that primary extramammary Paget disease of the external
genitalia and of the anal canal may extend to the bladder
and, conversely, some bladder cases of pagetoid CIS
may extend to the urethra, ureter, and beyond to the ex-
ternal genitalia, the differential diagnoses between these
two entities represent an important therapeutic consider-
ation. Our data suggest that a panel of immunostains in-
cluding CK7+/CK20+/TM+ may assist in differentiating
urothelial pagetoid CIS from extramammary Paget dis-
ease which is known to be CK7+/CK20–.

Keywords Pagetoid cell · CIS · Tumor recurrence · 
Immunohistochemistry · Bladder cancer

Introduction

The pagetoid variant of carcinoma in situ (CIS) of the
urinary bladder is distinctive in that its histological pat-
tern resembles that of Paget disease arising in the nipple
and the perineum [5]. Little is known of the biological
behavior or clinical significance of this form of CIS [20].
Pagetoid CIS occurs either in cases of primary or sec-
ondary CIS [20]. In these cases it may be associated with
papillary and/or solid invasive carcinomas. Pagetoid
changes in urothelial CIS are rare and represent 12–16%
of all cases of bladder CIS [16, 20]. Pagetoid growth is
characterized by large single cells or small clusters of
cells within otherwise normal urothelium, in squamous
metaplasia of the urinary bladder, or within prostatic
ducts. Individual cells showing pagetoid spread have en-
larged nuclei with coarse chromatin, single or multiple
nucleoli, and abundant pale to eosinophilic cytoplasm
that is negative for mucin [5]. Pagetoid CIS is an unusual
variant of urothelial CIS that can be mistaken for urothe-
lial dysplasia because of the paucity of tumor cells
spreading through otherwise normal or reactive urotheli-
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um [8]. Although the final diagnostic report in this case
should be urothelial CIS, not otherwise specified, it is
important for pathologists to be aware of that this is true
CIS and not dysplasia [8, 13, 15, 16]. In addition, misdi-
agnosis of pagetoid CIS at time of surgery may result in
unsuspected recurrence of the tumor at the resection
margin [12]. In addition, its recognition in a small biopsy
specimen can alert the pathologist to the presence of a
conventional urothelial CIS elsewhere in the bladder,
even in cases with extensive bladder denudation in
which the lesion may be present in normal-looking uro-
thelium [5]. Some cases of pagetoid CIS may extend to
the urethra, ureter, and beyond to the external genitalia
where they represent an important differential diagnostic
problem, given that primary extramammary Paget dis-
ease (EMPD) of the external genitalia may also extend to
the bladder [1, 3, 4, 5, 7, 9, 11, 21, 23, 24, 26, 27]. An
appropriate approach to differential diagnosis in this
case, may need immunohistochemical analysis in addi-
tion to a complete patient’s work-up. Although the im-
munophenotype of EMPD is well established and char-
acterized by a CK7+/CK20– profile, the immunopheno-
type of urothelial pagetoid CIS needs to be documented
in detail. Hence, we have tested a panel of immunohisto-
chemical markers whose results together with the clin-
icopathological features of 11 cases of pagetoid CIS of
the urinary bladder are presented in this report.

Materials and methods

Patients

This study included resection specimens and cold-cup biopsies
from 11 patients. The cases were retrieved from the surgical pa-
thology files from both Reina Sofia and Infanta Margarita hospi-
tals (Cordoba, Spain) and San Luigi Gonzaga Hospital (Orbas-
sano, Italy). In a retrospective study of 74 cases of urothelial CIS,
11 (14.86%) had pagetoid features. The pagetoid CIS was defined
as intraepithelial urothelial proliferation with large cells arranged
singly or in clusters and randomly distributed among normal-look-
ing urothelial cells. The cells were large with well-defined bor-
ders, wide and acidophilic cytoplasm, large nuclei with granular
chromatin and single or multiple prominent nucleoli. Clinical in-
formation was obtained from patients’ clinical records.

Histological and immunohistochemical examinations

Routine hematoxylin-and-eosin-stained histological sections
from 11 cases of pagetoid urothelial CIS were selected from a re-
view series of 74 cases of conventional CIS (11 with primary
CIS). All lesions showed intraepithelial pagetoid spread of tu-
mors cells. Histological slides were reviewed by at least three
different experienced pathologists. The tissue had been routinely
fixed in buffered formalin and paraffin embedded. Selected 
4-µm-thick tissue sections from all cases in the study were pro-
cessed for histochemical staining and immunohistochemistry.
Tissue sections were mounted on coated slides. The sections
were deparaffinized in xylene for 10 min and rehydrated in grad-
ed alcohol (100, 96, and 70%). The presence of mucin in page-
toid tumor cells was assessed in sections stained with alcian blue
(pH 2.5; acid mucin) and periodic acid Schiff (PAS) with diastase
(neutral mucin).

Immunohistochemistry was performed on parallel slides from
all 11 study cases. Serial sections were incubated with the mono-
clonal antibodies to cytokeratins (CKs; AE1, AE3, 7, 20) and
high-molecular-weight cytokeratin (HMWCK), epithelial mem-
brane antigen (EMA), luminal epithelial antigen (LEA135), and
carcinoembryonic antigen (CEA). Pagetoid cell proliferation was
assessed using ki67-MIB1, and p53 accumulation using the p53
(DO7) antibodies. Both p53 and ki67-MIB1 were quantified using
a square grid attached to the ocular of the microscope, and the to-
tal number of pagetoid cells in each case was recorded. The
source, working dilution, and incubation time of each antibody
are listed in Table 1. After washing, antigen localization was ac-
complished using the streptavidin–biotin peroxidase method.
Briefly, sections were incubated overnight with primary antibod-
ies at 4°C. Biotinylated secondary antibodies and the streptavi-
din–biotin peroxidase complex were applied according to the
manufacturer’s instructions (LSAB2 kit, Dako, Glostrup, Den-
mark). Diaminobenzidine was used as chromogen for visualiza-
tion (Biomeda Corp., Foster City, Calif.). Endogenous peroxidase
activity was blocked by incubating the slides in 1% hydrogen per-
oxide in methanol for 10 min. For heat epitope retrieval, the slides
were treated by boiling in 10 mM citrate buffer (pH 6.0) for
10 min. The slides were counterstained with light hematoxylin.
Appropriate positive and negative controls were included in every
experimental procedure.

DNA ploidy analysis

DNA ploidy was available in four cases, using the CAS 200 image
analysis system on parallel slides from formalin-fixed, paraffin-
embedded tissue, stained according to the Feulgen technique. In
each of the cases, the total number of nuclei of pagetoid cells (ap-
proximately 80–100 nuclei per case) was investigated. Before
analysis, instrument calibration was achieved using normal rat he-
patocytes.

Table 1 Immunhistochemical
findings on 11 cases of page-
toid urothelial carcinoma in
situ (CIS) of the urinary 
bladder. All antibodies used
were mouse monoclonal. 
CK cytokeratin

Marker Source Dilution Incubation Immunoreactivity 
time (min) (Pagetoid CIS)

CK AE1 Signet Prediluted 30 +
CK AE3 Signet Prediluted 30 +
CK 7 Dako 1:50 40 + (>75%)
CK20 Dako 1:50 40 + (>75%)
High-molecular-weight cytokeratin Dako 1:50 40 –

(34βE12)
Epithelial membrane antigen Signet Prediluted 30 + (<5%)
Carcinoembryonic antigen Signet Prediluted 30 –
Luminal epithelial antigen 135 Dako 1:30 40 + (<5%)
ki67-MIB 1 Conceptaa Prediluted 30 + (<10%)
p53 (DO7) Signet Prediluted 30 + (<10%)
Thrombomodulin Dako 1:100 40 +a Biosystems S.A (Barcelona,

Spain)
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Fig. 1 Pagetoid carcinoma in situ (CIS) of the urinary bladder. 
a Medium power (hematoxylin and eosin, ×250). b CKAE1. 
c CKAE3. d CK7. e CK20. f High-molecular-weight cytokeratin
(note negative immunostaining in pagetoid cells). g Epithelial
membrane antigen. h Carcinoembryonic antigen (note negative
immunostaining in pagetoid cells). i Luminal epithelial antigen
135. j ki67-MIB1. k p53. l Thrombomodulin

Results

Clinical and pathological data

The main clinical and pathological data from 11 cases of
pagetoid CIS of the urinary bladder included in this
study are presented in Table 2. Of 11 patients, 10 were
men, and the mean age was 64 years (range 31–
78 years). Two cases were primary CIS (18%). The sec-
ondary CIS was always adjacent to invasive urothelial
carcinoma of grade 3 (according to WHO 1973), the
stage being T1 in five (56%) cases,T3a in two (22%)

cases, T3b in one (11%) case, and T4 in one (11%) case.
The mean follow-up was 40.5 months (range 14–
67 months). Because of the associated invasive carcino-
ma, four (44%) patients were treated by radical cystecto-
my (two of them associated with chemotherapy). The re-
maining seven (66%) patients received intravesical BCG
(Bacillus Calmette-Guérin). Two patients with primary
pagetoid CIS who received intravesical BCG were alive
(mean 40 months, range 19–61 months). Of the nine pa-
tients with secondary pagetoid CIS, one had persistent
CIS at 19 months follow-up, one had recurrent grade
3/T1 cancer at 20 months, and two died of disease (mean
16.5 months, range 14–19 months). The remaining seven
patients were alive without evidence of disease (mean
42 months, range 24–57 months). Pagetoid cells were fo-
cally present in a background of conventional-type uro-
thelial CIS. Pagetoid CIS was the only finding in case 1
and the main finding in case 2.
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Immunohistochemistry and DNA ploidy

As seen in Table 1, the immunohistochemical study dem-
onstrated staining of the pagetoid CIS component as well
as the reactive adjacent urothelium with antibodies
against cytokeratins AE1 and AE3, and thromb-
omodulin. Both cytokeratins 7 and 20 were positive in
most pagetoid cells, but there were a few negative page-
toid cells as well as a reduced number of cells exhibiting
weak (1+/3+) staining. There were no cases that were
both CK7 and CK20 negative. Immunostaining against
EMA and LEA 135 stained rare pagetoid cells (<5%).
We failed to demonstrate any pagetoid cell positive with

Fig. 2 Pagetoid carcinoma in situ (CIS) of the urinary bladder.
Aneuploid DNA ploidy histogram (DNA index 1.4)

Table 2 Clinicopathological features of 11 patients with pagetoid urothelial carcinoma in situ (CIS) of the urinary bladder. TURB trans-
urethral resection of bladder, NED no evidence of disease, DOD died of disease, Chem chemotherapy

Case Sex/age Pagetoid CIS Diagnostic Tissue site Treatment Associated bladder Follow-up 
no. (years) specimen carcinoma (months)

1 Male 73 Secondary TURB Left lateral wall Cystectomy G3/pT3a, DOD (14)
Micropapillary 
variant

2 Male 76 Primary Cold biopsy Left lateral wall BCG – Persistent 
CIS (19)

3 Male 66 Secondary Cystectomy Anterior and lateral wall Cystectomy+Chem G3/pT3b, LELCA NED (32)
4 Female 72 Secondary TURB Trigone BCG G3/pT1 NED (42)
5 Male 78 Secondary TURB+cold Trigone+right lateral wall BCG G3/T1 NED (39)

biopsy
6 Male 31 Primary cold biopsy Left lateral wall BCG – NED (61)
7 Male 70 Secondary TURB+cold Right lateral wall BCG G3/pT1 NED (67)

biopsy
8 Male 47 Secondary Cystectomy Posterior wall Cystectomy+Chem G3/pT4 DOD (19)
9 Male 67 Secondary TURB Not specified BCG G3/pT1 Recurrent 

disease (20)
10 Male 57 Secondary TURB+cold Trigone left lateral wall BCG G3/pT1 NED (30)

biopsy
11 Male 69 Secondary Cystectomy multifocal Cystectomy G3/pT3a NED (24)

antibodies against CEA and HMWCK (Fig. 1). Prolifera-
tion in the pagetoid cells was below 10%, and p53 accu-
mulation was below 10% in pagetoid cells. No mucin
could be demonstrated in any of the pagetoid cells using
PAS or alcian blue stainings. Image DNA ploidy analysis
of nuclei in all four cases of pagetoid CIS of the urinary
bladder gave DNA histograms with aneuploid peaks
(DNA indices of 1.4, 1.5, 1.3, and 1.4, respectively;
Fig. 2). 

Discussion

Pagetoid changes in urothelial CIS have been observed
since the disease was first described in 1952 [17], and
the present study was designed to better characterize the
clinicopathological and immunohistochemical features
of this unusual form of urothelial CIS. Pagetoid changes
have been recently considered as a pattern of growth of
CIS, also designed as a “cancerization” of the urothelium
[16]. This agrees with most clinicopathological observa-
tions including our own, indicating that pagetoid CIS is
not a distinct clinicopathological entity but a morpholog-
ical pattern of growth of a conventional CIS [20]. The le-
sion is rare among bladder cancer patients and unusual
even in those patients with conventional CIS in which
pagetoid CIS, as observed in our series, represents
14.86% of 74 cases of conventional CIS, an incidence
that falls into the reported average (range 11–16%) [16,
20]. Both in previous reports and in our series of 
11 cases, the lesion tends to be focal, randomly distribut-
ed, and so far never occurs as the only manifestation of
the disease [20]. Although individual biopsy specimens
may be composed predominantly of pagetoid CIS, the le-
sion represents only a minute portion of the total tissue
sampled during the course of the disease [20]. In addi-
tion, the finding of pagetoid changes in a small bladder
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biopsy would argue in favor that a wider CIS is present
elsewhere in the bladder, and hence the patient should be
worked up to search for a wider lesion [5]. Also, in rare
instances, pagetoid CIS is the only morphological mani-
festation of the disease in cases with extensive denuda-
tion of the urothelium. Given that the lesion occurred in
patients with primary as well as secondary CIS, with or
without associated invasive carcinomas, the presence of
pagetoid changes did not identify any particular group of
bladder cancer patients, nor did it seem to have addition-
al clinical implications [6, 20]. Two of our cases had as-
sociated unusual bladder tumors (micropapillary and
lymphoepithelioma-like carcinomas), and, so far, no data
support any specific association [14]. The age, sex, and
race of patients with and without pagetoid changes are
variable, but the progression and survival rates of these
patients were similar to the reported series [20]. Most
authors agreed that pagetoid changes should not be la-
beled as urothelial dysplasia, and cases misdiagnosed as
dysplasia that remain untreated are at higher risk for re-
currence and progression [3, 8, 26]

Pagetoid changes at extramammary sites (EMPD) are
rare alterations most often recorded in the anogenital re-
gion [1, 3, 4, 7, 9, 11, 21, 23, 24, 26, 27]. Cells compris-
ing EMPD may not be associated with carcinomas in ad-
jacent sites [24]. They are generally considered to differ-
entiate toward glandular rather than squamous epitheli-
um, although detailed studies documenting this hypothe-
sis have been performed in only a few instances [24]. The
immunohistochemical profile of EMPD has been recently
addressed in a number of publications [2, 10, 12, 15, 18,
19, 22, 25, 28, 29], and an immunohistochemical profile
characterized by CK7+ and CK20– has been considered
specific of EMPD [18]; meanwhile, other regional inter-
nal malignancies with pagetoid growth, such as pagetoid
urothelial CIS, are CK7+ and CK20+ [18]. In addition,
rare cases have been illustrated in which EMPD extended
to the urethral and bladder urothelium, as well as page-
toid CIS of the bladder extended to the perineum, thus
creating confusion on what is the primary origin of the tu-
mor, that is EMPD versus urothelial pagetoid CIS [1].
Also, pagetoid changes have been observed in the penis.
Interestingly, almost all these patients have had previous
high-grade urothelial carcinoma and CIS of the urinary
bladder, suggesting that in fact they represent urothelial
pagetoid CIS [1, 3, 4, 7, 9, 11, 21, 23, 26, 27]. These le-
sions have been usually detected months to years after
cystectomy, are not in contiguity to the bladder neoplasm,
and tend to localize to the urethral meatus [3, 7, 26].

Focal mucin and CEA positivity have been recorded in
one case [2] of pagetoid urothelial CIS, but none of our
cases showed such positivity. Our immunohistochemical
study confirmed CK7+ and CK20+ as immunohisto-
chemical profile of urothelial pagetoid CIS and expand it
using additional markers such as thrombomodulin (TM),
LEA 135, cytokeratins AE1, AE3 and HMWCK, EMA
and CEA. It seems possible that a pattern of immuno-
staining characterized by CK7+/CK20+/TM+ favors 
urothelial pagetoid CIS. Also, negative immunostaining

against CEA and HMWCK, as found in our series, might
be of value in such a differential diagnosis.

The rarity and sporadic occurrence of pagetoid chang-
es in patients with urothelial CIS provide little data for
histogenetic considerations and make the process diffi-
cult to understand [20]. Case reports over the last four
decades suggest that the phenomenon is not related to
patient population or any therapeutic regiment [20]. The
rare association with subsequent pagetoid CIS in the pe-
nis and vulva indicates a relationship, even though the
cells at extravesical sites may differ in their degree of
glandular differentiation, as evidenced by a tendency to-
ward mucin production [2], and also may differ in its
cytokeratin profile as shown in this report. Our cases did
not show any mucin stain or immunoreactivity to CEA,
and the cytokeratin profile together with the immunore-
activity against thrombomodulin favors urothelial origin.
Seeding from a primary tumor may account for these
isolated lesions, but it fails to explain the pagetoid differ-
entiation [20]. The absence of pagetoid changes in the
primary tumor tissues in the series of Orozco et al. [20]
suggests that the process is a secondary phenomenon,
perhaps related to a nonspecific local reaction of neo-
plastic cells to injury [20]. Also, it is possible that page-
toid appearance in the urinary bladder tends to evolve
when CIS cells are partially separated from the influenc-
es of contiguous neoplastic elements, as might happen at
the leading edge of an invasive area [20]. A recent report
found that bladder carcinoma cells lacking E-cadherin
expression infiltrate into the adjacent urothelium as indi-
vidual cells, hence showing a pagetoid pattern of growth
[22]. This favors that pagetoid changes are a primary
event in bladder tumor cells related to the loss of some
cellular adhesion molecules. In this particular study, it
was considered that this process plays an important role
in the high recurrence rate that is observed in some of
these patients [22]. In conclusion, our results and current
data suggest that clinicopathological features, the immu-
nohistochemical profile, and DNA ploidy of pagetoid
CIS as well as its clinical significance overlap with those
of conventional CIS. The presence of pagetoid CIS in a
small biopsy should alert pathologists to search for a
wider CIS elsewhere in the bladder. Finally an immuno-
histochemical panel based on CK7+/CK20+/TM+ can
assist in differentiating urothelial pagetoid CIS from
EMPD.
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Abstract A case of plasmacytoma of the pleural cavity
is reported with massive malignant pleural effusion,
which, most unusually, lacked monoclonal gammopathy,
thereby making it difficult to distinguish from lymphoma.
The pleural tumor and pleural effusion contained large
mononuclear lymphoma-like cells with distinct nucleoli.
Immunohistochemistry revealed neither lymphoma 
markers nor clonal cytoplasmic nor cell surface immuno-
globulins. Tumor cells were stained with vimentin and
the plasma cell markers, VS38c, CD138 (syndecan-1),
and MUM1 antibodies. Bone marrow contained small
amounts of tumor consisting of similar cells. Electron 
microscopy showed well developed rough endoplasmic
reticulum and peripherally positioned nuclei with euchro-
matin. Flow cytometry of bone marrow revealed a mini-
mal involvement of CD38-positive cells. Chromosomal
analysis of marrow cells revealed a complex abnormal
karyotype. A polymerase chain reaction demonstrated
clonal re-arrangement of the immunoglobulin heavy-
chain gene. The overall results indicate a clonal expan-
sion of tumor cells with primitive plasma cell differentia-
tion with the highly unusual feature of absent monotypic
immunoglobulin. The study illustrates the need for a
comprehensive array of techniques to distinguish such

rare non-synthesizing and non-secretory plasmacytomas
from lymphoma.

Keywords Plasmacytoma · Pleural effusion · 
Differential diagnosis · Lymphoma

Introduction

The diagnosis of anaplastic plasmacytoma with massive
pleural effusion and its distinction from lymphoma can
be difficult, partly because primary pulmonary plasma-
cytoma is very rare, with only 28 cases in the literature
[4, 6, 7], but also because anaplastic plasmacytoma may
show reduced plasma-cell characteristics and may there-
fore be confused with lymphoma, particularly of large-
cell and effusion type. Poorly differentiated (anaplastic)
plasmacytoma should be ruled out when cells of a pleu-
ral effusion show a large-cell appearance but lack lym-
phoid, epithelial, and mesothelial markers. We describe a
very rare case of primary pulmonary (pleural) non-
secreting but also non-synthesizing anaplastic plasmacy-
toma whose distinction from lymphoma depended on
multiple laboratory investigations.

Clinical history

An 81-year-old man with right back pain for 3 months was found
to have pulmonary fibrosis and a vague intrapulmonary mass of
approximately 1.5 cm in diameter and a sequestered pleural effu-
sion pattern in the right lower lung following computed tomogra-
phy (CT). Physical examination showed only decreased respirato-
ry sound on the right lower chest field. There was no lymphaden-
opathy. White cells were morphologically normal, and the count
was 7.4×109/l with 55% neutrophils and 32% lymphocytes and he-
moglobin at 13.2 g/l. Investigations for Epstein-Barr virus (EBV),
herpes simplex virus, and human immunodeficiency virus (HIV)
were negative, and the patient was not, therefore, considered to be
immunocompromised. Neither monoclonal gammopathy in serum
nor Bence-Jones protein in urine was demonstrable. Normal im-
munoglobulins were not suppressed. Chest X-ray and CT showed
a sequestered pleural effusion (Fig. 1) without punched out bone
lesions. Pleurocentesis revealed an exudate pleural effusion, which
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was found to contain 7035 IU/l (normal, less than approximately
60% serum level, i.e., <100 IU/l) lactate dehydrogenase and ma-
lignant cells. Thoracotomy with video-assisted resection of the
pleural lesion and a bone marrow biopsy were carried out. High-
dose decadron therapy followed by oncovin, adriamycin, and
prednisone chemotherapy was initiated, instead of radiation thera-
py, because of the pulmonary fibrosis. This treatment was not 
effective, and the patient died of respiratory failure after 1 month.

Materials and methods

For routine cytology, cytospin-collected cells were stained with
Papanicolaou and Giemsa, while sections of paraffin-embedded
pleural tumor tissue and bone marrow were stained with hema-
toxylin and eosin (H&E). Immunocytochemistry was performed
for the following antibodies using the streptavidin–biotin tech-
nique: the hemato-lymphoid markers, LCA, CD20, CD30, p80
(ALK, anaplastic lymphoma kinase), CD79a, CD3, CD43, CD56,
CD68, (KP-1), Leu 7; the epithelial/mesothelial markers, CAM
5.2, 34ßE12, pankeratin (AE1-AE3), EMA, BerEP4, calretinin;
the melanoma markers, S-100 protein and HMB45; desmin; 
vimentin; the plasma-cell markers, VS38c, syndecan-1 (CD138),
and MUM-1; and kappa chain, lambda chain, IgG, IgD, IgM, and
IgA; the viral infection markers, LMP-1 and EBNA2. HHV8 was
not determined. For electron microscopy, glutaraldehyde-fixed
tissue from the pleural tumor was embedded in epoxy resin ac-
cording to conventional procedures. Flow cytometry and chromo-
somal analysis of marrow cells was performed by Ootsuka Assay
Laboratories (Tokushima, Japan). Ten thousand cells were stud-
ied, and the proportion of lymphocytes and plasma cells gated for
monoclonal antibodies CD45, CD38, and CD30. For molecular
genetic analysis, DNA was extracted from routinely processed
paraffin-embedded sections of the pleural biopsy specimen [11].
IgH gene rearrangement was amplified using a semi-nested poly-
merase chain-reaction (PCR) method with consensus VH (FR1c)
and JH (LJH, VLJH) primers (synthesized by Nihon Bioservice,

Japan) in an automatic thermal cycler (PJ9700, Applied Biosys-
tems, Foster, Calif.). The PCR products were fractionated using
electrophoresis on 1.5% low-melting point agarose gel containing
ethidium bromide and visualized under ultraviolet (UV) light.
Monoclonal PCR products corresponding to the expected size
(250 base pairs) were gel-purified and subjected to nucleotide se-
quencing using the Big Dye Terminator cycle sequencing kit (Ap-
plied Biosystems) and an automated sequencer (ABI Prism 377
Genetic analyzer, Applied Biosystems) according to the manufac-
turer’s protocol. We compared sequence data with germline se-
quences of IgH (VH, D, and JH) genes that have been deposited
at the DDBJ/EMBL/Genbank database using the basic local
alignment search tool of the National Center for Biotechnology
Information [13].

Results

Histology of the pleural cavity lesion showed high-grade
anaplastic malignant tumor with a diffuse and monoto-
nous proliferative pattern in a disorganized configuration
(Fig. 2a). Similar anaplastic cells were observed in the
bone marrow. Cytology of the pleural effusion showed
large atypical cells with irregular nuclei, clearly defined
nucleoli, a high nucleo-cytoplasmic ratio, and cytoplas-
mic vacuoles (Fig. 2b). Tumor cells did not form inter-
cellular contacts. Some cells were degenerative or ne-
crotic. All antibodies tested immunohistochemically
were negative except for vimentin and the VS38c anti-
body (Fig. 2c), which were strongly positive, and CD138
and MUM1 with 10–20% of cells staining. Electron mi-
croscopy (Fig. 2d) showed a poorly differentiated plas-
macytic appearance with well developed rough endo-
plasmic reticulum, peripherally positioned nuclei with
euchromatin and large nucleoli, and a well developed
Golgi apparatus. Flow cytometry of the aspirated bone
marrow revealed 0.7% CD38-positive cells. Of 20 bone
marrow cells examined for chromosomal abnormalities,
15 cells were normal and five showed 72–73, XX, –Y,
+1, +3, add(3)(p11), add(3)(q12), –4, del(4)(q21), +5,
+6, +7, +8, +8, del(8)(p21)x2, –9, –10, add(12)(q24.1),
–13, –13, +14, –15, add(15)(p11.2), –16, –19, +20,
i(21)(q10), +mar1, +mar2, +mar3[cp5].

IgH gene rearrangement was successfully amplified
from the DNA samples (Fig. 3a). The PCR product of
the IgH gene rearrangement was directly sequenced
(Fig. 3b). The comparison with germline-sequenced VH
genes revealed the rearrangement of I2 or DP75 VH
gene with somatic hypermutation. Among the deter-
mined 223 bases, 22 were altered, giving a mutation rate
of 10%. In the determined sequence, there were no
start/stop codons.

Discussion

The presence of malignant cells in a pleural effusion is a
common final phase in malignancies involving the or-
gans and tissues around the pleural cavity (e.g., lung,
pleura, mediastinum, pericardium, chest wall, and dia-
phragm). Accordingly, carcinoma, malignant mesotheli-
oma, malignant melanoma, neurogenic or myogenic sar-

Fig. 1 Chest X-ray showing a vague intrapulmonary mass (arrow)
and a sequestered pleural effusion pattern in the right lower lung
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coma, and hemato-lymphopoietic malignancies typically
enter into the differential. In the present case, cytology
suggested a hemato-lymphopoietic malignancy of large-
cell and high-grade type; this interpretation was consis-
tent with the absence of markers for the cell lineages of
competing diagnoses. However, typical immunomarkers
for lymphoma and monotypic immunoglobulins for plas-
macytoma (determined immunohistochemically and in
serum and urine) were also absent. The main indications
of plasmacytic differentiation were immunostaining for
the plasma-cell markers, CD138, MUM1, and especially
VS38c [9, 14] and the presence of rough endoplasmic re-
ticulum cisternae in cells with eccentric nuclei seen by
electron microscopy. Recently, unusual acquired immu-

nodeficiency syndrome (AIDS)-related lymphomas with
plasmacytic features and massive malignant pleural effu-
sion have been described – plasmablastic lymphoma of
the lung [8] and AIDS-related primary effusion lympho-
ma [1]. Both were negative for B-cell markers, but posi-
tive for VS38c. The features of these conditions, how-
ever, are not those of our patient, who lacked HIV,
chronic EBV, and herpes virus. The present case could
be distinguished from a plasmablastic lymphoma, which
could occur in non-HIV-positive patients. Although
HHV8 was not determined, the neoplastic cells in the
present case were not positive by CD30, p80, LMP-1, or
EBNA2. Serum investigations for EBV, herpes simplex
virus, and HIV were negative, and the patient was not
considered to be immunocompromised.

In the present case, the clonal re-arrangement of the
heavy chain of the immunoglobulin gene (IgH) demon-
strated B-cell/plasma-cell lineage. The direct sequencing
analysis of the rearranged IgH gene revealed a somatic
mutation, suggesting lymphoid germinal center or post-
follicular derivation. This indicated that the anaplastic
tumor cells in this case were a clonal proliferation of B-
cell lineage with incomplete plasma cell differentiation.

Fig. 3 a Molecular genetic
analysis using polymerase
chain reaction (PCR) on tumor
cells showing clonal rearrange-
ment of immunoglobulin heavy
chain. M molecular size con-
trol, I present case, 2 reactive
lymphadenopathy, 3 B-cell
lymphoma, 4 distilled water. 
b Direct sequencing of PCR
product compared with known
germline I-2(DP75) gene se-
quence. Upper case indicating
the I-2(DP75) gene sequence
and lower case revealed the se-
quence in the present case. 
Underlined sequence revealed
the mutation point. In the deter-
mined sequence, there were no
start/stop codons. Among the
determined 223 bases, 22 were
altered

Fig. 2 Morphology of the tumor tissue and tumor cells. a Histolo-
gy of solid pleural tumor. High-grade anaplastic malignant tumor.
Note peripherally positioned nuclei. ×100. b Cytology of pleural
effusion. Large atypical cells with irregular nuclei, large nucleoli,
and some small cytoplasmic vacuoles. ×300. c VS38c immuno-
staining in cells of solid tumor. ×100. d Electron microscopy
showing poorly differentiated plasmacytic appearance with well
developed rough endoplasmic reticulum (arrows), peripherally po-
sitioned nuclei with large nucleoli, and well developed Golgi ap-
paratus. Nucleus contains euchromatin and large nucleolus. ×5000
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Of the 28 published cases of primary pulmonary plas-
macytoma [4, 6, 7], most have arisen in bronchus and
parenchyma, while only six (excluding those early cases
documented before the development of contemporary
immunoglobulin analysis technology) have specifically
involved pleura [2, 3, 5, 10, 15]. Five of these cases had
demonstrable gammopathy; one case lacked detailed
clinical and laboratory findings. Although it is not ex-
ceedingly rare to have no monoclonal gammopathy in
the case of plasmacytoma, the case documented in this
paper, therefore, is a rather rare, if not unique, example
of plasmacytic/plasmablastic malignancy in which
monoclonal gammopathy was absent from the entire
course of the disease. Tumor cells were interpreted as
not only non-secretory but also non-synthesizing with re-
gard to immunoglobulins and Bence-Jones protein. This
might be related to the mutation in the IgH gene [12] in
that there was no start/stop codon, which might suggest
that transcription did occur. Although the IgH gene itself
was not defective, upstream promoter or enhancer re-
gions might be, and further genetic studies are necessary
to clarify these details.
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Abstract The purpose of this study was to present a
new method for handling histological/cytological cases.
Thanks to the introduction of information technology in
pathology, including the amenities afforded by robotic
microscopes and digital imaging, tissue slides can be
represented and evaluated using digital techniques in or-
der to construct virtual cases through completely auto-
mated procedures. A virtual case (VC) is composed of a
collection of digital images representing a histological/
cytological slide at all magnification levels together with
all relevant clinical data. In the present study, we de-
scribe an automated system to manage robotic micro-
scope and image acquisition for the proper construction
of VCs. These can then be viewed on a computer by
means of an interface (“user-friendly”) that allows one to
select the more appropriate fields and to examine them at
different magnifications, rapidly going from panoramic
views to high resolution and vice versa. In comparison
with glass slides, VCs have several advantages arising
from their digital nature and can be considered a com-
mon platform for a wide range of applications such as
teleconsultation, education, research, and quality control
and proficiency tests.

Keywords Robotic microscopy · Teleconsultation · 
Education · Quality control

Introduction

Given the rapidly increasing number of ancillary tech-
nologies available to the medical community, there is a
growing opportunity for their application, to address spe-

cific challenges. The development of new technologies
for pathology such as robotic microscopes, and the avail-
ability of increasingly more powerful technologies for
medical application is having profound impact in both
the research and diagnostic fields of pathology [9]. Rob-
otic microscopy has important applications in teleconsul-
tation/remote diagnosis, as reported in a considerable
number of recent studies [9, 5 10]. Robotic microscopes
let each microscope movement (x, y stage movements,
objectives turret changes, auto-focus system, etc.) be
controlled by local and/or remote computers, and, at the
same time, images taken by video and/or photo cameras
mounted on the microscope can be processed.

In this study, we have presented a system for the 
management of these techniques, allowing a completely
automated system for digital representation of the materi-
al on a slide, i.e., for the construction of a virtual case
(VC). A VC is composed of a collection of digital images
entirely representing a histological/cytological slide at all
magnification levels, supplemented by all relevant clini-
cal data. VCs can be considered the common basis for
multiple purposes in the fields of teleconsultation, educa-
tion, research, and quality control and proficiency tests.
The system we present here has been completely devel-
oped in the Telemedicine and Medical Informatics Labo-
ratory (ITC-irst), with the aim of supporting research
studies in the field of quantitative pathology.

Materials and methods

Acquisition system and VC construction

The VC acquisition system consists of a software integrated envi-
ronment that manages external devices (robotic microscope, auto-
focus system, and acquisition board) through Dynamic Linked 
Libraries, allowing the automatic digital representation of an 
entire tissue sample.

As a slide is located on the motorized stage of the microscope
and a few acquisition parameters are selected (acquisition objec-
tive, filters, lamp intensity), the acquisition system proceeds auto-
matically with the VC construction. VC construction is performed
in three phases: (1) acquisition of the entire tissue at a selected
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magnification (acquisition objective), (2) digital construction of
lower magnification images, and (3) supplementation of the VC
with clinical and technical data.

In the first phase, entire tissue acquisition at a selected magni-
fication is programmed as a stepped sequence. Each step includes
stage movements in a systematic manner in order to optimize the
acquisition process and minimize errors in repositioning the stage.
At each step the stage is moved adequately to cover a matrix cell,
auto-focus is performed, and a single static image is acquired. In
the second phase lower magnification images are prepared. Four
(or more) images are patched together and resized. Using this
method a panoramic view of the entire tissue can be obtained. Ad-
vantages in digitally creating lower magnification images as
patchwork are a significant saving of time with respect to image
acquisition, and to the ability of choosing each desired magnifica-
tion. In the third phase clinical data, glass slide institutional codes,
x–y values of acquisition first step, acquisition objective, and cer-
tain technical data are stored to complete the VC.

VC’s numerical features

The process of preparing a VC requires time and storage space,
depending strongly on the specific application for which it is in-
tended. The VCs technical numerical features (images number,
construction time, and storage disk space) depend on tissue 

dimension and shape, and on selected acquisition objective: the
higher the magnification, the smaller is the area represented by
each image.

Images number of VCs

Assuming the tissue is square in shape, the number of images to
be acquired, a function of tissue size, is expressed:

where Stissue is the size of the tissue, DimAcq is the linear dimension
of the tissue covered by the camera target with the acquisition ob-
jective, and INT is the function that returns the integer value of its
argument. [As an example, the INT of 2.7 is 2, or INT (2.7)=2.]

Let us consider, for example, an acquisition objective of 40×
and patched images at 2.5, 5, 10, and 20× – the total number of
images of the VC is:

A scheme to graphically represent the last expression is shown in
Fig. 1.

Acquisition time of VCs

VC construction time is greatly influenced by the execution of the
first phase, described above. To perform each step the system
takes about 3 s (moving the stage to the exact position, performing
the auto-focus, acquiring, and storing the image on a local disk).
Focusing is the most time-consuming operation: with histological
tissues and a high-magnification objective, it is strictly essential to
run the autofocus on each step. However, in dealing with cytologi-
cal specimens (such as ThinPrep), it is sufficient to run it every
three or four steps. During the acquisition, empty fields are auto-
matically recognized through gray histogram analysis, autofocus
is not performed, and the highest compression ratio is set.

Time spent to construct a VC is given approximately by the
number of acquisition steps, i.e., NAcq × 3 s, with a few minutes
added to arrange the patchworks. Figure 2 graphically shows the
overestimated data regarding the number of images, the disk stor-
age required, and the acquisition time as function of tissue linear
dimension when the acquisition objective is 40×, and each image
represents an area of 0.19×0.15 µm2.

Storage space required for VCs

Joint Photographic Expert Group (JPEG) compression ratios up to
20:1 can be applied for diagnostic histological and cytological im-
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Fig. 1 Graphical representation of images corresponding to differ-
ent magnification, i.e., 2.5, 5, 10, 20, and 40×

Fig. 2 The graph reports on the
X-axis the linear dimension of
the tissue. Y-axis on the left re-
ports the number of images ac-
quired using a 40× objective
and on the right the storage
space required. For 5, 10, and
15 mm of tissue, linear dimen-
sion acquisition time values are
reported



ages without significant loss of perceptive qualities [3, 6]. There-
fore, the disk storage needed to store a VC is given by the total
number of images required for the VC, Ntot, × 65 kb, which is the
dimension of a JPEG-compressed 24-bit image of 760×572 pixels.
Still, it is wise in the interest of conserving disk space to store 
only the acquired images and to arrange the patchwork locally
(Fig. 2).

For a histological sample tissue of 1 cm2, the corresponding
VC has 3600 acquired images; its construction takes approxi-
mately 180 min, and its required disk storage space is 234 mega-
bytes (MB). Don’t forget that the procedure is automated and does
not need human presence.

VC consultations 

VCs consultation methods are basically two. Both use a structured
database and image pointers (or images themselves). The first
method, applicable to immediate consultation, involves storage on
CD-ROM (with obvious limitations on the number of VCs avail-
able) or in a local database on a local area network (LAN). The
second method involves Internet communication. A VC can either
be downloaded from or consulted directly at a worldwide web
(WWW) site. Only selected images need be downloaded in real
time. Internet usage allows a VC to be accessible world wide by
multiple and simultaneous users. Each variety of consultation has
its advantages and disadvantages, and of course the choice be-
tween them depends on purpose.

Hardware devices of the system we have used are: a Leica DM
RXA robotic microscope (Leica Microsystems S.P.A, Milan, Italy)
equipped with high-magnification objectives (10×, 20×, 40×);
3CCD video camera and Matrox Meteor PCI Frame Grabber
(Matrox, Montreal, Canada) installed on a Pentium II computer
(451 MHz, 128 MB; Microsoft, Redmond, Wa.). Leica Logical
DLL-API and Autofocus DLL-API, version 4.03 (Leica Microsys-
tems AG, Wetzlar, Germany) were free. All acquired images have
spatial resolution of 760×572 pixels, 24-bit, and are 20:1 JPEG
compressed.

Discussion

In the present study, we have described a method for
completely digitizing entire histological and cytological
slides, using robotic microscopes, in order to construct
VCs through automated procedures. VCs can completely
substitute for conventional slides in several situations. A
VC can be viewed on a personal computer through our
user-friendly interface which allows the selection of ap-
propriate fields, examination of the fields at different
magnifications, and rapid transition between panoramic
views and high resolution. VC is further capable of en-
richment with selected additional images (special stains,
immunoreactions, and radiological images – to mention
three possibilities).

In comparison with glass slides, VC offers advantages
arising from its digital nature. VC can be: (a) reproduced
in an indefinite number of identical copies stored in sev-
eral different archives without any loss of technical qual-
ity over time, (b) viewed and discussed simultaneously
by many different distant users for different purposes
without time restriction, and (c) complemented with 
additional clinical and pathological data.

The automatic acquisition of different (two or three)
focus planes of the slide or parts of it during the con-
struction of a VC could also address the need of the pa-

thologist to perform “focusing” on some fields to evalu-
ate small details of the images (viral inclusions and chro-
matin details, for example). The time required for a VC
construction is considerable, but the automation of the
entire procedure, easily done by robotic microscope,
does not require human support apart from the initializa-
tion of the process. Furthermore, the VC construction
procedure must be performed only once.

All of the above qualities open new VC-based appli-
cations in the fields of teleconsultation, education, re-
search, and quality control. VC-based teleconsultation,
with VCs stored either in a CD-ROM or in dynamic 
Internet archives, could allow the consultant pathologist
access to entire cases, with complete freedom in image
selection, and requires no simultaneous live presence in
consultant and referring sites [5, 7, 8].

A further application of VC would seem to reside in
cytology. Because of the unique nature of cytological
specimens, it is not uncommon to have only one diag-
nostic slide and to have the presently unrealizable desire
to duplicate it before submitting it for additional studies
(immunohistochemistry, molecular biology, flow cytom-
etry, for instance). The risk of breaking the slide is 
always present also, especially when it must be sent by
mail for consultation.

We have recently proposed and validated a telecon-
sultation user interface (STeMiSy), which allows the 
pathologist to examine the case just as is done with the
glass slide on the microscope stage [4, 2]. As shown in
Fig. 3, the zoomed-out panoramic view of the case is 
always visible on the screen while single images can be
viewed at high resolution. A grid system facility which
can be superimposed on each image, based on cells with
different sizes corresponding to the different objectives
tissue areas, enables the pathologist to select and visual-
ize images at specific magnifications. A colored rectan-
gular profile, marking a grid cell on the panoramic view,
indicates the tissue region shown at high resolution. Red
dots in grid cells indicate the images already viewed, and
black dots remind the viewer that a text note has been as-
sociated previously by the pathologist with that specific
image.

VCs might well also represent a unique opportunity in
medical education. They could be used to teach patholo-
gy to medical students and in the training of pathologists
during residency. Medical students could be guided in
surfing VCs, following predefined pathways of selected
diagnostic images, each supplemented with teaching
comments, or might be directly guided by the teacher
during the lessons. For residents in pathology, a set of
VCs could be used for teaching and for monitoring their
diagnostic ability. A series of VCs could indeed be incor-
porated in a program in which the residents have to ana-
lyze the cases to make the diagnoses. Their diagnoses
could be recorded and compared to the truth, and a scor-
ing system could be developed which takes in account
the number of evaluated images, their relevancy in the
diagnostic process, the number of additional stains 
suggested or required, the time needed to make the diag-
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noses, etc. VCs could also be used in continuing medical
education for virtual slide presentations in seminar ses-
sions. A further educational opportunity could be found
in the setting of the case reports published in pathologi-
cal journals. Disks with VCs of case reports could be 
attached to issues of journals, allowing all pathologists 
to have complete access to rare and relevant cases.

In the research field, VCs potentially offer many 
advantages in the setting of quantitative pathology. We
developed a VC-based system for the analysis of breast

carcinoma samples immunostained with antibodies
against endothelial cells in order to evaluate the micro-
vessel density in a completely automatic way. Our 
VC-based system identifies the stained endothelial cells
exactly reconstructing the map of the vessels (Fig. 4),
counts and measures a series of morphometrical parame-
ters of the vessels [1]. Finally, an automatic procedure
based on a sophisticated mathematical cluster algorithm
identifies the areas of higher microvessel densities,
which could be a prognostically relevant marker. We are
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Fig. 3 The interface of a virtual
case (VC)-based teleconsulta-
tion system is shown in a case
of lung Wegener’s granuloma-
tosis. The picture illustrates the
pathologist’s workstation moni-
tor viewing a high-resolution
20× image. On the bottom left,
the panoramic overview of the
tissue is overwritten by a grid
corresponding to the high-reso-
lution 20× image: red dots in
the grid cells distinguish the al-
ready viewed areas taken at 20×
magnification; the red bordered
area corresponds to the high-
resolution image viewed on the
screen. On the top left side, the
gray zone contains vertical
lines associated with each 
image of the VC ordered in 
columns by magnification; the
red lines correspond to the 
already viewed images. On the
top of the interface, the text box
contains a note related to the
high resolution image written
by the pathologist

Fig. 4 The microvessel map of
a breast carcinoma, detected
from the corresponding virtual
case (20× acquisition objective)
is reported. The blue delineated
area is a hot spot of 0.8 mm2



also developing a semiautomated system to quantify the
immunohistochemical expression of a variety of markers
in tissue microarray slides. A tissue microarray VC 
offers several advantages, as it allows the precise 
location and easy visualization of each tumor sample
(Fig. 5a), rapid comparison with reference samples, com-
parison of different immunostains performed on the
same sample, and quantitative evaluation of each marker
(Fig. 5b). 

The reproducibility of a VC in an unlimited number
of copies promises to be an invaluable tool in quality
control programs, especially in diagnostic cytology. The

accreditation of cytotechnicians, cytopathologists, and
laboratories could be uniformly achieved using VCs of
all kinds of cytological specimens, previously validated
by appropriate scientific societies. The main advantage
of VCs over a gallery of images is that they are much
more similar to real life routine work, where the patholo-
gist/cytotechnician has to find out and recognize the 
diagnostic cells out of a large amount of irrelevant back-
ground of normal or inflammatory cells. It is much like
the difference between recognizing a mushroom in a 
figure in a textbook, and finding the mushroom in the
wood.
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Fig. 5 A tissue microarray 
virtual case of breast carcino-
mas stained with CK7. a Origi-
nal color image of a sample; 
b same sample with stained 
regions (blue) automatically
detected by the system (tissue
microarray; courtesy of Prof.
G. Landberg, Lund University,
Malmö, Sweden)



Conclusions

Present technology allows one to provide comprehensive
data using digital multimedia methods. VCs are the best
digital means of presenting not only all the information
to be found on a glass slide, but also the pertinent addi-
tional clinical and pathological data. VCs have the po-
tential of becoming a common basis for several applica-
tions in different fields such as teleconsultation, educa-
tion, research, and quality control.
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Abstract The localization and biosynthesis of basement
membrane-type heparan sulfate proteoglycan (HSPG),
known as perlecan, were studied in ameloblastomas us-
ing surgical tissue sections and cells in primary culture
to demonstrate the existence of extracellular matrix
(ECM) molecules in the intercellular space of epithelial
tissue. HSPG was immunolocalized in the intercellular
spaces of stellate reticulum-like cells and small vacuolar
structures between basal cells in tumor cell nests as well
as in myxofibrous stroma. By means of in-situ hybridiza-
tion, mRNA signals for the HSPG core were intensely
demonstrated in the cytoplasm of basal and parabasal
cells of parenchyma. Furthermore, the in-vitro biosyn-
thesis of HSPG core protein by ameloblastoma cells was
confirmed using immunofluorescence, immunoprecipita-
tion, and reverse-transcriptase polymerase chain reaction
(RT-PCR). The results indicated that ameloblastoma
cells synthesize HSPG and deposit it in their intercellular
space. The intercellular HSPG might act as a carrier for
transport of nutrients to tumor cells within ameloblasto-
matous foci.

Keywords Ameloblastoma · Heparan sulfate
proteoglycan · Intraepithelial stroma · Stellate reticulum ·
Perlecan

Introduction

The term ameloblastoma implies its histological resem-
blance to that of the epithelial component of developing
tooth germs. Tumor cell foci of ameloblastomas consist
of a peripheral palisading of columnar cells and a central
web-like arrangement of polyhedral cells. The latter type
of cells resemble stellate reticulum and the former type
mimic pre-ameloblasts of the enamel organ [13]. Based
on our previous immunohistochemical study, in which
enamel proteins were not immunolocalized in amelo-
blastomas, we have suggested that ameloblastoma cells
can differentiate into the stage of preameloblasts but will
not attain functional maturation as secretory-phase
ameloblasts [28]. However, it is still controversial
whether ameloblastoma cells have any potential to dif-
ferentiate into tooth germ components.

Enamel proteins, basically members of extracellular
matrix (ECM) molecules, are expressed exclusively in
tooth germs under physiological conditions. Recently,
however, it has been demonstrated that enamel proteins
are immunolocalized in particular odontogenic tumors,
such as adenomatoid odontogenic tumor, calcifying epi-
thelial odontogenic tumor, and calcifying odontogenic
cyst [18, 21, 28]. In these pathological conditions, such
enamel proteins as amelogenin and enamelin are co-
localized with other ECM molecules, especially those
that are basement membrane associated, such as heparan
sulfate proteoglycan (HSPG), type-IV collagen, laminin,
and fibronectin [21]. Thus, ECM molecules are expected
to play important roles in various kinds of morphogene-
sis [3, 5]. In regard to these pathophysiological events,
they have been recently rather stressed to function as
matrices on which parenchymal cells are attached and
express genes that are required in their particular phase
of events. Their different combination of molecules may
lead to a specific direction, for instance, odontogenetic
processes by an enamel protein predominant composi-
tion [29, 31] as well as tumor invasion processes by lam-
inin or type-IV collagen [11, 15, 34]. In contrast, little at-
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tention has been paid to another function of ECM mole-
cules as carriers for nutrient transport, which is indis-
pensable in such tissues with a scanty vascular supply as
cartilage or enamel pulp. As for the stellate reticulum of
enamel organs, there have been several reports on the ex-
istence of ECM in the intercellular space of this peculiar
tissue structure [4, 12]. However, it is still unknown
what kinds of ECM molecules are localized and function
in the intraepithelial milieu of the stellate reticulum.

Perlecan, a HSPG, is originally known as one of the
constituent molecules of the basement membrane. How-
ever, recently, our research has shown that this type of
HSPG is expressed not only in the basement membranes
but also in the stromata of neoplastic, inflammatory, or
developing tissues [1, 2, 6, 9, 10, 19, 27, 33]. These data
have indicated that HSPG might induce parenchymal
cells as well as stromal cells to proliferate during various
pathophysiological events. In this course of investiga-
tion, we have come to pay closer attention to myxo-
edematous or loose appearances of tissue architectures in
which HSPG is inevitably accumulated. Thus, we want-
ed to examine whether HSPG is localized in the stellate
reticulum-like structure of ameloblastoma, which often
undergoes cystic changes with retention of myxoid mate-
rials, in addition to its localization in the myxoid stromal
space, which also shows pseudocystic changes.

The purpose of this study was to determine the mode
of HSPG localization in ameloblastoma tissues and to
demonstrate biosynthetic activity of HSPG by amelo-
blastoma cells. In addition, based on these newly identi-
fied properties of HSPG, we propose that the intercellu-
lar space of the epithelium, even if it is narrow, does

contain ECM molecules that serve as stroma for individ-
ual epithelial cells.

Materials and methods

Surgical materials

Twenty cases of ameloblastoma were selected from the surgical
pathology files of the Division of Oral Pathology, Department of
Tissue Regeneration and Reconstruction, Niigata University,
Graduate School of Medical and Dental Science. Surgical materi-
als were fixed in 10% formalin and demineralized, when neces-
sary, with Plank-Rychlo’s solution which contains 8.5% hydro-
chloric acid and 5% formic acid. They were then routinely pro-
cessed and embedded in paraffin. Serial sections cut at 3 µm were
stained with hematoxylin and eosin and immunohistochemically
with the antibodies against HSPG. The sections were also used for
in-situ hybridization (ISH) of the HSPG core protein.

Primary cell culture

Ameloblastoma cells were obtained from a fresh surgical speci-
men of an ameloblastoma arising in the mandible of a 5-year-old
girl, as described elsewhere [2]. Briefly, the tumor tissues were
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Fig. 1 Histological features of follicular-type ameloblastomas.
Hematoxylin and eosin (a) and immunoperoxidase (b, c) stains for
heparan sulfate proteoglycan (HSPG), and in-situ hybridization
(d) for HSPG core protein mRNA. HSPG is immunolocalized in
intercellular spaces of stellate reticulum-like cells (b), in particu-
lar, in areas with cystic change (c), as well as in myxofibrous stro-
ma (b, c). mRNA signals were demonstrated intensely in the
peripheral area of tumor cell nests but only slightly in the central
area of tumor cell nests and in stroma (d). Original magnification:
×105



minced into small pieces, and 0.1 g of the tissues were incubated
with 1 ml Dulbecco’s modified Eagle medium (DMEM, Gibco
BRL, Grand Island, N.Y.) containing 0.1% collagenase A 
(Boehringer Mannheim Biochemica, Darmstadt, Germany) in a
plastic tube with a screw cap for 17 h at 37°C. Collagenase-
digested tissues were filtered through a sheet of nylon mesh, and
the pass-through fractions were washed twice with DMEM. Re-
covered cells were plated onto 35-mm plastic petri dishes at a con-
centration of 5×104 cells in 2 ml DMEM containing 10% fetal calf
serum (FCS, ICN Pharmaceuticals, Costa Mesa, Calif.), 1% gluta-
mine, 50 µg/ml streptomycin and 50 IU/ml penicillin, and incubat-
ed at 37°C under a humidified 5% CO2/95% air atmosphere. After
10 days of culture, dishes containing tumor cell colonies of equal
shape and size were selected, and epithelial cell colonies were
covered with autoclaved filter papers followed by soaking in a
0.25% trypsin–0.02% ethylene diamine tetraacetic acid (EDTA)
solution and incubating for 5 min at 37°C. The colonies were
transferred into other dishes by shaking the filter papers gently in
DMEM supplemented with 10% FCS and then were incubated in
the same medium. When the cells became confluent, they were
split again and used for the experiments.

Antibodies

Polyclonal anti-mouse HSPG antibodies were raised in rabbits by
immunization with the core protein of HSPG purified from the
murine Engelbreth-Holm-Swarm (EHS) tumors as described else-
where [1]. Rabbit antibodies against human keratin were prepared
as described previously [26]. A mouse monoclonal antibody
against bovine vimentin (Vim 3B4) was purchased from Dako Ltd.
(Copenhagen, Denmark).

Immunohistochemistry

For immunoperoxidase stainings for surgical tissue sections, the
peroxidase–antiperoxidase (PAP) technique was employed. In
brief, sections were pretreated with 3 mg/ml bovine testicular hya-
luronidase (type I-S, 440 U/mg, Sigma Chemical Co., St Louis,
Mo.) in phosphate-buffered saline (PBS) for 30 min at 37°C. The
anti-HSPG antibody was used at a protein concentration of
8.6 µg/ml. For visualization of reaction products, sections were
treated with 0.02% 3,3′-diaminobenzidine in 0.05 M Tris-HCl
(pH 7.4) containing 0.05% hydrogen peroxide. The sections were
then counterstained with hematoxylin. For control studies on the
antibody, the primary antibody was replaced with normal rabbit
IgG.

For immunofluorescence for primary cell cultures, cells at a
concentration of 3×104 in 2-ml medium were plated on a 35-mm
plastic dish in which a piece of cover glass had been placed. Seven
days after plating, the dish was fixed and stained using an indirect
immunofluorescence technique with the rabbit antibodies against
HSPG core protein or keratin and the mouse antibody against vi-
mentin and rhodamine-conjugated goat anti-rabbit or anti-mouse
IgG or rhodamine-conjugated goat anti-mouse IgG (1:50, respec-
tively; Miles Scientific, Naperville, Ill.), as described previously
[2]. As a control, preimmune rabbit or mouse IgGs were used in-
stead of the specific primary antibodies.

In-situ hybridization

RNA probes for the human HSPG core protein were prepared us-
ing a digoxigenin (DIG) RNA labeling kit (Boehringer Mannheim
GmbH, Mannheim, Germany) and SP6/T7 RNA polymerases
(Promega Corporation, Madison, Wis.) as described previously 
[9, 10].

For surgical materials, paraffin sections cut at 5 µm were used.
After deparaffinization, they were washed in three changes of 2×
standard saline citrate (SSC) and treated with 5 µg/ml proteinase
K (Sigma) for 20 min at 37°C. They were then washed with 0.2%
glycine in PBS, fixed with 4% paraformaldehyde in 0.1 M phos-

phate buffer (pH 7.5) for 30 min, dehydrated with a series of etha-
nol (70–100%), and air-dried. Hybridization was performed at
45°C for 16 h in a moist chamber. The hybridization solution
contained 10 mM phosphate buffer (pH 7.4), 10% dextran sulfate,
1× Denhardt’s solution, 100 µg/ml salmon sperm DNA, 125 µg/ml
yeast tRNA, 3× SSC, 50% formamide, and 500 ng/ml probes.
After hybridization, the sections were rinsed in 2× SSC and then
the hybridized probes were detected using DIG detection kits
(Boehringer Mannheim). The sections were counterstained with
methyl green.

For primary cell cultures, ameloblastoma cells cultured on cov-
er glasses were fixed with 4% paraformaldehyde in 0.1 M phos-
phate buffer (pH 7.5) for 15 min. They were treated with 1 µg/ml
proteinase K (Sigma) at room temperature for 20 min, followed by
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Fig. 2 High power view of stellate reticulum-like cells of amelo-
blastomas. Hematoxylin and eosin (a) and immunoperoxidase (b)
stains for heparan sulfate proteoglycan (HSPG), and in-situ hy-
bridization (c) for HSPG core protein mRNA. HSPG-immunopos-
itive amorphous material is localized along spider web-like cell
processes (a, b). mRNA signals are seen around nuclei of stellate-
shaped cells (c). Original magnification: ×146



washing with 0.027 M glycine in diethyl dicarbonate-treated PBS.
Hybridization was performed as described above.

Immunoprecipitation

Cell labeling and immunoprecipitation experiments were per-
formed as described elsewhere [9]. Briefly, cells were preincubat-
ed with methionine-free minimum essential medium (MEM) for
1 h and then incubated in fresh MEM containing 50 µCi [35S]me-
thionine or [35S]sulfate for 3 h. After removal of the medium, the
cell layer was lysed, and both the cell lysate and medium were
centrifuged at 15,000×g for 10 min. The resultant supernatants
were subjected to immunoprecipitation.

The pre-cleared lysates and media were incubated with the an-
tibody to the HSPG core protein overnight, and immune complex-
es were isolated with protein A-Sepharose (Pharmacia Biotech).
Immunoisolated materials were dissolved in Laemmli’s sample
buffer, boiled for 5 min, and centrifuged at 10,000×g for 5 min to
remove beads. The supernatants were analyzed using sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).

SDS-PAGE was done on 5% polyacrylamide slab gel with
2.5% 2-β-mercaptoethanol, according to Laemmli [14]. Gel was
stained with Coomassie brilliant blue (CBB) and then air-dried.
Dried gel was fluorographed on X-ray film (Hyperfilm-MPTM,
Amersham International plc., Buckinghamshire, England). Appar-
ent molecular weight was determined by means of co-electropho-
resis of marker proteins.

Reverse-transcriptase polymerase chain reaction

Total RNA was isolated from confluent cultures of ameloblastoma
cells using the ISOGEN system (Nippon Gene Co., Ltd., Tokyo).
cDNA was synthesized from the RNA with the SuperScript Pre-
amplification System (Gibco BRL). Following the reverse tran-
scription (RT), polymerase chain reaction (PCR) was carried out
in an Astec thermal cycler PC-800 (Astec Co., Ltd., Fukuoka) as
previously described [30].

Oligonucleotide primers flanking the exon of domain I of
HSPG core protein (nucleotide numbers 183–550, no. M85289,

GenBank) were synthesized as follows: 5′-CCTGAGGACATAGA-
GAC-3′, forward, and 5′-TCGGAAGGGAATGCGGA-3′, reverse,
to generate a 368-bp product. The thermocycling protocol during
30 amplification cycles was as follows: denaturation at 94°C for
1 min, annealing at 55°C for 1 min, extension at 72°C for 1 min,
and termination with a final cycle: annealing (55°C for 1 min) and
extension (72°C for 7 min). The amplified DNA fragments were
analyzed by means of electrophoresis on 3% agarose gels.

Results

Surgical specimens

Histopathologically, there were 5 cases of follicular type
ameloblastoma and 15 of plexiform type in the 20 speci-
mens examined. In the follicular type samples, tumor
cell nests were characteristically composed of a periph-
eral layer of columnar cells resembling preameloblasts
and of a central portion of stellate reticulum-like cells
(Fig. 1a) sometimes accompanied by cystic changes
(Fig. 1c). The stroma consisted of fibrous connective tis-
sues with more or less myxoid appearances around epi-
thelial nests (Fig. 1a). However, the plexiform type foci
were composed of basal columnar cells and inner poly-
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Fig. 3 Histological features of plexiform-type ameloblastomas.
Hematoxylin and eosin (a) and immunoperoxidase (b) stains for
heparan sulfate proteoglycan (HSPG), and in-situ hybridization 
(c, d) for HSPG core protein mRNA. HSPG is immunolocalized in
intercellular spaces within tumor nests as well as within myxoma-
tous stroma (b). mRNA signals are most enhanced in the peripher-
al portion, especially in their invading fronts of branching nests, in
addition to central area of tumor cell nests and stromal cells (c, d).
Original magnification: a ×21, b ×62, c ×21, d ×126



hedral cells with evident intercellular spaces. The stroma
was rather myxomatous and frequently accompanied by
cystic degeneration (Fig. 3a).

In the follicular type parts of ameloblastoma, HSPG
was immunolocalized most intensely in the myxofibrous
stroma, especially around tumor cell nests (Fig. 1b). At
the same time, HSPG was immunolabeled in the inter-
cellular space of stellate reticulum-like cells which were
located in the center of the tumor cell nests (Fig. 1b).
This intercellular staining for HSPG was much more en-
hanced when tumor cell nests showed cystic changes
(Fig. 1c). Amorphous material within the cystic space
and the inner rim of the cysts was strongly immunola-
beled for HSPG. By ISH, mRNA signals for the HSPG
core protein were demonstrated in most of the tumor
cells within follicular type nests as well as in fibroblastic
cells of the stroma (Fig. 1d). The hybridization signals
were most intensely localized at the periphery of tumor
cell nests, namely basal and parabasal cells (Fig. 1d), al-
though the protein signals were rather evenly distributed
in tumor cell nests (Fig. 1b). The mRNA signals were
minimal in fibroblastic cells of the stroma. When the
stellate reticulum-like portion was observed under a
higher magnification, there were deposits of pale-stained
amorphous material along spider web-like cell processes
on hematoxylin and eosin-stained sections (Fig. 2a). Im-
munohistochemically, these intercellular deposits were
clearly demonstrated using anti-HSPG antibodies
(Fig. 2b). mRNA signals for the HSPG core were mainly
seen around the nuclei of stellate-shaped tumor cells
(Fig. 2c).

In the plexiform-type parts (Fig. 3a), intercellular
spaces of the stellate reticulum-like tumor cells as well
as myxomatous stroma were immunopositive for HSPG
in almost the same pattern as in the follicular type
(Fig. 3b). mRNA signals for HSPG core protein were
also localized in most of the tumor cells, in addition to
stromal fibroblasts (Fig. 3c). Among the tumor cells, the
signals were most enhanced in the peripheral portion of
tumor cell nests, especially in their invading fronts of
branching nests (Fig. 3d).

Irrespective of the histopathological types of tumor
cell nests, small vacuolar structures were occasionally
observed (Fig. 4a). These vacuolar structures were pre-
dominantly observed mainly among the basal cell layer
of the nests, although a small number of them were scat-
tered in the central portion, too. Immunohistochemically,
the vacuoles were exclusively positive for HSPG, and
the staining was enhanced in their rims (Fig. 4b). Hy-
bridization signals for HSPG core protein mRNA were
demonstrated in the cells around the vacuolar structures
or in the cells forming the vacuoles (Fig. 4c).

Cells in primary culture

Cultured ameloblastoma cells showed polygonal- to
spindle shapes in culture. When 5×104 cells were plated
into a 35-mm dish, they spread over the dish in a mono-

layer in 1 week. Immunofluorescence studies showed
that the cells were immunopositive for keratin (Fig. 5a)
as well as for vimentin (Fig. 5b). The result indicated
that these cultures were mainly composed of ameloblas-
toma cells of epithelial origin. Vimentin immunopositiv-
ity may be due to spindle-shape transformation of the
cells. However, immunofluorescence signals for HSPG
were observed in a thread-like or mesh-like fashion over
the cell layers. These signals were considered to be
HSPG deposits in the intercellular space (Fig. 5c). In ad-
dition, fine granular signals of immunofluorescence for
HSPG could be seen in the cytoplasm. These intracellu-
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Fig 4 Small vacuolar structures in tumor cell nests of amelo-
blastomas. Hematoxylin and eosin (a) and immunoperoxidase (b)
stains for heparan sulfate proteoglycan (HSPG), and in-situ hy-
bridization (c) for HSPG core protein mRNA. Vacuolar rims are
intensely immunopositive for HSPG (b) and mRNA are mainly
demonstrated in basal cell layer, as shown in Fig. 1d, especially in
tumor cells forming vacuoles (c). Original magnification: ×180



lar signals were regarded as some molecular forms in the
course of biosynthesis.

To confirm the biosynthesis of HSPG by ameloblasto-
ma cells biochemically, cells in primary culture were la-
beled with [35S]methionine for protein or [35S]sulfate for
heparan sulfate (HS) chains, and the cell lysates and cul-
ture media were immunoprecipitated with anti-HSPG
core protein. In the cell layer with [35S]methionine label-
ing, HSPG was shown as rather broad bands with molec-
ular masses of about 470 kDa, a band at the interface be-
tween the stacking gel and the resolving gel, and a band
at the bottom of the well on SDS-PAGE under reducing
conditions (Fig. 6, lane 1). The 470-kDa molecules were

regarded as HSPG core protein ready for glycosylation.
Those stacked in the well bottom and the gel interface
were considered as intact forms of HSPG, because HS
chains interfered with the entry of the molecules into the
gel. From the media, only faint bands were shown at the
well bottom and the gel interface (Fig. 6, lane 2). When
cells were labeled with [35S]sulfate, two major smear
bands were obtained from the cell layer (Fig. 6, lane 3).
One was in the stacking gel and the other was at the gel
interface. A similar but very faint band pattern was ob-
tained from the media (Fig. 6, lane 4). Since there was
no apparent band corresponding to the HSPG core pro-
tein in the medium, [35S]sulfate seemed to be incorporat-
ed in HS chains of intact HSPG molecules. Thus, HSPG
molecules were shown to be produced by the cells. Most
of the synthesized molecules were deposited in the cell
layer, while only a small amount of them were secreted
out into the media. No precipitates were obtained when
the antibody was replaced with the normal rabbit IgG
(not shown). The findings were well consistent with 
the morphological evidence of immunofluorescence
(Fig. 5c).

Using ISH, intensive mRNA signals for the HSPG
core protein were demonstrated in most of the tumor
cells in primary culture. The signals were diffusely local-
ized within the cytoplasm (Fig. 7a), while no discernible
signals were found when sense probes were used instead
of anti-sense probes (Fig. 7b).

Total RNAs were extracted from both fresh tissues of
a surgically removed ameloblastoma and its tumor cells
in culture, and 3 µg of each of them was reverse-
transcribed with oligo-dT primers. The resultant cDNAs
were further amplified with the oligonucleotide primer
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Fig. 5 Immunofluorescence for keratin (a), vimentin (b), and hep-
aran sulfate proteoglycan (HSPG; c) in ameloblastoma cells in
culture. Spindle-shaped ameloblastoma cells contain keratin as
well as vimentin as their cytoskeletons (a, b). HSPG is immunolo-
calized in intercellular spaces in mesh-like fashion and within
cytoplasm in dot-like fashion (c). Original magnification: ×400

Fig. 6 Detection of heparan sulfate proteoglycan (HSPG) and its
core protein in ameloblastoma cells in culture by immunoprecipi-
tation. Ameloblastoma cells were labeled with [35S]methionine
(lanes 1 and 2) or [35S]sulfate (lanes 3 and 4) for 3 h. Cell lysates
(lanes 1 and 3) and medium (lanes 2 and 4) were immunoprecipi-
tated for HSPG. Arrow indicates intact HSPG at interface between
stacking gel and resolving gel. HSPG core protein is shown as
broad bands of about 470 kDa. HSPG molecules are shown to be
produced by these cells. In this labeling period, most synthesized
HSPG molecules stay in cell layer and only a small amount is
released into medium



pair, and a 368-bp PCR product was obtained from the
surgical tissue (Fig. 8, lane 1) as well as from the cul-
tured cell samples (Fig. 8, lane 2).

Discussion

In the present study, we have demonstrated the expres-
sion of HSPG in ameloblastomas at the protein as well as
mRNA levels for the first time. The results suggest that
the characteristic stellate reticulum-like structure of ame-
loblastoma foci is partly resulted from an intercellular
accumulation of HSPG molecules synthesized by tumor
cells themselves.

The core protein of basement membrane-type HSPG
(perlecan) bears 3 HS side chains and 12 probable 
N-linked carbohydrates on a large core protein of about
470-kDa molecular weight [23]. This core protein con-
sists of five distinct domains. However, its actual func-
tional roles are poorly understood, although its multi-
domain structure suggests it possesses multifunctional
properties. The role of HS chains, however, has been
studied extensively, especially in binding with various
growth factors by their negative charge [32]. Their pri-
mary function as a member of glycosaminoglycan
(GAG) chains should be retention of water molecules
around the straight chains [7]. Hence, the stroma con-
taining HSPG which retains water molecules is expected
to result in a characteristic myxoid histology. In fact, we
were convinced of this in our previous studies which
showed that HSPG was enhanced in the early phase of
granulation tissues of the oral cavity as well as gastroin-
testinal tracts [20, 24, 25] with myxoid appearances.
Similar results were obtained in the characteristic strom-
ata of adenoid cystic carcinoma [1], pleomorphic adeno-
ma [27], and adenomatoid odontogenic tumor [21].
Thus, the myxoid histology resulting from the retention
of water via HS chains takes place irrespective of the tis-
sue, epithelial or mesenchymal. The present result added
an obvious new finding that the myxoid phenotype by
the stellate reticulum-like appearance of ameloblastomas
was caused by HSPG retention in the intercellular space
of the epithelial tumor cells.

Such a specific histology of ameloblastoma foci due
to HSPG retentions resembles that of the enamel organ
of tooth germ, although there have been no reports on
the localization of HSPG in the enamel organ. The stel-
late reticulum of the enamel organ has been generally
believed to function as some devices for mechanical pro-
tection of enamel-forming cells as well as for nutritional
recruitment from the outlying vascular circulation to
those cells [8]. Matthiessen et al. studied this histochem-
ically and ultrastructurally to demonstrate the intercellu-
lar deposition of glycosaminoglycans in the enamel pulp
[16, 17]. We have also suggested that HSPG molecules
function in regulating the transport of minerals by their
negative charges as well as in maintaining tooth germ
growth by preserving local growth factors in their HS
chains, based on the observation that HS chains are im-
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Fig. 7 In-situ hybridization for heparan sulfate proteoglycan
(HSPG) core protein mRNA in ameloblastoma cells in culture.
Immuno-alkaline phosphatase stain for digoxigenin-labeled anti-
sense RNA probes (a) or sense RNA probes (b). Positive signals
are diffusely demonstrated within cytoplasm with antisense (a) but
not with sense (b) probes. Original magnification: ×146

Fig. 8 Reverse-transcription polymerase chain reaction (RT-PCR)
for heparan sulfate proteoglycan (HSPG) core protein mRNA
from surgical material of ameloblastoma (lane 1) and ameloblasto-
ma cells in culture (lane 2). PCR products of 368 bp are obtained
in 3% agarose gel electrophoresis. Gene level HSPG expression in
ameloblastomas is confirmed by RT-PCR and in-situ hybridization



munolocalized in the cell membrane of the stratum inter-
medium cells and in those of the papillary layer of the
tooth germs [22].

From the ISH experiments in the follicular type tumor
cell nests of ameloblastoma, it was obvious that HSPG
was more actively synthesized and secreted by basal and
parabasal cells than by stellate cells, resultant proteins
were accumulated toward the central part of tumor cell
nests, and the accumulations sometimes developed into
cystic structures. In addition, the biosynthesis of HSPG
seems to be most active in ameloblastoma cells that are
proliferating as well as invading, because mRNA signals
for HSPG were always enhanced in the projecting
branch portion of the plexiform-type tumor cell nests.
The control of cell growth by HSPG has been previously
demonstrated in salivary gland adenoid cystic carcinoma
cell systems [9]. In adenoid cystic carcinomas, HSPG
was focally retained within the tumor cell nests, which
are called pseudocysts [1, 6, 9, 10, 19]. In contrast, in
ameloblastomas, HSPG is accumulated in the individual
intercellular space of tumor cells. However, it is still un-
known why such an intercellular deposit of HSPG is so
conspicuous in ameloblastomas, but this is not the case
in other squamous epithelial tumors.

The small vacuolar structure between the basal cells
of ameloblastoma found in the present study resembled
those of the inner enamel epithelium of normal tooth
germs in terms of their shape and arrangement. Immuno-
histochemically, the vacuolar spaces were abundant in
HSPG, and the tumor cells surrounding them were
shown to produce HSPG by ISH. It is suggested that
these vacuolar structures were associated with amelob-
lastic differentiation, because a similar deposition of
proteoglycans in the intercellular spaces of the basal part
of the rat secretory ameloblasts was demonstrated by
Goldberg et al. ultrastructurally using a ruthenium hexa-
mine trichloride (RHT)-binding technique. They sug-
gested that proteoglycans and/or other groups of polyan-
ions were functionally implicated in the transport and
diffusion that allowed delivery of metabolites near the
basal part of the secretory ameloblasts [4]. Since RHT is
also known to inhibit intracellular Ca2+ transport, they
speculated that it is controlled by proteoglycans. Thus,
HSPG may function as carriers of calcium and induce
mineralization of the enamel matrix. Nevertheless, ame-
loblastoma cells do not attain obvious functional matura-
tion as secretory phase ameloblasts because neither ame-
logenin nor enamelin are immunolocalized in the tumor
cells [28]. It is therefore necessary to investigate the ul-
trastructural dynamics of HSPG in the layer of the inner
ameloblasts before the functional role of HSPG can be
elucidated more precisely in normal amelogenesis.
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Abstract Metallothionein (MT), a low-molecular-
weight protein with high cysteine content, seems to be
related to neoplastic resistance to oncologic treatment
and therefore has been studied as a prognostic factor for
a variety of human malignant tumors. MT overexpres-
sion in neoplasms of ectodermal origin is usually associ-
ated with a poor prognosis. MT expression was evaluat-
ed in 60 samples of oral squamous cell carcinoma by im-
munohistochemistry to study its prognostic influence on
oral cancer. Possible associations of MT immunoexpres-
sion were also investigated with respect to clinical stage
(TNM), histological grading, and proliferation index (Ki-
67) of the lesions. No significant statistical correlation
was observed among these variables. The impact on
overall survival was assessed by uni and multivariate
statistical tests. Mean MT labeling index was 60%. High
MT labeling indexes (over 76%) predicted shorter sur-
vival in univariate statistical analysis. In multivariate
analysis, MT labeling index and clinical stage were inde-
pendent prognostic factors. MT overexpression in oral
squamous cell carcinoma seems to be related to a worse
prognosis for patients.

Keywords Metallothionein · Mouth neoplasms · 
Prognosis · Immunohistochemistry · Ki-67 antigen

Introduction

Metallothioneins (MT) are low-molecular-weight, intra-
cellular proteins with high cysteine content. These pro-
teins are able to bind up to seven divalent atoms, mainly
metals, and other compounds, such as free radicals [26].
This binding occurs on the sulfur residues of cysteine, is
very strong, and is dynamically controlled by the oxido-
reductive environment of the cell [12, 22, 24, 25, 29]. It
has been postulated that MT could also scavenge chemo-
therapeutic compounds and nucleophilic radicals, pro-
tecting tumor cells from death [28, 29]. In fact, it has
been shown that some therapeutic drugs (e.g., cisplatin)
induce MT synthesis [27, 34]. Cells overexpressing MT
are also resistant to some of these drugs in vitro [27]. On
the other hand, MT binds predominantly to zinc in mam-
mals, and it has been shown that MT could also act as an
intracellular zinc store, binding this metal when it is in
excess and, what seems more important, releasing it in
situations of cellular oxidative stress [22, 24, 25]. The
participation of zinc in mechanisms of genomic doubling
and repair is widely known [39]. Therefore, high levels
of MT could protect tumor cells, preventing their death
by therapeutic schedules. By protecting malignant cells,
MT overexpression has been related to a worse progno-
sis for the patient [8, 23].

Since the mid 1980s, efforts have been made to verify
the prognostic impact of MT expression on human can-
cer. The majority of prognostic studies have observed an
inverse correlation between MT expression and patients’
survival [8, 9, 14, 17, 18, 23]. However, there is no con-
sensus in this matter [23, 35]. It seems that worsening of
prognosis is found only with cancers derived from ecto-
dermic or paraxial or lateral mesodermal structures [8, 9,
14, 17, 18, 19, 20. 21, 23, 33]. Oral epithelium, the ori-
gin tissue of oral squamous cell carcinoma (OSCC), is an
ectodermically derived structure. Surgery is the common
approach, but radiation and chemotherapy have also
been used to treat the OSCC [40]. Taken together, this is
relevant evidence that MT overexpression could be relat-
ed to a worse prognosis for the patient with oral cancer.
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This assumption has not been directly investigated in the
present literature [31, 38].

The aim of this work was to investigate MT expres-
sion in OSCC by immunohistochemistry in a retrospec-
tive group of patients in order to study the possible cor-
relation between this expression and the classical prog-
nostic markers for the disease, and between this expres-
sion and overall survival time.

Materials and methods

Sixty primary squamous cell carcinomas of the oral cavity with
available clinical staging (TNM system) and follow-up retrospec-
tive data were included in this study. Lesions were located in the
tongue (20), soft palate and oropharynx (20), floor of the mouth
(11), gingivae (7), and buccal mucosa (2). Patients had not re-
ceived any previous therapy. In our sample, the male-to-female ra-
tio was 5.7:1. Most of the patients (50, 83%) were 40–69 years old
(median=57). Eleven cases (18%) were diagnosed as initial clini-
cal disease (TNM stages I or II), whereas the remaining 49 pa-
tients (82%) presented advanced disease (TNM stages III or IV).
Histological data were obtained from 54 biopsy and six resection
specimens. All of the cases were evaluated on new 3 µm sections
stained by H&E, grading the invasive tumor front according to
Bryne’s method [2].

The overall survival time of the patients was studied. It was
defined as the time interval between the first surgical intervention
and death (34 cases, 57%) or last follow-up before preparation of
this manuscript (26 cases, 43%). Survival time ranged from 0 to
142 months (median of 9 months, CI95%=18.3±6.9 months). Prob-
ably because of the small number of tumors of stages I and II, the
5-year survival rate of all 60 patients was 10%.

Immunohistochemistry reactions for detection of MT and 
Ki-67 antigens were performed with the monoclonal antibodies E9
(Dako Co., Carpenteria, Calif., USA and MIB1 (Immunotech,
Marseilles, France), respectively. Briefly, 3-µm sections were plat-
ed on pretreated slides (3-aminopropyltriethoxy-silano). It was
followed by deparaffination, hydratation, and blocking of intrinsic
enzymatic activity (peroxidase depleted with 10% H2O2, and avi-
din and biotin with egg and milk, according to Miller et al.) [30].
Then, slides were immersed in 1 M ethylenediamine tetraacetic
acid (EDTA) buffer, pH 8.2, and submitted to three cycles of 
5 min each in a microwave oven. After cooling and washing in
distilled water, sections were subsequently incubated either in pri-
mary antibody for MT (1:75 dilution) or Ki-67 (1:100 dilution)
overnight, at room temperature or at +4°C, respectively. After
washing in distilled water, the slides were incubated in secondary
biotinylated antibody (MultiLink, Biogenex, San Ramon, Calif.,
USA, 1:20 peroxidase complex (Dako, 1:100 dilution) for 30 min.
Reactions were revealed by peroxidase activity in diaminobenzidi-
ne (DAB) chromogene substrate. Duct carcinoma of the breast
was used as positive control for MT [21]. Immunostaining of mi-
totic activity in oral squamous cell carcinoma was considered an
internal positive control for Ki-67. Indexes for MT and Ki-67 ex-
pression were constructed based on a percentage of labeled cells
among 500 cells counted for each case. Overexpression was con-
sidered for those cases with indexes higher than 76% for MT or
30% for Ki-67 [13]. The cutpoint for MT index was obtained in a
pilot study and corresponded to a value separating the first three-
quarters of cases (n=45) from the last quarter (n=15). This design
allowed the best distinction between the groups.

MT and Ki-67 indexes were considered non-parametric by
Kolmogorov-Smirnov test, so those correlations between MT in-
dex and other variables (Ki-67 index, TNM staging, or histologi-
cal grading) were evaluated by Spearman’s correlation tests, using
the software SigmaStat (Jandel Co., San Rafael, Calif., USA) Sur-
vival curves were generated with the use of the Kaplan-Meier
method. The results of Kaplan-Meier plots were initially com-
pared by the log-rank (Cox-Mantel) test. Factors that showed

P<0.1 were included in the Cox proportional hazards model. The
software KMSurv and CoxSurv (as cited by Campos-Filho and
Franco in [4]) were used for survival analysis [3, 4]. Statistical
significance was set at P <0.05.

This study was submitted to and approved by the Committee
for Ethics on Research at the Federal University of Uberlândia.

Results

Immunoreactivity for MT was sometimes observed to be
restricted to the nucleus, sometimes to the cytoplasm,
and was sometimes found in both compartments. All of
the tumors were positive although there was wide vari-
ability among the cases (MT index range 1–98%). Mean
MT index was 59.6% (median=66%, CI95%=59.3±6.3%).
A mosaic pattern was observed for MT immunolabeling
in some tumors, with neoplastic cells showing high het-
erogeneity of staining, from negative to strongly positive
(Fig. 1 a). In well-differentiated neoplasms, only cells lo-
cated at the periphery of the tumorous islands were la-
beled, while centrally situated cells remained negative
(Fig. 1 b). Ki-67 immunostaining was observed in the
nuclei of tumor cells (Fig. 1 c). Ki-67-index had mean
value of 17.3% (range 1–61%, median=13%, CI95%=17.2
±3.2%).

Spearman’s correlation tests did not show any signifi-
cant correlation between MT index and the other studied
variables. Univariate test revealed that cases overex-
pressing MT had significantly shorter survival than those
presenting low MT indexes (Fig. 2). Multivariate analy-
sis confirmed MT index and TNM staging as indepen-
dent prognostic factors (Table 1). 

Discussion

Identification of MT by immunohistochemistry is the
usual approach to investigate the expression of this pro-
tein in human tissues. It is also commonly used in stud-
ies with respect to MT prognostic influence on cancer [8,
9, 14, 17, 18, 19, 20, 21, 23, 33]. MT immunoexpression
in OSCC has been studied previously, and the observed
MT staining patterns in our cases were very similar to
that described in the literature about OSCC [31, 38]. The
mosaic pattern previously referred to indicates heteroge-
neity for MT staining intensity among cells of the same
area. This aspect is also described for other histological
types of malignancies, and it seems to be characteristic
of MT immunolabeling [9, 14, 17, 18, 20, 33]. We be-
lieve that this pattern represents phenotypic differences
of neoplastic cells, acquired throughout tumor progres-
sion. Wherever keratin pearls were present, MT immu-
nostaining was restricted to the basal and parabasal cells.
For Sundelin et al. [38] this particular peripheral staining
reproduces the basal staining pattern in normal epitheli-
um and could contribute to hindering these tumor cells
from entering apoptosis. Some authors have observed
modifications in the MT levels throughout the cell cycle,
suggesting a role for the protein in cell proliferation [17,
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18, 19, 32, 38]. Then we compared MT immunolabeling
with the proliferative activity (Ki-67) of the tumors, but
no statistically significant correlation was found in our
study. So we have few inferences concerning this topic.

To the best of our knowledge, the prognostic impact
of MT on OSCC has not been studied. Studies of prog-
nostic factors in cancer can serve to improve treatment
decisions, to assist in the design of clinical trials of ther-
apeutic agents, to offer insight into the pathogenesis of
malignancy, and to provide useful information to patients
[6]. The proper evaluation of a prognostic factor’s im-

Fig. 1 a Heterogeneity for metallothionein (MT) immunolabel-
ing in oral squamous cell carcinoma (Streptavidin-Biotin-Peroxi-
dase, 400×). b Peripheral MT immunostaining of well-differenti-
ated oral squamous cell carcinoma (Streptavidin-Biotin-Peroxi-
dase, 400×). c Nuclear Ki-67 immunolabelling in oral squamous
cell carcinoma (Streptavidin-Biotin-Peroxidase, 400×)

Fig. 2 Kaplan-Meier overall
survival curves for patients
with OSCC according to the
metallothionein (MT) index.
Patients who have tumors with
a MT index over 76% have a
significantly poorer prognosis
than those with lower indexes

Table 1 Relative survival risk of the metallothionein (MT) index
and TNM stage of oral squamous cell carcinoma (OSCC) patients
obtained through Cox proportional hazards multivariate analysis

Variable Relative risk CI95% P value

MT indexa 2.98 1.3–6.7 0.01
TNM stageb 3.08 1.1–9.1 0.04

a Over 76%
b Advanced disease (stages III or IV)



pact demands actuarial statistical methods [1, 6]. Using
such a model, the present work corroborated the initial
hypothesis that MT overexpression is related to overall
survival deterioration for OSCC, with higher immunola-
beling indexes predicting shorter survival. We still con-
sider it important to highlight the short mean and median
follow-ups of our patients (18.3 and 9.0 months, respec-
tively). Although it does not invalidate our findings,
brevity of follow-up must be understood as a limitation
for prognostic analysis. Due to the lack of statistical cor-
relation between MT immunoexpression and other clini-
cal, histological, or molecular variables in our study, our
findings do not help to explain the source of prognostic
influence of MT on OSCC. In spite of these pitfalls, it
seems that the protein protects tumor cells.

It is known that MT binds free radicals and other po-
tentially cytotoxic agents [26, 29]. This property bestows
a central functional role [12, 35]. After radiotherapy,
neoplastic cells produce reactive oxygen species (ROS),
molecules that are harmful due to their genotoxicity [7].
Some antineoplastic drugs induce a similar mechanism
or cause direct cellular damage by their heavy metal con-
tent (e.g., platin) [36]. Given the biochemical character-
istics of MT, ROS and heavy metals are promptly isolat-
ed after binding to the protein, blocking further injuries
to the cell [5, 41]. Moreover, the possible functional im-
plications of the zinc cluster structures of MT have been
the subject of much speculation [35]. MT–zinc complex-
es are unique in their high thermodynamic stability, ex-
hibiting a kinetic lability that results in facile zinc ex-
change. A change of the redox state of the cell could
serve as a driving force and signal for zinc distribution
from MT [24, 25, 43]. Zinc atoms released from MT
could activate apoenzymes related to DNA repair, recon-
structing damaged sequences and intensifying the mech-
anisms that maintain the viability of the cell [16, 22, 29,
42]. On the other hand, the removal of ROS MT could
also inhibit TNF/NF-κB-mediated apoptosis [28, 29].
Preventing potentially fatal genetic injury or apoptosis,
MT could elicit an important mechanism of neoplastic
resistance to therapy. This would be reflected in the
prognosis of cancer. Many studies have shown the par-
ticipation of MT in the development of chemoresistance
in vitro [11, 27, 28, 37, 41]. It is essential to clarify
whether this occurs in vivo, with tumors of high MT
content also developing resistance.

MT could contribute to genetic instability and tumor
progression indirectly. Douglas-Jones et al. [10] devel-
oped an interesting theoretical mechanism by which MT
and the tumor suppressor gene (TSG) p53 could interact
to modify the activity of the guardian. According to
these authors, p53 binds to DNA, stopping transcription
through a zinc-dependent motif. Metal-chelating agents,
such as MT (accentuated by its great affinity for metals),
would remove zinc, therefore inducing a reversible con-
formational change in wild type p53, blocking its action
[15]. Then, increased levels of MT in the cell could limit
the availability of zinc and thereby functionally inacti-
vate p53, providing an alternative and non-mutational

step of carcinogenesis. Indeed, MT has inactivated other
DNA-binding proteins subsequent to zinc removal [42].
However, neither the possible interaction between MT
and p53 nor the resulting inactivation of p53 has been
studied yet [19]. It would be interesting to compare MT
immunolabeling or tissue levels among the groups of
neoplasms with or without mutations in p53. Biochemi-
cal interaction between these proteins also deserves fur-
ther investigation. Studies about the expression of MT
and p53 in experimental models of carcinogenesis are
also required. Such studies could clarify why some tu-
mors do not show mutations in this important TSG.

The above considerations are important, but are not
sufficient to recommend evaluation of MT immunoex-
pression as a routine prognostic factor for OSCC. Valida-
tion studies are required. On the other hand, the hypothe-
sis of MT participation in carcinogenesis and tumor pro-
gression deserves further investigation. In conclusion,
our findings indicate the prognostic influence of MT on
OSCC, with elevated labeling indexes meaning shorter
overall survival times for the patients. The molecular
mechanism of this influence, whether by inactivation of
therapeutic drugs, regulation of the availability of met-
als, or apoptosis inhibition, remains to be elucidated.
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Abstract Male rats received daily intraperitoneal in-
jections of cadmium sulfate (2.0 mg/kg) for 3, 6, and
8 days (cadmium-treated groups) or physiological saline
for 8 days (control group). The thoracic aortae from 
both groups were used for electron microscopy and im-
munocytochemistry for big endothelin (ET)-1, ET-1 and
ET-converting enzyme (ECE)-1, and the blood plasma
and homogenized thoracic aortae were prepared for as-
says of big ET-1 and ET-1 concentrations. A remarkable
increase in the number of Weibel-Palade (WP) bodies,
enhanced immunoreactivities for ET-1 and ECE-1 along
the endothelium, and elevated concentrations of ET-1 in
the blood plasma as well as in homogenized thoracic
aortae were observed in the cadmium-treated groups.
However, immunoreactivity for big ET-1 and the plasma
and aortic tissue concentrations of big ET-1 did not show
any significant changes between the control and cadmium-
treated groups. By immunoelectron microscopy, immu-
noreactivities for ET-1 and ECE-1 were much more pro-
nounced in the increased WP bodies. Since WP bodies
are involved in the extracellular release of ET-1 in the
manner of a regulated pathway, these findings indicate
that cadmium administration induces the enhanced re-

lease of ET-1, which is actively processed by ECE-1 in
the WP bodies.

Keywords Endothelin-1 · Endothelin-converting 
enzyme-1 · Big endothelin-1 · Weibel-Palade body · 
Cadmium

Introduction

Cadmium, a heavy-metal trace element, is now widely
known as an environmental toxin and has a broad range
of toxic effects on male reproductive organs [1], the hy-
pothalamic–pituitary axis [15], and the cardiovascular
system [31]. Short-term cadmium administration has
been reported to induce a significant increase in the
mean arterial blood pressure of rats [21, 25, 33], and
Watkins [33] suggested that this pressor effect is not 
directly caused by acute renal dysfunction. Recently,
Kusaka et al. [14] reported that cadmium administration
induces the activation on release of angiotensin II and
endothelin (ET)-1 from in vitro endothelial cells. Our
previous study demonstrated that cumulative adminis-
tration of cadmium to rats showed a significant increase
in the number of Weibel-Palade (WP) bodies [4], first
identified by Weibel and Palade [34], in thoracic aortic
endothelium, as well as elevation of ET-1 concentration
in blood plasma. Since Yanagisawa et al. [35] first 
purified ET-1 from cultured porcine aortic endothelial
cells, the synthetic pathway of this potent vasoconstric-
tive peptide has been analyzed by successive research-
ers. Based on sequence analysis of cDNA for ET-1, 
Yanagisawa et al. [35] and Opgenorth et al. [23] verified
that convergence of big ET-1 to ET-1 is performed by
ET-converting enzymes (ECEs), membrane-bound pro-
teins consisting of ECE-1 and ECE-2. By immunoelec-
tron microscopy using cultured endothelial cells from
the human umbilical vein and coronary artery, Russell et
al. [26] reported that ECE-1 is localized in WP bodies.
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In pharmacological experiments, Kusaka et al. [14] de-
scribed that the release of ET-1 from the rat coronary
microvascular endothelial cells in a manner suggestive
of a regulatory pathway is much more pronounced fol-
lowing cadmium administration. Taking the above into
consideration, whether processing of big-ET-1 to ET-1
in WP bodies is affected by cadmium administration
should be elucidated using in vivo endothelial cells. On
these grounds, the present study was designed to inves-
tigate dynamic changes in the number of WP bodies, in
immunoreactivities for big ET-1, ET-1, and ECE-1, and
in plasma and tissue concentrations of big ET-1 and 
ET-1 of the thoracic aortae after short-term cadmium
administration to rats.

Materials and methods

Animals

Male Wistar rats aged 8 weeks and weighing 250±10 g were
housed in individual stainless-steel cages and maintained under a
12-h/12-h light–dark cycle. The rats were fed laboratory chow and
water ad libitum. The care and use of the animals strictly followed
“The Guiding Principles for the Care and Use of Animals” as set
by our university in accordance with the principles of the Declara-
tion of Helsinki.

Tissue preparation

Since we had determined that 2.0 mg/kg body weight of cadmium
sulfate (CdSO4) intraperitoneal daily injections for 8 days were
one-quarter of the 50% lethal dose in our previous study [4], we
used the same dose of CdSO4 in the present study. For cadmium-
treated groups, the rats were injected with 2.0 mg/kg CdSO4 for
3 days (Cd-3, n=12), 6 days (Cd-6, n=12), and 8 days (Cd-8,
n=12). The control group (n=12) daily received an equivalent 
volume of saline for 8 days in the same manner. At 24 h after the
last injection, animals from both groups, which were used for 
immunocytochemistry and assay for plasma concentrations of 
big-ET-1 and ET-1, were deeply anesthetized with an injection of
pentobarbital, and one-half of them were perfused with Hanks bal-
anced salt solution through the left ventricle for 5 min at 37°C,
followed by a solution of 2.0% paraformaldehyde (PFA) in 0.1 M
phosphate buffer (PB) at pH 7.2 for 5 min each. Prior to perfusion,
blood samples for big ET-1 and ET-1 assays were collected from
the left ventricle. The other one-half were deeply anesthetized, and
the thoracic aortae were dissected without perfusion to assay the
tissue concentrations of big ET-1 and ET-1.

For conventional electron microscopy, the thoracic aortae were
immersed in a mixture of 2.0% PFA and 2.5% glutaraldehyde
(GA) in 0.1% PB for 2 h at 4°C, fixed in 1% osmium tetroxide in
the same buffer for 2 h at 4°C, dehydrated in graded acetone se-
ries, and embedded in epoxy resin. Ultrathin sections were made
on an MT-X ultramicrotome (Ventana Medical Systems, Tucson,
Ariz.), stained with 5% uranyl acetate and lead citrate, and exam-
ined using a JEM 1210 electron microscope.

For light microscopic immunocytochemistry, the thoracic aor-
tae were immersed in 4.0% PFA in 0.1 M PB for 72 h at 4°C,
rinsed with 0.1 M PB containing 10% sucrose, dehydrated through
graded ethanol series, and embedded in paraffin (Histosec, Merck,
Darmstadt, Germany). For immunoelectron microscopy, the ves-
sels were immersed in a periodate–lysine–PFA solution [17] for
6 h at 4°C, dehydrated through graded ethanol series, and embed-
ded in epoxy resin.

Quantitative evaluation of WP bodies

Quantitative analyses on the number of WP bodies per 100 µm2

endothelial cells area were carried out with an image-analyzing
device (Nikon Cosmosone 1S, Tokyo, Japan) using 20 electron
micrographs of the thoracic aortae from both cadmium-treated and
control groups at a final magnification of ×40,000 each. The area
of each endothelial cell was measured, and the number of WP
bodies per cell was directly counted in electron micrographs.

Preparation of polyclonal antiserum against rat ECE-1

Rat ECE-1 antiserum was raised in rabbits against a synthetic pep-
tide corresponding to amino acid sequence 461–474 [28] of rat
ECE-1 coupled to keyhole limpet hemocyanin (Sigma, St. Louis,
Mo.). The obtained antiserum was screened using an enzyme-
linked immunosorbent assay and purified using an affinity 
column. To determine specificity of the antiserum, Western blot-
ting was performed using the rat lung membrane fractions.

Immunocytochemistry

For light microscopic immunocytochemistry, 5-µm-thick serial
sections were mounted on glass slides (MAS coated Superfrost,
Matsunami, Osaka, Japan) and air-dried at 37°C. After dep-
araffinization and hydration, sections were blocked with 0.3%
H2O2 in absolute methanol for 20 min to remove endogenous per-
oxidase activity. After being rinsed with 0.1 M phosphate-buffered
saline (PBS), they were incubated with normal goat serum for
15 min followed by incubation in a humid chamber with rabbit an-
ti-big ET-1 (positions 22–38 amino acid residues) polyclonal anti-
body (Kokusai Shiyaku, Kobe, Japan) at a concentration of
5 µg/ml in PBS, mouse anti-ET-1 monoclonal antibody against the
C terminus of ET-1 (clone number 8H10, Yamasa, Chiba, Japan)
at a concentration of 10 µg/ml in PBS, or anti-rat ECE-1 antiserum
at a concentration of 2 µg/ml in PBS for 16 h at 4°C. Specificity of
the anti-ECE-1 antiserum was confirmed using the preabsorption
test with the synthetic peptide corresponding to amino acid se-
quence 461–474 of rat ECE-1. After rinsing in 0.1 M PBS, sec-
tions were reacted using the indirect immunoperoxidase method
(Histfine Simple Stain PO Kit, Nichirei, Tokyo, Japan), and the
peroxidase complex was visualized by treatment with a freshly
prepared tetrahydrochloride diaminobenzidine (0.1 mg/ml) solu-
tion with 0.01% H2O2 for 5 min.

For immunoelectron microscopy according to the post-embed-
ding method, ultrathin sections of gold interference colors were
treated with 1% bovine serum albumin (BSA) in PBS for 20 min
to block non-specific binding and immunoreacted with mouse an-
ti-ET-1 monoclonal antibody at a concentration of 5 µg/ml in PBS,
or anti-rat ECE-1 antiserum at a concentration of 1 µg/ml in PBS
for 4 h at room temperature. Sections were briefly washed in PBS,
blocked in 1% BSA in PBS for 20 min, incubated either with goat
anti-mouse IgG-coated 15 nm colloidal gold (British Bio cell In-
ternational, Golden Gate, UK) for immunostaining of ET-1, or
with goat anti-rabbit IgG-coated 15 nm colloidal gold (British Bio
cell International, Golden Gate, UK) for ECE-1 with a dilution of
1:100 in 0.1% BSA in PBS for 1 h at room temperature. After be-
ing rinsed in 0.1 M PBS, sections were counterstained with satu-
rated uranyl acetate and examined using a JEM 1210 electron mi-
croscope. Specificity of the above immunoreactivities was con-
firmed by substituting either primary antibodies for normal mouse
serum (for ET-1) or normal rabbit serum (for ECE-1).

Histological analysis

To quantify immunoreactive intensities of big ET-1, ET-1, and
ECE-1 along the thoracic endothelia, the following procedures
were carried out using four randomly-chosen rats of the control
and cadmium-treated groups each. Total length of each endotheli-

180



181

Fig. 1 a An endothelial cell
(EC) of thoracic aorta contains
a few Weibel-Palade (WP) 
bodies (arrows) in the control
group. b Increase in the num-
ber of WP bodies (arrows) in
an endothelial cell of the Cd3
group. c The increase is much
more pronounced in an endo-
thelial cell of the Cd8 group. 
a, b, c ×36,000



um was divided into several areas of the same extension, and the
immunoreactive intensities of five randomly-selected areas from
each endothelium (totally, 20 areas) were measured using a micro-
scope (BX50, Olympus, Tokyo, Japan) equipped with a Polaroid
Digital camera (Nippon Polaroid, Tokyo, Japan) and NIH image
analysis software (version 1.61).

Assay for plasma and tissue concentrations of big ET-1 and ET-1

For tissue samples, the thoracic aortae were briefly washed in PBS
to remove the blood, weighed wet tissue weight, homogenized in
1.0 N acetic acid containing a final concentration of 10 ml/ml of
pepstatin A (Wako, Osaka, Japan) to block activity of ECEs [11],
incubated in a water bath for 15 min at 100°C, and centrifuged at
3000 rpm for 10 min for collection of supernatants. Blood samples
(4 ml each) were immediately centrifuged at 3000 rpm for 10 min.
Both supernatants were stored at –20°C until being assayed for big
ET-1 and ET-1 in polypropylene tubes containing final concentra-
tions of 300 KIU/ml of aprotinin (Wako) and 2 mg/ml ethylenedi-
amine tetraacetate, respectively. Big ET-1 and ET-1 were extracted
from both supernatants (0.5 ml each) using Seppak C-18 car-
tridges (Waters, Milford, Mass.). Assays for big ET-1 and ET-1
concentrations were carried out according to the sandwich enzyme
immunosorbent assay (EIA) method [30] using a big ET-1 EIA kit
(Immunobiological Laboratories, Fujioka, Japan) and an ET-1 EIA
kit (Wako) and measuring with a microplate reader system (ELNX
96, TFB, Tokyo, Japan) equipped with a stereo-fluorometer
(wavelength 492 nm).

Statistical analysis

Data are expressed as mean ±SEM. Differences between the con-
trol and cadmium-treated groups were examined for statistical sig-
nificance using one-way analysis of variance. A P value less than
0.05 denoted a statistically significant difference.

Results

Clinical reaction of the cadmium-treated groups

No animals of the control and cadmium-treated groups
died throughout the experiment. Some cadmium-treated
rats, especially belonging to the Cd6 and Cd8 groups,
showed a decrease in food intake although they did not
reduce their body weight. Slight serous ascites and mod-
erate hepatomegaly were occasionally seen in the cadmi-
um-treated rats.

Increase in the number of WP bodies after treatment
with cadmium

Endothelial cells of the thoracic aortae contained a few WP
bodies in the control group (Fig. 1a). Following cadmium
administration, an increase in the number of WP bodies be-
came evident in the Cd3 group (Fig. 1b) and was much
more pronounced in the Cd6 and Cd8 groups (Fig. 1c). By
the quantifiable data shown in Fig. 2, the number of WP
bodies per 100 µm2 endothelial cell area significantly in-
creased after treatment with cadmium in a time-dependent
manner. In addition, we often encountered WP bodies,
which were closely associated with both apical and basal
endothelial cell membranes, after cadmium administration. 

Immunoreactivity for big ET-1, ET-1, 
and ECE-1 after treatment with cadmium

Immunoreactivities for big ET-1, ET-1, and ECE-1 in the
thoracic aortae in the control group were localized along
the endothelium (Fig. 3a, Fig. 4a, and Fig. 5a). When
cadmium was administered, the enhancement of immu-
noreactive intensities of ET-1 and ECE-1 became evident
(Fig. 4b–d, Fig. 5b–d). In the present experiment, the en-
hancement of immunoreactive intensity of big ET-1 was
not apparent in the cadmium-treated groups (Fig. 3). In
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Fig. 2 Quantification of Weibel-Palade (WP) bodies. Number of
WP bodies per 100 µm2 endothelial cell (EC) area significantly in-
creases in the cadmium-treated groups in a time-dependent man-
ner. Bars mean ±SEM, **P<0.01, *P<0.05

Fig. 3 Immunoreactivities for big endothelin (ET)-1 in thoracic
aortae of the control (a), Cd3 (b), Cd6 (c), and Cd8 (d) groups.
The immunoreactivity is preferentially localized along the endo-
thelium (E) in all groups. a, b, c, d ×800



addition, medial smooth muscle cells uniquely began to
express immunoreactivity for ET-1 in the Cd8 group
(Fig. 4d) and for ECE-1 in the Cd6 and Cd8 groups
(Fig. 5c–d). Immunoreactivity for ECE-1 was not detect-
ed by ECE-1 preabsorption test. 

Figure 6 demonstrates semiquantitative data of immu-
noreactive intensities of big ET-1, ET-1, and ECE-1 in
20 randomly-selected endothelial areas from each group
using an NIH image analyzer. As shown in this figure,
immunoreactive intensities of ET-1 and ECE-1 were sig-
nificantly elevated in the cadmium-treated groups in
comparison with those in the control group. However,
there were no significant differences in immunoreactive
intensities among the cadmium-treated groups.

By immunoelectron microscopy using the post-
embedding method, immunoreactive gold particles for
ET-1 were preferentially localized in WP bodies (Fig. 7a)
and those for ECE-1 were localized in WP bodies as well
as along the endothelial cell membrane (Fig. 8a) in the
control groups. Immunoreactive intensities of ET-1 and
ECE-1 appeared to be enhanced in the cadmium-treated
groups (Fig. 7b–c and Fig. 8b). Especially in immunore-

activity for ET-1, WP bodies adjacent to the endothelial
cell membrane were intensely immunoreactive (Fig. 7b–c).
Negative controls using normal mouse serum (for ET-1)
or normal rabbit serum (for ECE-1) in place of the pri-
mary antibodies showed few or no immunoreactions on
the above areas. 

Plasma concentrations of big ET-1 and ET-1

Figure 9 represents big ET-1 and ET-1 concentrations in
the blood plasma obtained from both control and cadmi-
um-treated groups. A remarkable increase in the mean
plasma concentration of ET-1 was evident in the Cd6 and
Cd8 groups, whereas the significant elevation of big 
ET-1 concentration was not evident in the cadmium-
treated groups.

Aortic tissue concentrations of big ET-1 and ET-1

Figure 10 represents the mean aortic tissue concentra-
tions (pg/g tissue) of big ET-1 and ET-1 in the control
and cadmium-treated groups. The increase of the mean
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Fig. 4 Immunoreactivities for endothelin (ET)-1 in thoracic aortae
of the control (a), Cd3 (b), Cd6 (c), and Cd8 (d) groups. The im-
munoreactivity is preferentially localized along the endothelium
(E) in all groups, but enhanced immunoreactivity is noted in the
cadmium-treated groups (b, c, and d) compared with the control
group (a). Smooth muscle cells in the media of the Cd8 group ex-
press ET-1 immunoreactivity (arrowheads in d). a, b, c, and d
×800

Fig. 5 Immunoreactivities for endothelin-converting enzyme
(ECE)-1 in thoracic aortae of the control (a), Cd3 (b), Cd6 (c),
and Cd8 (d) groups. The immunoreactivity is preferentially local-
ized along the endothelium (E) in all groups, but enhanced immu-
noreactivity occurs in all cadmium-treated groups (b, c, and d)
compared with the control group (a). Smooth muscle cells in the
media of the Cd6 and Cd8 groups express ECE-1 immunoreactivi-
ty (arrowheads in c and d). a, b, c, d ×800



tissue ET-1 concentration was evident in the cadmium-
treated groups, whereas the mean tissue big ET-1 con-
centration showed no significant differences between the
control and cadmium-treated groups.

Discussion

The administration of cadmium salts to rats induced a 
remarkable increase in the number of WP bodies, en-
hanced immunoreactivities for ET-1 and ECE-1 in the
thoracic aortic endothelium, and elevated concentra-
tions of ET-1 in both blood plasma and aortic tissue in
the present study. The increase of WP bodies in the aor-
tae after treatment with cadmium has already been re-
ported by Yoshizuka et al. [36] and Doi et al. [4], and
we consider that this increase is mainly due to the en-
hanced segregation of WP bodies from trans-Golgi net-
works as indicated by Fujimoto et al. [7]. WP bodies
are known to be storage sites of certain vasoactive sub-
stances such as histamine [3, 9, 32], ET-1 [4, 10, 12,
22, 27], and calcitonin gene-related peptide [5, 24]. The
involvement of WP bodies in the extracellular release
of these substances into both vascular lumen and sub-

endothelial layer by degranulation and/or exocytosis in
a manner of regulated release has already been reported
in the toad aorta [3, 6] and in the rabbit umbilical vein
[7, 27]. Russell et al. [26] demonstrated the localization
of ECE-1 in WP bodies in the cultured human umbili-
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Fig. 6 Semi-quantification of immunoreactive intensity for big
endothelin (ET)-1 (a), ET-1 (b), and endothelin-converting en-
zyme (ECE)-1 (c) from 20 randomly selected endothelial areas.
Immunoreactivities for ET-1 and ECE-1 are significantly elevated
in all cadmium-treated groups. Bars mean ±SEM, **P<0.01,
*P<0.05

Fig. 7 Immunoreactive gold particles for endothelin (ET)-1 pref-
erentially localize in Weibel-Palade (WP) bodies of an endothelial
cell (EC) in the control group (a). Intense immunoreactivities are
seen in WP bodies adjacent to endothelial cell membrane in the
Cd6 (b) and Cd8 (c) groups. a, b, c ×54,000



cal vein using immunoelectron microscopy and insisted
on the crucial roles of WP bodies in a manner sugges-
tive of regulated ET-1 release. Recently, Kusaka et al.
[14] described the enhancement of this pathway after
cadmium administration using in vitro coronary micro-

vascular endothelial cells. Our immunoelectron micro-
graphs also indicated the enhanced immunoreactivity
for ET-1, especially in WP bodies adjacent to both api-
cal and basal endothelial cell membranes in the cadmi-
um-treated groups. Thus, it is reasonable to consider
that the increase in the number of WP bodies is in pro-
portion to the enhanced release of ET-1, which is ac-
tively processed by ECE-1 in the WP bodies, by cadmi-
um administration.

Since the possibility of cross-reactions between big-
ET-1 and ET-1 antibodies used for the present immuno-
cytochemistry can be ruled out [8, 30], it seems likely
that the cleavage of big ET-1 from pre-pro-ET-1 is not
affected after cadmium administration. This assumption
may argue for our findings that big ET-1 concentrations
in both plasma and homogenized aorta were not elevated
by cadmium administration. Since it has already been re-
ported that activation of ET-1 synthesis occurred in in-
jured endothelial cells [2, 13, 20, 29], the question arises
why the synthesis and release of big ET-1 were not al-
tered by cadmium administration. To solve this problem,
further quantitative analyses on expression of pre-pro-
ET-1 mRNA are necessary.

Another problem is the onset of immunoreactive ex-
pressions of ET-1 and ECE-1 in smooth muscle cells of
the aortic media. Such expressions may modify ET-1
concentrations in both plasma and aortic tissue. Howev-
er, similar events were observed in smooth muscle cells
of the atherosclerotic artery following high cholesterol
diet [19] and balloon injury [18]. Maguire and Daven-
port [16] indicated upregulation of ECEs in atheroscle-
rotic arteries after denudation. Thus, assays of ET-1 and
ECEs concentrations in denuded aortae after cadmium
administration are also necessary.
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Fig. 8 Immunoreactive gold particles for endothelin-converting
enzyme (ECE)-1 preferentially localize in Weibel-Palade (WP)
bodies and along cell membrane (arrows) of an endothelial cell
(EC) in the control group (a). Intense immunoreactivities are seen
in the increased WP bodies in the Cd6 group (b). a, b ×54,000

Fig. 9 Big endothelin (ET)-1 and ET-1 concentrations of blood
plasma. A significant increase in the mean plasma concentration
of ET-1 is noted in the Cd6 and Cd8 groups, whereas there are no
significant differences in the mean plasma concentrations of big
ET-1 between the control and cadmium-treated groups. Bars mean
±SEM, *P<0.05

Fig. 10 Big endothelin (ET)-1 and ET-1 concentrations of homog-
enized thoracic aortae. The increase of the mean tissue ET-1 con-
centration is noted in the cadmium-treated groups, whereas there
are no significant differences in concentrations of big ET-1 be-
tween the control and cadmium-treated groups. Bars mean ±SEM,
**P<0.01, *P<0.05
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Abstract The objective of this study was to detect the
incidence and prognostic value of chromosomal aberra-
tions in metaphase chromosomes (hypodiploidy, hyper-
diploidy and/or structural abnormalities) in Ta and T1
transitional cell carcinoma (TCC) of the bladder. Of 266
patients, the metaphase chromosomes of the primary tu-
mour were studied using a direct microscopic analysis
and classified into two categories: normal and abnormal.
Recurrence and progression were prospectively recorded
during a median follow-up period of 40 months and in a
retrospective analysis compared with other prognostic
factors. Chromosomal abnormalities were found in 48%
of Ta tumours and in 92% of T1 tumours. In univariate
analysis, chromosomal abnormalities were associated
with recurrence-free survival (P=0.03) and progression-
free survival (P=0.01). In multivariate analysis, chromo-
somal abnormalities (RR=1.98) and age (RR=0.64) were
independent predictors of recurrence-free survival but
not progression-free survival.

Keywords Bladder neoplasms · Disease recurrence ·
Disease progression · Chromosome aberrations · 
Survival analysis

Introduction

In transitional cell carcinoma (TCC) of the bladder, the
majority of tumours are confined to the mucosa or lamina
propria (Ta, T1, Tis) at the time of diagnosis. After trans-
urethral resection of the tumour (TURT), recurrence is
found in more than 50% of patients with Ta and T1 tu-
mours and progression in 20–30% of patients with T1 tu-
mours [7, 8]. The classical histopathological criteria, such
as stage, grade, tumour multiplicity and tumour size, are
commonly used in clinical management decisions in indi-
vidual patients diagnosed with a primary TCC. In addi-
tion, follow-up data, such as prior recurrence and findings
at first cystoscopy, may also predict recurrence and/or pro-
gression [11]. Although these criteria are derived from
multivariate analyses of groups of patients, prediction of
the outcome of disease in any individual case remains dif-
ficult. Since tumour growth is closely related to genetic
factors, several structural and numerical chromosomal ab-
normalities have been studied in TCC [17]. The prognos-
tic value of these changes has been assessed in some stud-
ies [3, 5, 15]. Different techniques, such as microscopic
analysis, flow cytometry (FCM), image cytometry and in
situ hybridisation have been used in this respect [17].

Microscopic cytogenetic analysis of metaphase chro-
mosomes with or without banding techniques permits as-
sessment of the number of chromosomes and the pres-
ence of structural abnormalities of chromosomes [17,
24]. Studies on the prognostic value of this technique in
bladder carcinoma are sparse [22]. This technique can be
applied when a sufficient number of metaphase cells are
present and these have to be counted manually.

The DNA content of large numbers of tumour cells 
is possible with FCM, irrespective of the phase of cell
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cycle in over 90% of bladder tumours [19, 26]. Two-
thirds of tumours classified by FCM as diploid are in
fact heterogeneous with non-diploid fractions when clas-
sical chromosome counting is done [20]. A more selec-
tive measurement of DNA content of tumour cells is
possible with image cytometry rather than FCM [6]. 
Fluorescence in situ hybridisation (FISH), using chromo-
some probes, allows assessment of gain or loss of spe-
cific chromosomes or parts of chromosomes and is suc-
cessful in 85–94% of tumours, depending on how many
and which chromosome probes are used [19]. Chromo-
somal aberrations have been found in 47–100% of tu-
mours, depending on the tumour stage [15]. Tumours
that are diploid by FCM prove to have chromosomal ab-
errations in about 60% of cases with FISH [19, 20].

Since 1979 we have performed microscopic analyses
of metaphase chromosomes in all primary TCCs, assess-
ing numerical as well as structural aberrations. In a pre-
vious study with a limited number of stage Ta to T2 tu-
mours, we found that determination of the modal number
and range of chromosomes using this technique had
prognostic value for survival and progression in Ta and
T1 tumours [21]. In this study, the incidence and prog-
nostic value of chromosomal abnormalities was evaluat-
ed in a larger group of Ta and T1 bladder tumours and
compared with other prognostic factors.

Materials and methods

Between January 1979 and January 1999, a total of 745 consecu-
tive patients, 605 males (81.5%) and 140 females (18.5%) with
newly diagnosed primary TCC of the bladder were seen at Stich-
ting Ziekenhuizen Noord-Limburg, Venlo, The Netherlands. A to-
tal of 590 patients had Ta or T1 tumours. The subject of this study
was the group of 266 patients (47%) with Ta and T1 tumours in
whom chromosomal analysis of the primary tumour tissue could
be performed. In all patients, after informed consent, the tumour
was diagnosed by cystoscopy with biopsy, and all tumour speci-
mens were staged according to the TNM system [1] and graded
according to a previously described modification of the 1979
World Health Organization (WHO) grading system [14]. In cases
of T1 tumours, the non-invasive component of the tumour 
was graded. The mitotic index (MI) of all tumour specimens
(counts/10 hpf) was estimated using previously described counting
methods [2]. A total of ten fields was counted using a ×10 ocular
and a ×40 objective with a numerical aperture of 0.75 and a field
width of 450 µm. The tumour growth pattern (solid, papillary of
mixed) was also recorded. The histology of all tumours was re-
viewed by one of the authors with expertise in the pathology of
urothelial carcinoma (RFMS). TURT was followed by some form
of intravesical therapy in 108 patients (40.3%) with T1, multifocal
and/or frequently recurrent Ta tumours. Intravesical therapy was
given either after resection of the primary tumour (74 patients) or
after diagnosis of a recurrent tumour (34 patients) and different
drugs were used [Mitomycin C in 77 patients, Bacille Calmette-
Guérin (BCG) in 22 patients and a combination of Mitomycin C
and BCG in 9 patients].

Follow-up

Follow-up examinations were conducted at least every 6-months
and included urine cytology and cystoscopy. All follow-up data
were prospectively collected and entered into a database through-
out the study period. End-points were recurrence, progression and

death. The cause of death was recorded as exactly as possible, 
using autopsy reports, hospital files and information from family
practitioners. The last clinical assessment was used for evaluating
the follow-up period in patients without recurrence, progression or
death. Recurrence was defined as re-appearance of TCC of any
stage or grade. In 18 cases (6.7%) in which recurrence was found
within 3 months of TURT, patients were excluded from the analy-
sis, because of the possibility that at initial TURT residual tumour
was left in situ [4]. Progression was defined as an increase in
stage, the presence of metastasis or death due to tumour [12, 19].
If a patient was lost to follow-up, the family practitioner or 
municipal registry was consulted to assess survival. Median fol-
low-up was 40 months (range 1–190 months).

Chromosome classification

A direct method was used for microscopic analysis of chromo-
somes, as described elsewhere in detail [24]. Tumour samples
were collected in 0.5% sodium citrate with 0.5 µg/ml colcemid.
After incubation for 1 h at room temperature in 5 ml Hanks bal-
anced sodium solution (Hanks BSS), the tissue was mechanically
disintegrated. Next, a solution of 19 ml Hanks BSS and 6 ml col-
cemid was added. After incubation for 30 min at 37°C, hypotonic
treatment in a solution of 6 ml fetal calf serum (FCS) and 24 ml
0.052 mol/l potassium chloride was followed by fixation in metha-
nol:acetic acid 7:3. Chromosomes were routinely stained with 
Giemsa. If possible, C- and G-banding was performed. The medi-
an number of metaphase cells examined was 20 (range 10–75).
The number of chromosomes in each metaphase cell was recorded
by means of microscopic analysis. Also, the presence of gross
structurally abnormal chromosomes was recorded. If the fraction
of cells with 45 chromosomes or less was 50% or more, the tu-
mour was classified as hypodiploid. This cut-off point was chosen
because of the common occurrence of loss of Y chromosome in
male patients and uncertainty about random loss of DNA [18].
The number of tumours with a hypodiploid chromosome pattern in
our study was low (21 cases, 8%). Tumours with a fraction of 10%
or more cells with more than 46 chromosomes were classified as
hyperdiploid. Tumours were subsequently classified into two cate-
gories: normal when no chromosomal abnormalities were detected
and abnormal when hypodiploidy, hyperdiploidy and/or structur-
ally abnormal chromosomes were present.

During the study period in 324 patients diagnosed with Ta or
T1 bladder carcinoma, chromosomal analysis of the primary tu-
mour tissue was not possible because of an inadequate amount of
tissue available, poor quality of the tissue due to coagulation ne-
crosis or less than ten metaphases present. Thus, only tumours in
which ten or more metaphases could be evaluated were included
in the study.

Statistical methods

The following factors were included in the analysis: stage (Ta,T1),
grade (grade 1, grade 2a, grade 2b, grade 3), mitotic index, growth
pattern (papillary, solid, mixed), chromosomal analysis and pa-
tients’ ages. The median value of MI (5 mitoses/10 hpf) and age
(68 years) were taken as cut-off points in the analyses. Univariate
analysis was performed for each factor using the LIFETEST pro-
cedure, and survival data were compared by means of the log rank
test. Recurrence-free survival (RFS) was taken as the time from
diagnosis of the primary tumour until occurrence of recurrence or,
in patients without recurrence, the date of death or last follow-up.
Progression-free survival (PFS) was taken as time from diagnosis
of the primary tumour until the occurrence of progression or, in
patients without progression, the date of death or last follow-up.
Patients who died (by any cause) were censored on the date of
death. Patients alive without recurrence or progression were cen-
sored on the date of last follow-up.

Furthermore, multivariate survival analyses were performed
using Cox proportional hazards model (PHREG). The stepwise
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procedure was used. A P value of 0.10 was adopted as limit for
entering and removing covariates. Of the prognostic factors that
contributed significantly to the model, the effect was calculated in
terms of risk ratios and the associated 95% confidence intervals.
The statistical analyses were performed with the statistical analytic
system (SAS) package (SAS Inst. Inc, Cary, N.C.).

Results

The number of metaphase chromosomes that could be
evaluated using the described direct microscopic method
ranged from 10 to 75 (median 20). In the study group, 
80 tumours (30%) had a normal chromosomal classifica-
tion and 186 (70%) an abnormal classification with an-
euploidy and/or structurally abnormal chromosomes. As
described in the previous section, cases in which the
chromosomal analysis failed or showed less than ten
metaphases were excluded from the study group. Char-
acteristics of patients in the study group and those not in-
cluded are given in Table 1. The study group consisted
of patients with relatively high-risk tumours, which is re-
flected in a lower 5-year RFS.

During the follow-up period, a total of 30 patients
(38%) died in the group with a normal chromosomal
classification. Of these 30 patients, 4 (13%) died due to
TCC after a mean interval of 77 months, and 26 patients
(87%) died of other or unknown causes. Of the patients
with an abnormal chromosomal classification, a total of

96 (52%) died. Of these 96 patients, 22 (23%) died due
to TCC, while 74 (77%) died of other or unknown 
causes. The relationship of the chromosome classifica-
tion to the other prognostic factors is summarised in 
Table 2. Tumours with an abnormal chromosomal classi-
fication were more often stage T1, high-grade, non-pap-
illary tumours and had a high mitotic index.

Univariate analysis

Univariate analysis showed that RFS was significantly
better in tumours with a normal chromosome pattern and
in older patients (Table 3). PFS was significantly better
in stage Ta tumours, low-grade tumours, low mitotic in-
dex, papillary tumours and tumours with a normal chro-
mosomal classification (Table 4). The percentage of pa-
tients surviving 1, 3 and 5 years without recurrence was
83, 68 and 65 for tumours with a normal chromosomal
classification and 75, 58 and 38 for tumours with an ab-
normal chromosomal classification (Fig. 1). PFS after 1,
3 and 5 years was 98, 92 and 92 for tumours with a nor-
mal chromosomal classification and 92, 82 and 80 for 
tumours with an abnormal chromosomal classification
(Fig. 2). 
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Table 1 Patient characteristics
Factor Study group (total n=266) Group without chromosomal P value*

analysis (total n=324) 
n (%) n (%)

Stage
Ta 133 (50) 211 (65) a<0.001
T1 133 (50) 113 (35)

Grade
1 10 (4) 20 (6) a0.001
2a 86 (33) 150 (46)
2b 153 (57) 134 (41)
3 17 (6) 20 (6)

Growth pattern
Papillary 183 (69) 245 (76) 0.07
Solid or mixed 83 (31) 79 (24)

Mitotic index
<5 132 (50) 212 (65) a<0.001
≥5 134 (50) 112 (35)

Sex
Male 216 (81) 259 (80) 0.7
Female 50 (19) 65 (20)

Age
<68 Years 131 (49) 177 (55) 0.4
≥68 Years 135 (51) 160 (45)
5-Year recurrence-free 47% 63% a<0.0001
survival
5-Year progression-free 84% 88% 0.1
survival* χ2 [asignificant differences

(P<0.05)]
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Table 2 Relationship of chro-
mosome classification to other
prognostic factors

Factor Normal chromosomal Abnormal chromosomal P value*
classification (total n=80) classification (total n=186)
n (%) n (%)

Stage
Ta 70 (88) 63 (19) a<0.0001
T1 10 (12) 123 (81)

Grade
1 7 (9) 3 (2) a<0.0001
2a 51 (64) 35 (19)
2b 22 (27) 131 (70)
3 0 17 (9)

Growth pattern
Papillary 74 (92) 119 (64) a<0.0001
Solid or mixed 6 (8) 67 (36)

Mitotic index
<5 67 (84) 75 (40) a<0.0001
≥5 13 (16) 111 (60)

Sex
Male 69 (86) 147 (79) 0.2
Female 11 (14) 39 (21)

Age
<68 Years 44 (55) 86 (46) 0.2
≥68 Years 36 (45) 100 (54)* χ2 [asignificant differences

(P<0.05)]

Table 3 Univariate analysis of prognostic factors for recurrence-
free survival

P value (log rank)

Stage (pTa vs pT1) 0.18
Grade (1 vs 2a vs 2b vs 3) 0.3
Growth pattern (papillary vs non-papillary) 0.34
MI (5 vs ≥5) 0.11
Age (<68 years vs ≥68 years) a0.04
Chromosomal analysis (normal vs abnormal) a0.01

a Significant differences (P<0.05)

Table 4 Univariate analysis of prognostic factors for progression-
free survival

P value (log rank)

Stage (pTa vs pT1) a0.01
Grade (1 vs 2a vs 2b vs 3) a0.004
Growth pattern (papillary vs non-papillary) a0.0007
MI (5 vs ≥5) a0.001
Age (<68 years vs ≥68 years) 0.5
Chromosomal analysis (normal vs abnormal) a0.03

a Significant differences (P<0.05)

Fig. 1 Recurrence-free survival
according to chromosome class.
Five-year recurrence-free sur-
vival: normal chromosomal
classification (n=80) = 65%
(95%CI, 59–71), abnormal
chromosomal classification
(n=186) = 38% (95%CI, 34–42);
P=0.01



Multivariate analysis

Two prognostic factors determined RFS in multivariate
analysis, namely chromosomal classification (RR = 1.98,
95%CI 1.25–3.14) and age (RR = 0.64, 95%CI 0.43–0.95),
survival being better for tumours with a normal chromo-
some pattern and older patients (Table 5). Recurrence
was not determined by stage, grade, growth pattern 
or mitotic index of tumours. PFS was determined by 
mitotic index (RR = 2.15, 95%CI 1.02–4.53) and by
growth pattern of the tumour (RR = 1.95, 95%CI
0.97–3.90), being better for low mitotic index and papil-
lary tumours. Stage, grade, chromosomal classification
and age were not associated with progression in multi-
variate analysis.

Discussion

This study evaluates the prognostic value of a chromo-
somal classification in Ta and T1 TCC, focussing on 
aneuploidy and structural abnormalities as assessed by
microscopic study of metaphase chromosomes and its re-
lationship to other prognostic factors. Patients whose tu-
mours had an abnormal chromosomal classification had
a significantly reduced RFS and PFS in univariate analy-
sis and the incidence of death was almost twice as often

due to TCC. In multivariate analysis, RFS was deter-
mined by chromosomal analysis and age. PFS however
was determined in multivariate analysis by mitotic index
and to a slightly lesser degree by growth pattern.

It should be noted that a reliable chromosomal evalu-
ation of the tumour was not possible in 324 (53%) of the
total of 590 of all consecutive cases of Ta and T1 bladder
carcinomas treated during the study period at our institu-
tion. Thus, the study group consists of a selection of pa-
tients with tumours with prognostically unfavourable
characteristics. The reasons for omitting chromosomal
classification were an inadequate amount of tumour tis-
sue available, damaged tissue due to coagulation necro-
sis or too low a number (<10) of metaphase chromo-
somes. A previous study including T2 tumours has
shown a successful chromosomal evaluation in up to
78% of all tumours [22]. Including T2 tumours apparent-
ly leads to a higher success rate of chromosomal analy-
sis, but the practical significance of additional cytogene-
tic studies in T2 tumours is questionable. FCM has been
found to have prognostic value for progression in Ta, 
T1 and Tis tumours, but not for tumours staged T2 and
higher [27].

The used method of chromosomal analysis identified
abnormalities in 70% of tumours, 48% in Ta tumours and
92% in T1 tumours. Comparable percentages (47% aber-
rations in Ta tumours and 85% in T1 tumours) have been
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Table 5 Multivariate analysis of recurrence-free and progression-free survival

Recurrence-free survival Progression-free survival

P value Risk ratio 95% CI P value Risk ratio 95% CI

Stage (T1 vs Ta) 0.9 0.5
Grade (1+2a vs 2b+3) 0.6 0.1
Growth pattern (sol/mixed vs pap) 0.8 0.05 1.95 0.97–3.90
MI (≥5 vs <5) 0.3 0.04 2.15 1.02–4.53
Age (≥ 68 years vs <68 years) 0.02 0.64 0.43–0.95 0.5
Chromosome class (abnormal vs normal) 0.003 1.98 1.25–3.14 0.8

Fig. 2 Progression-free survival
according to chromosome class.
Five-year progression-free sur-
vival: normal chromosomal
classification (n=80) = 92%
(95%CI, 89–95), abnormal
chromosomal classification
(n=186) = 80% (95%CI, 77–83);
P=0.03



reported using FISH with probes for chromosomes 1, 7,
9, 17, X and Y [19]. Flow cytometry has been found to be
less sensitive in detecting abnormalities in TCC. An ab-
normal DNA content has been reported in 9–13% of Ta
tumours and 47–57% of pT1 tumours [3, 20, 25]. FISH
has demonstrated characteristic chromosomal aberrations
in T1 tumours relative to Ta tumours [23]. These differ-
ences in chromosomal characteristics between Ta and T1
tumours have been used to formulate an oncogenic path-
way for tumour development in TCC [10, 16]. Tumour
progression was found to be related in univariate analysis
to detection of polysomy of chromosome 17 with FISH
[13]. Our finding that chromosomal aberrations have in-
dependent prognostic value over stage and grade in multi-
variate analysis, at least in predicting recurrence, adds
clinical significance to chromosomal studies in TCC. In
the follow-up of TCC, chromosomal factors may prove to
be of value too, since chromosome 9 monosomy in blad-
der irrigation specimens as detected by FISH has been
shown to be predictive of recurrence [9].

Intravesical therapy may have an impact on recur-
rence and progression of bladder cancer [11]. It has been
used in our study group selectively in patients with high-
risk tumours using a variety of drugs and regimes, mak-
ing a proper analysis of its value hazardous. It is likely
however that, because intravesical therapy was used in
some cases, the reported recurrence and progression
rates in our study underestimate the true natural history
of tumours with chromosomal aberrations.

A disadvantage of evaluation of metaphase chromo-
somes in Ta and T1 tumours is that, in clinical practice, it
is often hampered by a lack of enough good quality 
tissue. However, a reliable assessment of aneuploidy and
structural aberrations in metaphase chromosomes proved
to be possible in about half of all Ta and T1 tumours and
identified abnormalities in 70% of these tumours. Since
chromosomal aberrations in metaphase chromosomes
have independent prognostic value for RFS, they should
be taken into account when designing prospective studies
on the prevention of recurrence by intravesical therapy.
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Abstract Extranodal follicular dendritic cell sarcoma
(FDCS) is an extremely uncommon tumor with only a
single case arising in the breast having been reported. We
describe the clinico-pathological features of an additional
FDCS of the lower outer quadrant of the right breast in a
40-year-old woman. The tumor showed three patterns of
growth, i.e., diffuse, myxoid and fascicular. The neoplas-
tic cells were large, polygonal, with a slightly eosinophil-
ic cytoplasm and oval or convoluted nuclei. They were
intermingled with small lymphocytes, plasma cells and a
few bizarre multinucleated giant cells. In the fascicular
areas, the cells were spindled, while in the myxoid areas
they showed a dendritic-like appearance, with long cyto-
plasmic processes. Mitoses were numerous and often
atypical. The neoplastic cells were intensely immunore-
active for CD21, S-100 protein and epithelial membrane
antigen, and focally for CD35, CD68 and cytokeratins.
Polymerase chain reaction analysis did not reveal any 
Epstein Barr virus genome in the neoplastic tissue. Elec-
tron microscopy highlighted numerous interdigitating 
cytoplasmic processes with intercellular junctions of 
the serrated, immature desmosomal or undifferentiated
types. The post-surgical course of the patient was un-
eventful and she is currently free of disease 19 months 
after surgery.

Keywords Follicular dendritic cell sarcoma · Breast ·
Immunohistochemistry · Electron microscopy

Introduction

Mesenchymal neoplasms of the breast are relatively un-
common diseases, accounting for less than 1% of all
breast malignancies [1, 25]. Follicular dendritic cell sar-
coma (FDCS) is a rare tumor originating from the anti-
gen-processing cells of the lymphoid follicle [12, 24]
and mainly affecting lymph nodes [6, 11, 21]. Primary
extranodal FDCSs are extremely rare and only 25 cases
of this entity have been reported in the English literature
thus far [2, 3, 4, 5, 6, 7, 8, 9, 10, 14, 15, 17, 18, 19, 20,
21, 23]. The diagnosis of FDCS is particularly challeng-
ing, especially in extranodal sites where these neoplasms
must be differentiated from more common large cell tu-
mors, including carcinomas and metastatic malignant
melanoma.

We report on the clinical, cytological, histological, im-
munophenotypical and ultrastructural features of a pri-
mary FDCS of the breast in a 40-year-old woman, without
clinical and pathological evidence of disease at other sites.

Clinical history

A 40-year-old lady presented with a firm, painless nodule in the
lower outer quadrant of the right breast. No systemic symptoms
were referred, and peripheral blood counts were normal. Ultra-
sound examination revealed a non-homogeneous, hypoechoic,
4.3×2.8-cm mass, with positive internal and peripheral power
doppler flow. Mammography showed a nodular opacity devoid of
microcalcifications and with a low index of suspicion. Fine-needle
aspiration yielded poorly differentiated malignant cells, probably
epithelial. A quadrantectomy with axillary sentinel node biopsy
was performed. The final histopathological diagnosis of follicular
dendritic cell sarcoma was made, based on peculiar morphologi-
cal, immunophenotypical and ultrastructural features. Because the
surgical excision was radical and the staging procedures – includ-
ing a bone-marrow biopsy – were unremarkable, the patient was
not subjected to further treatments, and she is currently free of dis-
ease 19 months after surgery.
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Materials and methods

Cytological smears were stained with Papanicolau and Giemsa.
The resected tumor was extensively sampled, fixed in 10% buf-
fered formalin and embedded in paraffin. Sections 3-µm thick
were stained with hematoxylin and eosin.

Immunohistochemical reactions were performed according to
the avidin-biotin peroxidase complex (ABC) method after an anti-
gen retrieval pre-treatment in a microwave oven, using the prima-
ry antibodies listed in Table 1. Tissue fragments for ultrastructural
investigation were retrieved from formalin-fixed material. The
specimens were rinsed in running water and buffer solution, post-
fixed in osmium tetroxide, dehydrated and embedded in epoxy
resin. Semi-thin sections were stained with toluidine blue and
safranin and examined under the light microscope. Ultra-thin sec-
tions were stained with uranyl acetate and lead citrate and exam-
ined under a Zeiss-CEM 902 electron microscope.

DNA was extracted from frozen tissue samples and amplified
for the detection of Epstein Barr virus (EBV) genomes using a
nested polymerase chain reaction (PCR) assay with two different
sets of primers (5′-TCGCTGACTCCGCCATCCAA-3′ and 5′CC-
GCTTACCACCTCCTCTTC-3′ for the first amplification; and 
5′-CCAGAGGTAAGTGGACTT-3′ and 5′-GACCGGTGCCTTCT-
TAGG-3′ for the second).

Results

Fine-needle aspiration yielded numerous large atypical
epithelioid and spindle cells with a high mitotic rate, in-
termingled with a few bizarre multinucleated giant cells,
small lymphocytes, plasma cells and red blood cells. The
surgical specimen contained a soft, yellow–grayish tu-
mor with pushing margins measuring 4 cm in diameter.
Histologically, the tumor was well demarcated from the
adjacent breast parenchyma by a fibrous pseudo-capsule
(Fig. 1a). It showed three different growth patterns merg-
ing one into another, i.e., diffuse (60%, Fig. 1b), myxoid
(30%, Fig. 1c) and fascicular (10%, Fig. 1d). Small 
necrotic foci were scattered throughout the neoplasm.
The diffuse areas were composed of large, polygonal or
ovoid cells with ill-defined cell borders, a moderate

amount of eosinophilic cytoplasm, oval or convoluted
nuclei with large eosinophilic nucleoli. The neoplastic
cells were intermingled with small lymphocytes, plasma
cells and a few bizarre, multinucleated giant cells
(Fig. 1b, inset). In the myxoid areas, the tumor cells
were characterized by dendritic-like features, with long
cytoplasmic processes arranged in a lace-like pattern
(Fig. 1c, inset) and, in the fascicular areas, they were
spindled (Fig. 1d, inset). Irrespective of the growth pat-
tern, mitoses were numerous (mean number 39×10 HPF)
and often atypical.

The immunohistochemical results are shown in 
Table 1. The neoplastic cells were immunoreactive for
CD21 (Fig. 1e), S-100 protein (Fig. 1f), epithelial mem-
brane antigen (EMA; Fig. 1g) and, focally, for CD35,
CD68 and cytokeratins (Fig. 1h). The Ki-67 labeling in-
dex was 59%. EBV genomes were not identified using
PCR assays.

Ultrastructurally, the neoplastic cells showed an
abundant cytoplasm with numerous vesicular rough en-
doplasmic reticulum cisternae, sometimes dilated to
form irregular lacunar spaces, a prominent smooth en-

Table 1 Primary antibodies
and immunohistochemical 
results. EMA epithelial mem-
brane antigen, CK cytokeratin,
MPO myeloperoxidase, P poly-
clonal, – no staining, + weak,
++ moderate, +++ strong. 
Immunotech, Marseille,
France; Dako, Glostrup, 
Denmark; Novocastra, 
Newcastle upon Tyne, UK;
Boehringer, Mannheim, 
Germany

Antibody Source Clone Dilution Results

CD1a Immunotech O10 1:2 –
CD3 Dako P 1:100 –
CD20 Dako L26 1:200 –
CD21 Dako IF8 1:20 +++
CD23 Novocastra 1B12 1:80 –
CD30 Dako Ber.H2 1:10 –
CD34 Novocastra QBEnd/10 1:400 –
CD35 Dako Ber-MAC-DRC 1:100 +
CD68 (KP1) Dako KP1 1:150 +
S-100 Dako P 1:1600 +++
Anti-human melanoma Dako HMB45 1:50 –
EMA Dako E29 1:20 ++
CK pool Novocastra AE1/AE3 1:50 +
CK5 Boehringer D5/16B4 1:20 –
CK7 Dako OV-TL12/3 1:100 –
CK19 Dako BA17 1:50 –
Desmin Dako D33 1:150 –
MPO Dako P 1:10000 –
Fascin Novocastra IM20 1:400 –
Ki-67 Dako MIB-1 1:200 59%

Fig. 1 a–d Examples of the histological features. a The tumor
(left) is demarcated by the adjacent breast parenchyma (right) by 
a fibrous pseudo-capsule and shows diffuse (b), myxoid (c) and
fascicular (d) growth patterns. In the diffuse areas, the cells are
polygonal or oval with ill-defined cell borders, eosinophylic cyto-
plasm, oval or convoluted nuclei. They are intimately admixed
with small lymphocytes and plasma cells and a few bizarre, multi-
nucleated giant cells (b, inset). In the myxoid areas, the cells dis-
play dendritic-like features with long cytoplasmic processes ar-
ranged in a lace-like pattern (c, inset) and, in the fascicular areas,
they are spindled (d, inset). e–h Examples of the immunohisto-
chemical features. The neoplastic cells are immunoreactive for
CD21 (e) and S-100 protein (f) and, to a lesser extent, for EMA
(g) and cytokeratin (h). Immunoreactivity for S-100 protein in
non-neoplastic breast tissue is shown in f (right). Original magni-
fication: a, e ×1000; b–d ×250; b–d, f inset, e, g, h ×400; e–h he-
matoxylin counterstain

▲
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Fig. 1 Legend see page 195
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Fig. 2 a A proliferating cell
with abundant cytoplasm, dilat-
ed rough endoplasmic reticu-
lum cisternae, small mitochon-
dria, some primary lysosomes
and lipid vacuoles, and a loose
arrangement of vimentin-type
intermediate filaments. Uranyl
acetate–lead citrate; original
magnification ×4400. b Prolif-
erating cells are characterized
by many cellular projections,
from large, bulbous or blunt to
thin, long and serpiginous,
strictly interlaced without ex-
tracellular spaces. These pro-
jections also contain various
cytoplasmic organelles and 
a network of microtubules.
Uranyl acetate–lead citrate;
original magnification ×300. 
b (inset) In some cells, micro-
villous-type cytoplasmic pro-
cesses are present in small
groups irregularly distributed
along the entire profile of a
pseudoglandular space. Uranyl
acetate–lead citrate; original
magnification ×7000



doplasmic reticulum, a few round mitochondria with
dense granules of matrix, a poorly evident Golgi com-
plex, small lipid vacuoles, and intermediate filaments of
vimentin type, irregularly arranged or in loose bundles
(Fig. 2a). Some cells were characterized by numerous
cytoplasmic projections along the entire cell membrane
that contained various types of cytoplasmic organelles
and were strictly intermingled, without intervening ex-
tracellular matrix. A few cells had intercellular junc-
tions of the serrated, immature desmosomal or undiffer-
entiated types (Fig. 2b). The cytoplasmic membranes
sometimes had isolated or clustered microvillous-type
projections of medium length, with an evident and
dense microfilamentous core. Occasionally, these pro-
jections were organized to delimitate irregular pseudo-
glandular spaces (Fig. 2, inset).

The surrounding breast parenchyma showed only 
fibrocystic changes with mild epithelial hyperplasia,
without atypia or intraductal carcinoma. The sentinel 
axillary lymph node exhibited follicular hyperplasia with
sinus histiocytosis.

Discussion

Follicular dendritic cell sarcoma is a rare tumor of the
antigen-processing cells of the lymphoid follicles, re-
cently included in the World Health Organization classi-
fication of hematopoietic disorders [16]. Although most
commonly found in lymph nodes, approximately one-
third of the cases may arise primarily in extranodal sites,
the most common being the upper aerodigestive tract, in-
tra-abdominal viscera and soft tissues [5, 6, 11, 13, 21,
23, 26].

FDCS of the breast is exceptionally rare and, to our
knowledge, only a single report of this entity has been
published [10]. The present tumor – at variance with the
one previously reported – showed a mixture of diffuse,
myxoid and fascicular patterns, lacked vascular invasion
and was characterized by the potential adverse prognos-
tic histological features of necrosis, high mitotic count
and high Ki-67 labeling index [21]. Despite these mor-
phological features, the patient had an uneventful clini-
cal course and is disease-free 19 months after diagnosis.

The differential diagnosis of FDCS of the breast in-
cludes a variety of large cell tumors and, more specifi-
cally, metaplastic carcinoma, several types of sarcoma,
malignant phyllodes tumor, metastatic melanoma, large
cell lymphomas (especially of T- and null-cell anaplastic
types) and other types of histiocytic and dendritic cell
neoplasms. Distinction from melanoma and metaplastic
carcinoma of the breast may be particularly difficult be-
cause FDCS shows definite immunoreactivity for S-100
protein [2], EMA [9] and, to a lesser extent, for cyto-
keratins [3]. Accordingly, the correct identification of
FDCS requires a high degree of suspicion, based on the
morphological features of the neoplasm. In particular, 
attention should be paid to the intermingling of the neo-
plastic cells with lymphocytes and other inflammatory

cells, to the cytological characteristics of the tumor cells,
to the lack of any intraductal carcinoma or of heterolo-
gous components (liposarcoma, chondrosarcoma, rhab-
domyosarcoma) seen in some metaplastic carcinomas,
and to the absence of intravascular tumor embolism. The
final recognition of FDCS rests on its immunoreactivity
for dendritic follicular cell-related antigens, including
CD21, CD23 and CD35 [4]. The current case was immu-
noreactive for CD21 and, focally, for CD35 but not for
CD23, thus emphasizing the usefulness of a wide panel
of anti-follicular dendritic cell antibodies for the correct
identification of this tumor. Immunoreactivity for fascin,
an actin-bundling protein expressed by follicular and in-
terdigitating dendritic cells [13] has been recently pro-
posed as an additional marker of interdigitating reticu-
lum cell sarcoma [22]. Data are still lacking, however,
concerning fascin immunoreactivity in FDCS, and the
present case was unreactive for this antigen.

Because FNA commonly is the first diagnostic ap-
proach for palpable breast lumps, and mammography
and other imaging techniques are unable to differentiate
FDCS from carcinomas, a correct cytological diagnosis
would be pivotal in avoiding unnecessary complete axil-
lary lymph-node dissection in patients with clinically
node-negative disease. In the current case, a diagnosis of
poorly differentiated carcinoma was yielded because of
the presence of large atypical epithelioid and spindle
cells, with a high mitotic rate. However, we retrospec-
tively succeeded in demonstrating CD21 immunoreactiv-
ity in the neoplastic cells of the cytological smears, and
this suggests that immunocytochemistry may be also a
valuable adjunct in the cytological diagnosis of FDCS.
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Abstract Despite substantial knowledge on the clinico-
pathology of chondrogenic skeletal neoplasms, only lim-
ited insights into the biology of the different tumor vari-
ants are available. There are virtually no established mo-
lecular markers for identification and classification of
these neoplasms. In this paper, we present a systematic
review of the biochemistry and cell biology of chondro-
genic neoplasms of the bone focussing on our own recent
investigations. The hallmark of all differentiated chon-
drogenic tumors is the presence of neoplastic chondrocy-
tic cells responsible for the formation of the characteristic
cartilaginous tumor matrix. These cells can show the full
differentiation potential of physiologic chondrocytes de-
pending on the tumor entity investigated. The high phe-
notypic diversity of physiologic chondrocytes explains
the previously poorly understood, striking heterogeneity
of the neoplastic cells and their surrounding extracellular
matrix not only between different but also within chon-
drogenic tumors. In our studies, tumor classifications, so
far based only on histomorphological criteria, were either
confirmed or corrected: mesenchymal chondrosarcomas
represent the prototypic neoplasm of pre-chondrogenic
undifferentiated cells undergoing multifocal chondrocytic
differentiation. Enchondromas, osteochondromas, and
conventional chondrosarcomas are neoplasms of multi-
phenotypically differentiated chondrocytes. Clear cell
chondrosarcomas appear to be neoplasms of hypertrophic
chondrocytic cells. A peculiar biology is displayed by de-
differentiated chondrosarcomas, which at least in most
cases show neither “anaplasia” nor “dedifferentiation”,
but most likely “transdifferentiation” of part of the neo-
plastic cells to a cellular phenotype of a different mesen-
chymal differentiation lineage. Chondroblastomas do not
show any chondroblastic differentiation at all. Our studies
delineate molecular markers of chondrogenic neoplasms

of the skeleton, which have the potential to be the basis of
a new biology-orientated classification of skeletal neo-
plasms. The expression analysis of extracellular matrix
genes, in particular of the collagen types, might be able to
play herein a leading role in classification and diagnosis,
similar to the cytokeratin subtypes or the CDs (cluster of
differentiation) for the classification and diagnosis of
neoplasms of the epithelia and the lymphatics.

Keywords Chondrosarcoma · Chondroma · 
Chondrogenesis · Collagens · Tumor matrix

Introduction

Adult articular cartilage is one of the very few tissues 
of the body for which no neoplastic transformation is 
described. Cartilage-forming (chondrogenic) neoplasms
are supposed to derive not directly from cartilage cells
but presumably from multipotential mesenchymal pre-
cursor cells (or remnants of fetal growth plate cartilage).

The chondrogenic neoplasias form a separate tumor
class of the skeleton. The malignant variants (chondrosar-
comas) represent, with about 11% of all skeletal neo-
plasms, the second most frequent primary malignancies of
the skeleton. Whereas reliable data exist for frequency,
age, and sex distribution, and localization of the different
tumor entities (Table 1) [22, 58, 66], hardly any systematic
data exist about the development and biology of these neo-
plasms, and no established molecular markers for tumor
identification or classification are available. Biochemically,
Mankin and colleagues [40, 41] were able to show a com-
position of the extracellular tumor matrix of enchondromas
and conventional chondrosarcomas similar to fetal and
adult cartilage. However, significant differences were
found in the quantity of various matrix components such as
collagens and proteoglycans. Immunohistochemical analy-
sis confirmed the heterogeneous composition of the collag-
enous tumor matrix [52, 65]. Ultrastructural and immuno-
histochemical analysis indicated that the differentiation
pattern of the neoplastic cells and of the extracellular 
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tumor matrix was similar to that of fetal chondrocytes and
cartilage, but did not allow clear identification of differen-
tiation profiles. Cytogenetic analysis enabled the detection
of chromosomal alterations in many chondrogenic neo-
plasms, which however were distributed randomly and
never showed a biological–diagnostic relevance as, for ex-
ample, did the (11; 22)(q24; q12) translocation in Ewing’s
sarcoma. Catresana and colleagues [19] were able to show
the amplification of the c-myc oncogene in two of nine
conventional chondrosarcomas. Wrba and co-workers [72]
found a positivity for c-Erb in 18 of 23 chondrosarcomas
with an inverse correlation of staining intensity and tumor
grade. Numerous investigations showed alterations of the
p53 gene in chondrosarcomas, though no clinical relevance
was observed. Despite the various findings, no concept of
the biology has been established for the chondrogenic neo-
plasms of the skeleton. In particular, no systematic analysis
is available of the differentiation pattern of neoplastic
chondrocytes in vivo. This review presents a systematic
analysis of the biochemistry and cell biology of the chon-
drogenic neoplasias, paying particular attention to the ex-
pression and distribution pattern of extracellular matrix
genes.

Principles of (non-neoplastic) chondroneogenesis

Chondroneogenesis represents one form of mesenchymal
cell and tissue differentiation, which is delineated by the
expression of at least in part specific marker genes and
the formation of cartilaginous extracellular matrix [17].
The application of in situ localization techniques on the
protein and mRNA levels has allowed, in the past, the as-
signment of a highly structured differentiation cascade to
physiological and pathophysiological chondrogenic pro-
cesses, such as the fetal growth plate cartilage [51, 67],
fracture callus formation [32] or secondary chondroneo-
genesis during degenerative cartilage disease [2].

Primary chondroneogenesis 
(during fetal development)

During fetal development (Fig. 1), chondroneogenesis
and endochondral ossification play a crucial role for the
formation of the bony skeleton of vertebrates, particular-

ly for the axial portions. The highly structured and syn-
chronized maturation processes in the fetal growth carti-
lage are based on strictly co-ordinated differentiation
pathways of the pre-chondrocytic (chondrogenic) and
chondrocytic cells. Mesenchymal precursor cells differ-
entiate into so-called chondroprogenitor cells, which re-
side during later developmental stages in particular in
the perichondral area. These cells become functional
(mature) chondrocytes which synthesize the cartilagi-
nous extracellular matrix. These cells are mainly found
in the resting and proliferation zones of growth plate car-
tilage and represent the major portion of chondrocytes
found in adult cartilaginous tissues such as the articular
cartilage of the joints. In the lower portions of the grow-
ing cartilage, chondrocyte hypertrophy occurs, which ba-
sically implicates on a morphological level the physical
enlargement of the cells. These terminally differentiated
cells become to a large extent apoptotic before they get
replaced by ingrowing bone forming cells which replace
the cartilaginous matrix by a bone matrix. Recently, evi-
dence has been accumulated for the chick suggesting that
some of the terminally differentiated hypertrophic chon-
drocytes survive and undergo a phenotypical transforma-
tion to osteoblast-like cells [16, 53].
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Table 1 Relative frequency, age, sex, and prognosis of chondrogenic neoplasms [26, 58, 66]

Entity Frequency relative Sex Age Secondaries 5-year survival
to diagnosed tumors (male:female)

Enchondroma Very common 1:1 20–50
Osteochondroma Very common 2:1 10–30
Chondroblastoma Rare 2:1 10–20
Chondromyxoidfibroma Very rare 1.5:1 10–30
Conventional chondrosarcoma Common 2:1 40–60 G1: rare, G2: 10–33%, G1: 90%, G2: 81%,

G3: 70% G3: 29%
Dedifferentiated chondrosarcoma Rare 1:1 40–70 90% <25%
Clear cell chondrosarcoma Very rare 2:1 20–50 About 15% >80%
Mesenchymal chondrosarcoma Very rare 1:1 10–40 About 70% <30%

Fig. 1 Schematic representation of the cellular phenotypes of
chondrocyte differentiation so far described in vivo (fetal chondro-
neogenesis and fetal growth plate cartilage [51, 55, 67]) and in 
vitro [9]. The “post-hypertrophic” differentiation to osteoblast-like
cells is so far only described in the chick [16, 53]



Secondary chondroneogenesis (in the adult)

Physiologically, chondrogenesis does not take place in
the adult. However, in some pathological conditions,
non-neoplastic chondroneogenesis does occur. This pro-
vides direct evidence for the presence of pluripotent
mesenchymal precursor cells in the adult body until a
very high age. Examples are the formation of a cartilagi-
nous callus during fracture healing or the formation of
secondary osteocartilaginous outgrowths during osteoar-
thritic joint degeneration. The cartilaginous callus as
well as the osteophytic regenerative cartilage show, de-
spite their high heterogeneity, a cell differentiation pat-
tern that closely mimics the cellular differentiation cas-
cades identified in the fetal growth cartilage [2, 32].

Chondrocyte differentiation in vitro

It is well known that the chondrocyte phenotype is not
stable in vitro. In fact, it is very variable, in particular if
chondrocytes are cultured in monolayer. Several factors
such as retinoic acid, bromodeoxyuridine or interleukin-
1 as well as prolonged subcultering induce so-called “de-
differentiation” or modulation of chondrocytes to fibro-
blast-like cells that show a spindle-like or stellate cell
shape (Fig. 1). Besides changes in the collagen expres-
sion pattern, changes in the expression of matrix degrad-
ing proteases [37] or of the proliferative activity are also
dramatic. Reintroducing the cells into a three-dimension-
al culture matrix (e.g. alginate beads, agarose, suspen-
sion culture) has been shown to retain or even to restore
the mature chondrocytic phenotype. Culturing chondro-
cytes with thyroid hormone as well as with fetal serum
was shown to induce changes similar to the processes
known to occur in the hypertrophic zone of the fetal
growth plate [15].

Phenotyping of chondrocytes in vivo and in vitro –
molecular markers of chondrocytic differentiation

Besides cytomorphologic criteria, analysis of extracellu-
lar matrix gene expression pattern, in particular subtyp-
ing of collagen gene expression, has been shown in nu-
merous studies to be a potent and reliable tool to define
and identify different phenotypes of chondrocytic cells
in the fetal growth plate in vivo and in various culture
systems in vitro (Fig. 1; for review see [17]). Thus,
chondroprogenitor cells are characterized by their specif-
ic gene product, the alternative splice variant of COL2,
COL2A [55, 67]. Mature chondrocytes express the typi-
cal cartilage collagen types COL2B, COL9, and COL11
as well as aggrecan and link protein. These gene prod-
ucts are not specific for cartilage, but they are limited to
only a few other tissues such as the vitreous body. Hy-
pertrophic chondrocytes are marked by their unique gene
product, COL10 [51]. Chick chondrocytes have been
shown to be able to undergo post-hypertrophic differenti-

ation to osteoblast-like cells, which start to express
COL1 [16, 34, 53]. “Dedifferentiated” chondrocytes, a
phenotype so far only described in vitro, synthesize
COL1 and COL3, but not the cartilage typical collagen
types (COL2, COL9, COL11) nor aggrecan proteoglycan
[9].

Biochemistry and cell biology 
of chondrogenic neoplasias

The hallmark of enchondromas, osteochondromas, and
conventional chondrosarcomas is the occurrence of neo-
plastic cells, which show a chondrocytic cell shape
(Fig. 2a) and the same gene expression profile as mature
fetal chondrocytes (Fig. 2b–d), which are responsible for
the formation of the characteristic hyaline-cartilage like
extracellular tumor matrix (Fig. 2a) [3, 5]. Neoplastic
chondrocytes in vivo do show the full differentiation 
capacity of their physiological counterparts. Besides ma-
ture chondrocytes, hypertrophic cell differentiation with
the expression of COL10 is observed (Fig. 2e) [3, 4].
The onset of COL1 expression without COL3 in differ-
entiated neoplastic chondrocytes represents experimental
evidence of the potential of mammalian chondrocytes to
undergo post-hypertrophic differentiation to osteoblast-
like cells in vivo and implicates the deposition of bone
matrix components within previously chondroid tumor
matrix [3]. In non-chondroid tumor areas of higher grade
lesions, the cells are spindle-shaped or stellate (Fig. 2f)
and express COL1 (Fig. 2j) and COL3 (Fig. 2k) instead
of the cartilage typical COL2 (Fig. 2g) and COL10
(Fig. 2h) as well as aggrecan proteoglycan (Fig. 2i) [3, 5]
features, which are characteristic for so-called “dediffer-
entiated” chondrocytes in vitro [9].

All the observed phenotypes, including the “dediffer-
entiated” phenotype, are forms of differentiated neoplastic
cells in contrast to the undifferentiated cells found in the
anaplastic areas of poorly differentiated chondrosarcomas,
which are negative for all markers analyzed for the chon-
drocytic phenotype including S-100 protein [3, 5]. Thus,
the term “dedifferentiated”, though well established in the
literature, is a misnomer and “dedifferentiated” chondro-
cytes represent in fact a specific phenotype of differenti-
ated chondrocytic cells.

The striking heterogeneity of the extracellular matrix
appearance not only between different but also within
chondroid tumors is one of the characteristic and so far
poorly understood features of these neoplasms [40, 41].
Our results do not support the assumption that the het-
erogeneity of the extracellular tumor matrix is a phenom-
enon primarily due to different cell clones with different
genetic errors [40, 41]. Instead, the phenotypic diversity
of the neoplastic cells combined with a varying cellular
synthetic activity results in the rather large differences in
abundance and biochemical composition of the extracel-
lular tumor matrix as well as cell and tissue morphology.

In contrast to enchondromas and conventional chon-
drosarcomas, which show a random cellular differentia-
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Fig. 2 Well-differentiated, low-grade conventional chondrosarcoma
shows well-formed hyaline cartilage (a) with abundant aggrecan 
(b, c toluidine blue) and COL2 (d) positive intercellular tumor 
matrix. Focally, also deposition of COL10 is seen (e). f–k High-
grade conventional chondrosarcoma showing spindle-shaped or
stellate cells (f) with considerably less intercellular matrix contain-
ing hardly any or no COL2 (g), COL10 (h), and proteoglycans 

(i: toluidine blue). Instead COL1 (j) and COL3 (k) are found. 
l–n Osteochondromas show a fetal growth plate cartilage like carti-
lagenous organization with a tumor matrix positive throughout for
proteoglycans (l toluidine blue) and COL2 (m) and COL10 (n) in
the zones next to the area of bone formation. (a, f HE; c, i, l tolui-
dine blue; b, d, e, g–k, m, n immunostainings for the antigens indi-
cated above; magnification bars 100 µm)



tion pattern, osteochondromas display a highly struc-
tured tissue organization. Mesenchymal cell layers of fi-
brous appearance overlay cartilaginous tissue with chon-
drocytic cells expressing COL2 (Fig. 2m) and (aggrecan)
proteoglycan (Fig. 2l). In the deep zone, chondrocytic
cells become hypertrophic, express COL10 (Fig. 2n) [4],
and endochondral ossification is observed. Thus, osteo-
chondromas resemble osteophytes at least on the cell dif-
ferentiation level [2], which arise next to articular carti-
lage and show a similar morphological pattern.

Since its first description [21], dedifferentiated chon-
drosarcoma has been the prototype of all dedifferentiated
sarcomas. Its typical feature is the presence of two dif-
ferent tumor compartments (Fig. 3a): one resembles
morphologically enchondroma or conventional (low to
intermediate grade) chondrosarcoma, the other may
comprise a high variety of mesenchymal neoplasms such
as malignant fibrous histiocytoma, fibrosarcoma, osteo-
sarcoma, rhabdomyosarcoma, or angiosarcoma. Clinical-
ly, the noncartilaginous part determines growth, the for-
mation of metastases, and finally the poor prognosis of
the neoplasm.

Morphology and positivity for S-100 protein and 
vimentin [46, 49] indicated the chondroid nature of the
so-called “differentiated” areas, which is proven by the
demonstration of typical cartilage matrix components
similar to conventional chondrosarcomas such as COL2
(Fig. 3b) [5]. Cells of the non-chondroid portion lack the
typical rounded chondrocytic cell shape (Fig. 3a) and
show no staining for S-100 protein, but are clearly posi-
tive for vimentin, which suggests a mesenchymal, but
non-chondroid nature of these cells. Correspondingly,
the cells do not express COL2 (Fig. 3b) or COL10
(Fig. 3f), but typical gene products of fibroblastic
(Fig. 3c–e) or osteogenic cells depending on the histo-
morphology of the cases investigated (own unpublished
results; [5]). Thus, these cells are not like anaplastic un-
differentiated chondrocytes of high-grade conventional
chondrosarcomas [3, 26] or “dedifferentiated” chondro-
cytes in vitro.

Clear cell chondrosarcoma is considered as a chon-
drosarcomatous entity because of its chondroid compart-
ments, the rounded shape of the tumor cells (Fig. 3g),
and their strong positivity for S-100 protein (Fig. 3j) 
[39, 69]. However, the lack of abundant extracellular
matrix in most tumor portions, the presence of clearly
cartilaginous tumor areas in only half of the cases [10],
and the unspecific features of the cells on the ultrastruc-
tural level [8, 30] challenged the concept of a chondro-
genic origin of this neoplasm.

The expression of COL2 (Fig. 3h) and (aggrecan)
proteoglycan (Fig. 3k) demonstrates that chondrocytic
differentiation is a characteristic event during the evolu-
tion of the tumor even in the absence of overt cartilage
matrix formation (Fig. 3i). Also, hypertrophic differenti-
ation with the expression of COL10 is multifocally de-
tectable (Fig. 3l, m). This also explains the expression of
osteonectin [12], because hypertrophic chondrocytes in
fetal growth plate cartilage typically express osteonectin

[44]. Thus, overall clear cell chondrosarcoma is a neo-
plasm within the differentiation spectrum of physiologi-
cal chondrocytes. It needs further investigations in order
to resolve whether the typical “bone spicules” in clear
cell chondrosarcoma are of metaplastic nature as gener-
ally assumed or not more likely indicating post-hypertro-
phic differentiation of the tumor cells to bone-forming
osteoblast-like cells.

Mesenchymal chondrosarcoma is composed of two
characteristic tumor components: one being highly cellu-
lar (Fig. 4a) and the other showing cartilage formation
with abundant extracellular matrix (Fig. 4i). In fact, mes-
enchymal chondrosarcoma is the neoplasm of very early
pre-chondrogenic cells, which multifocally undergo full
chondrocytic differentiation analogous to limb bud de-
velopment [7]. The most undifferentiated cells are even
negative for vimentin (Fig. 4d), a basic marker of mesen-
chymal cell differentiation, and do not express any of the
chondrocytic marker genes including S-100 protein
(Fig. 4c). This supports ultrastructural data suggesting
that the primary tumor cell in mesenchymal chondrosar-
coma represents a very primitive mesenchymal cell type.
A large proportion of the morphologically undifferentiat-
ed cells, however, express vimentin together with the
marker of chondroprogenitor cells, COL2A (Fig. 4b)
[55]. The expression of COL2B (Fig. 4k, l) together with
aggrecan proteoglycan and S-100 protein (Fig. 4j) is the
hallmark of differentiated chondrocytes [63]. Significant
portions of the neoplastic chondrocytes become hyper-
trophic and express COL10 (Fig. 4m, n). In these areas,
the cartilage matrix calcifies [58, 66] as does the COL10
positive hypertrophic cartilage in the fetal growth plate.
In some cases also focal bone formation is observed 
[58, 66], which at least in part results from post-hyper-
trophic differentiation of neoplastic chondrocytes into
osteoblast-like cells [16, 53]. The outlined differentiation
processes involve mostly larger cell groups, but on occa-
sion isolated cells in non-cartilaginous areas also under-
go similar cellular processes (Fig. 4e) expressing S-100
protein (Fig. 4f), COL2 (Fig. 4g), and focally COL10
(Fig. 4h). The broad range in cellular differentiation fea-
tures are the biological explanation of the heterogeneous
morphology and the non-diagnostic radiographic picture
of mesenchymal chondrosarcomas.

Chondroblastoma is defined by the WHO as “a tumor,
characterized by highly cellular and relatively undiffer-
entiated tissue composed of rounded or polygonal chon-
droblast-like cells.... The presence of cartilaginous inter-
cellular matrix with areas of focal calcification is typi-
cal” (Fig. 4o, p). Though most authors agreed that chon-
droblastic areas are a typical feature of chondroblastoma,
no experimental data on matrix composition and cell dif-
ferentiation have been available to back up this assump-
tion. The most important finding of our investigation
was, in fact, that we were not able to show any expres-
sion or deposition of COL2 including the so-called
“pink-chondroid” areas (Fig. 4q). Thus, the neoplastic
cells of chondroblastoma did not show real cartilage 
matrix formation and chondrocytic differentiation de-
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Fig. 3 Classical dedifferentiated chondrosarcoma shows two tu-
mor compartments (a). The low-grade chondroid compartment has
abundant, COL2-positive tumor matrix (b), whereas the high-
grade shows hardly any extracellular matrix, which is negative for
COL2A (b) and proteoglycans (f toluidine blue), but positive for
COL1 (c), COL3 (d), and COL6 (e). g–m Clear cell chondrosar-
coma is characterized by large rounded cells (a), which are strong-

ly positive for S-100 protein (j) and either found in matrix-poor
(g) or chondroid matrix rich (i, m) areas. Also in the matrix-poor
areas focally proteoglycans (k toluidine blue) and COL2 (h) and
COL10 (l) are found. Both are also observed in the chondroid 
matrix-rich areas (i COL2; m COL10). (a, g HE; f, k toluidine
blue; b–e, h–j, l, m immunostainings for the antigens indicated
above; magnification bars 100 µm)
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spite some ultrastructural resemblance of chondroblasto-
ma cells to immature chondroblasts [62] or fetal chon-
drocytes [25, 38]. The focal positivity of cells for S-100
protein [22, 45] is also no real evidence of a chondrob-
lastic origin, since only a subset of the neoplastic cells in
chondroblastomas is positive. More importantly, these
positive cells are not selectively found in the so-called
“chondroid” areas, but dispersed throughout the cellular
“undifferentiated” areas. This further confirms that 
S-100 protein is not specific for the chondroblastic cell
lineage in mesenchymal neoplasms and is only of limited
diagnostic value. Instead of chondroid tissue, other types
of interstitial matrix are found, in particular more or less
extended osteoid matrix [29], which contains COL1
(Fig. 4r, s) and osteonectin [33]. Though the exact basic
cellular phenotype of chondroblastoma remains unclear
at the moment, in the future chondroblastoma most like-
ly will be reclassified as osteoid-forming neoplasm.

The central biochemical feature of chondromyxoid 
fibroma is the lack of a high collagen concentration in
the myxoid tumor areas (Fig. 4t), which allows extensive
hydration of the charged proteoglycan molecules [60].
The focal expression of COL2 (Fig. 4v) as well as of 
S-100 protein in chondroid areas of chondromyxoid 
fibroma (Fig. 2u) proves the focal presence of cartilagi-
nous matrix and chondrocytic differentiation [47, 62].

Principles of neoplastic chondroneogenesis

The biology of chondrogenic neoplasms is still to a large
extent unstudied and unclear. In particular the diversity
between and within the different lesions has been enig-
matic. Also the cellular origin is peculiar, as in contrast
to most other neoplasms, chondrogenic neoplasms do
presumably not originate from adult chondrocytes.
Though some discussion exists about that at least some
neoplasms might derive from remnants of the fetal
growth plate cartilage, most likely the origin of the neo-
plastic cells are at least in most cases (multipotential)

mesenchymal precursor cells. The presence of such cells
in particular in the bony skeleton is well documented by
the potential of the skeleton to form chondroid callus
during fracture healing. The presence of such cells
throughout the body is also documented by the (rare) ex-
traskeletal appearance of chondrogenic neoplasms. For
example, one predilection site of mesenchymal chondro-
sarcomas are the meninges. Besides chondrogenic neo-
plasias, chondroid metaplasia of (neoplastic) epithelial
cells also exists. One classical condition is pleomorphic
adenoma of the salivary glands, which often shows
chondrocytic differentiation of the originally epithelially
differentiated tumor cells [6]. Largely unknown are fac-
tors that are finally responsible for the chondrocytic dif-
ferentiation of tumor cells. Most likely, growth and dif-
ferentiation factors, such as transforming growth factors
(TGF-βs) and bone morphogenetic proteins (BMPs),
play a decisive role [68]. However, reported data are
contradictory. Thus, Yoshikawa and co-workers [74]
were not able to detect BMPs in chondrosarcomas. Re-
cently, Masi and colleagues suggested the expression of
TGF-βs 1 and 2 and their receptors in conventional
chondrosarcomas and speculated that these factors might
play a role in growth and proliferation of the neoplastic
cells in an autocrine or paracrine manner [43]. The tran-
scription factor SOX-9 might be one important intracel-
lular factor co-responsible for the chondrocytic pheno-
type, because SOX-9 regulates directly the expression of
COL2 in (chondrocytic) cells. Recently, involvement of
the Indian hedgehog-PTHrP-pathway was reported to be
involved in cell–cell signaling [13].

Mesenchymal chondrosarcomas represent the paradig-
matic tumor entity of neoplastic chondroneogenesis,
which shows all steps of cell differentiation stages starting
from the hardly mesenchymally differentiated cells. In
fact, this is not found in chondroblastomas, which were
considered before our studies as neoplasias of differentiat-
ing chondroblastic cells. Conventional chondrosarcomas
and chondromas are neoplasms of differentiated neoplas-
tic chondrocytes, which can undergo multiphenotypical
modulations. Clear cell chondrosarcomas show primarily
a hypertrophic cellular phenotype. Thus, our studies re-
veal in neoplastic chondrocytes the whole phenotypic
spectrum of chondrocytic cells found in fetal chondroneo-
genesis in vivo or in vitro. Besides different differentiation
steps and cellular phenotypes, the tumor grade also needs
to be accounted for. This is particularly evident for con-
ventional chondrosarcomas [11, 70], which can range
from highly differentiated to nearly undifferentiated neo-
plasms. A grading of other chondrogenic lesions might
also be possible, but there are no established criteria
shown to have clinical or biological relevance.

The striking heterogeneity of the extracellular matrix
appearance not only between different but also within
chondroid tumors is one of the characteristic and poorly
understood features of these neoplasms [40, 41]. The
presented data do not support the assumption that the
heterogeneity of the extracellular tumor matrix is a phe-
nomenon primarily due to different cell clones with dif-
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Fig. 4 Mesenchymal chondrosarcomas show basically two differ-
ent tumor compartments: a matrix-poor cellular (a) and a matrix-
rich chondroid (i) compartment. The neoplastic cells within the 
cellular compartment are S-100 protein (c) partly even vimentin
negative (d). In these areas focally COL2A (b) can be observed. In
some cellular areas, single cells undergo chondrocytic differentia-
tion separately (e).These cells are positive for S-100 protein (g) and
express COL2 (f) and partly COL10 (h). In the chondroid areas (i),
the cells are also positive for S-100 protein (j) and express COL2
(k protein, l mRNA) and focally COL10 (m protein, n mRNA).
o–s Chondroblastomas show histologically areas resembling chon-
droid tissue (o) with a slight positivity in proteoglycan staining (p),
but do not show expression of COL2 (q). Instead, multifocally
COL1 is found (r protein, s mRNA). t–v Chondromyxoidfibroma
shows myxoid areas (t) as well a focally areas resembling chon-
droid matrix formation (u). This is confirmed by the presence of
COL2 in these areas (v). (a, e, i, o, t, u HE; p toluidine blue; b–d,
f–h, j, k, m, v immunostainings for the antigens indicated above; 
l, n in situ hybridization experiments for COL2A1 (l) and
COL10A1 (n) mRNA using antisense probes; magnification bars
100 µm)
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ferent genetic errors within the neoplasms [40, 41]. In-
stead, the phenotypic diversity of the neoplastic cells
combined with a varying cellular synthetic activity re-
sults in a rather large diversity of abundance and bio-
chemical composition of the tumor matrix and cell and
tissue morphology.

Our investigations were for the first time able to show
an in vivo correlate of the in vitro well-described “dedif-
ferentiated” chondrocytic phenotype. “Dedifferentiated”
chondrocytic tumor cells are found in particular in non-
chondroid areas of conventional chondrosarcomas. This
particular variant of chondrocytic differentiation is, how-
ever, not the biological principle of the so-called “de-
differentiated” chondrosarcomas. Though in classical de-
differentiated chondrosarcoma [21], the lack of a transi-
tion zone between the two tumor compartments suggests
primary separate histiogenesis of both tumor portions
(collision tumor theory) [57, 64, 71], recently strong 
molecular evidence evolved for a common origin of at
least dedifferentiated chondrosarcomas [14]. Morpholog-
ical and biochemical data do not support, however, the
assumption of a common cell precursor leading to one
“differentiated” (=chondrogenic) and one “dedifferenti-
ated” (anaplastic) cell population. Instead, transdifferen-
tiation from one mesenchymal differentiated cell lineage
(chondrocytic) to another (osteogenic, fibroblastic) ap-
pears to be the most likely scenario in many cases. Over-
all, morphological, biochemical and molecular evidence
suggests two categories of dedifferentiated chondrosar-
comas with a rather different cell biology [1]. One with a
low grade or “benign” chondroid portion or developing
secondary to a previously treated chondroid lesion as
classically described by Dahlin and Beabout [21]. This
subtype shows the classical sharp borders and no transi-
tion in between the different tumor portions. The second
subtype has a higher grade chondroid lesion and can
show transition areas. Whereas in the former a late split-
up of both tumor portions has to be assumed, the latter
presumably shows a rather early split-up of both compo-
nents [1]. However, the clinical significance of this dis-
tinction is unclear, as both subtypes appear to have a
similarly poor prognosis [18].

The presented investigations reveal for the first time
good evidence for a “post-hypertrophic” differentiation
of chondroid cells to osteoblast-like cells also in man. So
far this differentiation process has only been described in
vitro [34] or in vivo in the chick [16, 53]. Besides for de-
differentiated and mesenchymal chondrosarcomas, this
process might potentially also be relevant for conven-
tional and clear cell chondrosarcomas leading to “real”
neoplastic bone formation. This “chondrogenic” osteo-
genesis specifies the old dogma of bone pathology that
neoplastic bone formation automatically implicates the
diagnosis of osteosarcoma rather than chondrosarcoma.
In a new classification of skeletal neoplasms, one will,
thus, have to distinguish in between “chondrogenic” and
primarily “osteogenic” bone formation, the former being
a potential feature of chondrogenic neoplasm, the latter
being the characteristic feature of osteogenic neoplasias.

Matrix gene expression pattern as markers 
for diagnosis and prognosis of mesenchymal 
neoplasms

The histological evaluation of the chondrogenic neopla-
sias and in particular the grading of these lesions repre-
sents a difficult diagnostic problem in bone pathology
[11, 24, 42]. It is so far based on mere histomorphology
and depends to a large extent on radiological parameters
such as localization and extension (invasion of extraskel-
etal structures, erosion of the corticalis, etc.) [56]. Our
studies demonstrate markers of histological classification
of skeletal neoplasms which are suitable for routine use
and can be helpful in critical cases. Thus, mesenchymal
chondrosarcomas can be distinguished from other small
cell mesenchymal neoplasms (Ewing’s sarcoma, small
cell osteosarcoma, hemanigiopericytoma) even in the ab-
sence of obvious cartilage formation due to the detection
of COL2 (or COL2A) in the small cell areas (Aigner et
al., unpublished observations), which was so far largely
impossible. Clear cell chondrosarcomas are also distin-
guishable by the detection of COL2 from other clear cell
neoplasms. The latter might cause diagnostic problems
in small bioptical specimens applying simple conven-
tional histology and immunohistochemistry, because
bone metastases of, e.g., renal clear cell carcinomas may
be histologically similar to clear cell chondrosarcomas
without overt cartilage formation and are also in part 
S-100 positive. Also, clear cell chondrosarcomas can be
distinguished from chondroblastomas by COL2 expres-
sion. COL10 is in combination with the histomorpholo-
gy, another potential marker of clear cell chondrosarco-
ma also in small biopsies. The positivity for COL2 clear-
ly argues in critical cases against the diagnosis of chon-
droblastoma and suggests in cases of overlapping histol-
ogy [20, 50, 59, 73] chondromyxoid fibroma.

Besides a proper diagnosis, a reliable prediction of 
tumor behavior is of high value for patient management.
In contrast to most other tumor entities, tumor size 
(T-staging) is of inferior relevance in case of possible 
adequate resection. Metastases to the lymph nodes or 
hematogenic metastases are extremely rare (at least at
the time of primary diagnosis) in most chondrosarcomas
and, thus, largely irrelevant for prognostic estimation 
(N- and M-staging). Thus, the central classification
scheme of nearly all neoplasms, the TNM-classification,
is largely not applicable for chondrosarcomas. Instead,
besides the histological typing, the grade of malignancy
in case of conventional chondrosarcomas is the only 
statistically significant prognostic marker [23, 36]. The
histopathological grading of conventional chondrosarco-
mas, which is the only chondrosarcoma variant for
which criteria exist, is not performed according to clear-
ly defined criteria. This is documented by the very much
different frequency of the diagnosis of different grades
between different pathological centers (e.g., G1 16–
63%) [24, 28]. Further analyses have to prove whether
tumor matrix composition or phenotypic markers repres-
ent prognostic markers independent of the tumor grade
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[52, 65]. In fact, our own studies have shown a high cor-
relation of collagen expression levels with tumor prog-
nosis (Aigner et al., unpublished observations). How-
ever, these parameters correlated also with tumor grad-
ing. Given the fact that multivariate analysis is not possi-
ble due to limited numbers of available cases with suffi-
cient follow-up data, these findings have to be taken cau-
tiously. This is particularly true, as many expression pat-
terns were found focally within the neoplasms. Nonethe-
less, our data substantiate why matrix appearance is one
of the criteria of defining the tumor grade [24] and is,
thus, one predictor for biological and clinical behavior of
the neoplasms. For example, the “dedifferentiated” phe-
notype (expression of COL1 and COL3), which shows in
vitro clearly increased proliferative activity compared to
differentiated chondrocytes, is typically found in con-
ventional chondrosarcomas of intermediate or high-
grade malignancy [24]. Anaplastic tumor cells (with
hardly any collagen expression), are observed in high-
grade chondrosarcomas, which do show the highest pro-
liferation index (own unpublished results; [31]). In con-
trast, the mature phenotype, which is responsible for the

hyaline-cartilage like tumor matrix (expression of COL2,
COL9, COL11 as well as aggrecan), or the hypertrophic
phenotype are the predominant phenotypes in chondro-
mas and well-differentiated chondrosarcomas. Both, 
mature or hypertrophic chondrocytes as well as differen-
tiated chondrogenic neoplasms show little proliferative
activity [31, 54], which is reflected by the low cell con-
tent in chondroid tumor areas and the slow growth of
these neoplasms. Thus, our study provides good experi-
mental evidence that phenotypic features correlate not
only with tumor matrix biochemistry and morphology,
but also with growth and clinical behavior of the chon-
drogenic neoplasms.

Perspectives

We have presented a systematic analysis on the biochem-
istry and the cell biology of chondrogenic neoplasms of
the skeleton using characteristic markers of mesenchy-
mal cell and tissue differentiation (for antibodies used in
the presented studies see Table 2). Using in situ detection
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Fig. 5 Categorization of chon-
drogenic neoplasms according
to their cellular differentiation
pattern

Table 2 Primary antibodies and enzymatic pretreatments used 
for immunohistochemical analysis of chondrogenic neoplasms. 
m mouse monoclonal, r rabbit polyclonal, H hyaluronidase
(2 mg/ml, in phosphate buffered saline (PBS), pH 5, 60 min at
37°C), P pronase (2 mg/ml, in PBS, pH 7.3, 60 min at 37°C), 
Pt protease XXIV (0.02 mg/ml, PBS, pH 7.3, 60 min at RT). The
basic procedure was as follows: after dewaxing and rehydration,
the sections were digested as indicated (with washes in PBS in

between if two enzymatic pretreatments were necessary) and the
primary antibodies incubated overnight at 4°C. Immunodetection
was performed using the streptavidin-biotin-complex technique
(Biogenex, San Ramon, Calif.: Super Sensitive Immunodetection
System for mouse or rabbit primary antibodies) with alkaline
phosphatase (as detection enzyme) and 3-hydroxy-2-naphtylacid 2,
4-dimethylanilid (as substrate). Nuclei were counterstained with
hematoxylin

Antigen Type Dilution Digestion Source

Vimentin (V9.1) m 1:200 – Dako (Denmark)
S-100 r 1:20000 P Dako (Denmark)
Collagen I r 1:200 H, P Synbio (Germany)
Collagen II r 1:50 H, P Novacastra (United Kingdom)
Collagen II-C1/D3/E8 m 1:50 H, P Dr. Holmdahl [35]
Collagen IIA r 1:1000 H, Pt Dr. Sandell [48]
Collagen III r 1:2000 H, P Dr. Günzler (Aventis, Frankfurt)
Collagen VI r 1:5000 H, P Dr. Timpl [61]
Collagen X (X-36, X-54) m 1:20 H, Pt Dr. von der Mark [27]; Quartett (Berlin, FRG)
Aggrecan (5G5) m 1:5000 H, Pt Dr. R. Perris (Aviano, Italy)



methods is herein clearly superior to other biochemical
or molecular biological approaches as they relate biolog-
ical data directly with the local histology and cellular
morphology. This is particularly important when looking
at highly heterogeneous tumors such as mesenchymal
neoplasms. We were able to show the phenotypic spec-
trum of neoplastic chondrocytes and to demonstrate
some phenotypes for the first time in vivo which were so
far only described for chondrocytes in vitro. Biochemical
analysis revealed specific pattern of tumor matrix com-
position for the different neoplastic entities. Tumor clas-
sifications, so far only based on histomorphological cri-
teria were either confirmed (mesenchymal chondrosarco-
ma, conventional chondrosarcoma, enchondroma, osteo-
chondroma) or modified (chondroblastoma, dedifferenti-
ated chondrosarcoma, clear cell chondrosarcoma). Our
studies delineate molecular markers for the biology of
this tumor class, which might become relevant for differ-
ential diagnosis. They also have the potential to be the
basis of a new biology-orientated classification of mes-
enchymal neoplasms (Fig. 5). Finally, expression pattern
analysis of matrix genes, in particular of the collagen
types, might play a leading role for the classification and
diagnosis of mesenchymal neoplasms similar to the cyto-
keratin-subtypes or the CDs (clusters of differentiation)
for the classification and diagnosis of neoplasms of the
epithelia and the lymphatics. 
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Abstract Nonepithelial tumor-like lesions of the pros-
tate include benign prostatic hyperplasia-associated stro-
mal nodules, postoperative spindle cell nodules, benign
mesenchymal tumors and sarcomas. These lesions and
neoplasms are rare but need to be exactly classified for
adequate treatment. This review focuses on the differen-
tial diagnosis between the various benign and malignant
entities and compares the new WHO classification with a
recently published typing of prostatic stromal lesions of
unknown malignant potential.

Keywords Prostate · Nodular stromal lesions · 
Prostatic-stromal proliferations of unknown malignant
potential

Introduction

The main diagnostic problem in the evaluation of pros-
tatic epithelial and nonepithelial proliferations is to dis-
tinguish between borderline lesions and low-grade ma-
lignant tumors. This is true of about 70% of our consul-
tation cases. In the case of nonepithelial proliferations,
the difficulty lies in discriminating between benign stro-
mal nodules/leiomyomas and low-grade leiomyosarco-
mas and other stromal sarcomas. This problem is partic-
ularly evident in punch biopsy specimens because they
often contain only small parts of the lesion.

In our consultation material, which comprises more
than 4000 prostatic specimens, there are 32 cases
(0.75%) of benign and malignant stromal lesions of the
prostate. Only four cases were sent to us with a suggest-
ed diagnosis. Occasionally, a prostate tumor without ele-
vated serum prostate-specific antigen (PSA) was noted.
Among the 20,000 punch biopsy specimens and trans-

urethral resection specimens in our routine material,
0.2% were found to contain nonepithelial lesions, of
which 60% were sarcomas.

Many nonepithelial neoplasms, such as schwanno-
mas, peripheral nerve sheath tumors, leiomyosarcomas
and rhabdomyosarcomas as well as osteochondrosarco-
mas and angiosarcomas of the prostate are identical to
those of the urinary bladder. Since these neoplasms were
reviewed in a previous article [18], this article focuses
mainly on prostate-specific nonepithelial lesions [30].

Although these lesions are very rare in comparison
with epithelial tumors of the prostate, especially prostat-
ic carcinomas, an exact classification is important as the
therapeutic concepts (surgical/nonsurgical/chemothera-
peutic) may depend on exact tumor typing. In the follow-
ing, the most important nonepithelial tumor-like lesions
of the prostate, classified according to the new WHO
classification [31] and the recent prostate stromal prolif-
erations of uncertain malignant potential (PSPUMP)
classification [12], are discussed. The diagnosis is based
on hematoxylin and eosin (H&E) stained sections with
additional application of immunohistochemical markers
of differentiation and proliferation [18].

Stromal nodules in benign prostatic hyperplasia

The enlargement of the organ in benign prostatic hyper-
plasia (BPH) is due to glandular and stromal prolifera-
tions. In the average BPH case, the glandular component
comprises 30%, while the stromal component accounts
for 70% of the prostate volume. The typical clinical
symptoms of BPH are therefore related particularly to an
increase in the stromal compartment [40]. Focal stromal
nodules, which are the most common stromal lesions of
the prostate, can develop bilaterally, but usually they are
localized in the transition zone, especially in the central
periurethral zone. Less frequently they occur in the sub-
capsular or intermediate zone [3, 8, 15, 16]. Histologi-
cally, they are well demarcated, contain thick-walled
blood vessels and show either embryonal-mesenchymal,
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fibroblastic, fibromuscular or smooth muscular differen-
tiation [2, 3, 44] (Table 1). Embryonal-mesenchymal
nodules are composed of spindle cells and are strongly
positive for alcian blue. The Mib-1 and proliferating-cell
nuclear antigen (PCNA) determined proliferation index
is low. Immunohistochemically, vimentin, desmin and
muscle specific actin are not expressed.

Fibroblastic nodules develop from embryonal nodules,
with which they share the same proliferation activity. Im-
munohistochemically, however, they are already positive
for vimentin but negative for desmin and smooth muscle
actin. Fibromuscular nodules show a mixture of fibro-
blastic and smooth muscle cells. Hence they stain im-
munohistochemically for vimentin, desmin and smooth
muscle actin. Their proliferative activity is even lower
than in embryonal and fibroblastic nodules.

Smooth muscle nodules are composed of eosino-
philic cells that have small nuclei. They show almost 

no proliferative activity. Immunohistochemically they 
express desmin and smooth muscle actin, but not 
vimentin. All types of nodules are positive for S100
protein and neuron specific enolase (NSE), while the
expression of estrogen and progesterone receptors is
variable, as is that of the androgen receptor. These nod-
ules are found particularly in the subcapsular or inter-
mediate zone.

Pathogenetically, it has been suggested that a stromal
clone with embryonal features develops, which sub-
sequently differentiates into the various nodules [2, 3,
26, 44]. This process may be stimulated by a change 
in the estrogen-androgen balance. Other factors that
may also play a role are the release of cytokines, 
growth factors and peptide hormones from T4 lympho-
cytes and neuroendocrine cells that infiltrate the stromal
compartment of the prostate [2, 8, 15, 16, 40, 41, 43,
44].
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Table 1 Differential diagnosis and immunohistochemistry of stro-
mal lesions of the prostate. PSPUMP prostate stromal prolifera-
tions of uncertain malignant potential, PSA prostate-specific anti-

gen, SMA smooth muscle antigen, CK cytokeratin, NSE neuron
specific enolase, AR androgen receptor, PR progesterone receptor

WHO PSPUMP Histology Immunohistochemistry Differential 
diagnosis

PSA Vimentin Desmin SMA CK S100 NSE AR PR Ki67/
protein Mib-1

Benign Type 4 Embryonal – – – – – + + + + ↑
stromal mesenchymal
nodules 
(BPH)

Fibroblastic + – – – + + + + ↓
Fibromuscular + + + – + + + + ↓
Smooth – + + – + + + + ↓
muscular

Stromal Type 1 Fibromuscular – + + + – – + + + ↑↓ Leiomyosarcoma
nodules with nodule with stromal sarcoma
atypia (BPH) cellular 

pleomorphism 
and 
leiomyoma-like
pattern

Leiomyoma Type 1 Solitary nodule, – + + + – – + + ↓↓ Leiomyosarcoma
with atypia smooth muscle stromal sarcoma

proliferation, 
range of 
diameter 
1–12 cm, rare 
mitoses, bizarre 
nuclei, 
multinucleation,
giant cells, 
nucleolar 
vacuolization

Post- Type 2 Spindle cell – + –/+ +/– Rarely – – – – ↑ Stromal sarcoma
operative proliferation + leiomyosarcoma,
spindle cell with chronic Kaposi’s 
tumor inflammation, sarcoma

prominent 
plexiform 
vasculature, 
rate of mitosis 
up to 25/10 HPF



Stromal nodules with cellular atypia in BPH

Occasionally, stromal nodules in BPH (Table 1) may
show pleomorphic spindle cells exhibiting bizarre hyper-
chromatic nuclei [50]. There may also be an increased
proliferative activity [11, 20] (Fig. 1a, b). When these
stromal nodules are extremely large (so-called giant leio-
myomas), they are often associated with an increased in-
cidence of infarction [24, 36, 50]. Their cells stain for 
vimentin, but are negative for S100 protein, desmin and
myoglobin. Some of these nodules include foci of myx-
oid degeneration displaying increased alcian blue posi-
tivity and resembling those seen in fibromyxoid tumors
of the prostate [1] (Fig. 4a). The nodules with cellular
atypia are well demarcated, in contrast to sarcomas.

Postoperative spindle cell nodules

These rare stromal nodules occur a few weeks or months
after surgical intervention, usually following transure-
thral resection of the prostate [19, 27, 28, 34]. Similar le-
sions may be seen in the vagina following vaginal hys-
terectomy or in the urinary bladder after transurethral in-
terventions [19, 23, 34]. Postoperative nodules are com-

posed of bundles of slender spindle cells variably inter-
spersed with a network of blood vessels (Fig. 2a), resem-
bling Kaposi’s sarcoma (Table 1). The mitotic activity
and the proliferation index may be very high [up to 25
mitoses per 10 high-power field (HPF) and up to 50%
Mib-1 labeled cells], but cellular pleomorphism and 
nuclear atypia are not prominent features. Sometimes 
necrotic areas as well as plexiform patterns of blood 
vessels are seen [4]. Furthermore, there is a sparse
chronic inflammatory cell infiltration, consisting of 
macrophages, lymphocytes and plasma cells. The cells
are positive for smooth muscle actin and for vimentin
and occasionally positive for desmin, but they are nega-
tive for S100 protein and myoglobin. Interestingly broad
spectrum cytokeratin is expressed in approximately 20%
of the cases. The differential diagnosis of postoperative
spindle cell nodules includes leiomyosarcomas and 
Kaposi’s sarcoma (Table 1).

Of the 32 cases included in our consultation material,
7 were postoperative spindle cell nodules (six biopsy
specimens and one transurethral resection). One case
was associated with a poorly differentiated neuroendo-
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Fig. 1 a Cell rich stromal nodule of the prostate with fibrous and
myxoid pattern (H&E ×200). b Leiomyoma of the prostate with
cellular atypia (H&E ×200)

Fig. 2 a Postoperative spindle cell nodule of the prostate showing
inhomogeneous chronic inflammation, varying cellularity and nu-
clear pleomorphism (H&E ×400). b Inflammatory pseudotumor of
the prostate showing a less compact pattern of spindle cells than in
the postoperative spindle cell nodule, rare pleomorphism, variable
myxoid and vascular patterns (H&E ×400)



crine carcinoma. The mean Mib-1 labeling index was
high (37.8%), corresponding to the labeling index in
young nodules with an age of 8 weeks after transurethral
resection of the prostate. Furthermore, two recurrences
showed similarly high proliferative activity with a label-
ing index of more than 30%. This finding may be misin-
terpreted as a transition to malignant behavior, but this
activity is typical of “young” postoperative spindle cell
nodules. We did not see any invasive growth. Generally,
complete resection of these spindle cell nodules is the
therapy of choice, but recurrences like those seen in our
cases may develop.

Solitary fibrous tumor

This neoplasm, which was originally described in the
pleura, was recently also reported in the prostate and the
urinary bladder [29, 45]. The tumor grows very slowly,
but the size of the encapsulated tumor may be very large.
Therefore, the tumor may extend beyond the prostate or
urinary bladder. The tumor has a spindle cell pattern with
enlarged nuclei-containing small nucleoli and sometimes a
storiform and vascular growth pattern [29] (Table 2).
Thick bands of collagen separate the tumor cells. The tu-
mor reveals prominent vascularity similar to that in hem-
angiopericytomas [30]. Immunohistochemically, the tumor
tissue is positive for vimentin, CD34, bcl-2 and CD99.
The reactions for cytokeratin, S100 protein and desmin are
negative. The rate of cell proliferation (Ki-67 labeling in-
dex) is very low (0–2%) [5]. Usually there are no atypical
mitoses. In rare cases a pseudoinvasive growth pattern has
been observed [5, 42]. In such cases the tumors may be
misdiagnosed as sarcomas [29, 42] (Fig. 3a, b).

Pseudosarcomatous fibromyxoid tumors 
and nodular spindle cell proliferations without BPH
or preceding surgery (inflammatory pseudotumor)

Nodular spindle cell proliferations without preceding
surgery have been found in patients ranging in age be-
tween 16 years and 75 years. They may reach a size of
8 cm in diameter, which is much larger than in postoper-
ative spindle cell nodules. Two different morphologic
patterns may be observed. On the one hand, the nodular
spindle cell proliferations consist of fibromyxoid and
edematous components and resemble nodular fasciitis.
These nodules are called pseudosarcomatous, alcian blue
positive fibromyxoid tumors [14, 23, 37, 38, 39, 49]
(Fig. 4a; Table 2). On the other hand, the nodular spindle
cell proliferations may contain a distinct inflammatory
vascular component, so that the lesion corresponds to an
inflammatory pseudotumor (Fig. 2b). In our five cases of
nodular spindle cell proliferations the spindle cell com-
ponents usually showed high proliferative activity, but
necrosis and ulcerations were lacking. This helped to dif-
ferentiate these lesions from true sarcomas or sarcoma-
toid carcinomas, which are often focally necrotic [10, 32,

33, 42, 46]. The immunohistochemical profile resembles
that of postoperative spindle cell nodules; however, the
staining intensity of the different markers (smooth 
muscle actin, vimentin, cytokeratin) is generally much
weaker. A recent immunohistochemical study revealed
strong positivity for anaplastic lymphoma kinase in in-
flammatory myofibroblastic tumors (inflammatory pseu-
dotumors) [7, 47]. Ultrastructural studies failed to reveal
epithelial differentiation, but showed myofibroblastic
differentiation. The tumors are diploid [4, 38]. 

The differential diagnosis includes leiomyosarcoma,
other myxoid sarcomas, and especially sarcomatous car-
cinomas, which are the main reason for misinterpreta-
tions in needle biopsy specimens [6, 10, 32, 33, 42, 46]
(Fig. 4b, Fig. 5b). Invasive primary spindle cell urothe-
lial carcinomas in the prostate or the urinary bladder may
imitate postoperative spindle cell nodules as well as nod-
ular spindle cell proliferations without preceding surgery
[18, 42] (Fig. 2a, b).

Phyllodes tumor of the prostate

Phyllodes tumor of the prostate [21] or its synonym,
cystadenoleiomyofibroma [22, 35], is a very rare neo-
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Fig. 3 a Solitary fibrous tumor of the prostate showing thick
bands of collagen and focal storiform growth (H&E ×400). 
b Leiomyosarcoma of the prostate showing necrosis (H&E ×200)



plasm. It is seen in all age groups and presents with the
clinical symptoms of BPH, because it causes distinct 
enlargement of the prostate. The tumor shows prolifera-
tions of cystic glandular structures or elongated and
compressed glands that are surrounded by a cell-rich
stroma composed of abundant spindle cell elements
(Fig. 5a) (Table 2). Some areas reveal sclerosis or myx-
oid changes. Epithelial atypia is lacking, but the stromal
cells may show atypia. The stromal cells are positive for
vimentin and occasionally also for desmin. The MIB-1
proliferation index is in the range of 10–20% and the 
mitotic rate increased [47, 48].

Phyllodes tumor must be differentiated from utricular
cysts and from seminal vesicle tumors [23]. Like in the
breast, cases showing a transition from phyllodes tumor
to malignant cystosarcoma phyllodes even with rhabdo-
myoblastic differentiation have been described [9, 13,
25]. We also observed such a case, which displayed dis-
tinct cellular atypia, frequent mitoses, a high MIB-1 pro-
liferation index and a stromal component with an inva-
sive growth pattern [47, 48] (Fig. 5a). Radical surgery is
the treatment of choice and has been discussed for cases
in which the histological investigation of biopsy material

yielded unclear results, especially to exclude rhabdomy-
osarcoma or giant cell stroma sarcoma of the prostate
(Fig. 5b).

Prostatic stromal proliferations with uncertain 
malignant potential

The distinction of benign stromal lesions of the prostate
from sarcomas is usually possible by the detection of
atypical stromal cells with increased proliferation activity
and taking into account the duration of the lesion, the in-
crease in size and its demarcation or extension beyond
the prostate capsule. Similar to carcinomas, however,
there are occasionally borderline lesions that represent a
diagnostic challenge. In recent years, terms such as 
lesions with unknown malignant potential or neoplasms
of low malignant potential have therefore been intro-
duced. Gaudin and collaborators [12] discriminated four
groups of PSPUMPs according to their degree of cellular
atypia [12].

The most frequently observed PSPUMPs are character-
ized by a proliferation of stromal cells with focal cytologi-
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Fig. 4 a Fibromyxoid tumor of the prostate with pleomorphic
spindle cells and with distinct myxoid and microvascular pattern
but without inflammatory infiltration (H&E ×400). b Fibromyxoid
low-grade sarcoma with small myxoid areas and moderate to
strong cellular pleomorphism. (H&E ×400)

Fig. 5 a Phyllodes tumor of the prostate with increased mitotic
rate, increased cellularity and pleomorphism (H&E ×400). b Stro-
mal sarcoma of the prostate (H&E ×400)



cal atypia associated with benign prostatic glands. Stromal
cells are round, plump to spindle-like; the cytoplasm is
weakly eosinophilic; some of the nuclei are enlarged with
some pleomorphism. Sometimes multinuclear cells with
slightly prominent nucleoli are seen. The glandular forma-
tions are without atypia. Squamous metaplasia and activa-
tion of basal cells may be seen.

The second type of PSPUMP shows the same changes
as described above. In addition, however, there is cyto-
logical atypia. The third type of PSPUMP resembles
phyllodes tumor of the breast. The stromal proliferations
are mixed with nonmalignant glandular elements. The
different types also show an increase in proliferative ac-
tivity. Atypical stromal cells are seen, as described for
type 1. The glandular epithelium is frequently metaplas-
tic and increased proliferation of basal cells and basal
cell hyperplasia are seen. Furthermore, sclerosing adeno-
sis has been described in this type. The fourth type of
PSPUMP represents pure stromal hyperplasia without
cytological atypia and without glandular elements.

The PSPUMP classification [12] must be considered
an attempt to improve the differential diagnosis of stro-
mal lesions of the prostate versus sarcomas. In our opin-
ion, however, PSPUMP does not represent an improve-
ment. The diagnosis of benign stromal nodules of the
prostate with and without atypia, solitary fibrous tumors,
postoperative spindle cell nodules and spindle cell nod-
ules without previous surgery are clearly benign lesions
can usually be made on punch biopsy material (Table 1,
Table 2). Classifying these changes as stromal prolifera-
tions with unknown malignant potential might only con-

fuse urologists and is therefore not helpful. In Table 1
and Table 2 the various types of PSUMP are listed and
related to the stromal lesions of the prostate included in
the WHO classification.
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Table 2 Differential diagnosis and immunohistochemistry of stro-
mal lesions of the prostate. PSPUMP prostate stromal prolifera-
tions of uncertain malignant potential, PSA prostate-specific anti-

gen, SMA smooth muscle antigen, CK cytokeratin, NSE neuron
specific enolase, AR androgen receptor, PR progesterone receptor

WHO PSPUMP Histology Immunohistochemistry Differential 
diagnosis

PSA Vimentin Desmin SMA CK S100 NSE AR PR Ki67/
protein Mib-1

Inflammatory Type 2 Similar to – + –/+ + Rarely –CD 68 – – – ↑ (~20%) Myxoid 
pseudotumor granulation + fibrosarcoma,
without prior tissue, looser, stromal 
operation less compact sarcoma

pattern of 
spindle cells 
than in 
postoperative 
spindle cell 
nodules

Solitary Type 2 Big encapsulated – + + (+) (+) – – – – ↑ Stromal 
fibrous tumor tumor, spindle sarcoma, 

cell pattern, hemangio-
enlarged nuclei, pericytoma
no necrosis

Phyllodes Type 3 Epithelial- + + (+) (+) + – – – + ↑ Rhabdomyo-
tumor stromal tumor, sarcoma
(epithelial- increased stromal
stromal tumor) component, 

relatively 
frequent mitoses, 
invasive pattern



9. De Raeve H, Jenris W, Wyndaele J-J, van Mark E (2001) 
Cystosarcoma phyllodes of the prostate with rhabdomyoblastic
differentiation. Pathol Res. Pract 197:657–662

10. Dundore PA, Cheville JC, Nascimento AG, Farrow GM, 
Bostwick DG (1995) Carcinosarcoma of the prostate. Report
of 21 cases. Cancer 76:1035–1042

11. Eble JN, Tejada E (1991) Prostatic stromal hyperplasia with
bizarre nuclei. Arch Pathol Lab Med 115:87–89

12. Gaudin PB, Rosai J, Epstein JI (1998) Sarcomas and related
proliferative lesions of specialized prostatic stroma. Am J Surg
Pathol 22:148–162

13. Gueft B, Walsh MA (1975) Malignant prostatic cystosarcoma
phyllodes. NY State J Med 75:2226–2228

14. Hafiz MA, Toker C, Sutula M (1984) An atypical fibromyxoid
tumor of the prostate. Cancer 54:2500

15. Helpap B (1995) Anatomy and physiology of the prostate and
pathological anatomy and pathophysiology of the benign pros-
tate hyperplasia (BPH). In: Sökeland J (ed) Benigne Prostata-
Hyperplasie. Thieme, Stuttgart, pp 3.1–3.27

16. Helpap B (1998) Benign prostatic hyperplasia. In: Foster CH,
Bostwick DG (eds) Pathology of the prostate. Saunders, Phila-
delphia, pp 66–94

17. Helpap B (2000) Benigne Prostatahyperplasie Histopatho-
logie. In Höfner K, Stief CG, Jonas K (eds) Benigne Prostata-
hyperplasie. Springer, Berlin Heidelberg New York, pp 64–93

18. Helpap B (2001) Nonepithelial neoplasms of the urinary blad-
der. Virchows Arch 439:497–503

19. Huang WL, Ro JY, Grignon (1990) Postoperative spindle cell
nodule of the prostate. Cancer 54:2500–2504

20. Karoly P, Endes P, Krasznai G (1988) Bizarre leiomyoma of
the prostate. Arch Pathol Lab Med 111:381–383

21. Kerley SW, Pierce P, Thomas J (1992) Giant cystosarcoma
phyllodes of the prostate associated with adenocarcinoma.
Arch Pathol Lab Med 116:195–197

22. Lauwers GY, Schevchuk M, Armenakas N, Reuter CE (1993)
Carcinosarcoma of the prostate. Am J Surg Pathol 17:342–249

23. Leader M, Kay E, Walsh CB (1998) Soft tissue neoplasms and
other unusual tumors of prostate, including uncommon carci-
nomas. In: Foster CH, Bostwick DG (eds) Pathology of the
prostate. Saunders, Philadelphia, pp 364–383

24. Leonard A, Baert L, Van Praet F (1988) Solitary leiomyoma of
the prostate. Br J Urol 60:184–187

25. Lopez-Beltran A, Gaeta JF„ Huben R (1990) Malignant phyl-
lodes tumor of the prostate. Urology 35:164–167

26. McNeal JE (1990) Pathology of benign prostate hyperplasia.
Urol Clin North Am 17:477–486

27. Meister P (1998) Spindelzellige Tumoren und tumorähnliche 
Veränderungen der Prostata und Umgebung. Pathologe 19:69–73

28. Meister P, Heidel G (1991) Postoperative Spindelzellknoten
der Harnblase und Prostata. Pathologe 12:214–219

29. Mentzel T, Bainbridge TC, Katenkamp D (1997) Solitary 
fibrous tumour: clinicopathological, immunohistochemical,
and ultrastructural analysis of 12 cases arising in soft tissues,
nasal cavity and nasopharynx, urinary bladder and prostate.
Virch Arch 430:445–453

30. Montironi R (2001) Spectrum of prostatic non-epithelial tumor
– like conditions and tumors. Pathol Res Pract 197:653–655

31. Mostofi FK, Sesterhenn IA, Davis CJ (2002) Histological typ-
ing of prostate tumours. WHO International Histological Clas-
sification of Tumors. Springer, Berlin Heidelberg New York

32. Naszeer T, Barada JH, Fisher HAG, Ross JS (1991) Prostatic
carcinosarcoma: case report and review of literature. J Urol
146:1370–1373

33. Ohtsuki Y, Ro JY, Ordonez NG, Kee KH, Richmond C, 
Ayala AG (1996) Sarcomatoid carcinoma of the prostate with
rhabdomyosarcomatous differentiation. J Urol Pathol 5:157–
166

34. Proppe KH, Scully RE, Rosai J (1984) Postoperative spindle
cell nodules of genitourinary tract resembling sarcomas. A re-
port of eight cases. Am J Surg Pathol 8:101–108

35. Reese JH, Lombard CM, Krone K (1987) Phyllodes type of
atypical prostatic hyperplasia: a report of 3 new cases. J Urol
138:623–626

36. Regan JB, Barrett DM, Wold LE (1987) Giant leiomyoma of
the prostate. Arch Pathol Lab Med 111:381–383

37. Ro JY, Ayala AG, Ordonez NG (1986) Pseudosarcomatous fi-
bromyxoid tumor of the urinary bladder. Am J Clin Pathol
86:583–590

38. Ro JY, El-Naggar AK, Amin MB, Sahin AA, Ordonez NG,
Ayala AG (1993) Pseudosarcomatous fibromyxoid tumor of
the urinary bladder and prostate. Immunohistochemical, ultra-
structural, and DNA flow cytometric analyses of nine cases,
Hum Pathol 24:1203–1210

39. Sahin AA, Ro JY, El-Naggar AK et al (1991) Pseudosarcoma-
tous fibromyxoid tumor of the prostate. Am J Clin Pathol
96:253–258

40. Shapiro E, Becich MJ, Hartanto V, Lepor H (1992) The rela-
tive proportion of stromal and epithelial hyperplasia is related
to the development of symptomatic benign prostate hyperpla-
sia. J Urol 147:1293–1297

41. Steiner MS (1993) Role of peptide growth factors in the pros-
tate: a review. Urology 42:99–110

42. Tetu B, Ro JY, Ayala AG, Srigley JR, Begin LR, Bostwick DG
(1988) Atypical spindle cell lesions of the prostate. Semin
Diagn Pathol 5:284–293

43. Theyer G, Kramer G, Assman I, Sherwoof E, Prenfalk W,
Marberger M, Zechner O, Steiner GE (1992) Phenotypic 
characterization of infiltrating leukocytes in benign prostatic
hyperplasia. Lab Inves 66:96–107

44. Vogel J, Bierhoff E, Pfeiffer U, Vahlensieck W (1992) Neuere
Überlegungen und Untersuchungen zur benignen Prostata-
hyperplasie (BPH). In: Vahlensieck W, Rutishauser G (eds)
Benigne Prostatopathien. Thieme, Stuttgart, pp 101–112

45. Westra WH, Grenko RT, Epstein J (2000) Solitary fibrous 
tumor of the lower urogenital tract: a report of five cases in-
volving the seminal vesicles, urinary bladder, and prostate.
Hum Pathol 31:63–68

46. Wick MR, Young RH, Malvesta R et al (1989) Prostatic car-
cinosarcomas. Clinical, histologic, and immunohistochemical
data on two cases, with a review of the literature (Review).
Am J Clin Pathol 92:131–139

47. Yokota T, Yamashita Y, Okuzone Y, et al (1984) Malignant
cystosarcoma phyllodes of prostate. Acta Pathol Jpn 34:
663

48. Young JF, Jensons PE, Wiley CA (1992) Malignant phyllodes
tumor of the prostate: a case report with immunohistochemical
and ultrastructural findings. Arch Pathol Lab Med 116:296–
299

49. Young RH, Scully RE (1987) Pseudosarcomatous lesions of
the urinary bladder, prostate gland, and urethra. A report of
three cases and review of the literature. Arch Pathol Lab Med
111:354–358

50. Young RH, Scrigley JR, Amin MD, Ulbright ThM, Cubilla AL
(2000) Tumors of the prostate gland, seminal vesicles, male
urethra, and penis. Atlas of Tumor Pathology Fascicle 28,
AFIP Washington, pp 257

237



Abstract The current definition of gastrointestinal tumors
(GIST) as CD117-positive mesenchymal tumors of uncer-
tain malignant potential fails to include a number of cases
with similar histology. In an attempt to improve the classi-
fication of these neoplasms, we conducted an immunohis-
tochemical analysis of 244 mesenchymal tumors with his-
tological features of GIST. According to their immuno-
phenotype, the tumors were classified as GISTs, which are
characterized by CD117 (c-kit) expression; gastrointesti-
nal CD117-negative CD34 positive stromal tumors
(GINST); α-smooth muscle actin and/or desmin positive
gastrointestinal leiomyogenic tumors (GILT); S-100 and
glial fibrillary acidic protein positive gastrointestinal gli-
al/schwannian tumors (GIGT); gastrointestinal neuro-
nal/glial tumors (GINT), which are positive for S-100/gli-
al fibrillary acidic protein plus neuronal/glial markers; and
gastrointestinal fibrous tumors (GIFT), which are only vi-
mentin positive. The most common type of tumors were
GIST, followed in order of frequency by GINST, GILT,
GIGT, GIFT, and GINT. GISTs did not show any prefer-
ential location, whereas GINSTs occurred almost exclu-
sively in the stomach and duodenum, and GILTs preferen-
tially in the large intestine. Over a median follow-up peri-
od of 71 months, malignant behavior, i.e., metastatic
spread, was observed in all tumor types except GINTs.

Malignancy was associated with distal gut location, high
mitotic activity, large tumor size, and nuclear pleomor-
phism, though none of these criteria alone discriminated
between benign and malignant. Kaplan-Meier analysis of
disease-specific survival showed significant differences in
the long-term outcome of the newly defined subgroups.
We conclude that, despite strong morphological similari-
ties, gastrointestinal mesenchymal tumors are heterogene-
ous in their immunophenotype and biology.

Keywords Gastrointestinal mesenchymal tumors · 
Immunophenotypic classification · Survival analysis

Introduction

A variety of mesenchymal neoplasms may arise in the
gastrointestinal (GI) tract and the peritoneal cavity.
Among these, benign schwannomas and leiomyomas are
readily identified and hardly ever pose diagnostic prob-
lems [10, 26]. The same holds true for a spectrum of in-
flammatory tumors [6, 36] which mainly occur in young
age groups. Apart from these entities, there is a large
fraction of tumors that cannot be classified in any of the
categories encountered in the extraperitoneal soft tissues.
These tumors typically display a high cellular density
and a fusiform or epithelioid cytology [38] vaguely remi-
niscent of muscular or neural differentiation. They nev-
ertheless lack the distinctive features of classic leiomyo-
mas, schwannomas or their malignant counterparts, and
their relatively bland histological aspect scarcely betrays
their often highly aggressive behavior [38].

Immunohistochemically, subsets of these neoplasms
were shown to express myogenic [37, 56] or neural [22, 35]
differentiation antigens, alone or in combination [37, 47,
54]. Hence, the terms leiomyoblastoma and plexosarcoma
(or gastric autonomic nerve tumor, GANT) were coined for
tumors with a muscular or neural phenotype, respectively
[3, 11, 22]. Later, the noncommittal term gastrointestinal
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stromal tumors (GIST) was introduced [35, 56] to designate
cellular mesenchymal neoplasms with uncertain malignant
potential. It was found that a substantial portion of these tu-
mors expressed the stem cell antigen CD34 [39, 66], which
was proposed as a major diagnostic criterion.

Recently, Kindblom and associates [28] observed con-
sistent expression of the transmembrane receptor CD117,
which is encoded by the c-kit gene, in a series of GISTs.
In a subset of these tumors, gain-of-function mutations in
the juxtamembranous domain of the c-kit gene provoke a
ligand-independent activation of the CD117 receptor
[23]. These mutations have been shown to be tumorigenic
[24], and some studies have reported a correlation be-
tween c-kit mutations and the malignant potential of
CD117-expressing tumors [15, 30, 62]. A previous idea
[56] was suddenly nourished by new elements: together
with ultrastructural findings, the observation of CD117
expression suggested a derivation from interstitial cells of
Cajal (ICC) [25, 29, 60]. Therefore, the term gastrointes-
tinal pacemaker cell tumors (GI-PACT) was proposed for
c-kit positive GISTs [28]. Subsequently, the argument
that a Cajal cell phenotype does not imply a pacemaker
function led to the proposal of the optional name of ICC
tumors [60]. However, neither term gained popularity,
and the term GIST is now understood to mean CD117-
positive stromal tumors of the gastrointestinal tract.

This definition, nevertheless, does not cover the total-
ity of gastrointestinal mesenchymal tumors with features
resembling GISTs [44]. It appears indeed that a portion
of gastrointestinal mesenchymal tumors remains “un-
classified” despite increasingly refined diagnostic crite-
ria [44]. Notably, we observed that numerous gastroin-
testinal tumors may exhibit a GIST-like morphology [14,
38] but strikingly different immunophenotypes.

Comparative analyses have often been hampered by
small sample sizes due to the relatively low prevalence
of such tumors. We therefore conducted a multicenter
study on 244 mesenchymal tumors from the gastrointes-
tinal tract and the peritoneal cavity with GIST-like mor-
phology. The results of this study led us to propose a
new classification based on immunophenotype. Special
consideration was given to the relationship between the
different immunophenotypes and morphological fea-
tures, as well as factors related to malignancy.

Materials and methods
From the files of the departments of pathology of the University of
Kiel, the Technical University of Munich, the Free University of
Brussels (Jette), and the University of Varese, we retrieved 317
primary gastrointestinal mesenchymal tumors excised between
1973 and 1999 from adult patients. After review of the sections by
a panel of five pathologists, 244 of these tumors were diagnosed
as GISTs by hematoxylin and eosin (H&E) histology according to
the established criteria [14, 38]. Small/round cell tumors that
could not be classified otherwise were included because such fea-
tures have been described for GISTs [38]. Sixty-three tumors did
not fulfill the morphological criteria for GIST. They comprised 47
typical leiomyomas and 16 benign schwannomas, which were di-
agnosed on the basis of the established criteria [10, 26] and re-
tained as controls. Malignant mesenchymal tumors that may arise
in the peritoneal cavity, namely three leiomyosarcomas and seven

liposarcomas [14, 38], were disregarded, and metastasis from sar-
comas outside the gastrointestinal tract was ruled out. Inflammato-
ry fibrous polyps, inflammatory myofibroblastic tumors, and soli-
tary fibrous tumors were not encountered among our cases.

The study was performed on representative formalin-fixed tis-
sue blocks from 244 patients. H&E stained sections were used to
evaluate tumor cytology (fusiform vs epithelioid or other), the
number of mitotic figures, and the degree of nuclear pleomor-
phism. Additionally, one section was stained with periodic ac-
id–Schiff (PAS) for the detection of skeinoid fibers [46]. Mitotic
figures were counted as recommended [68] in 50 consecutive high
power fields (HPF, 400× magnification) starting from the area
with the most conspicuous mitotic activity. Nuclear pleomorphism
was graded in three categories, i.e., none to slight (1), moderate
(2), and marked (3). Necrosis was recorded as absent, focal (<50%
of the tumor surface on histological sections), and extensive (50%
and more of the tumor surface).

For immunohistochemical analysis the tumors were stained for
the presence of mesenchymal (vimentin), epithelial (pan-cytokera-
tin), muscular [muscle specific actin (MSA), α-smooth muscle ac-
tin (ASMA), desmin], schwannian/glial [S-100 protein, glial fi-
brillary acidic protein (GFAP)], neuronal/glial (GFAP), neuroen-
docrine (neuron-specific enolase [NSE], PGP 9.5, synaptophysin,
chromogranin A), and ICC-associated antigens (CD117, CD34).
Immunohistochemistry was carried out as described [54]. Briefly,
4-µm sections were cut from formalin- or Bouin-fixed, paraffin-
embedded tissue specimens, mounted on 3 aminopropyl-triethoxy-
silane (APES) or poly-L-lysine-coated slides, and dried overnight
at room temperature. Subsequently, they were dewaxed in xylene,
rehydrated in graded ethanol, and incubated with the primary anti-
bodies for 30 min. After rinsing with Tris-buffered saline (TBS),
the immunoreactions were enhanced by means of the alkaline
phosphatase anti-alkaline phosphatase (APAAP) technique [9],
and the sections were counterstained with Mayer’s hematoxylin.
Table 1 summarizes the source of the antibodies, their concentra-
tions, and specificities. Where present within the specimens, blood
vessels (vimentin, CD34, muscle-specific actin, α-smooth muscle
actin, desmin), nerve fascicles and plexus cells (S-100, glial fibril-
lary acidic protein), ICC (CD117), and mucosal neuroendocrine
cells (NSE, PGP 9.5, synaptophysin, chromogranin A) served as
internal controls for the respective immunoreactions.

For immunohistochemical scoring, the estimated number of
positive tumor cells was adjusted for staining intensity by multi-
plication with the factor 1 for faint, 2 for moderate, and 3 for
strong staining, and the result was divided by 3 to obtain a number
between 0 and 100. Scores below 10 were regarded as negative,
from 10–25 as weak, 25–50 as moderate, and over 50 as strong an-
tigen expression. Only the latter was accepted as a valid criterion
for classification.

Malignancy was ascertained exclusively on the basis of clini-
cal outcome, i.e., as evidence of any metastasis to the peritoneal
cavity, lymph nodes or distant organs. Complete clinical follow-up
data could be obtained in 179 cases. The median duration of fol-
low-up was 71 months (11–287 months).

The SPSS statistical software package was used for all calcula-
tions. Categorized variables were compared by means of chi-
squared statistics, the Mann-Whitney U-test, and the Kruskal-Wal-
lis nonparametric analysis of variance. Cumulative survival proba-
bilities were computed by means of Kaplan-Meier analysis and
compared with the log-rank test. A multivariate regression analy-
sis was performed using the Cox multiple proportional hazards
model and verified by the Wald test. Statistical significance was
assumed at P<0.05.

Results

Our series of GISTs and tumors with GIST-like histology
included 132 female and 112 male patients. The patients’
ages ranged from 20 years to 91 years (median 65 years,
mean 61.5±13.5 years). One hundred and six tumors
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(43.4%) were located in the stomach, 59 (24.2%) in the
duodenum and the remainder of the small intestine, 25
(10.2%) in the colon and rectum, and 5 (2.1%) in the
omentum and retroperitoneal soft tissue (1 case, 0.4%).
In 47 cases (19.3%) the tumors stemmed from the gas-
trointestinal wall but the exact location was not speci-
fied. The average tumor size was 6.1±4.8 cm (median
5 cm, range 0.3–24 cm).

Microscopically the tumors showed either a fusiform
(Fig. 1a), an epithelioid (Fig. 1b), or a mixed fusiform-
epithelioid cytology (Fig. 1c). A portion of tumors were
composed of small roundish cells; these were catego-
rized in the group of epithelioid tumors. Occasionally, a
prominent hemangiopericytoma-like pattern was appar-
ent (Fig. 1d). Apart from variations in the degree of nu-
clear pleomorphism (Fig. 1e, f), no other distinctive fea-
tures were observed. Classified according to the predom-
inant cell type, 70 tumors (28.7%) displayed an epitheli-
oid morphology; the remaining tumors were entirely or
mainly composed of spindle-shaped cells. The mitotic
counts ranged from 0 HPF to 345/50 HPF (median, 3).

Immunohistochemically, antigen expression varied
from tumor to tumor, except for vimentin, which was
consistently demonstrable. We therefore classified the tu-
mors on the basis of their predominant staining pattern.
All tumors showing at least weak CD117 expression
(score >10) were classified as GISTs, regardless of the
coexpression of other antigens (Fig. 2a). CD117-negative
neoplasms showing strong expression (score >50) of one
or several myogenic markers in the absence of any signif-
icant neural differentiation (score <10) or marked CD34
expression (score <10) were considered to be gastrointes-
tinal leiomyogenic tumors (GILT) (Fig. 2b). CD117-neg-
ative tumors showing strong expression of S-100 protein
and, in a significant number of cases, also GFAP and
PGP9.5 in the absence of myogenic markers were regard-
ed as gastrointestinal glial/schwannian tumors (GIGT)
(Fig. 2c), whereas concurrent moderate to strong expres-
sion of synaptophysin, often in combination with a posi-
tive reaction for S-100, NSE, PGP 9.5 and GFAP charac-
terized the neuronal/glial phenotype (GINT) (Fig. 2d). A

Table 1 Antibodies used in this study; concentrations, specificities, and sources

Antibody Specificity Dilution Source

HHF35 Muscle-specific actin; cells with Ready to use Enzo, New York, NY
muscular differentiation

1A4 α-Smooth muscle actin; smooth muscle cells 1:20 Dako, Glostrup, Denmark
D33 Desmin; (striated) muscle cells 1:20 Dako
H14 Neuron-specific enolase; neural and 1:200 Dako

neuroendocrine cells
PGP9.5 polyclonal PGP9.5; neural and neuroendocrine cells 1:500 Biotrend, Cologne, Germany
Chromogranin Chromogranin A; neuroendocrine cells ready to use Linaris, Wertheim, Germany
S438 Synaptophysin; neuronal and neuroendocrine cells 1:20 Dako
S-100 polyclonal S-100 protein; neuroectodermal cells 1:300 Dako
GFAP Glial fibrillary acidic protein; glial cells 1:1600 Dako
QBend/10 CD34; hematopoietic stem cells, endothelia, 1:500 Immunotech, Marseille, France

interstitial dendritic cells
c-kit polyclonal CD117 receptor; interstitial cells of Cajal, mastocytes 1:50 Dako
V9 Vimentin; mesenchymal cells 1:30 Dako

“null” phenotype category was assigned to gastrointesti-
nal fibrous tumors lacking any antigen expression save
for vimentin. Finally, tumors that strongly expressed
CD34 but could not be classified according to the criteria
detailed above were considered gastrointestinal CD117-
negative stromal tumors (GINST) (Fig. 2e).

According to these definitions, our series comprised
137 GISTs (56.1%), 33 GINSTs (13.5%), 23 GILTs
(9.4%), 19 GIFTs (7.8%), 21 (8.6%) GIGTs, and 11
(4.5%) GINTs. These categories did not differ signifi-
cantly with respect to patient age and tumor size. In con-
trast, the mitotic activity varied markedly, being high in
GIST and GIFT, intermediate in GIGT, low in GILT, and
almost absent in GINT (P=0.002, Table 2). Also, their
distribution in the gastrointestinal tract showed some
striking preferences (P=0.008, Table 3). GISTs repre-
sented the totality of the esophageal tumors and more
than 80% of those located in the jejunum. Otherwise,
they showed a haphazard distribution throughout the di-
gestive tract with a prevalence of 54% in the stomach,
60% in the ileum and rectum, and close to 40% in the
colon. Conversely, the vast majority (73%) of GINST
was found in the stomach, even though they accounted
for only 30% of all tumors in this site. A markedly
smaller percentage was encountered in the duodenum
(9%), whereas none were known to be located in other
sites of the gastrointestinal tract. GILTs showed an in-
verse trend inasmuch as they accounted for a small frac-
tion of the gastric and duodenal tumors and for a major
percentage of the colorectal tumors. GIGTs, however,
were almost exclusively found in the stomach (62%) and
the duodenum (10%). GINT tumors were more randomly
distributed, albeit with a certain preponderance in the
stomach. GIFT were frequent in the duodenum but oth-
erwise did not appear to have a predilection for any par-
ticular location. Surprisingly, however, they only repre-
sented 20% of the tumors in the peritoneal cavity, where-
as the majority (60%), including the one tumor in the ret-
roperitoneal soft tissue, were GISTs. 

The tumor categories also exhibited striking differ-
ences with respect to their predominant cell type
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was slightly more prevalent in GISTs and GIGTs
(Fig. 1f), but this difference barely achieved statistical
significance (P<0.05). Skeinoid fibers, identified by
PAS-positive globular structures, were mainly encoun-
tered in GISTs (ten cases, Fig. 2f), and to a lesser extent
in GINSTs (three cases). The one remaining case with
skeinoid fibers was of GILT phenotype, whereas none of
the tumors with GIGT/GINT differentiation contained
detectable skeinoid fibers.

A number of tumors concurrently expressed several
divergent differentiation antigens (Table 4). This trait
was most salient in GISTs, in which both muscular and
neural or schwannian/glial antigens were present at high
rates. The highest coreactivity, however, was seen with
PGP 9.5 and CD34. The lowest rate of antigen coexpres-
sion was found in fibrous tumors, in which only PGP 9.5
was occasionally represented. Normally, secondary anti-
gens were expressed at low or intermediate levels, ex-
cept for strong CD34 reactivity in 91 GISTs (66%). Oth-

Fig. 1 All panels are stained with hematoxylin and eosin. a Ex-
ample of a gastrointestinal stromal tumor (GIST) with fusiform
cells in a storiform array; this tumor was strongly CD117 positive.
b Example of a gastrointestinal CD117-negative CD34 positive
stromal tumor (GINST) with epithelioid cytology; this tumor con-
sistently expressed CD34. c A gastrointestinal fibrous tumor
(GIFT) of the mixed fusiform-epithelioid type, which was reactive
for vimentin only. d Prominent hemangiopericytoma-like pattern,
as observed in a small subset of stromal tumors. This tumor ex-
pressed synaptophysin in addition to neural markers. e Uniform
small monomorphous nuclei in a case of CD117 positive GIST. 
f Marked nuclear polymorphism in a case of gastrointestinal gli-
al/schwannian tumor (GIGT) with strong S-100 expression

(P=0.002, Table 4). GISTs were essentially fusiform
(80%, Fig. 2a), in contrast to an epithelioid phenotype in
more than half of the GINSTs (Fig. 2e). Additionally, an
epithelioid morphology was frequently encountered in
GIFTs (47%), GIGTs (43%, Fig. 2c), and GINTs (45%),
whereas more than 90% of the GILTs were composed of
spindle-shaped cells (Fig. 2b). Nuclear pleomorphism
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erwise, strong expression of NSE and PGP 9.5 was seen
in minor subsets of all entities. Notably, while being con-
sidered inherent to the diagnosis of glial/neuronal tu-
mors, intense staining for PGP 9.5 was not infrequent in
GISTs, GINSTs and GIGTs. More remarkably, GISTs
displayed a high content of MSA and ASMA in six and
five cases, respectively, whereas none exhibited more
than a moderate level of S-100 protein.

In this way, the tumors characterized above were
clearly distinct from the control cases consisting of typi-
cal leiomyomas and benign schwannomas. The former
were preferentially located in the esophagus (n=26) or in
the colon and rectum (n=18), while only one was found
in the stomach, and two in the small intestine. They pre-
sented as symmetrical well-demarcated nodules with
moderate cellularity and a maximum diameter of 35 mm.
The tumor cells were typically arranged in crisscrossing
strands but were otherwise virtually indistinguishable
from normal smooth muscle cells of the gastrointestinal
wall except that the nuclei were occasionally slightly en-

Fig. 2 a Strong overall CD117 expression characterizing gastro-
intestinal stromal tumors (GISTs); the cytology is typically fusi-
form, and staining is accentuated at the cell membranes (APAAP
technique, hematoxylin counterstain). b Consistent reactivity for
α-smooth muscle actin characteristic of gastrointestinal leiomyo-
genic tumors (GILTs) with fusiform cytology; the tumor was
CD117 negative and focally positive for CD34 (APAAP tech-
nique, hematoxylin counterstain). c S-100 expression in a gastro-
intestinal glial/schwannian tumor (GIGT); labeling is both cyto-
plasmic and nuclear, and focal necrosis is apparent (APAAP
technique, hematoxylin counterstain). d Synaptophysin expres-
sion in a case of gastrointestinal neuronal/glial tumor (GINT)
with epithelioid cytology; labeling is typically granular and dif-
fuse, albeit with variable intensity (APAAP technique, hematoxy-
lin counterstain). e Strong membrane-bound CD34 positivity in a
case of epithelioid gastrointestinal CD117-negative CD34 posi-
tive stromal tumors (GINSTs). The endothelia of a blood vessel
(right) are also strongly labeled (APAAP technique, hematoxylin
counterstain). f Skeinoid fibers apparent as Periodic acid–Schiff-
positive globules in a case of GIST
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Age (years) Tumor size (cm) Mitotic count / 50 HPF
Median (range) Median (range) Median (range)

GIST 65 (24–86) 6 (0.9–22) 3 (0–345)
GINST 65 (21–78) 6 (3–24) 6 (0–66)
GILT 56 (24–79) 5 (1–22) 1 (0–55)
GIGT 65 (32–86) 10 (4–20) 2 (0–74)
GINT 44 (20–73) 7 (0.5–16) 0 (0)
GIFT 70 (44–91) 9 (1–22) 12 (0–138)

P=0.54 P=0.19 P=0.002

Esophagus Stomach Duodenum Jejunum Ileum Colon Rectum GI tract (NOS) Soft tissue
(n=2, 0.8%) (n=106, 43.4%) (n=24, 9.8%) (n=14, 5.7%) (n=21, 8.6%) (n=17, 7%) (n=8, 3.3%) (n=47, 19.3%) (n=5, 2.1%)

GIST 2 (100%) 58 (54.7%) 11 (45.8%) 12 (85.6%) 14 (66.7%) 5 (29.4%) 4 (50%) 28 (59.6%) 3 (60%)
(n=137, 56.1%) [1.5%] [42.3%] [8%] [8.8%] [10.2%] [3.6%] [2.9%] [20.4%] [2.2%]
GINST 24 (22.6%) 3 (12.5%) 6 (12.8%)
(n=33, 13.5%) [72.7%] [9.1%] [18.2%]
GILT 5 (4.7%) 1 (4.2%) 3 (14.7%) 8 (47.1%) 4 (50%) 2 (4.3%)
(n=23, 9.4%) [21.7%] [4.3%] [13%] [34.8%] [17.4%] [8.8%]
GIGT 13 (12.3%) 2 (8.3%) 1 (5.9%) 4 (8.5%) 1 (20%)
(n=21, 8.6%) [61.9%] [9.5%] [4.8%} [19%] [4.8%}
GIFT 2 (1.9%) 6 (25%) 1 (7.2%) 3 (14.3%) 2 (11.7%) 4 (8.5%) 1 (20%)
(n=19, 7.8%) [10.5%] [31.6%] [5.3%] [15.8%] [10.5%] [21.1%] [5.3%]
GINT 4 (3.8%) 1 (4.2%) 1 (7.2%) 1 (4.7%) 1 (5.9%) 3 (6.4%)
(n=11, 4.5%) [36.4%] [9.1%] [9.1%] [9.1%] [9.1%] [27.3%]

MSA ASMA DES NSE PGP 9.5 SYN CHR A S-100 GFAP CD34 CD117 EP SF

GIST 27 37 9 49 97 7 1 52 21 84 137 27 10 
(19.7%) (27%) (6.6%) (35.8%) (70.8%) (5.1%) (0.7%) (38%) (15.3%) (61.3%) (100%) (19.7%) (7.3%)

GINST 2 9 2 9 18 2 4 1 33 18 3 
(6.1%) (27.3%) (6.1%) (27.3%) (54.5%) (6.1%) (12.1%) (3%) (100%) (54.5%) (9.1%)

GILT 21 22 20 1 7 1 2 10 2 1 
(91.3%) (91.3%) (87%) (4.3%) (30.4%) (4.3%) (8.7%) (43.5%) (8.6%) (4.3%)

GIGT 1 1 16 12 21 18 4 9 
(4.8%) (4.8%) (76.2%) (57.1%) (100%) (85.7%) (38.9%) (42.9%)

GIFT 2 1 3 7 1 1 9 
(10.5%) (5.3%) (15.8%) (36.8%) (5.3%) (5.3%) (47.4%)

GINT 1 11 11 11 1 7 11 7 5 
(9.1%) (100%) (100%) (100%) (9.1%) (63.6%) (100%) (63.6%) (45.5%)

Table 2 Distribution of patient age, tumor size, and mitotic counts in
different subtypes of gastrointestinal mesenchymal tumors. GIST
gastrointestinal stromal tumors, GINST gastrointestinal CD117-nega-
tive CD34 positive stromal tumors, GILT gastrointestinal leiomyo-

genic tumors, GIGT gastrointestinal glial/schwannian tumors, GINT
gastrointestinal neuronal/glial tumors, GIFT gastrointestinal fibrous
tumors

Table 3 Distribution of the different tumor types in the digestive tract.
The numbers in parentheses indicate the relative prevalence in a par-
ticular location; the proportion with respect to a defined entity is given
in brackets. GIST gastrointestinal stromal tumors, GINST gastrointes-

tinal CD117-negative CD34 positive stromal tumors, GILT gastroin-
testinal leiomyogenic tumors, GIGT gastrointestinal glial/schwannian
tumors, GINT gastrointestinal neuronal/glial tumors, GIFT gastroin-
testinal fibrous tumors

Table 4 Expression of differentiation antigens and prevalent morpho-
logical features in gastrointestinal mesenchymal tumors. Absolute
numbers of cases, frequencies in parentheses. Boldface indicates fea-
tures considered to be diagnostic. MSA muscle-specific actin, ASMA
α-smooth muscle actin, DES desmin, NSE neuron-specific enolase,
CHR A chromogranin A, GFAP glial fibrillary acidic protein, EP epi-

thelioid cytolology, SF skeinoid fibers, GIST gastrointestinal stromal
tumors, GINST gastrointestinal CD117-negative CD34 positive stro-
mal tumors, GILT gastrointestinal leiomyogenic tumors, GIGT gastro-
intestinal glial/schwannian tumors, GINT gastrointestinal neuronal/gli-
al tumors, GIFT gastrointestinal fibrous tumors

larged and hyperchromatic. They consistently expressed
ASMA and desmin, whereas none of the cases showed
reactivity for CD117 or CD34, or any other of the inves-
tigated antigens. Of the schwannomas, 11 were located
in the stomach and 5 in the large intestine. Their silhou-

ette was mostly spherical, and their size ranged from
11 mm to 55 mm. Histologically, they were composed of
loosely distributed spindle-shaped cells with indistinct
cytoplasmic borders and slender, sometimes undulated
nuclei that, at least focally, exhibited some degree of pal-
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isading. Characteristically, nodular lymphoid cuffs were
present at the tumor periphery and, occasionally, lym-
phocytes were sprinkled through the tumor stroma. All
schwannomas were strongly positive for S-100 protein
and showed variable reactivity for NSE and PGP9.5
while GFAP expression was rarely seen and only in a
minor percentage of the tumor cells. Furthermore, these
tumors were negative for synaptophysin, chromogranin
A, ASMA, CD117, and CD34.

None of the 63 control cases recurred or metastasized.
Conversely, in 72 (40.2%) of the 179 cases with com-
plete follow-up the tumors displayed malignant behavior.
There was no relationship with the patient’s age and gen-
der. Likewise, the cytological type and the presence or
absence of necrosis did not achieve statistical signifi-
cance. Evidence of tumor progression in terms of any
kind of metastasis was observed in 42 of 99 GISTs
(42.4%), 10 of 25 GINSTs (40%), 6 of 16 GILTs (37.5%)
5 of 14 GIGTs (35.7%), and 9 of 17 GIFTs (52.9%).
However, none of the GINTs displayed a malignant be-
havior. When the latter were disregarded, the rates of
malignancy did not differ significantly between the dif-
ferent tumor categories.

Conversely, the tumor site was of highest importance.
Tumors located in the small intestine displayed malignant
behavior more frequently than did gastric tumors, and
those in the colon and rectum were associated with the
highest rate of metastasis (P<0.0001). In addition, a high
mitotic activity (P<0.0001), large tumor size (P=0.004),
and marked nuclear pleomorphism (P=0.02) were associ-
ated with malignancy. However, these features did not
enable a clear-cut discrimination. In the group without
discernible progression, the median tumor size was 5 cm
(range, 0.3–22 cm), and the median mitotic activity
2/50 HPF (range, 0–74) versus a median size of 7.5 cm
(0.3–24 cm) and a median mitotic count of 11/50 HPF
(0–345) in the group that proved clinically malignant.

Because the proportion of malignant tumors was simi-
lar in the different subgroups, we performed a Kaplan-
Meier analysis of disease-specific survival with stratifi-
cation on the newly defined entities. The comparison of
the survival probabilities by means of the log-rank test
proved statistically significant (P=0.0034). Logically, no
tumor-related deaths occurred in the group of GINTs.
The clinical course of GIGT and GILT was intermediate,
with cumulative survival rates of 0.73 and 0.64, respec-
tively. GISTs and GINSTs followed a more adverse
course with a slightly worse outcome in GINSTs, where-
as the prognosis of fibrous tumors was dismal (Fig. 3).
Other factors with prognostic relevance were the extent
of necrosis (P=0.0035), the tumor location (P=0.0048),
and the mitotic count with a cutpoint at 5 mitoses per
10 HPF (P<0.0001). Nuclear grade was of borderline
significance (P=0.53); tumor cytology, patient age (with
a cutpoint at 60 years) and gender were not significant.

We next performed a multivariate analysis including
all potentially prognostic parameters. In this model, pa-
tient age and mitotic count were examined as continu-
ous, and necrosis, nuclear grade, tumor location and tu-
mor immunophenotype as categorical variables. The on-
ly prognostic factor selected was the mitotic count, with
a relative risk of 1.007 (95% confidence interval:
1.001–1.013) corresponding to one additional mitosis per
50 HPF (P=0.021). No other covariates emerged as inde-
pendent predictors of tumor mortality.

Discussion

The definition of GIST has undergone significant chang-
es during the past decades. Originally thought to be of
smooth muscle derivation, tumors of the digestive tract
with a characteristic morphology and uncertain malig-
nant potential were for a long time referred to as GISTs

Fig. 3 Analysis of disease-spe-
cific survival showing signifi-
cantly different outcomes for
the immunophenotypic subs-
types of gastrointestinal mesen-
chymal tumors
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[18, 35, 37, 56, 61, 66]. This concept was refined when it
became obvious that a number of GISTs show CD117
expression [28]. Therefore, GISTs are now defined as
CD117-positive tumors [42]. However, this strict defini-
tion leaves many tumors that are histologically indistin-
guishable from the CD117-positive GISTs without a
name. Miettinen and associates, for instance, found
CD117 positivity in only 19 of 25 colonic tumors diag-
nosed as GISTs [44]. These observations motivated our
search for antigen expression patterns that would allow a
classification of CD117-negative neoplasms histological-
ly resembling GISTs.

The only study on a vast case series published to date
[45] compared CD117-positive GISTs with a panel of
soft tissue tumors that may arise in the gastrointestinal
tract but are unlikely to be confused with GISTs on clos-
er examination. Therefore, none of these entities (e.g., fi-
broid polyps, inflammatory myofibroblastic tumors, leio-
myosarcomas, liposarcomas, Ewing’s sarcomas, and ma-
lignant melanomas) were included in our series. Our
point of departure for the selection of cases was conven-
tional H&E morphology. We may have missed a small
percentage of true GISTs, but we discovered a substan-
tial fraction of tumors that did not conform to the immu-
nohistochemical definition in current use.

In keeping with recent reports [38, 42], more than
half of our tumors (56%) could be identified as bona fide
GISTs on the basis of their CD117 reactivity. Two-thirds
of the GISTs (66%) also expressed CD34, which is well
in line with other reports [28, 55, 59, 63]. The second
largest fraction consisted of CD117-negative tumors
characterized by consistent CD34 expression and the ab-
sence of significant levels of other differentiation anti-
gens. Considering that ICC may coexpress CD117 and
CD34, it has recently been suggested that a subset of
CD34 positive ICC may give rise to gastrointestinal stro-
mal tumors [52]. However, CD34 expression in nonen-
dothelial and nonhematopoietic cells is now considered
to define a system of interstitial cells with dendritic fea-
tures populating the soft tissues [67]. We therefore desig-
nated the CD34+/CD117 tumors as gastrointestinal
CD117-negative stromal tumors, or GINSTs. Interesting-
ly, GINSTs frequently exhibited an epithelioid cytology
in contrast to the predominance of spindle cells in
GISTs, which is congruent with the observation of a re-
duced or absent CD117 positivity in epithelioid tumors
of the gastrointestinal tract [23, 38].

Consistent expression of ASMA, often in combina-
tion with other muscular antigens (MSA, desmin) in the
absence of CD117 clearly indicates a myogenic/smooth
muscle phenotype. In our series, the tumors exhibiting
this phenotype were clearly distinct from benign leio-
myomas by their higher cellularity and their irregular
growth pattern [43]. However, they did not display the
cytoplasmic eosinophilia or atypical elongated nuclei
with blunted ends that would prompt the diagnosis of
leiomyosarcoma, as pointed out in a recent study [45].
Since a substantial number of our “myogenic” tumors
metastasized, it might be argued that they represent a pe-

culiar type of leiomyosarcoma with GIST-like morpholo-
gy. Yet, because of their strong resemblance histological-
ly and biologically to GISTs, we suggest that they should
be kept separate from leiomyosarcomas and propose the
term gastrointestinal leiomyogenic tumors (GILT).

In agreement with the criteria proposed by Prevot et
al. [49], we consider a strong overall expression of S-
100 protein, alone or in combination with GFAP, to be
a reliable criterion for glial/schwannian differentiation.
These tumors, which represent a small subset of our co-
hort, were regularly CD117-negative and rarely showed
a focal CD34 labeling. The designation used most fre-
quently for these tumors is schwannoma [10, 26, 49],
since they are considered to originate from Schwann
cells of intramural nerves which are S-100-positive and
express, at least in neoplastic forms, GFAP [49]. How-
ever, our cases lacked any of the typical features of
gastrointestinal schwannomas, such as cellular palisad-
ing and lymphoid cuffs at the periphery. Rather, they
closely resembled the tumors described as plexosarco-
mas, or GANT [22, 31, 58]. It nevertheless appears that
GANTs constitute a subset of CD117-positive GISTs
with coexpression of neural antigens [32, 57], which
bans our glial/schwannian tumors from this category. In
this context it must be recalled that these tumors may
reproduce the morphological characteristics of the so-
called enteric glial cells [19]. The glial cells found in
the enteric ganglia are structurally different from the
Schwann cells of the peripheral nerves and from the
satellite cells of the sympathetic ganglia [19]. The en-
teric glial cells are rich in GFAP and also stain for S-
100 and vimentin [19]. We consequently named our gli-
al/schwannian tumors gastrointestinal glial tumors
(GIGT). According to our follow-up data, GIGT are
also potentially malignant tumors.

Interestingly, some of the tumors expressing gli-
al/schwannian antigens additionally showed strong expres-
sion of synaptophysin, NSE, PGP 9.5 and GFAP and were
therefore considered to be primarily neuronal/glial in na-
ture. These neoplasms may be related to the tumors of neu-
rogenic origin with neuroaxonal and Schwann-cell elements
in the stomach described by Yagigashi et al. [69]. It is possi-
ble that these tumors represent a distinctive subset of GIGT.
On account of their strong neuronal differentiation, we
therefore designated them gastrointestinal neuronal tumors
(GINT). So far, the clinical courses seem to indicate that the
vast majority of GINT – if not all – are benign.

Finally, there remained a fraction of neoplasms with a
so-called null phenotype characterized by a lack of spe-
cific antigen expression save for vimentin. Because this
is also the common phenotype of fibroblasts, we tenta-
tively classified these tumors as “fibrous”. Indeed, de-
spite a high rate of malignancy in this group, a signifi-
cant number of cases did not show malignant behavior.
Moreover, these tumors did not display an overtly sarco-
matous morphology and were, in fact, indistinguishable
from CD117-positive GISTs by conventional histology.
We therefore classified them as gastrointestinal fibrous
tumor (GIFT) rather than as clear-cut sarcomas.
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The fact that many of the so-defined tumor categories
additionally expressed one or several divergent differenti-
ation antigens, as has been previously described [26, 38,
54], did not pose a problem for the classification because
the coexpressed antigens (except for NSE and PGP 9.5,
which appear to be antigens of low specificity) were nev-
er dominant. We found striking differences in the location
of the above defined tumor groups within the gastrointes-
tinal tract. These results, which contrast to some extent
with previous reports [40, 42], seem to argue against a
common origin of gastrointestinal mesenchymal tumors.
However, they might merely imply the influence of envi-
ronmental factors on tumor differentiation. For instance,
it appears that the expression of antigens in GISTs signif-
icantly depends on the tumor location [45]. Thus, external
determinants might modulate the differentiation pathways
during early tumorigenesis. In this context, our data con-
firm the newly recognized phenomenon of GISTs arising
outside the gastrointestinal wall [41, 51]. Indeed, 60% of
the tumors in these locations comprising all extraperito-
neal tumors were true GISTs.

To date prognostic models have mainly been elaborat-
ed on the basis of unselected tumor cohorts [5, 54]. Our
present analysis of the follow-up data available in 179
cases revealed an occurrence of metastases in all tumor
categories except GINT, indicating that nearly all gastro-
intestinal mesenchymal tumors, independent of their im-
munophenotype, bear a malignant potential. Malignant
behavior was significantly associated with anatomical
site, mitotic activity, tumor size, and nuclear pleomor-
phism. These findings are largely in keeping with previ-
ous reports [1, 2, 3, 5, 8, 16, 18, 20, 21, 33, 47, 50, 54,
65]. The fact that some large tumors with high mitotic
counts failed to progress may be attributable to an insuf-
ficient duration of follow-up. More meaningful and
alarming, however, is the finding of malignant behavior
in tumors as small as 0.8 cm in diameter, and in tumors
without discernible mitoses. Although the combination
of a small size with a low or absent mitotic activity is
likely to identify benign tumors with some accuracy [1,
38], our results imply that the criteria for benignity have
to be applied cautiously and might merit reconsideration
[17, 38, 50].

Because the prevalence of malignancy was intriguing-
ly similar in the different tumor groups, we performed a
survival analysis based on tumor-related deaths. This
analysis produced significantly different survival rates,
ranging from 100% in GINT to 20% in GIFT, indicating
that these tumors are biologically distinct. Hence, it ap-
pears that the biological behavior is related to the degree
of differentiation as indicated by antigen expression. For
instance, the tumors with the most specialized differenti-
ation, namely GINT, invariably behaved in a benign
fashion although some of them attained a large size.
Similarly, the expression of myogenic and neural mark-
ers appears to portend a more favorable outcome than
absence of these antigens. Finally, total or subtotal anti-
gen loss, as observed in GIFT, is likely to result in a high
malignant potential.

One might expect these features to depend on the dis-
tribution of the tumors within the gastrointestinal tract.
However, the frequent occurrence of muscular tumors
with comparatively bland course in the large bowel
where stromal tumors tend to be more aggressive [13,
21, 64] argues against such an interdependence. More-
over, GINST with an unfavorable prognosis and highly
malignant GIFT were markedly more prevalent in proxi-
mal sites. Therefore, we believe that malignancy criteria
and prognostic factors have to be elaborated and careful-
ly validated for each category by means of detailed sur-
vival analyses with long-term follow-up.

The immunophenotypic subclassification failed to
qualify as an independent prognostic factor in the multi-
variate analysis, but established criteria, such as tumor
size or location, also failed. The only independent pre-
dictor of outcome was the mitotic count. This, however,
does not contest the value of our scheme. Indeed, al-
though the proliferative activity is also the main prog-
nostic indicator for sarcomas of the soft parts [7, 53], it
is unlikely that their classification by morphology and
immunophenotype will ever be abandoned.

Molecular genetics may be of further assistance in as-
sessing the biology of gastrointestinal mesenchymal tu-
mors. As far as GISTs are concerned, gain-of-function
mutations in exon 11 of the c-kit gene have mainly been
found in malignant GISTs [15, 30, 62]. Theoretically, de-
letions in the kit gene might also cause frame shifts,
which would imply that activating mutations may exist
even when the antibody-binding epitope in the extracel-
lular receptor domain is no longer transcribed. Other
types of c-kit mutations may play a role in the biology of
stromal tumors [34], and additional genetic imbalances
with prognostic impact have been described in GISTs [4,
12, 27, 48]. Our results should be expected to spur the
search for characteristic molecular traits in the individual
immunophenotypic categories. In this regard, compara-
tive genomic hybridization may provide rough clues, and
detailed LOH analyses might enable the identification of
genetic defects associated with malignancy.

In summary, we have shown that, despite their close
morphological resemblance, gastrointestinal mesenchy-
mal tumors may be subclassified into subgroups with di-
vergent immunophenotype and distinct biological behav-
ior. Our immunophenotype-based classification appears
to be of practical value because of the distinctive distri-
bution of the newly defined categories within the gut and
their prognostic relevance. The identification of individ-
ual cases and the accurate appraisal of their prognosis,
however, may not only require a detailed histological
and immunohistochemical examination, but also molecu-
lar analyses.
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Abstract To clarify whether scattered endocrine cells in
pancreatic ductal adenocarcinoma are neoplastic or not,
we immunohistochemically studied 29 cases of invasive
pancreatic ductal adenocarcinomas, 17 with metastases,
for chromogranin A, insulin, glucagon, pancreatic poly-
peptide, serotonin, gastrin, laminin, and Ki-67. Endo-
crine cells were found in primary sites in 24 cases
(82.3%), where endocrine cells showed at least a visibly
close location to adjacent islet cells. Although endocrine
cells in neoplastic glands were within the neoplastic
basement membrane, endocrine cells were not seen in in-
vasive sites beyond the pancreas where islets were not
present. Endocrine cells in neoplastic glands were reac-
tive for two or three of the islet hormones in all cases,
and different types of hormonal reactivity was recog-
nized in the same neoplastic gland or the same cluster of
neoplastic glands in 22 (91.7%) cases, thus suggesting a
close relation with islets. Ki-67 did not stain any endo-
crine cells in ten of the adenocarcinomas studied. In
three (10.3%) cases, endocrine cells were found in the
intraductal extensions. They may have pre-existed in
non-neoplastic ducts. In 17 cases with metastatic sites,
all but one had no endocrine cells in the metastases. Se-
rotonin-positive cells were found in one metastatic
lymph node in one case. We concluded that most endo-
crine cells seen in ductal adenocarcinomas of the pancre-
as are non-neoplastic and are derived from the surround-
ing islets. Some neoplastic endocrine cells may exist,
though their frequency is low.

Keywords Endocrine cell · Pancreatic ductal 
adenocarcinoma · Chromogranin A · Islet cell · 
Immunohistochemistry

Introduction

Scattered endocrine cells in pancreatic ductal adenocar-
cinomas have been widely reported to be either lined up
along the base of the neoplastic glands or to lie between
the neoplastic columnar cells [2, 3, 8, 10, 11, 15, 19, 20,
22]. They should be separated from endocrine cells in
mixed ductal–endocrine carcinomas in which ductal and
endocrine cells, which comprise at least one third to one
half of tumor tissue, are intimately admixed in the pri-
mary tumors, as well as in their metastases [19]. Endo-
crine cells in ductal adenocarcinomas might be neoplas-
tic considering their close association with neoplastic
glands [10, 11, 15, 16]. However, unlike mixed duc-
tal–endocrine carcinomas, metastases from ductal adeno-
carcinomas usually lack the endocrine cell population
seen in the primary sites, and so these endocrine cells
may represent non-neoplastic rather than true neoplastic
cells [9, 19]. Thus, it has not been clearly concluded
whether these endocrine cells are neoplastic or not.

To the best of our knowledge, there have been only a
few reports that examined the presence of endocrine
cells in the metastatic sites of pancreatic ductal adeno-
carcinoma [9]. To clarify whether endocrine cells are
neoplastic or not, we collected 29 pancreatic invasive
ductal adenocarcinomas, 17 with metastases, and studied
the localization of the endocrine cells in the primary, in-
vasive, and metastatic sites by immunostaining for chro-
mogranin A (CgA), insulin, glucagon, pancreatic poly-
peptide (PP), serotonin, and gastrin.

Materials and methods

Subjects of the study were 29 cases of invasive ductal adenocarcino-
ma of the pancreas, which had been surgically resected, from the
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University of Tokushima, Tokushima Prefecture Central and Toku-
shima Municipal Civic Hospitals. The age of the 29 patients, 17 men
and 12 women, ranged from 36 to 82 years, with a mean of
64.3 years. Primary sites in the pancreas were the head in 
20 cases, the body in 6, and the tail in 3 (Table 1). There were 
17 cases with metastatic lesions; these were in the lymph nodes in 15
cases, in the liver in one, and in both lymph nodes and liver in one.

For the immunohistochemical study, formalin-fixed, paraffin-
embedded tissues were used and the labeled streptavidin biotin
(LSAB) method (DAKO, Carpinteria, Calif.) was adopted for all
reactions except for a double staining of CgA and Ki-67. Mono-
clonal CgA antibody (clone DAK-A3, 1:100, DAKO, Glostrup,
Denmark) was used for all cases to detect endocrine cells in ade-
nocarcinoma and non-neoplastic pancreatic tissue around adeno-
carcinomas. Cases with CgA-immunoreactive cells in adenocarci-
nomas were further stained with antibodies to insulin (polyclonal,
1:100, DAKO, Carpinteria, Calif.), glucagon (polyclonal, 1:75,
DAKO), PP (polyclonal, 1:600: DAKO), serotonin (clone 5HT-H209,
1:50, DAKO) and gastrin (polyclonal, 1:500, DAKO). Gastroin-
testinal tissue for CgA, serotonin, and gastrin and pancreatic tissue
for insulin, glucagon, and PP served as positive controls. All CgA-
positive adenocarcinomas were double-stained with CgA and lam-
inin (polyclonal, 1:200, DAKO) to see whether endocrine cells in
neoplastic glands are located within the basal membrane of the
neoplastic glands. Ten CgA-positive adenocarcinomas were also
double-stained with CgA and Ki-67 (clone MIB-1, 1:50, DAKO).
The incubation time for all primary antibodies was 30 min at room
temperature. Antigen retrieval was performed by autoclave
(15 min) in 10 mmol/l citrate buffer, pH 6.0 for CgA and by 
microwave (2×600 W for 6 min) for serotonin. For the double
staining of CgA and laminin, CgA was applied first and cobalt-
3,3′-diaminobenzidine (Co-DAB) was used as a first chromogen.
For a second staining sequence, antigen retrieval was performed
by proteinase K (40 µl/3 ml 0.05 M Tris-HCl pH 7.7, DAKO) be-
fore the application of laminin and DAB served as a second 
chromogen. For the double staining of CgA and Ki-67, antigen re-
trieval was performed by autoclave (15 min) before the applica-
tion of Ki-67, and Co-DAB was used as a first chromogen. CgA
was detected in a second staining sequence using the Envision
method (DAKO) and DAB as a second chromogen.

CgA-positive adenocarcinomas were subdivided by site, differ-
entiation, and the presence of metastases. The differences were
compared by statistical analysis (StatView4.0, Abacus Concepts,
Berkeley, Calif.) and by the contingency table used. Values of
P<0.05 were considered significant.

Results

Incidence and location of CgA-positive cells

Immunohistochemical findings are shown in Tables 1
and 2. Of 29 cases, 24 (82.3%) had CgA-positive cells in
the adenocarcinomas. There was no significant differ-
ence between cases with and without CgA-positive cells
according to the site of the tumor in the pancreas. How-
ever, most of the cases of well (93.3%) or moderately
(88.9%) differentiated adenocarcinomas had CgA-posi-
tive cells, while only 40% of poorly differentiated
adenocarcinomas did. Poorly differentiated adenocarci-
nomas were, thus, less likely to have endocrine cells
(P<0.05). About 70% (12/17) of cases with metastases
and all cases (12/12) without metastases had CgA-posi-
tive cells in the primary tumors (Table 1). Tumors with
and without metastases did not differ significantly with
regard to the incidence of CgA-positive cells.

CgA-positive cells in adenocarcinomas occupied a
very small proportion of the adenocarcinoma cells, being
less than 1% in all 24 cases. CgA-positive cells lined up
along the base of the neoplastic glands, showing a peri-
glandular arrangement (Fig. 1, left), or a single CgA-pos-
itive cell was at the base of the neoplastic gland. When
adenocarcinoma cells formed multilayered or papillary
architecture, some CgA-positive cells lay between the
adenocarcinoma cells. In one case in which tumor cells
predominantly presented papillary architecture, most of
the CgA-positive cells lay between tumor cells and a few
were on the luminal side (Fig. 1, right). As tumor cells
invaded, acini were destroyed, leaving islets. Islet cells
were often broken up into small nests, cords, or single
cells in the fibrous stroma and often were in contact with
neoplastic glands and bordered on part of the neoplastic
glands (Fig. 1, left). The double immunostaining for
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Table 1 Incidence of cells positive for chromogranin A (CgA) in
29 cases of pancreatic ductal adenocarcinoma

Tumor characteristicsa Incidence of CgA-positive cells

Primary tumor (29) 24 (82.3%)

Site
Head (20) 16 (80%)
Body (6) 5 (83.3%)
Tail (3) 3 (100%)

Differentiation
Well (15) 14 (93.3%)
Moderate (9) 8 (88.9%)
Poor (5) 2 (40.0%)

Metastases
With metastases (17) 12 (70.6%)
Without metastases (12) 12 (100%)
Metastatic sites 1 (5.9%)
(liver and lymph nodes) (17)

a Numbers in parentheses are the total number of cases

Table 2 Hormonal expression of chromogranin A (CgA) positive
cells in adenocarcinoma in 24 cases

Total Head Body or Tail

Neoplastic glands
Ins+/Glu+/PP+ 13 12a 1
Ins+/Glu+/Se+ 1 0 1
Ins+/Glu+ 8 2 6
Ins+/PP+ 2 2 0
none 0 0 0
total 24 16 8

Intraductal extensions
PP+ Se+ 1 1 0
Se+ 1 1 0
unknownb 1 0 1
total 3 2 1

Ins, insulin; Glu, glucagon; Se, serotonin
a One case had serotonin-positive cells in the metastatic lymph
node
b Because the carcinomatous component in an intraductal exten-
sion existed only in sections for chromogranin A staining in the
one case, the hormonal activity was unknown



CgA and laminin revealed that CgA-positive cells along
the base of the neoplastic glands were located within 
the basement membrane (Fig. 2). Whether CgA-positive
cells located at the base of the neoplastic glands or be-
tween carcinoma cells, CgA-positive cells in neoplastic
glands were at least visibly in contact with adjacent non-
tumorous islets or closely located to them in all 24 cases
(Fig. 1, left). In two cases, nests of CgA-positive cells
were in the lumen of some neoplastic glands and part of
the walls of the neoplastic glands were destroyed. In one
of the two cases, nests were connected to the stroma and
protruded into the lumen, while in the other case they
floated in the lumen without connection to the stroma. 

Tumor cells sometimes invaded the pre-existing inter-
lobular ducts and formed a front with non-neoplastic
cells in the same ducts, presenting an intraductal exten-
sion in three cases. CgA-positive cells located at the
base, lay between tumor cells, or were on the luminal
side. In one of the three cases, tumor cells within the
duct proliferated in cribriform or papillary architecture
where CgA-positive cells on the luminal side were also

seen (Fig. 3). In another case, CgA-positive cells were
found in both non-neoplastic and neoplastic epithelia of
the same ducts. CgA-positive cells in the intraductal ex-
tensions showed no contact with the surrounding islets.
In the remaining 21 of 24 cases, CgA-positive cells were
found only in neoplastic glands.

CgA-positive cells were recognized in nontumorous
interlobular ducts near adenocarcinomas in 21 of 24
CgA-positive adenocarcinomas and in four out of five
CgA-negative adenocarcinomas. They were sparsely
present, ranging from one to ten in a duct. There were
more CgA-positive cells in hyperplastic than in nonhy-
perplastic epithelium. Ductuloinsular-complex-like struc-
tures, which indicated that the interlobular duct was in-
corporated in an islet, were found in three CgA-positive
adenocarcinomas. In two CgA-positive adenocarcinomas
of the head, a few non-neoplastic pancreatic lobules
around adenocarcinomas contained more than 20% CgA-
immunoreactive cells of all cells in the lobule.

Among 24 CgA-positive adenocarcinomas, there
were 12 cases in which adenocarcinomas invaded the ad-
jacent tissue beyond the pancreas. In ten cases of the
head, six adenocarcinomas invaded the muscularis or
further into the duodenum, one invaded the adjacent
lymph node, and three cases invaded both. In the two
cases of the body or tail, one adenocarcinoma invaded
the muscularis of the stomach and the connective tissue
around the spleen, while the other went into the subsero-
sa of the stomach and the adjacent lymph node. When an
adenocarcinoma invaded these surrounding tissues be-
yond the pancreas where islets were not present, there
were no CgA-positive cells in the invasive site. No pan-
creatic tissue was recognized in the duodenum in the
present cases. Three of five cases without CgA-positive
cells in the adenocarcinoma had invasive sites beyond
the pancreas, but no CgA-positive cells were found
there.

Twelve of 24 CgA-positive adenocarcinomas had
metastatic sites. Only one case showed several CgA-
positive cells in a metastatic site, one regional lymph
node (Fig. 4, left). This case was a poorly differentiated
adenocarcinoma of the head, where the tumor cells pro-
liferated in nests or organoid patterns and had several re-
gional lymph nodes as metastatic sites.
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Fig. 1 Chromogranin A posi-
tive cells are lined up along the
neoplastic glands and show
contact with surrounding islets
(left) and sometimes exist be-
tween the tumor cells (right)
(×50)

Fig. 2 Chromogranin A positive cells being lined up along the
neoplastic gland are within the basement membrane of the neo-
plastic gland (arrows) in double staining of chromogranin A and
laminin (×100)



Hormonal reactivity of CgA-positive cells

The hormonal reactivity of CgA-positive cells in primary
tumors is summarized in Table 2. Tests for insulin, glu-
cagon, and PP were positive in 12 of 16 cases of the
head; 2 cases tested positive for insulin and glucagon,
and in the remaining 2 cases, tests for insulin and PP
were positive. No case showed serotonin positivity. In
six of the eight cases of the body or tail, CgA-positive
cells showed glucagon and insulin positivity. Tests for
insulin, glucagon, and PP were positive in one case and
for insulin, glucagon, and serotonin were positive in an-
other case, which was the only one of the 24 cases that
tested positive in the neoplastic gland for serotonin. All
24 cases tested positive for two or three islet hormones
(insulin, glucagon, PP). Different types of hormones
were recognized in the same neoplastic glands or the
same cluster of neoplastic glands in 22 (91.7%) of the 24
cases (Fig. 5). Similar to immunoreactive cells for CgA
in neoplastic glands, immunoreactive cells for each of
the three islet hormones were closely located to cords or
nests of nontumorous islet cells which showed the same

hormonal immunoreactivity as in the neoplastic glands.
Among 13 PP-positive adenocarcinomas, 12 were in the
head, but only one was in the body. In the body case, PP
cells were recognized in nontumorous islets near PP-
positive cells in the neoplastic glands. The numbers of
PP-positive cells were much fewer in both islets and
neoplastic glands in the body than in the head. In one
case presenting serotonin-positive cells, there were no
serotonin-positive cells in the nontumorous tissue around
the neoplastic glands. None of the 24 cases showed gas-
trin positivity in neoplastic glands. In two cases, nests of
CgA-positive cells were in the lumen of a few neoplastic
glands. The nests were composed of insulin-positive and
glucagon-positive cells.

Two of three adenocarcinomas with CgA-positive
cells in the intraductal extensions showed hormonal re-
activity (Table 2). These two were located in the head. In
one case, PP-positive cells and serotonin-positive cells
were in neoplastic epithelium in the duct, while PP-posi-
tive cells were in non-neoplastic epithelium of the same
duct. The other case had serotonin-positive cells in neo-
plastic epithelium of the duct. In the last case in the
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Fig. 3 In double staining of
chromogranin A (brown) and
Ki-67 (dark blue), a few chro-
mogranin A positive cells are
on the luminal side of the intra-
ductal extension. CgA-positive
cells (arrows) lack immunore-
activity for Ki-67 and vice ver-
sa (arrowheads) (left, ×50;
right, ×100)

Fig. 4 Chromogranin A positive cells are present in the metastatic
lymph node (left) and are immunoreactive for serotonin (right)
(×200)

Fig. 5 Two types of hormones are positive within the same neo-
plastic gland, glucagon (left) and insulin (right) (×60)



body, CgA-positive cells were seen, but because the car-
cinomatous component in the duct was observed only in
a specimen for HE and CgA, their hormonal activity was
unknown. However, in non-neoplastic epithelia of this
case, hormonal reactivity was present, which was gastrin
and serotonin positivity.

CgA-positive cells were also recognized in nontumor-
ous interlobular ducts near or at the site of invasion in 21
of 24 CgA-positive adenocarcinomas. In 19 of 21 cases,
hormonal reactivity was identified. Hormonal reactivity
was found in only one of 14 cases, but in the other five
cases, two types of hormones within the same duct were
identified: insulin and PP in three, and insulin and gluca-
gon in two. Four of the five CgA-negative adenocarcino-
mas had CgA-positive cells in nontumorous interlobular
ducts. Three of four cases showed hormonal reactivity,
but in one of the three cases only PP-positive cells were
identified. In two CgA-positive adenocarcinomas with
numerous CgA-positive cells in nontumorous lobules,
these cells were PP positive. Numerous PP-positive cells
in nontumorous lobules were found in another CgA-
positive adenocarcinoma, but they lacked CgA positivity.

In the metastatic lymph node with several CgA-posi-
tive cells in one case, a few of them showed serotonin
reactivity (Fig. 4, right). The other metastatic lymph
nodes in this case showed no immunoreactivity for CgA
or other hormones.

Ki-67 positivity of chromogranin A positive cells 
in adenocarcinoma

Ten CgA-positive adenocarcinomas were double-stained
with CgA and Ki-67. None of the CgA-positive cells at
the base of neoplastic glands or between tumor cells in
neoplastic glands stained with Ki-67 in all 10 cases. In
one case, tumor cells in the intraductal extension prolif-
erated in cribriform or papillary architecture. CgA-posi-
tive cells were at the base or on the luminal side of the
duct, but they were negative for Ki-67 (Fig. 3).

Discussion

The presence of endocrine cells in ductal adenocarcino-
ma of the pancreas has often been reported [2, 3, 8, 9,
10, 11, 15, 16, 19, 20, 22]. They have been recognized in
40–80% of ductal adenocarcinomas [3, 8, 10, 19, 20, 22]
and reported to be most common in well-differentiated
adenocarcinoma [3, 8, 15]. It is also reported that they
are associated with a better survival rate [15, 22].

In our study, 24 (82.8%) of 29 cases had CgA-posi-
tive endocrine cells in the primary sites. In previous re-
ports, they have been noted as being either lined up
along the base of the neoplastic glands or to lie between
the neoplastic columnar cells [2, 8, 11, 15, 19, 20]. In
most of our cases, they were located along the base of
the neoplastic glands. When carcinoma cells formed
multilayer or papillary architectures, some CgA-positive

cells lay between tumor cells. Regardless of their ar-
rangement, at least visually they always seem to be in
contact with or near to the surrounding CgA-positive is-
let cells, which sometimes seemed to adhere to the neo-
plastic glands. Endocrine cells in neoplastic glands and
those of the surrounding islets are often located together
within the same basement membrane, as revealed by
double immunostaining of chromogranin A and laminin.
Interactions between islet and pancreatic adenocarcino-
ma have been reported by many researchers. Such
unique familiarity of the carcinomatous ducts with islets
has been reported by Kodama et al., who suggested in-
teractions between ductal cells and islet cells in pancre-
atic carcinogenesis [10]. In hamsters, normal pancreatic
islets were necessary for the induction of pancreatic ade-
nocarcinoma by a chemical carcinogen [1, 17] and ductal
adenocarcinoma arose from progenitor cells in islets
[16]. Growth of cancer cells has been shown to be regu-
lated by islet hormones such as insulin and somatostatin
in vitro [6, 21, 23]. Conversely, an abnormality in islet
composition and secretion is common in pancreatic can-
cer [5, 11, 12, 13, 15, 18]. For example, beta cells of the
islets adjacent to the pancreatic cancer secrete increased
amounts of islet amyloid polypeptide (IAPP) in vivo [13]
and in vitro [21]. Ding et al. thought that a soluble factor
from pancreatic cancer cells selectively stimulated amy-
lin secretion from islet cells [5]. If some interactions be-
tween neoplastic ductal and non-neoplastic adjacent islet
cells existed in the present study, it is understandable
that tumor cells and surrounding islets were close in
terms of location and that endocrine cells persisted with-
in a basement membrane of neoplastic glands.

The exocrine and endocrine components are interre-
lated in the developmental stage of the human pancreas.
They have the same origin, the primitive gut endoderm,
and originate from branching “protodifferentiated” epi-
thelial cells with the features of duct cells [14]. In the
first phase, that is, the 13th to16th gestational week
(gw), small aggregates of endocrine cells grow out of
pancreatic ducts, losing their contact with the ducts from
gw 17 to 20 [14]. As carcinomas can show features com-
parable to the embryonic pancreas [14, 15], neoplastic
glands in well-differentiated carcinoma could most likely
show a close relation to islets, mimicking the develop-
mental stage of the pancreas. This may be one reason
why endocrine cells are frequently seen in well-differen-
tiated adenocarcinoma. In addition, because endocrine
cells were only visibly occupying very small portions of
neoplastic glands, even in-well differentiated adenocarci-
noma, the close relation of endocrine cells to neoplastic
glands may only be present during the limited period of
neogenesis and growth of carcinomas. Rapidly growing
carcinomas, for example, some poorly differentiated
adenocarcinomas, might have no chance to show endo-
crine cells within them. In our study, the presence of en-
docrine cells in carcinoma was most unlikely in the
poorly differentiated carcinoma.

We found that when a carcinoma invaded adjacent or-
gans or tissues, such as the duodenum (muscularis or fur-
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ther), stomach, and connective tissue around the spleen
where islets of pancreas were not present, endocrine
cells were completely absent in the carcinoma. There-
fore, the existence of islet cells near cancer seems to be a
key to the existence of endocrine cells in neoplastic
glands. This finding, in addition to the close location of
neoplastic glands and non-neoplastic islets, leads us to
believe that endocrine cells in neoplastic glands may
come from the surrounding non-neoplastic islet cells.

Endocrine cells have been reported to be located in
the invasive edge of cancers [2, 11, 15] and to occur both
in the base of the neoplastic glands, at different distances
from the lumen and within the lumen [11, 15]. In those
reports it was thought that these endocrine cells were
shed and renewed, as were tumor cells and constituents
of tumors, and that these findings indicated the neoplas-
tic nature of the endocrine cells. However, the location
of endocrine cells on the edge of the invasion may be
caused by the presence of the numerous intact or broken
islets, because compared to acini, islets tend to survive in
carcinomatous tissue [10]. None of the endocrine cells,
including those in neoplastic glands or on the luminal
side of the intraductal extension, showed Ki-67 positiv-
ity with double staining of Ki-67 and CgA. Even in nor-
mal pancreatic ducts, endocrine cells sometimes border
the lumen and are joined to the neighboring ductal cells
by tight junctions [4]. Therefore, being on the luminal
side does not mean that they are of a neoplastic nature.
The endocrine cells on the luminal side may result from
intricate folds of lining epithelium protruding into the lu-
men. In two of the cases presented here, there were nests
of endocrine cells composed of insulin-positive and glu-
cagon-positive cells, which were thought to be islets in
the lumen of some neoplastic glands. It seemed that an
artifact had been caused by the destruction of part of the
neoplastic glands during the process of invasion into the
islets. An artifact can, therefore, cause nontumorous en-
docrine cells to be present in the lumen. Pour et al. re-
ported a lack of co-location of CgA in some somatostatin
or glucagon cells in tumor-associated endocrine cells and
stated that this abnormality may indicate the neoplastic
nature of tumor-associated endocrine cells [15]. In one
case in the present study, however, lack of co-location of
CgA and PP positivity was recognized in nontumorous
lobules around carcinoma. We think that the lack of co-
location of CgA and PP positivity might indicate some
effect of a carcinoma on the islets, as reported previously
[5, 11, 12, 13, 17, 18]. We consider the findings reported
by Pour et al. insufficient grounds to conclude that endo-
crine cells in pancreatic adenocarcinoma have a neoplas-
tic nature.

As for hormonal reactivity, all four islet hormones as
well as amylin (IAPP), serotonin, and, occasionally, gas-
trin have been identified in endocrine cells in pancreatic
carcinomas [2, 3, 11, 15, 19]. More than one type of hor-
monal reactivity has been identified in some cases [2,
11]. Co-location of two types of hormones within an en-
docrine cell has also been reported [15]. In our study, all
24 cases with endocrine cells in neoplastic glands

showed hormonal activity of more than one of the three
islet hormones (insulin, glucagon, PP), and in 22
(91.7%) of the 24 cases, immunoreactive cells for differ-
ent types of hormones were seen within the same gland
or cluster of neoplastic glands. PP-immunoreactive cells
were mostly found in neoplastic glands of the head, a
finding consistent with previous reports [2, 11, 15, 19].
PP-immunoreactive cells in the body were seen in one
case (8.1%); this has not been reported before. PP-posi-
tive cells in nontumorous islets both in the head and
body were recognized near neoplastic glands. However,
the number of PP-positive cells in both islets and neo-
plastic glands was much lower in the body than in the
head; this reflects the difference between the number of
PP cells in the head, body, and tail of the normal pancre-
as. Therefore, this finding as well as the heterogeneity in
hormonal localization within the same neoplastic glands
seem to support our hypothesis that endocrine cells in
neoplastic glands may originate from the surrounding is-
lets.

In the present study, endocrine cells were found in the
intraductal extensions in three cases. These endocrine
cells showed no contact with adjacent islet cells, sug-
gesting that they could be neoplastic. On the other hand,
they could be non-neoplastic, because non-neoplastic en-
docrine cells may be left over after neoplastic cells re-
placed the pre-existing epithelium in the ducts. In the
present study, endocrine cells in nontumorous ducts near
or at the site of invasion were seen in 25 of 29 cases, and
most of them showed hormonal reactivity. In one case
with intraductal extensions, endocrine cells were present
in both non-neoplastic and neoplastic epithelium in the
same duct. Two of the three cases with intraductal exten-
sions showed serotonin positivity, which is not uncom-
mon for endocrine cells in the pancreatic duct, but not
common for those in pancreatic adenocarcinoma. We are
inclined to think that endocrine cells in the intraductal
extension were present before the carcinomatous inva-
sion and that they are non-neoplastic rather than neoplas-
tic.

There has been a report stating that endocrine cells
have been found in the metastatic sites of pancreatic exo-
crine carcinomas [7]. However, the cases were actually
mixed ductal–endocrine carcinomas, a different category
to ductal adenocarcinoma with endocrine cells. In the
present study only one case showed several CgA-posi-
tive cells in one metastatic lymph node. Endocrine cells
in the metastatic lymph node showed immunoreactivity
for serotonin, while the endocrine cells in the primary
site showed visible contact with the surrounding islets
and immunoreactivity for insulin, glucagon, and PP. We
think that these endocrine cells in the metastatic site are
neoplastic. Other than this case, there were a few seroto-
nin-positive cells in neoplastic glands of the body in only
one case. Because islets usually do not have serotonin
cells and there were no serotonin-positive cells in nontu-
morous tissue near the neoplastic glands, and thus there
was no source of non-neoplastic endocrine cells nearby,
they could be neoplastic. However, the absence of endo-
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crine cells in metastatic sites seen in the other cases
strongly supports their non-neoplastic nature.

We conclude that most endocrine cells in pancreatic
ductal adenocarcinoma are non-neoplastic, derived from
the surrounding islets, and that there is a possibility that
endocrine cells in the intraductal extensions are pre-
existing non-neoplastic cells. Neoplastic endocrine cells
may exist, but their frequency is low.
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Abstract The frequency and prognostic significance of
neuroendocrine marker expression in undifferentiated
colorectal cancers has not yet been studied in great de-
tail. Therefore, the survival of 20 patients with small
cell undifferentiated colorectal cancers, treated at our
institution between 1982 and 1997 (0.8% of all operat-
ed colorectal carcinomas), was correlated with the ex-
tent of neuroendocrine differentiation. Chromogranin
A, synaptophysin, syntaxin1, VAMP2, SNAP25 and
α/β-SNAP were used as neuroendocrine markers.
Based on the degree of immunoreactivity for these
marker proteins, tumors were separated into group 0
(<2% cells stained positive for neuroendocrine mark-
ers) and group 1 (>2% cells stained positive). Patients
were followed up for at least 5 years or until death. Of
20 (45%) undifferentiated colorectal tumors, 9 ex-
pressed neuroendocrine markers (group 1). Only one
patient of this group survived for 2 years (11%), where-
as the 2-year-survival rate was 45.4% in group 0. Of
the 11 patients in group 0, 9 were diagnosed with UICC
stages I–III, whereas 8 of 9 tumors with expression of
neuroendocrine markers were diagnosed with UICC
stage IV (P=0.002). Our results show that neuroendo-
crine differentiation is often seen in small cell undiffer-

entiated colorectal cancer. It correlates with a more ag-
gressive course of the disease.

Keywords Neuroendocrine differentiation · Prognostic
marker · SNARE · Synaptophysin · Undifferentiated 
colorectal carcinoma

Introduction

Neuroendocrine cells are found among epithelial cells in
most surfaces of the body. They share many morphologi-
cal, biochemical and functional similarities with neuro-
nal cells such as a polarized membrane orientation, neu-
rotransmitter-synthesizing enzymes, neural cell adhesion
molecules, and peptide and amino acid transmitter recep-
tors (for review see [44]). Similar to neurons, neuroen-
docrine cells possess a complete molecular machinery
for the uptake and release of neurotransmitters and the
secretion of neuropeptides [45]. These substances are
stored within membrane-bound granules or vesicles,
from which they are released in response to a stimulus.
Two vesicle-types are known. First, large dense-core
vesicles (100–400 nm in diameter) are characterized im-
munohistochemically by chromogranin A, a matrix pro-
tein of neuroendocrine granules [35]. Second, small syn-
aptic vesicle analogs (40–80 nm in diameter) are charac-
terized immunohistochemically by synaptophysin, an in-
tegral protein of the vesicle membrane [37]. The process
of synaptic vesicle docking and/or fusion relies on a
highly conserved protein complex (SNARE complex),
consisting of the NSF protein (N-ethylmaleimide-sensi-
tive factor) and α/β-SNAPs (soluble NSF-associated
proteins) as well as the two synaptic vesicle membrane
proteins VAMP2 (vesicle-associated membrane protein)
and synaptotagmin, and the two synaptic plasma mem-
brane proteins syntaxin1 and SNAP25 (synaptosomal-
associated protein) [14, 29]. Since neuroendocrine cells
pertain to small synaptic vesicle analogs regardless of
their state of differentiation – in contrast to large dense
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core granules, which are often lost during cellular dedif-
ferentiation – proteins of small synaptic vesicles repres-
ent universal permanent markers for neuroendocrine
cells [43].

The histogenesis of neuroendocrine differentiated car-
cinomas in general and of gastrointestinal neuroendo-
crine cells in particular has been a matter of debate. Neu-
roendocrine cells in this location were initially thought
to be of neural crest origin [25]. Le Douarin, however,
provided evidence that neuroendocrine cells of the gut
are derived from the endoderm [19]. Cell lineage studies
support the notion that gut endocrine cells share the
same clonal origin as the other cell types of the gut do.
Thus, a single epithelial cell, albeit malignant, can give
rise to all cell types seen in the colorectal epithelium [17,
46].

Tumor cells with neuroendocrine differentiation have
been known for many decades to be present in gastroin-
testinal carcinomas [18, 36]. We previously showed that
neuroendocrine differentiation of colorectal adenocarci-
nomas is an independent unfavorable prognostic factor
in stage-III and -IV disease [7].

Small cell undifferentiated carcinomas (SCUCs) of
the colon and rectum are rare and morphologically re-
semble those of the lung [16] and elsewhere [13, 28].
Among the wide histopathologic spectrum of colorectal
cancers, SCUCs are the most aggressive neoplasms,
characterized by early dissemination and a rapid clinical
deterioration [32]. Tumor cells with neuroendocrine dif-
ferentiation are often seen in SCUCs. The first docu-
mented series of colonic SCUCs with neuroendocrine
features was reported by Gould and Chejfec in 1978 [6]
and sporadic reports have appeared since, primarily in
the form of small series or case reports. The neuroendo-
crine differentiation has been based on ultrastructural
and/or immunohistochemical studies. To our knowledge
59 well-documented colorectal small cell carcinomas
with neuroendocrine features have been published in the
English language literature so far [3, 5, 6, 12, 20, 23, 26,
27, 32, 34, 39, 41, 42]. The presence of neuroendocrine
differentiation hereby appears to be associated with a
poorer prognosis [5], as described before in their adeno-
carcinoma counterparts [7]. Nevertheless, the frequency
of neuroendocrine differentiation of SCUCs remains elu-
sive, since all previous reports focussed on undifferenti-
ated carcinomas with neuroendocrine features. In addi-
tion, the prognostic significance of neuroendocrine cells
within undifferentiated colorectal tumors has not been
defined yet.

Here, we report on the frequency and prognostic 
value of the expression of neuroendocrine markers in a
series of undifferentiated colorectal cancers. In order to
better evaluate the status of proteins of the regulated
secretory pathway in this subgroup of tumors, we 
applied not only markers of large dense core vesicles
such as chromogranin A or of small synaptic vesicle
analogs such as synaptophysin but also markers of 
the SNARE complex (syntaxin1, VAMP2, SNAP25 and
α/β-SNAP).

Materials and methods

Patients

Twenty cases of SCUCs were observed at the Benjamin Franklin
University Clinics, Berlin, between 1982 and 1997, and were re-
covered from the routine pathological files. Eleven poorly differ-
entiated adenocarcinomas (PDACs) of the colon and rectum of
the same time period served as controls. All tumors were surgi-
cally resected. Clinical information and follow-up data were ob-
tained from the hospital records, the patients’ primary doctors,
and the official federal registration office. Patients were followed
up for at least 5 years or until death. Tumor staging was complete
in all cases and was applied according to the UICC (Union Inter-
national Contre le Cancer) staging system. Within the ‘undiffer-
entiated carcinoma’ group, there were two patients diagnosed
with stage-II (1 woman, 1 man), eight patients (2 women, 6 men)
with stage-III, and 10 patients (3 women, 7 men) with stage-IV
colorectal cancer. The mean age was 58.3 years (range 27–83 years).
The primary site of the tumors was classified as rectum (n=7) or
colon (n=13), with a tendency to right-sided tumors (9 of 13 co-
lonic tumors). Depth of tumor invasion was assessed and record-
ed as T2 (n=2), T3 (n=12) or T4 (n=6). Nine patients had liver
metastases at the time of diagnosis, one presented with brain me-
tastasis, and one with peritoneal carcinosis. One patient died im-
mediately after surgery and autopsy was performed. Besides the
liver metastases, metastases in the lungs, pancreas, bone marrow,
and in multiple lymph nodes (including subclavicular lymph
nodes) were present. This patient was excluded from statistical
survival analysis. Some of the patients received adjuvant (n=3) or
palliative (n=6) chemotherapy, six patients received pre- or post-
operative radiotherapy.

The 11 patients with PDAC of the colon and rectum 
(9 women, 2 men) were diagnosed with stage-II (n=4), stage-III
(n=3), and stage-IV disease (n=4), respectively. The mean age
was 69.1 years (range 51–83 years). In this group, we found 
five rectal and six colonic carcinomas (3 of 6 right-sided). Depth
of tumor invasion was recorded as T3 (n=9) or T4 (n=2). Four
patients presented with liver metastasis at the time of diagnosis.
In this group, two patients received adjuvant, one patient pallia-
tive chemotherapy; one patient underwent postoperative radio-
therapy.

Tumor type

Thirty-one cancer specimens were examined. Histologically, the
neoplasms were classified as pure undifferentiated carcinomas
(n=19, specimen no. 1–19), undifferentiated carcinoma in associa-
tion with adenocarcinoma (n=1, specimen no. 20) or as PDAC
(n=11, specimen no. 21–31). When present, the adenocarcinoma
component consisted of invasive tumor with characteristic glandu-
lar architecture (specimen no. 20–31). In the biphenotypic case,
the undifferentiated carcinoma component and the adenocarcino-
ma component occurred as separate masses with distinct morphol-
ogy. Mitoses were numerous in all tumors.

Clinicopathological features of all patients are summarized in
Table 1.

Immunohistochemistry

Representative samples of the tumors were routinely processed
and embedded in paraffin. Sections (2–3 µm) of the tumor,
through its most invasive part and including adjacent normal mu-
cosa, were stained using standard immunohistochemical tech-
niques. Antibodies against the antigens studied, their manufac-
turers, and working dilutions are listed in Table 2. Detection of
bound primary monoclonal antibodies was assessed using the al-
kaline phosphatase anti-alkaline phosphatase (APAAP) complex
method as described elsewhere [7]. Neuroendocrine cells of the
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non-neoplastic colonic mucosa and of pancreatic islet cells served
as positive control of the immunoreaction. Negative controls were
obtained by substituting the immunoglobulin fraction of a mouse
serum for the primary antibody.

The stained slides were first independently evaluated by the
authors P. Grabowski and J. Schönfelder; if the evaluation provid-
ed differing results, a consensus interpretation was reached with
the pathologist H.D. Foss. Overall, the degree of inter-observer
variation between these investigators was less than 10%. The
number of immunoreactive tumor cells for neuroendocrine mark-
er proteins was evaluated by examining three representative high
power fields (400×). Based on the degree of immunoreactivity,
tumors were separated into group 0 (<2% cells stained positive
for neuroendocrine markers) and group 1 (>2% cells stained posi-
tive). As normal colonic mucosa contains up to 2% neuroendo-
crine cells, a 2% cut-off was chosen [7]. The nuclear ki67/MIB-1

labeling index was expressed as the percentage of positively
stained cells with respect to a hundred cells in ten high-power
fields.

Statistics

Correlations between the data of the various groups were investi-
gated using the Chi-square test (dichtiomised parameter) or Mann-
Whitney U-test (for non-dichtiomised parameters). Univariate
analysis to detect influencing parameters on the survival of the
various groups was performed using the Cox’s proportional haz-
ards regression model with SPSS software (Statistical package
model with SPSS software (Statistical package of social science;
Institute of Chicago, Ill.). Differences were considered to be sig-
nificant for P<0.05.

Table 1 Characteristics of 20 small cell undifferentiated and 11
poorly differentiated carcinomas of the colorectum. Specimens
no. 1–19: small cell, undifferentiated colorectal carcinoma. Speci-

men no. 20: biphenotypic tumor with adenocarcinoma and undif-
ferentiated carcinoma. Specimen no. 21–31: PDAC poorly differ-
entiated adenocarcinoma

Specimen Age Tumor location Histologic subtype TNM Metastasis at
no. (years)/Sex classification presentation

1 51, Female Sigmoid Undifferentiated pT4 N0 M0
2 79, Female Cecum Undifferentiated pT4 N3 M0
3 83, Female Ascending colon Undifferentiated pT3 N1 M0
4 50, Male Ascending colon Undifferentiated pT4 N0 M0
5 72, Male Rectum Undifferentiated pT3 N2 M0
6 83, Female Ascending colon Undifferentiated pT3 N1 M1 Liver
7 70, Male Transverse colon Undifferentiated pT3 N2 M0
8 59, Male Right flexure Undifferentiated pT4 N1 M1 Liver
9 68, Male Rectum Undifferentiated pT3 N1 M0

10 58, Male Descending colon Undifferentiated pT4 N1 M0
11 27, Male Rectum Undifferentiated pT3 N2 M0
12 81, Female Rectum Undifferentiated pT3 N2 M1 Liver
13 69, Male Transverse colon Undifferentiated pT3 N1 M1 Liver
14 49, Male Sigmoid Undifferentiated pT2 N2 M1 Liver
15 32, Male Ascending colon Undifferentiated pT3 N2 M0
16 29, Male Rectum Undifferentiated pT2 N2 M1 Liver
17 63, Female Right flexure Undifferentiated pT4 N3 M1 Liver, lung,

pancreas
18 57, Male Rectum Undifferentiated pT3 N1 M1 Liver
19 32, Male Sigmoid Undifferentiated pT3 N0 M1 Liver, brain
20 55, Male Rectum Undifferentiated pT3 N3 M1 Liver

PDAC
21 79, Female Descending colon PDAC pT4 N1 M1 Liver
22 72, Female Ascending colon PDAC pT3 N0 M0
23 75, Female Rectum PDAC pT3 N0 M0
24 55, Female Cecum PDAC pT3 N0 M0
25 51, Female Rectum PDAC pT3 N2 M0
26 66, Male Rectum PDAC pT3 N0 M1 Liver
27 68, Female Rectum PDAC pT4 N1 M1 Liver
28 83, Female Sigmoid PDAC pT3 N1 M0
29 83, Male Left flexure PDAC pT3 N0 M0
30 69, Female Ascending colon PDAC pT3 N1 M1 Liver
31 59, Female Rectum PDAC pT3 N1 M0

Table 2 Immunohistochemical
reagents and dilutions used Reagent Source Dilution

Anti-synaptophysin (SY38) Monoclonal Biogenex, San Ramon, Calif., USA 1:25
Anti-chromogranin (LK2H10) Monoclonal Linaris, Wertheim-Biettingen, Germany 1:4
Anti-α/β-SNAP Monoclonal Synaptic Systems, Göttingen, Germany 1:500
Anti-syntaxin1 Monoclonal Synaptic Systems, Göttingen, Germany 1:1250
Anti-SNAP 25 Monoclonal Synaptic Systems, Göttingen, Germany 1:750
Anti-VAMP2 Monoclonal Synaptic Systems, Göttingen, Germany 1:1000
Anti-ki67 (MIB-1) Monoclonal Dako, Germany 1:1000
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Fig. 1 Representative areas from the biphenotypic tumor (specimen
no. 20). Immunohistochemistry for detection of synaptophysin posi-
tive cells in (a) normal mucosa (<2% of all cells stain positive), (b)
poorly differentiated adenocarcinoma component (about 25% of all
tumor cells stain positive), and (c) undifferentiated carcinoma com-
ponent; note strong uniform staining in this part of the tumor. Immu-

nohistochemistry for detection of α/β-SNAP in (d) normal mucosa
and (e) undifferentiated carcinoma component; note the same stain-
ing pattern as in (c). Scale bar 200 µm. Immunohistochemistry for
detection of SNAP25 in (f) normal mucosa (localization: membra-
nous) and (g) undifferentiated carcinoma component (localization:
membranous and cytoplasmic). Scale bar 50 µm
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Results

Immunohistochemistry of neuroendocrine markers
in SCUCs

All six examined neuroendocrine markers (chromogranin
A, synaptophysin, α/β-SNAP, SNAP25, VAMP2, and
syntaxin1) were detected in non-neoplastic colonic muco-
sa of all 20 resection specimens (Fig. 1a, d, f). The extent
of expression was lower than 2% of all colonic mucosal
cells. Within neoplastic tissue, neuroendocrine cells were
detected in 9 (45%) of the 20 undifferentiated colorectal
carcinomas (group 1). Apart from one tumor with biphe-
notypic features, studying different areas of the same tu-
mor did not yield significant differences, since almost all
tumor cells showed the same expression pattern.

Synaptophysin versus other neuroendocrine 
marker expression

In non-neoplastic colonic mucosa, the distribution of
synaptophysin immunoreactivity cells was similar to 
the pattern of chromogranin A, α/β-SNAP, SNAP25,
VAMP2, and syntaxin1 staining. Similarly, all tumors of
group 1 that showed positive immunoreactivity for the
above-mentioned markers also displayed synaptophysin
staining. However, chromogranin A was only expressed
in 5 of 9 tumors, VAMP2 in 4 of 9, SNAP25 in 7 of 9
and syntaxin1 in 8 of 9 tumors, whereas all nine tumors
expressed α/β-SNAP (Table 3). The reason for the dif-
ferential expression of these marker molecules of the
regulated secretory pathway may be due to the loss of
some of these proteins during dedifferentiation.

Comparison of SCUCs with PDACs

All 11 PDACs displayed a glandular growth pattern as
seen typically in adenocarcinomas. Mitoses were nu-

merous in all tumors, albeit less frequent than in the
SCUC subgroup (average proliferation index 50% ver-
sus 70%, respectively). Two tumors were found to dis-
play an expression of neuroendocrine marker proteins
(group 1). The marker molecules of the regulated secre-
tory pathway were again differentially expressed 
(Table 3). Interestingly, the expression of neuroendo-
crine markers found in adenocarcinomas never reached
more than 50% of all tumor cells, as we have seen be-
fore in our previous study [7]. When neuroendocrine
features were seen in undifferentiated colorectal carci-
nomas, the expression was almost 100% in each case,
suggesting that the malignant neuroendocrine cells are
so aggressive that they overgrow any initial adenoma-
tous component of the tumor. A decent example of this
hypothesis is the biphenotypic tumor (specimen no.
20), with a partly neuroendocrine differentiation (about
25% expression of all marker molecules tested) in the
adenomatous component (Fig. 1b), and a 100% ex-
pression of synaptophysin, chromogranin A and all
SNARE-proteins in the undifferentiated part of the 
tumor (Fig. 1c, e, g).

Neuroendocrine features and clinicopathological 
parameters in SCUC

There were no significant differences between group 0
and group 1 in terms of sex, location (colon versus rec-
tum), depth of tumor invasion (T2–3 versus T4), or
lymph-node metastasis (N0–1 versus N2; chi-square
test). The nine tumors of group 1 were diagnosed more
frequently in stage-IV tumor disease (8 of 9 tumors,
P=0.002); undifferentiated tumors without neuroendo-
crine features tended to be diagnosed at an earlier stage
(9 of 11 in tumor stages UICC I–III). In addition, neuro-
endocrine differentiation was observed more frequently
among the younger patients (average age at diagnosis
51.9 years in SCUCs with neuroendocrine features ver-
sus 63.6 years in SCUCs without neuroendocrine fea-
tures).

Table 3 Antigenic profiles of undifferentiated colorectal carcino-
ma with neuroendocrine features (specimens no. 12–19), one bi-
phenotypic tumor with adenocarcinoma and undifferentiated carci-
noma (specimen no. 20), and poorly differentiated colorectal car-

cinomas (PDAC, specimens no. 22 and no. 31). – no staining, 
+ less than 10% of cells stained, ++ 10–50% of cells stained,
+++ greater than 50% of cells stained. Specimen numbers are the
same as in Table 1

Specimen no. Histologic subtype CgA Synaptophysin a/b-SNAP SNAP25 VAMP2 Syntaxin1

12 Undifferentiated + +++ +++ +++ – –
13 Undifferentiated – +++ +++ – – +++
14 Undifferentiated – +++ +++ +++ ++ +++
15 Undifferentiated +++ +++ +++ +++ – +++
16 Undifferentiated ++ +++ +++ +++ + +++
17 Undifferentiated – ++ ++ – – ++
18 Undifferentiated – +++ +++ ++ – ++
19 Undifferentiated ++ +++ +++ +++ +++ +++
20 Undifferentiated +++ +++ +++ +++ + +++

PDAC + ++ + + + +
22 PDAC – ++ ++ + + –
31 PDAC + ++ + – – +
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Prognostic implications of neuroendocrine differentiation
in SCUC

Two years after tumor surgery, only 1 of the 9 patients
with neuroendocrine differentiated SCUC (group 1) had
survived (11%), whereas 5 of 11 (45%) group-0 patients
were still alive. Certainly, these data may well reflect the
different tumor stages at diagnosis: 8 of 9 undifferentiat-
ed tumors with neuroendocrine features were diagnosed
at UICC stage IV, whereas 9 of 11 undifferentiated tu-
mors without neuroendocrine features were diagnosed at
UICC stages I–III. Nevertheless, it is possible that the
patients suffering from SCUCs with neuroendocrine fea-
tures were diagnosed so late, because their colorectal tu-
mors grew so aggressively and fast.

The variables of age, sex, localization of the tumor,
stage, depth of tumor infiltration, lymph-node involve-
ment, proliferation index and neuroendocrine markers
were analyzed using the univariate Cox’s proportional
hazards regression model. Due to the small case num-
bers, no statistically significant results were found.

Discussion

Small cell neuroendocrine carcinoma of the colorectum
is classified as high-grade malignant neuroendocrine car-
cinoma according to WHO [2, 9]. The data from our
study confirm the aggressive nature of this tumor type
and support the WHO classification. In addition to high-
grade malignant (undifferentiated) neuroendocrine carci-
nomas, the spectrum of neuroendocrine neoplasms in-
cludes slowly growing, well-differentiated benign neuro-
endocrine tumors, and low-grade malignant (well-differ-
entiated) carcinomas of various organs. The origin and
development of neuroendocrine tumors or carcinomas
has been a matter of debate [1, 5, 6]. Neuroendocrine tu-
mors and low-grade neuroendocrine carcinomas are now
believed (by some authors) to arise from orthotopic neu-
roendocrine cells of the epithelium after damage in par-
tially differentiated precursor cells occurred [1, 20],
whereas high-grade neuroendocrine carcinomas are
thought to originate from a putative stem cell [10]. Thus,
due to their different origin, high-grade neuroendocrine
carcinomas, independent of their site of origin, should be
clearly distinguished from low-grade neuroendocrine
carcinomas and benign neuroendocrine tumors [31].

It is well known that undifferentiated, neuroendocrine
carcinomas of the colon and rectum are frequently asso-
ciated with villous adenoma, adenocarcinoma or adeno-
carcinomatous elements [20, 32, 39, 42]. Vortmeyer et
al. [41] studied the genetic background of synchronous
small cell neuroendocrine carcinomas and associated
adenocarcinomas of the colorectum and found identical
genetic alterations in both tumor components, e.g. a fre-
quent LOH (loss of heterozygosity) for p53, DCC and
APC tumor-suppressor genes. In the same study, no such
abnormalities were observed in four well-differentiated
neuroendocrine tumors. Such findings suggest common

genetic changes of the adenoma–carcinoma sequence of
PDAC and high-grade neuroendocrine carcinoma that
possibly originated from the same stem cell. Reports of
scattered neuroendocrine cells in colonic adenocarcino-
mas and of amphicrine carcinomas with both exocrine
and endocrine characteristics in the same cell support
this concept [4].

In our study 11 of 20 undifferentiated colorectal can-
cers stained negative for a broad battery of neuroendo-
crine markers (group 0). These tumors may represent de-
differentiated adenocarcinomas. However, the 9 carcino-
mas of group 1 may have originated from a multipoten-
tial epithelial stem cell that underwent biphenotypic dif-
ferentiation after carcinogenesis was initiated. The hy-
pothesis of biphenotypic differentiation implies that a
partial neuroendocrine differentiation of the adenocarci-
noma was present initially [7], but due to the aggressive-
ness of the highly malignant neuroendocrine component,
the adenocarcinoma was finally outgrown by the neuro-
endocrine phenotype. Most interesting in this context is
one biphenotypic tumor in our study (specimen no. 20)
that supports this concept: the adenocarcinoma compo-
nent exhibited a partial neuroendocrine differentiation
(about 25% of the tumor cells, Fig 1b), as evidenced 
by staining for all six neuroendocrine markers used.
However, the undifferentiated component exclusively
consisted of neuroendocrine markers expressing cells
(Fig. 1c, e, g).

The true prevalence of neuroendocrine SCUC is diffi-
cult to determine, since most previous reports described
individual case reports or very small series. The only
publication presenting a large group of patients (988 
colorectal cancers resected at a single institution in 
Chicago, USA, over 10 years) proposed an incidence of
3.9% for ‘neuroendocrine cancers of the colon and rec-
tum’ [30]. Since this study included a large number of
PDAC as well as ‘well-differentiated neuroendocrine
carcinoma’, the incidence of SCUC with neuroendocrine
features may have been 1% or below. According to a
publication by the National Cancer Institute, USA [38],
only 0.3% of all colorectal malignancies are SCUC. In
our hospital, 2530 colorectal carcinomas of any stage
were operated on between 1982 and 1997. Reviewing
the pathology files of these patients, we found the de-
scribed 20 SCUC (0.8% of all 2530 cancers). The differ-
ences may be due to differing groups of patients being
referred to hospital centers. Nevertheless, the frequency
of neuroendocrine differentiation of SCUCs remains elu-
sive, since all previous reports [3, 5, 6, 12, 20, 23, 26,
27, 32, 34, 39, 41, 42] focussed on undifferentiated car-
cinomas with neuroendocrine features, based on ultra-
structural or immunohistochemical findings. In our
study, however, we found only 9 of 20 (45%) undifferen-
tiated carcinomas to express neuroendocrine marker pro-
teins, based on the immunohistochemical detection of up
to six specific neuroendocrine markers. When combining
our 9 cases with the previously reported 59 cases of co-
lorectal small cell carcinomas with neuroendocrine fea-
tures, the average age at diagnosis was 51.3 years (range
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26–89 years) and thereby 10 years earlier than colorectal
cancer in general, there was no obvious sexual predispo-
sition (29 female, 39 male). Thirty-nine (57%) colorectal
small cell carcinomas arose in the rectosigmoid, twenty-
five (37% being high for this location) in the coecum/
ascending colon, and only four (6%) in the transverse 
colon. Considering tumor stage, 65 of the 68 current
cases (95%) presented with evidence of either regional
lymph-node involvement (UICC stage III: 20%) or dis-
tant metastases (UICC stage IV: 76%) at the time of di-
agnosis. In comparison, of the 149,965 colorectal adeno-
carcinomas reviewed by Thomas and Sobin of the Na-
tional Cancer Institute [38], 50% had stage-III and 20%
had stage-IV disease at the time of diagnosis. In addi-
tion, the prognosis of colorectal neuroendocrine carcino-
ma appears worse than that of stage-matched colorectal
adenocarcinomas. Thomas and Sobin [38] noted a 27%
5-year survival when combining stage-III (48.6% 5-year
survival) and stage-IV (5.6% 5-year survival) colorectal
adenocarcinomas. In contrast, only 3 of 51 patients (of
whom the follow-up data were available) with stage-III
and stage-IV undifferentiated neuroendocrine carcino-
mas were alive after 2 years.

The partial neuroendocrine differentiation of other-
wise typical adenocarcinomas of the colon and rectum
has been shown to be an independent prognostic factor
in stage III–IV cancers [7]. The results of our present
study in SCUC support the hypothesis that neuroendo-
crine features correlate with a more aggressive course of
the disease. The 11 patients with SCUC and no expres-
sion of neuroendocrine markers (group 0) were mostly
diagnosed in earlier stages (9 of 11 tumors in UICC 
stages I–III) and had a 2-year survival rate of 45.4%,
whereas only 1 (11%) of the 9 patients of group 1 sur-
vived 2 years. Interestingly, 8 of 9 tumors of the latter
group were diagnosed in tumor stage IV (P=0.002).

The underlying mechanism for the aggressiveness of
these neuroendocrine cancer cells is still not clear. It has
been postulated that neuroendocrine tumor cells can
stimulate growth through secretion of neurohumoral sub-
stances. It has been shown that biogenic amines and
polypeptide hormones play a role in growth regulation of
normal and neoplastic intestinal epithelium [15]. Expres-
sion of these neurotransmitters and neuropeptides and
their receptors in cancer cells might constitute an auto-
crine or paracrine growth-promoting loop that could 
account for the poor survival.

The secretion of both amines and peptide hormones
requires the expression of the SNARE complex, the core
proteins of the exocytotic apparatus shared by neuroendo-
crine cells and neurons. Interestingly, the expression of
several SNARE proteins appears to be maintained during
neoplastic transformation. Recently, mRNA and protein
of SNAP25 and syntaxin1 were detected in small cell
lung carcinomas [8]; proteins of synaptophysin, VAMP2,
and SNAP25 were found in pheochromocytomas [11] and
in different high-grade malignant neuroendocrine carci-
nomas of the gut, pancreas, and lung [33]. Our results
support these observations, since VAMP2, synaptophysin,

syntaxin1, SNAP25, α/β-SNAP, and chromogranin A
were detected in undifferentiated colorectal cancers. The
same markers were also found in an associated adenocar-
cinoma (specimen no. 20) and in the normal mucosa.
However, the extent of expression differed among the
single markers: chromogranin A and VAMP2 were less
frequently expressed. This is similar to an observation
made by Schmitt-Graff et al. [33]. The synthesis of syn-
aptophysin appears to be better maintained during neo-
plastic transformation [7, 33]. In our series of undifferen-
tiated, neuroendocrine carcinomas, we found α/β-SNAP
and synaptophysin to be expressed in all 9 tumors.
SNAP25 was only expressed in 7 of 9 tumors. In addi-
tion, it was not only found at the plasma membrane as in
normal neuroendocrine cells, but was also located in the
cytoplasma, confirming the results of Schmitt-Graff et al.
[33] (Fig. 1f, g). Since an intact syntaxin molecule is nec-
essary to anchor SNAP25 to the plasma membrane [40], a
disturbance in the regulated secretory pathway during
neoplastic transformation seems likely.

Small cell undifferentiated neuroendocrine carcinoma
of the colorectum carries the same abysmal prognosis as
it does at other sites, and it clearly has important clinical
implications. Such tumors, even when small and/or sub-
mucosal, are capable of rapid distant spread. The pres-
ence of even a small focus of such a tumor, in an adeno-
ma for example, calls for radical surgery. The accumulat-
ed evidence is now sufficient to advocate multi-agent
chemotherapy in all cases [21, 22, 27], since this tumor
entity seems to be relatively chemosensitive [24]. In fact,
the only ‘long-term-survivor’ in our study, a 57-year-old
man with stage-IV disease and multiple liver metastases,
received locoregional followed by systemic multi-agent
chemotherapy.

Ongoing research in this area is necessary, because
the better understanding of neuroendocrine differentia-
tion in otherwise undifferentiated colorectal carcinomas
could lead to innovative therapeutic strategies.
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Abstract Objective: We asked whether a scoring system
[index of pulmonary vascular disease (IPVD)] that quan-
tifies the individual pulmonary vascular pathology would
relate to postoperative survival in patients with congeni-
tal heart disease and pulmonary hypertension (PH).
Methods: Lung biopsy specimens from 28 patients at a
median age of 6 months (1 month to 21 years) were anal-
ysed qualitatively and morphometrically. The IPVD and
other morphometric parameters were related to haemo-
dynamic findings and survival. Results: Mean pulmona-
ry artery pressure (PAP) was 44 mmHg (15–72 mmHg),
and the resistance to pulmonary perfusion was 5 U m2

(0.9–14 U m2). There were three early (in-hospital) and
three late deaths during the follow-up period of 2.5 years
(6 months to 7 years). Incipient plexiform lesions were
observed in one infant with trisomy 21 and complete
atrioventricular septal defect (cAVSD). An IPVD score
above the upper critical limit (>2.2) was not observed
during the first year of life. On discriminant analysis,
morphometric parameters could not predict mortality
(P=0.08). Conclusions: The IPVD is not helpful to pre-
dict surgical mortality during the first year of life. Pa-
tients with trisomy 21 and cAVSD may show advanced
pulmonary vascular disease in infancy.

Keywords Congenital heart disease · Children · 
Pulmonary hypertension · Lung · Pathology

Introduction

Pulmonary hypertension in children with congenital
heart disease and left-to-right shunt contributes signifi-
cantly to perioperative mortality after cardiac surgery for
correction of the defect [2]. Increased pulmonary blood
flow and pulmonary hypertension result in morphologi-
cal alterations of the pulmonary vasculature known as
“pulmonary plexogenic arteriopathy” [21], characterised
by increased muscularisation of small pulmonary arte-
ries, cellular intimal proliferation, intimal fibrosis, dila-
tation lesions, fibrinoid necrosis and plexiform lesions.

Open lung biopsy has been used as a diagnostic tool
to rule out irreversible morphological alterations prior to
corrective surgery in patients with left-to-right shunt [11,
17]. However, Wilson and colleagues [23] have shown
that open lung biopsy was associated with substantial
mortality (20%) when used as an isolated procedure. The
importance of lung biopsy in patients with high resis-
tance to pulmonary perfusion has been challenged [3].

In contrast, Yamaki and colleagues [24] have used an
index of pulmonary vascular disease (IPVD) to evaluate
the severity of pulmonary vascular disease. This index is
calculated on the basis of specific morphological changes
of individual pulmonary arteries. They reported an upper
critical limit (IPVD=2.2) for operability and underlined
the importance of lung biopsy in decision making for pa-
tients with congenital heart disease and pulmonary hy-
pertension [27].

Since this issue is controversial, we reviewed our own
experience with open lung biopsy for risk stratification
in patients with congenital heart disease and pulmonary
hypertension. We hypothesised that IPVD and other
morphometric parameters might be correlated with (a)
haemodynamic parameters and (b) surgical mortality.

Methods

This study was conducted retrospectively, reviewing the time be-
tween January 1993 and June 2000. During that period, it had
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been our policy to obtain lung biopsy specimens from children
with congenital heart disease whenever (a) pulmonary hyperten-
sion or (b) equivocal haemodynamic or angiographic findings did
not allow us to rule out severe pulmonary vascular disease.

Lung biopsy was performed as an isolated procedure in 4 of 28
patients. The biopsies from these 4 patients were obtained in 1993.
Thereafter, lung biopsy specimens were obtained during intracardi-
ac repair or pulmonary artery banding to obtain additional informa-
tion on the status of the pulmonary vasculature (24 of 28 patients).

Patients

The following criteria for inclusion were used:

1. Biopsy taken either as an isolated procedure or during cardiac
surgery for correction or palliation of the defect.

2. Haemodynamic evaluation prior to surgery and follow-up per-
formed at our own centre.

Excluded were patients with diseases other than congenital heart
defects (e.g. cystic fibrosis) or complex congenital malforma-
tions.

Biopsy specimens from 28 patients were available. Demo-
graphic features and haemodynamic data are given in Table 1. At
surgery, the median age of patients was 6 months (1 month –
21 years). The patients included 9 patients with ventricular septal
defect (VSD), 2 patients with partial atrioventricular septal defect
(pAVSD), 14 patients with complete atrioventricular septal defect
(cAVSD), 13 of 14 with additional trisomy 21, 2 patients with
double outlet right ventricle (DORV) and 1 patient with double in-
let left ventricle (DILV).

Table 1 Clinical, haemodynamic and histopathological findings.
VSD ventricular septal defect, cAVSD complete atrioventricular
septal defect, pAVSD partial atrioventricular septal defect, DILV
double inlet left ventricle, DORV double outlet right ventricle,
PAP mean pulmonary artery pressure, PVR resistance to pulmona-

ry perfusion, mh medial hypertrophy, cp cellular intimal prolifera-
tion, cf concentric laminar intimal fibrosis, pl plexiform lesions,
IPVD index of pulmonary vascular disease, PAB pulmonary artery
banding, corr intracardiac repair, – data not available

Case Age Diagnosis PAP PVR Histo- IPVD Percentage Procedure Outcome
(mmHg) (U m2) pathology medial wall

thickness

1 4 months VSD 38 7.0 cp 1.8 28.0 PAB Death 
6 months 
post-op. 
(at home)

2 5 months VSD 29 2.0 mh 1.0 11.8 Corr Alive
3 5 months VSD 48 5.0 mh 1.0 21.8 Corr Alive
4 5 months VSD 55 6.8 cp 1.1 22.0 Corr Alive
5 7 months VSD 35 – mh 1.0 10.9 Corr Alive
6 7 months VSD 49 9.0 cp 1.3 23.0 Corr Alive
7 8 months VSD 51 10.0 mh 1.0 23.2 Corr Alive
8 3 years, 6 months VSD 36 4.0 cp 1.1 12.5 1. PAB, 2. corr Alive
9 15 years, 5 months VSD 48 12.0 cf 1.6 8.7 Corr Alive

10 2 years, 6 months pAVSD 15 2.0 mh 1.0 8.4 Corr Alive
11 21 years, 6 months pAVSD 20 1.0 mh 1.0 8.9 Corr Alive
12b 1 month cAVSD 22 1.0 cp 1.3 12.0 1. PAB, 2. corr Alive
13 2 months cAVSD 46 8.0 mh 1.0 27.9 1. PAB, 2. corr Death 1 year

post-op. 
(at home)

14 3 months cAVSD 43 5.0 cp 1.1 14.5 PAB Death 3 days
post-op. 
(heart failure)

15 4 months cAVSD 34 .9 mh 1.0 26.2 Corr Alive
16 4 months cAVSD 32 3.0 cp 1.2 35.7 1. PAB, 2. corr Alive
17 4 months cAVSD 48 14.0 cp 1.1 31.3 1. PAB, 2. corr Alive
18 5 months cAVSD 28 1.4 cf 1.2 16.9 1. PAB, 2. corr Death 48 days

post-op. 
(pneumonia)

19 5 months cAVSD 44 3.0 cp 1.9 32.0 1. PAB, 2. corr Death 16 days
post-op 
(pneumonia)

20 5 months cAVSD 26 3.4 cf 1.2 25.8 PAB, await corr Alive
21 6 months cAVSD 33 1.0 mh 1.0 21.5 Corr Alive
22 6 months cAVSD 51 11.0 pl 1.6 19.9 1. PAB, 2. corr Alive
23a 1 year, 2 months cAVSD 64 5.8 pl 2.1 6.9 No surgery Alive
24a 2 years, 1 month cAVSD 55 10.0 pl 2.2 14.0 No surgery Alive
25 3 years, 10 months cAVSD 52 13.0 pl 1.8 14.0 PAB Alive
26a 1 year, 8 months DILV 64 7.9 mh 1.0 14.6 PAB Alive
27c 1 year, 6 months DORV 30 4.2 mh 1.0 12.8 PAB, await. Glenn Alive
28a 8 years, 10 months DORV 72 11.6 pl 2.7 5.0 No surgery Death 6 months

after biopsy

a Patients in whom lung biopsy was performed as an isolated pro-
cedure
b Associated extracardiac abnormality: duodenal atresia

c Absent left atrioventricular connexion, re-banding of pulmonary
artery
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Haemodynamic evaluation

Cardiac catheterisation was performed at 1.5 months (0.1–8 months)
prior to cardiac surgery. Patients were sedated with phenobarbital
and morphine. Pulmonary and systemic arterial blood pressures
were recorded using a fluid-filled catheter connected to a mechano-
electrical pressure transducer. Oxygen consumption was estimated
based on age, sex and heart rate, according to the method of LaF-
arge and Mietinen [14]. Pulmonary (Qp) and systemic (Qs) blood
flows were calculated using the Fick equation. The resistance to
pulmonary perfusion (PVR) was calculated according to a standard
formula [20]. Whenever possible, the ratio of pulmonary to system-
ic resistance to perfusion (Rp/Rs) was calculated additionally.

Cardiac surgery

With two exceptions, all patients with VSD underwent primary re-
pair of their defect. In patients with complete AVSD, a two-step
approach was used in 8 of 15 with initial pulmonary artery band-
ing. Closure of the atrioventricular septal defect was performed
usually 6 months after pulmonary artery banding using a two-
patch technique as described [16] in association with mitral valve
repair [1].

Lung biopsy

Informed consent was obtained from the parents of each child and
patients more than 7 years of age. In patients undergoing intracar-
diac repair or banding of the pulmonary artery, biopsy specimens
were taken prior to cardiopulmonary bypass.

Specimens were taken from the right upper lobe using “C’’
clamps as described by Rabinovitch and colleagues [17]. The tis-
sue was then fixed in 8% formaldehyde for 24 h and embedded in
paraffin. Sections were stained with haematoxylin and eosin (HE),
elastic van Gieson (EvG), periodic acid–Schiff (PAS), iron and
Ladewig’s stain.

Histopathological evaluation

The slides were analysed by two investigators (P.S. and M.G.) in-
dependently. During the time period between 1993 and 1995, the
slides were additionally analysed by C.A. Wagenvoort to confirm
the findings. The criteria for description of the vascular pathology
were applied as given by Wagenvoort [21]. Qualitative changes
such as medial hypertrophy, cellular intimal proliferation, intimal
fibrosis, vessel dilatation or plexiform lesions were described.

Morphometric techniques

Pulmonary arteries at the level of the terminal and respiratory
bronchioli were analysed morphometrically. Large preacinar ves-
sels measuring more than 300 µm in diameter were not analysed.
Great care was taken to include only those arteries for morpho-
metric analysis that showed a circular appearance. Vessel diameter
and the relationship of thickness of the medial coat to the external
vessel diameter (“percentage medial thickness”) were measured as
previously described [7] using a planimetric method published by
Cook and Yates [5] (Fig. 1). In short, this method allows correc-
tion for the different degrees of vessel collapse by calculating the
radius (R) from the length of the internal elastic lamina (L) and
the medial thickness (T) from the area of the medial coat. In other
words, the vessel is “distended” mathematically using this meth-
od. Arteries measuring 75–150 µm in diameter were grouped to-
gether. The median wall thickness (as a percentage of the external
vessel diameter) was calculated for this size range.

In addition, the IPVD was calculated as defined by Yamaki and
colleagues [24]. This method gives a score from 1 to 4 to each ar-
terial section according to the following histological findings:

● ‘‘1” = no intimal reaction
● ‘‘2” = cellular intimal proliferation
● ‘‘3” = fibrous and fibroelastic proliferation of the intima
● ‘‘4” = partial or total destruction of the media

The index IPVD is then calculated using the formula:

where n1, n2, n3 and n4 are the numbers of arterial sections bearing
the respective scores. In theory, this score varies from 1.0 to 4.0.

Postoperative management

Patients were mechanically ventilated and sedated with midazo-
lam and fentanyl. Epinephrine and dobutamine were used when-
ever ventricular function necessitated inotropic support. Patients
with significant postoperative pulmonary hypertension defined as
a ratio Pp/Ps >0.5 [2] were hyperventilated such as to keep arterial
pH >7.4, and paO2 was kept >150 Torr for 24 h. Nitric oxide was
inhaled starting with 5 parts per million (ppm) whenever the ratio
of Pp/Ps exceeded 0.5. Nitric oxide concentration was increased
up to 40 ppm at maximum.

Postoperative follow-up

The patients were re-examined in our outpatient clinic at regular
time intervals. In addition, it was assured by a telephone question-
naire with patients or parents in August 2000 that all patients
could be assigned to the group of survivors or non-survivors at
that time.

Statistics

The data did not show a Gaussian distribution. For this reason,
they are presented as median (range), and nonparametric testing
was used for data analysis: the Mann-Whitney test was used to test
the hypothesis that IPVD was able to discriminate between survi-
vors and non-survivors. Linear regression analysis was performed
to study the relationship of haemodynamic parameters to the
IPVD score. A discriminant analysis was performed to analyse a
potential combined effect of specific morphometric parameters
(IPVD, medial thickness and obturation of the vessel lumen) on
survival. Statistical significance was assumed at P<0.05.

Fig. 1 Morphometric method of Cook and Yates [5]. The vessel is
“distended” mathematically, the length of the internal elastic lami-
na (L) and the areas of the lumen, the media (A) and adventitia are
determined planimetrically
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Results

Haemodynamic evaluation prior to surgery

At cardiac catheterisation, most patients showed severe
pulmonary hypertension: the mean pulmonary artery
pressure (PAP) was 44 mmHg (15–72 mmHg; Table 1).
Resistance to pulmonary perfusion was increased in
most patients [PVR=5.0 U m2 (0.9–14 U m2)]. The mean
aortic pressure was recorded at cardiac catheterisation in
20 of 28 patients, and in these 20 patients the ratio of
Rp/Rs could be determined. Rp/Rs was moderately in-
creased [0.29 (0.05–1.2)] in most patients. Pulmonary
blood flow was increased in a majority of patients
[Qp/Qs=2.2 (0.7–9)], but two patients (no. 24 and
no. 28) were found to have a predominant right-to-left
shunt (Qp/Qs=0.8 and 0.7, respectively).

Postoperative pulmonary hypertension

Pulmonary hypertensive crises, defined as an acute in-
crease in the ratio Pp/Ps with concomitant fall in systemic
blood pressure and decrease in oxygen saturation could
be observed in three patients with complete AVSD (see
Table 1, no. 17, no. 18 and no. 21) when weaning from
the artificial ventilation was started. None of these crises
was fatal, but they prolonged the time of artificial venti-
lation.

Chest tubes were placed in all patients to drain the
pleural cavities after open lung biopsy. Pneumothorax or
bronchopleural fistula as a consequence of open lung 
biopsy could not be observed in this series.

Postoperative mortality

There were six deaths in this series (Table 1).

In-hospital mortality

Three patients with cAVSD and trisomy 21 died while
being treated in the intensive care unit. For patient
no. 14, death was due to cardiac failure after pulmonary
artery banding. Patients no. 18 and no. 19 died from res-
piratory failure due to pneumonia.

Late mortality

Patients who were discharged were followed-up for a
median time of 2 years and 6 months (6 months –
7 years). There were three deaths in this group: Patient
no. 1, an infant with VSD died 6 months after pulmonary
artery banding from severe pneumonia. Patient no. 13, a
child with trisomy 21 and cAVSD suddenly died 1 year
after intracardiac repair at home for unknown reasons.
Patient no. 28, a child with DORV and severe pulmonary
vascular disease died 6 months after biopsy at home
from cardiac failure. An autopsy was performed only in
patient no. 28 and confirmed the diagnosis of cardiac
failure due to severe pulmonary vascular disease.

Histopathological evaluation

Most patients were found to have either medial hypertro-
phy of pulmonary arteries measuring 75–150 µm in di-
ameter or additional cellular intimal proliferation of the
pulmonary arteries (Table 1).

Extreme thickening of the medial coat in small pul-
monary arteries (D: 25–50 µm) exceeding one-third of
the vessel diameter was found in four patients (nos. 2, 7,
15 and 17) but never affected more than 20% of all small
pulmonary arteries. Vessel dilatation as a prominent 
feature could be demonstrated in one patient (no. 10; 
Table 1). Concentric intimal fibrosis of pulmonary arte-
ries was found in three patients (nos. 9, 18 and 20): obtu-
ration of the lumen usually exceeded 20% of the total ar-
ea of the vessel lumen. In the whole section, however,
the number of arteries showing concentric intimal fibro-
sis was relatively small resulting in a score of IPVD <2.0
in these patients.

Plexiform lesions could be observed in five patients,
four of them presenting with cAVSD. In one 6-month old
girl with cAVSD and trisomy 21 (no. 22), plexiform le-
sions were found to be in an early histological stage of
development [so-called “incipient plexiform lesions”
(Fig. 2)] [21]. Fibrinoid necrosis of the media was ob-
served in one patient only (no. 28).

In four patients with cAVSD and trisomy 21, a second
lung biopsy was performed 9 months (4–19 months) af-
ter pulmonary artery banding at the operation for de-
banding and correction of the defect (Table 2). The se-
verity of pulmonary vascular disease as described by

Table 2 Pulmonary vascular pathology in patients with complete
atrioventricular septal defect and trisomy 21. Biopsies were taken
during pulmonary artery banding and repeated during intracardiac

repair. IPVD index of pulmonary vascular disease, cp cellular inti-
mal proliferation, cf concentric laminar intimal fibrosis, pl plexi-
form lesions

Case Time interval Histopathology IPVD Percentage medial thickness
between initial/subsequent initial/subsequent (diameter=75–150 µm) 
biopsies biopsy biopsy initial/subsequent biopsy

16 5 months cp/cp 1.2/1.2 35.7/23.9
17 4 months cp/cf 1.1/1.8 31.3/38.9
19 8 months cp/cp 1.9/1.6 32.0/26.7
22 1 year, 7 months pl/pl 1.6/1.4 19.9/20.7
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Wagenvoort [21] remained at the same level in three pa-
tients. In one patient (no. 17), fibrous intimal prolifera-
tion could be observed as a new finding, and percentage
medial thickness was found to be increased. In the other
patients, the percentage medial thickness was found to
be at the same level (no. 22) or decreased (no. 16 and
no. 19).

Relationship of IPVD to haemodynamic findings

The IPVD was correlated with PAP (r=0.57, P<0.01;
Fig. 3), Rp/Rs (r=0.59, P<0.01) and PVR (r=0.45,
P=0.02). The IPVD was not correlated with the magni-
tude of the left-to-right shunt (r=–0.31, P=0.12).

Relationship of morphometric parameters to survival

The IPVD was not related to mortality in patients where
lung biopsy had been taken during surgery for correction
or palliation of their defect (P=0.59, Mann-Whitney). An
IPVD above 2.2 was found in one 8-year-old patient on-
ly (no. 28; Table 1). This patient died 6 months after bi-
opsy from cardiac failure. The thickness of the medial
coat in pulmonary arteries between 75 µm and 150 µm in
diameter was not correlated with mortality (P=0.35). On
discriminant analysis, there was no detectable combined
effect of IPVD, medial thickness and obturation of the
vessel lumen on survival (P=0.08).

Impact of morphological findings for decision making

Plexiform lesions were observed in five patients (Table 1):
in three patients the lung biopsy was performed as an
isolated procedure and surgery was not considered as an
option in these patients. One patient (no. 25) underwent
pulmonary artery banding and the lung biopsy was taken
during this procedure, but subsequent intracardiac repair
was thought to be too risky. However, intracardiac repair
was successfully performed in patient no. 22 with incipi-
ent plexiform lesions.

Discussion

Pathological alterations of the pulmonary vasculature in
patients with left-to-right shunt and pulmonary hyperten-
sion have been studied intensively [4, 12, 17, 21]. Al-
though these studies contributed significantly to the un-
derstanding of the disease process, the value of open

Fig. 2 Incipient plexiform le-
sions in a 6-month-old patient
with complete atrioventricular
septal defect and trisomy 21
(haematoxylin and eosin ×40).
This lesion is characterised by
slit-like luminae surrounded 
by cells with hyperchromatic
nuclei

Fig. 3 Mean pulmonary artery pressure (PAP) is significantly re-
lated to the index of pulmonary vascular disease (IPVD)



269

lung biopsy for risk stratification in patients with left-to-
right shunt and pulmonary hypertension is limited. As
reported by other groups [9, 10, 12, 18, 23], potentially
reversible pulmonary vascular disease cannot be as-
sumed to predict an uneventful course after the operation
to correct the defect.

Yamaki and colleagues [27] used the IPVD to identify
patients with irreversible pulmonary vascular disease not
suitable for corrective surgery. Although we confirmed a
positive correlation of IPVD with PAP, as described by
Yamaki and Tezuka [24], we were not able to demon-
strate a significant relationship between IPVD and sur-
vival in our patients. Patient age may explain this 
discrepancy: the patients in our series were younger (me-
dian age at operation = 6 months) than those in Yamaki’s
study (mean age = 19 months) [25]. In our series an
IPVD>2.2 was observed in one patient only, whereas
Yamaki and coworkers reported a higher incidence of pa-
tients with plexogenic pulmonary arteriopathy and an
IPVD >2.2 [27]. Extreme thickening of small pulmonary
arteries has been associated with increased postoperative
mortality [26], but none of our patients revealed such ex-
treme medial thickening.

The existence of plexiform lesions has been shown to
be indicative of irreversible morphological alterations
that may progress even after intracardiac repair [22] or
may be associated with a fatal outcome [4]. In patients
with trisomy 21 and cAVSD, plexiform lesions may be
found as early as in infancy [6, 27]. However, the “point
of no return” for incipient plexiform lesions has yet to be
determined. In our series, intracardiac repair was suc-
cessfully performed in one 6-month-old patient with 
cAVSD presenting with incipient plexiform lesions
(Fig. 2). Data from a recent case report suggest that even
plexiform lesions may regress following single lung
transplantation [15]. Vascular remodelling has been
shown to be influenced by haemodynamic factors [13].
Therefore, surgical correction of left-to-right shunt at an
early age may be justified as an attempt to stop the pro-
gression of pulmonary vascular disease.

Open lung biopsy – performed as an isolated proce-
dure – has been associated with a high mortality rate
(20%) [23] and – in patients with Rp>8 U m2 – will be
mostly only confirmatory [3]. Whether morphometric
analysis allows criteria to be established that influence
the follow-up of patients with pulmonary vascular dis-
ease after intracardiac repair remains to be determined
by prospective studies.

This retrospective study comprised patients with dif-
ferent disease entities primarily associated with left-to-
right shunt. Patient selection influenced the mortality in
this series. During the same time period, 70 patients with
cAVSD were admitted to our facility. Lung biopsy speci-
mens were obtained from 14 of these 70 patients. The
mortality rate in this group of patients was lower (11%)
than in the subgroup of patients from whom lung biopsy
specimens were obtained.

Testing of acute pulmonary vasoreactivity with sub-
stances such as oxygen, nitric oxide or prostacyclin [8,

19] was performed only in a small number of our pa-
tients. This study focused on morphometric findings.
Non-morphological findings, such as the result of testing
for acute pulmonary vascular reactivity, were not avail-
able in an adequate number of patients to allow a corre-
lation with morphometric data. Immunohistochemical
analysis of snap-frozen tissue using monoclonal antibod-
ies for growth factor expression was not performed, be-
cause only tissue fixed in formalin and embedded in par-
affin was available in this series.

Conclusion

In summary, the IPVD quantifies the severity of morpho-
logical alterations and correlates well with haemodynam-
ic findings. However, it does not allow an estimate of
peri-operative mortality in infants. Potentially irrevers-
ible pulmonary vascular disease is a rare finding during
the first year of life but may be seen in infants with tri-
somy 21 and cAVSD. In this particular group of patients,
an open lung biopsy obtained during surgery for intracar-
diac repair or pulmonary artery banding may give useful
information for follow-up care.
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Abstract Seventy-two cases of idiopathic pulmonary
fibrosis (IPF) were examined from 2856 consecutive
autopsy cases at the Japanese Red Cross Medical Center
in Tokyo from 1973–1996. Primary lung cancer had arisen
in 31 of 72 cases of IPF (43%), significantly higher than
the incidence in cases without IPF (8.1%) and in the
cases with non-IPF chronic lung diseases (11.9%).
Hyperplastic epithelial foci in the honeycomb lesions of
IPF cases were significantly more prominent in the lower
than in the upper lobe, in cases with or without lung can-
cer, and they were more prominent in the lower lobe of
IPF with than in those without cancer. The length of
hyperplastic epithelial foci in the lower lobe of IPF cases
was longer than that in interstitial pneumonia-associated
with collagen vascular diseases. There was a higher
PCNA labeling index of hyperplastic epithelial foci in IPF
cases than in cases of interstitial pneumonia-associated
with collagen vascular diseases. The PCNA labeling
index was almost the same between smokers and non-
smokers with IPF. Overexpression of p53 was observed
in hyperplastic epithelial foci in honeycomb lesion of
IPF. DNA ploidy analysis of hyperplastic epithelial foci
in the paraffin sections of 12 IPF cases revealed aneu-
ploidy patterns in eight cases. These results strongly
suggest that accelerated cell proliferation occurs in the
honeycomb lesion of IPF, and that regenerative epithelia
becomes susceptible to carcinogenic agents in addition
to the smoking effect.

Keywords Idiopathic pulmonary fibrosis ·
Honeycomb lesion · Epithelial hyperplasia ·
Proliferating cell nuclear antigen · p53 · Lung cancer

Introduction

It is well known that carcinoma frequently arises in the
lung of subjects with idiopathic pulmonary fibrosis (IPF)
in Japan. Japanese nationwide surveys and several insti-
tutional studies have reported incidences of lung cancer
associated with IPF from 10.7% to 48% at autopsy
[9, 20, 24, 27]. Turner-Warwick et al. [34] and Hubbard
et al. [13] have also reported high risks of lung cancer in
cryptogenic fibrosing alveolitis. The histopathological
counterpart of IPF is usual interstitial pneumonia (UIP)
[16, 19]. One of the pathological hallmarks of UIP is the
heterogeneous appearance of honeycomb lesions, which
usually develop from the lower lobes of the lung. Honey-
comb lesions involve remodeling of alveolar structures
and microcystic spaces connected to the bronchioles and
are usually lined with bronchiolar and bronchial epithelia
and hyperplastic alveolar pneumocytes, and occasionally
metaplastic squamous epithelium [16, 19].

Atypical metaplastic epithelia are frequently seen in
the fibrotic lung tissue [11, 22, 30]. Recently p53 and
p21 expression were reported in hyperplastic bronchial
and alveolar epithelial cells in IPF [18]. From the obser-
vations of many histological sections of IPF we hypothe-
size that the regenerative epithelia in honeycomb lesion
of IPF is susceptible to inhaled carcinogenic agents. The
purpose of this study was to evaluate the hyperplastic
epithelial foci in honeycomb lesions by morphometric
and immunohistochemical analysis for proliferating cell
nuclear antigen as well as p53 and DNA ploidy analysis
performed on the autopsied lung tissues.

Methods and materials

Seventy-two lung specimens with IPF were examined from 2856
consecutive autopsy cases at the Japanese Red Cross Medical
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Center in Tokyo between 1973 and 1996. IPF is chronic interstitial
lung disease of unknown cause. The diagnosis of IPF was con-
firmed based on the clinical symptoms such as dyspnea and dry
cough, reduced pulmonary function, reticulonodular shadow on
chest radiography, and histopathology of UIP according to Crystal
et al. [8] and Turner-Warwick et al. [36]. There were 257 cases of
lung cancer among the 2856 autopsy cases (9%), comprising of
226 cases of lung carcinoma without IPF and 31 cases associated
with IPF. We also examined 20 smokers’ lungs without IPF or
other chronic lung diseases. All of these subjects were men, with a
mean age of 67±6.5 years and an average smoking index
(cigarettes/day, years) of 1187±681.6. Samples of the lung tissues
of these smokers were taken well away from the primary lung
cancer and examined as controls. Furthermore, 14 cases with
interstitial pneumonia associated with collagen vascular diseases
(IP-CVD), including 8 cases of rheumatoid arthritis, 3 of Sjögren’s
syndrome, 2 of scleroderma, and 1 of dermatomyositis were
examined. There were seven men and seven women. Only two
men had a smoking index of 1000 and 3200, respectively. The
mean age of patients with IP-CVD was 69±15 years. Histopathology
of the lung with IP-CVD in this study revealed various degree of
honeycomb lesions in the lower lobe, with frequent bronchiolar
fibrosis and organizing pneumonic foci. Honeycomb lesion in
IP-CVD is similar to that of IPF/UIP, but smaller, and interstitial
lymphocytes or lymphoid follicles are usually present. There were
foci in some parts of the lung with dermatomyositis and scleroderma
showing nonspecific interstitial pneumonia pattern.

All the lungs were fixed in buffered neutral 10% formalin by
infusion through the main bronchus for 12–48 h. The lung tissues
were routinely processed, embedded in paraffin, and stained with
hematoxylin-eosin, periodic acid–Schiff–-alcian blue, and elastica
van Gieson. The primary sites of lung carcinoma were determined
by macroscopic examination. Cancers arising in the major bronchus
up to the segmental bronchus were classified as central type, and
those arising distal to the segmental bronchus were classified as
peripheral type [31].

For the morphometric analysis of hyperplastic epithelial foci
we selected 58 IPF cases and excluded 14 because of shedding of
epithelium due to postmortem or severe inflammatory changes.

In the present study the hyperplastic epithelial foci in honey-
comb lesions were defined as having three or more layers of basal
cells of bronchial and/or bronchiolar cells lining the honeycomb
cysts. They frequently revealed squamous metaplasia with occa-
sional dysplasia. We measured the length of these hyperplastic
epithelial foci in the honeycomb lesions in the unit area (mm2)
using an Olympus micrometer at three areas in the lower lobe, as
well as the upper lobe of IPF cases and in the lower lobe of
IP-CVD cases. The average length was measured in each lobe and
is presented as mean ±standard deviation.

For immunohistochemical analysis of proliferating cells in the
honeycomb lesions, we used a monoclonal antibody against
PCNA (PC10, Novocastra, UK) and a monoclonal antibody
against p53 (DO-7, Novocastra). Paraffin sections 4 µm thick were
placed on silan-coated glass slides. After deparaffinization they
were washed in phosphate-buffered saline with 0.01% Tween 20.

They were then heated in a microwave oven at 500 W for 15 min
in a 10 mM sodium citrate buffer at pH 6.0. Endogenous peroxidase
activity was eliminated with 1% H2O2 in methanol for 30 min. Then
the sections were incubated with the primary antibodies at 4°C over-
night, followed by then the secondary antibody, biotinylated goat
antimouse IgG, for 30 min at room temperature. After washing in
PBS they were reacted with peroxidase-conjugated streptoavidin
(0397, Dako Japan, Kyoto, Japan). Finally, the reaction products were
visualized with 0.02% 3,3′-diaminobenzidine in a 0.1 mol/l Tris-HCl
buffer, pH 7.6, in 0.005% H2O2 for 5 min and lightly counterstained
with methyl green. Negative controls consisted of a nonimmune, iso-
type-matched monoclonal antibody. PCNA-positive cells in the hon-
eycomb lesions in the IPF cases with or without lung cancer and in
the IP-CVD cases were counted in 300 consecutive epithelial cells.
p53 positive epithelial cells were observed in the honeycomb lesions
in these cases. The same immunohistochemical study was performed
in smokers’ lungs, and positive cells were observed.

DNA ploidy analysis was performed to determine the malig-
nant potential of hyperplastic epithelial foci in 12 samples from
IPF cases (5 with lung cancer, 7 without lung cancer). The hyper-
plastic epithelial foci of the paraffin sections were selected by
hematoxylin-eosin staining and were cut at 50 µm thickness. After
deparaffinization, rehydration, and washing with phosphate-
buffered saline the cells were dissociated with 0.5% pepsin
(pH 1.5) at 37°C for 50 min, minced with a stainless mesh, triturated
with a 23-G needle 30–50 times, and then filtered through two
layers of nylon mesh. After centrifugation the resulting pellet was
double-stained with 4′,6-diaminido-2-phenylindole and hemato-
porphyrin. The analysis was carried out using UV-microspectro-
photometry and flow cytometry [33]. Lymphocytes from each
lung specimen were used as the normal standard. The statistical
analyses were performed by χ2 test and unpaired t test, and P
values less than 0.05 were considered significant.

Results

Demography of lung carcinoma in IPF

There were 72 cases of IPF in 2856 autopsy cases.
Primary lung cancer had arisen in 31 of 72 IPF cases
(43%). Lung cancer was found in 226 of 2784 cases
without IPF (8.1%) and in 24 cases of 202 cases of non-
IPF chronic lung diseases (11.9%), such as emphysema,
bronchiectasis, pulmonary tuberculosis, and pneumoco-
niosis. The incidence of lung cancer in IPF was signifi-
cantly higher than that in other lung diseases (P<0.01).
The sex and age at autopsy and smoking index in the
cases with IPF, the cases with IPF and cancer and the
cases with lung cancer without IPF are presented in
Table 1. Men were predominant in these three groups,
especially in the cases of lung cancer associated with
IPF. The average interval period of the recognition of
lung cancer from the onset of symptoms of IPF or initial
radiographic changes was 5.9 years in 19 cases. In four
cases lung cancer and IPF were detected concurrently
while lung cancer preceded IPF in two cases. The interval
time between IPF and appearance of lung cancer was
unknown in six cases.

Most IPF with cancer patients (85%) were heavy
smokers, with a smoking index of greater than 800, having
an average of 1745, while the average index was 1559 in
patients of IPF without cancer, and 1251 in patients
with lung cancer without IPF (Table 1). There was no
significant difference in smoking index between the
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Table 1 Study population of lung cancer and idiopathic pulmonary
fibrosis, 1973–1996, Japanese Red Cross Medical Center (IPF
idiopathic pulmonary fibrosis, smoking index, cigarettes/day, year)

IPF with IPF Lung cancer
cancer (n=41) without
(n=31) IPF (n=226)

Male/female 30/1 33/8 186/40
Age at autopsy

(years) 69.4±6.3 74.7±10.6 68.4±11.0
Smoking index 1745.5±543.2a 1559.7±2242.5b 1251.3±739.6c

a n=26 b n=21 c n=101



groups of IPF with cancer, IPF only, and lung cancer
without IPF.

Localization and histological type of lung cancer in IPF

In the cases of IPF with lung cancer, lung cancers
occurred most frequently in the lower lobes (54.8%),
followed by the upper lobe (35.5%) and the middle lobe
(6.5%). In the cases without IPF, lung cancers tended to
occur in the upper lobe (51.8%), followed by the lower
lobe (38.9%) and the middle lobe (5.3%). There was no
significant difference in the lobular distribution of lung
cancer between these two groups. The tumors in 113
non-IPF cases were peripheral in 50% and central in
43.4% while of 26 cancers with IPF 84% were peripheral

and 16% central. The rate of peripheral cancers was
significantly higher in patients with IPF than without
IPF (Fig. 1; P<0.05). Most of peripheral type lung
cancer in IPF arose in the fibrotic area close to the
honeycomb lesion and four cases involved the honey-
comb lesion. The histological type of lung cancer in IPF
and non-IPF cases varied, and all types were observed
without significant differences between the two groups
(Table 2). 
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Fig. 1A, B Localization of lung cancer with IPF and without IPF.
A Location of lobes. B Primary site of lung cancer. *P<0.05
Occurrence of peripheral lung cancer in IPF vs. non-IPF cases

Table 2 Histological type of lung cancer

Lung cancer with Lung cancer without
IPF (n=31) IPF (n=226)

Histological type n % n %

Adenocarcinoma 9 29.0 97 42.9
Squamous cell carcinoma 10 32.3 58 25.7
Small cell carcinoma 9 29.0 40 17.7
Large cell carcinoma 1 3.2 21 9.3
Others 2 6.5 10 4.4

Fig. 2A–C Regenerative epithelium in the honeycomb lesion.
A Bronchiolar epithelium lining honeycomb lesion. Hematoxylin
and eosin, original magnification ×30. B Hyperplasia of basal cells
lining the honeycomb. Hematoxylin and eosin, original magnifica-
tion ×150. C Squamous metaplasia with mild dysplasia in the honey-
comb. Hematoxylin and eosin, Original magnification ×150



Hyperplastic epithelial foci in honeycomb lesions

Hyperplastic epithelial foci in this study revealed basal
cell hyperplasia with frequent squamous metaplasia and
occasional dysplasia (Fig. 2). The lengths of hyperplastic
epithelial foci in the honeycomb lesions are presented in
Fig. 3. The mean length of hyperplastic epithelial foci

was 665±332.0 µm/mm2 in the lower lobe and
101.7±133.4 µm/mm2 in the upper lobe of cases of IPF
with cancer, while it was 386.4±165.2 µm/mm2 in the
lower lobes and 83.9±86.5 µm/mm2 in the upper lobes in
the cases of IPF without cancer. 

The length of hyperplastic epithelial foci was much
longer in the lower lobes than in the upper lobes
(P<0.01), both in the cases of IPF with cancer and IPF
only. However, there was no significant difference in
hyperplastic epithelial length in honeycomb lesion
between the groups of central type and peripheral type
lung cancer in IPF.

In addition, the lengths of hyperplastic epithelial foci
in the lower lobes in the cases of IPF with cancer were
significantly longer than that in the lower lobes in the
cases of IPF without cancer (P<0.05). They were not
significantly different in the upper lobe between these
two groups. The lengths of hyperplastic epithelial foci in
the honeycomb lesion in the lower lobes of the lungs
with IP-CVD were 245.1±125.9 µm/mm2, significantly
shorter than that of the lower lobes (P<0.01) in the IPF
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Fig. 3 Length of hyperplastic epithelial foci in a unit area of a
honeycomb lesion in IPF with cancer, IPF, and IP-CVD cases.
*P<0.01, hyperplastic epithelial foci in the lower lobes vs. the
upper lobes in IPF, hyperplastic epithelial foci in the lower lobes
of IPF vs. IP-CVD. **P<0.05, hyperplastic epithelial foci in the
lower lobe of IPF with cancer and IPF without cancer

Fig. 4A, B PCNA staining of the hyperplastic epithelium in a
honeycomb lesion. A PCNA strongly positive to hyperplastic basal
cells. original magnification ×150. B PCNA-positive cells irregularly
distributed in squamous metaplasia in a honeycomb lesion. original
magnification ×150

Fig. 5 Frequency of PCNA-positive cells in the epithelium in
honeycomb lesions of IPF with cancer, IPF, and IP-CVD cases.
*P<0.05 Frequency of PCNA-positive cells in the honeycomb
lesions of IPF vs. IP-CVD

Fig. 6 Comparison of the PCNA labeling index in honeycomb
lesions between smokers and nonsmokers with IPF, and the
bronchioles of smokers. *P<0.05, frequency of PCNA-positive
cells in the honeycomb lesions of IPF vs. PCNA-positive cells of
smokers’ bronchioles without IPF



cases with or without cancer. There was no significant dif-
ference in the hyperplastic epithelial foci in the lower and
upper lobes between smokers and nonsmokers with IPF.

There were no hyperplastic epithelial foci in the
parenchyma in the smokers’ lung samples. Dysplasia
was detected in honeycomb lesions in 64% of IPF and
77% of IPF with cancer cases.

Immunohistochemical analysis

PCNA labeling index

PCNA-positive cells in the honeycomb lesions of the
lower lobes were seen prominently in the basal and para-

basal cells and even more prominently observed in squa-
mous metaplastic cells and dysplasia (Fig. 4). The PCNA
labeling index was 56.1±20.4% in cases of IPF with can-
cer, 53.2±19.7% in IPF, and 29.9±16.3% in IP-CVD cases.
There was no significant difference in PCNA-positive cells
between the cases of IPF with or without cancer (Fig. 5).
However, the PCNA labeling index was significantly high-
er in the IIP cases, with or without cancer, than in the cases
of IP-CVD (P<0.05). The PCNA labeling indices in the
honeycomb lesions for IPF smokers (33 patients) and non-
smokers (15 patients) were 59% for the former and 61%
for the latter. The PCNA-positive cells were also counted
in the bronchiolar epithelium in nonhoneycomb lesions of
IPF, with an average of 36% in IPF with cancer and 44% in
IPF without cancer. In the smokers’ lungs the average
occurrence of PCNA-positive cells in the bronchiolar
epithelium was 25%. Figure 6 demonstrates the frequency
of PCNA-positive cells in the bronchiolar epithelium of
smokers without IPF and those in the honeycomb lesions
of smokers and nonsmokers with IPF. 

p53 immunostaining

p53-positive cells were detected in hyperplastic basal
cells, squamous metaplasia, and occasionally in the
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Fig. 7 Immunostaining of p53 in squamous metaplasia of a
honeycomb lesion (A), bronchial epithelium (B), and bronchiolar
epithelium (C) of an IPF case. Original magnification ×240

Fig. 8 Frequency of p53-positive cases in IPF and IP-CVD

Fig. 9 Frequency of p53-positive cases in smokers and nonsmokers
with IPF, and smokers without IPF



bronchial and bronchiolar epithelium in IPF (Fig. 7). The
cases with p53-positive cells in honeycomb lesions com-
prised 8 in IPF with cancer (32%), 13 in IPF (39%), and
2 in IP-CVD (14%; Fig. 8). p53-positive cells were
sparse in the bronchial and bronchiolar epithelium in
smokers without IPF (10%) while a higher frequency of
p53-positive cells in the bronchial or bronchiolar epithe-

lium in IPF smokers (31.3%) and nonsmokers with IPF
(33.3%) were observed (Fig. 9). 

DNA ploidy analysis

Among 12 hyperplastic foci 8 samples from 5 cases of
IPF with cancer and 3 cases of IPF revealed aneuploidy
patterns, while 4 samples from IPF cases showed diploid
patterns (Fig. 10). The mean DNA content was 2.6±0.18
in the aneuploidy cases, and 2.2±0.05 in diploid cases
with a high S-G2 index (34.9±2.9%; Table 3). 

Discussion

The incidence of lung cancer in IPF was substantially
higher than that of lung cancer in non-IPF autopsy cases
in our hospital, with a predominance of men. The inci-
dence is comparable to that reported Matsushita et al.
[20]. In Japan the incidence of IPF is much higher in
men than in women [9, 15, 20, 24]. Although the true
cause of male predominance in IPF was not clear, the
case-control study demonstrated that IPF incidence rate
was more than twice as high among subjects exposed to
dust or organic solvents [15]. Men are more engaged in
the occupations exposed to them, and they also have
stronger smoking habits.

We demonstrated the relative predominance of the
lower lobe and predominant occurrence in the periphery
of lung cancer in IPF. Our results are consistent with
those of Matsushita et al. [20], who reported the cancer
arising from the border area between honeycomb lesions
and non-fibrotic areas. Also, the lengths of hyperplastic
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Fig. 10A, B DNA ploidy analysis of hyperplastic epithelial foci in
honeycomb lesions of IPF. A Diploidy pattern of IPF without cancer.
B Aneuploidy pattern of IPF with cancer. Above Histology of
selected area of hyperplastic epithelial foci for DNA ploidy analysis
(hematoxylin and eosin, original magnification A ×120, B ×150);
below DNA histogram by UV-fluoromicrospectrophotometry

Table 3 UV-microspectrophotometric and flow cytometric analysis
of hyperplastic epithelial foci in the honeycomb lesions

Sample Age Sex Smoking DNA Protein Ploidy
(years) index (c) (p) (S-G2 index%)

IPF (n=7)
1 80 M 0 2.23 3.059 Diploidy (38.5)
2 69 M 2100 2.201 1.869 Diploidy (33.5)
3 71 M 600 2.176 2.822 Diploidy (31.0)
4 82 M 1050 2.313 3.173 Aneuploidy
5 79 M 2200 2.751 6.73 Aneuploidy
6 96 F 0 2.394 3.444 Aneuploidy
7 82 M Unknown 2.302 3.516 Diploidy (36.5)

IPF with cancer (n=5)
8 75 M 820 2.71 4.36 Aneuploidy
9 59 M 800 2.554 4.062 Aneuploidy

10 79 M 1710 2.554 6.067 Aneuploidy
11 70 M 600 2.887 5.971 Aneuploidy
12 65 M 1350 2.745 6.293 Aneuploidy



epithelial foci were significantly longer in the lower lobe
than in the upper lobe in IPF cases. These results may be
closely associated with the remodeling of parenchymal
architecture and regenerating epithelium in honeycomb
lesions, which usually develop from the basoposterior
segments of the lower lobe. The cause of the shorter
length of hyperplastic epithelial foci in honeycomb
lesion in the lung with IP-CVD may be related to the
smaller and more limited honeycomb lesion than that of
the lungs with IPF.

Frequent hyperplastic epithelial foci with squamous
metaplasia were demonstrated in honeycomb lesions
in IPF. Goblet cells and basal cell hyperplasia in the
bronchial epithelium are reported to be associated with
smoking [2, 3]. In this study goblet cell hyperplasia was
not observed in honeycomb lesions. Squamous metaplasia
of the bronchial epithelium has been observed in various
conditions such as chronic bronchitis, bronchopneumonia,
bronchiectasis, viral infection [4], vitamin A deficiency
[21], and exposure to SO2 [1] and air pollutants [14].
Squamous metaplasia of the bronchi is also reported in
relation to lung cancer [25]. Frequent squamous meta-
plasia in fibrotic pulmonary lesions is related to the
regeneration process of the epithelium in the remodeling
of alveolar structure [10]. We demonstrated that squamous
metaplasia in honeycomb lesion has a higher prolifera-
tive activity. A significant increase in PCNA count is
reported in moderate and severe dysplasia of the bronchial
epithelium [29]. The higher PCNA positivity of the
hyperplastic epithelium in the honeycomb lesions of IPF
indicates that accelerated cell proliferation occurs in
these lesions.

The cells in honeycomb lesions also showed immuno-
histochemical overexpression of p53 protein, especially
in the hyperplastic basal cells and the dysplastic epithelium.
Abnormal expression of p53 has been reported in
squamous metaplasia and dysplastic bronchial epithelium
of patients with and without lung cancer [6, 17, 25]. This
suggests that the p53 mutation is an early process in the
development of lung cancer.

The p53 accumulation in the hyperplastic epithelium
in the honeycomb lesions of IPF suggests that hyperplastic
epithelia in honeycomb lesions is susceptible to some
carcinogenic agents. Overexpression of p53 was reported
in lung adenocarcinomas associated with cigarette smoking
[38] and in lung cancers of patients exposed to asbestos
and tobacco smoke [26]. A G to T transversion was a
common result of p53 mutations in lung cancer [7, 32].
Benzopyrene is one of the major carcinogens in cigarette
smoking, and it is well known that a G to T transversion
occurs in smokers’ lung cancer cases [23, 32].

Kuwano et al. [18] reported that p53 and p21 are
upregulated in association with chronic DNA damage,
and that repair may lead to mutation of the p53 gene and
tumorigenesis in IPF.

DNA ploidy analysis has been used to determine the
degree of malignancy or malignant potential of various
premalignant lesions [28]. In bronchial squamous meta-
plasia, Hirano et al. [12] reported sequential changes in

cell proliferation, DNA aneuploidy, and p53 expression
in association with squamous cell lung carcinoma.

In this study there was a high frequency of aneuploidy
in the samples from hyperplastic epithelial foci in the
lung cancer cases associated with IPF, and a high S-G2
index in diploidy in hyperplastic epithelial foci in honey-
comb lesions of IPF. These results suggest that some
hyperplastic epithelial foci in IPF may develop malignant
potential with accelerated cell proliferation.

In the cases of lung cancer with IPF men were pre-
dominant, and all were heavy smokers. It is well known
that a smoking habit is a major risk factor for the occur-
rence of lung cancer born in the general population [34]
and in IPF [5]. There were no significant differences in
the cigarette smoking index between IPF, IPF with
cancer, and non-IPF cancer patients, but the average
smoking index of these three groups was high. The
length of hyperplastic epithelial foci in the honeycomb
lesion was not significantly different between peripheral
type cancer and central type cancer. Also, the PCNA
labeling index and p53 immunostaining results did not
differ significantly between smokers and nonsmokers
with IPF. These results strongly suggest that other factors
in addition to smoking induce proliferation of the regener-
ative epithelium in the honeycomb lesions of IPF.

Thus the high incidence of lung cancer in IPF is due
not only to heavy smoking but also to unknown factors
which may be linked to pathogenesis of IPF. Research on
environmental factors, familial genetic factors, and/or
preceding viral infections might help to clarify the
reason for the high incidence of lung cancer associated
with IPF.
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Abstract Diffuse intimal thickening (DIT) is a thick-
ened intima present in human arteries before atheroscle-
rosis develops and is considered to be related to athero-
genesis. The purpose of this study was to clarify the sys-
temic and age distributions of DIT. Coronary, cerebral,
carotid, subclavian, iliac and abdominal organ arteries
and the aorta were examined in 72 autopsy cases (aged
36 weeks of gestation to 30 years at death). DIT was
found in the coronary arteries and aorta from 36 weeks
of gestation and the first year of life, respectively. The
intima/media (I/M) ratio of coronary arteries showed an
age-dependent increase and was much greater than that
of other muscular arteries, i.e., intracranial and extrapa-
renchymal cerebral arteries and abdominal organ arte-
ries. Aorta also demonstrated age-dependent as well as
site-dependent increases of I/M ratio; the more distal the
segments, the greater the ratio. Consequently, the ab-
dominal aorta had the largest I/M ratio within the aorta.
Other elastic arteries, i.e., carotid, subclavian and iliac
arteries, showed trends similar to the distal portions of
the aorta. Thus, DIT was strongly expressed from an ear-
ly age in arteries that are considered to be prone to ath-
erosclerosis. These findings suggest that the develop-
ment of atherosclerosis depends at least partly on the de-
gree of DIT.

Keywords Tunica intima · Aorta · Coronary vessels ·
Cerebral arteries · Disease susceptibility

Introduction

Diffuse intimal thickening (DIT) is a thickened intima
present in human arteries before atherosclerosis devel-
ops. DIT was not well recognized until Stary et al. de-
fined it as an adaptive thickening in reports by the 
American Heart Association (AHA) [25]. It is generally
considered to be related to atherogenesis [23, 25, 26, 32],
a hypothesis that partially arose from studies of Velican
and Velican [30], Wilens [35] and others [10, 17], who
reported that DIT was found in coronary arteries and
aortae of young persons. However, most previous studies
focused only on these atherosclerosis-prone arteries.
There have been no detailed reports on systemic arteries
in which it is difficult to determine the precise correla-
tion between DIT and atherosclerosis. In the present
study, we examined major arteries in autopsied subjects,
which included fetuses, neonates, infants, children, ado-
lescents and young adults, and determined the systemic
and age distributions of DIT. As far as we know, this is
the first report of a systemic investigation of human arte-
ries based on morphometric analysis.

DIT is localized in the non-branching long segments
of arteries. Another type of intimal thickening, i.e., ec-
centric intimal thickening, is localized around branches
[25]. These two types are contiguous and cannot always
be clearly distinguished, suggesting that they are essen-
tially the same condition. We decided to focus on DIT in
the present study because the structure of eccentric inti-
mal thickening is complicated and therefore objective
evaluation is easier and more precise with DIT than with
the eccentric type.

Materials and methods

Subjects and age groups

Arteries were obtained from 72 subjects autopsied in the Depart-
ment of Pathology, Kyushu University and Fukuoka City Chil-
dren’s Hospital. All subjects were Japanese and died between
36 weeks of gestation and 30 years of age. We classified subjects
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into four groups according to age: under 1 year of age, 1–10 years
of age, 11–20 years of age and 21–30 years of age. In each group,
there were 18 subjects, consisting of 9 males and 9 females. Major
cardiovascular diseases, such as cardiac anomalies and hyperten-
sion, were nil. Subjects who had suffered severe atherosclerosis
were excluded from the study. The study was approved by the eth-
ics committee of the Department of Pathology, Kyushu University,
and performed in accordance with the ethics standards laid down
in the 1964 Declaration of Helsinki [2].

Arteries

Arteries examined are illustrated in Fig. 1 and listed below. Under
macroscopic observation, all specimens were dissected so as not
to contain branches or atherosclerotic lesions. Particularly, coro-
nary arteries were cut at about 3-mm intervals, and a specimen
with no lipid deposits was obtained. All arteries were immersion-
fixed with 10% formalin. Histological sections were stained with
hematoxylin and eosin, elastica van Gieson (EVG), Masson’s tri-
chrome and alcian blue stains.

Specimens of coronary arteries were taken from the main left
coronary artery (LCA), proximal portions of the right coronary ar-
tery (RCA), left anterior descending artery (LAD) and left circum-
flex artery (LCX), mid portions of RCA and LAD, distal portions
of RCA, LAD and LCX, and five branches (posterior descending,
first diagonal, second diagonal, obtuse marginal and posterolateral
branches). In 48 subjects, specimens were taken from all of the 14
arteries mentioned, but, in the other 24 subjects, the number of
specimens varied from 11 to 13. In 10 subjects over 11 years of
age, the proximal portion of RCA was additionally cut at the long
axis to observe the longitudinal distribution of DIT.

In intracranial and extraparenchymal cerebral arteries, speci-
mens were taken from the anterior, middle and posterior cerebral
and vertebral arteries of the left and right sides and basilar arteries.
Cerebral arteries were obtained from 24 subjects, and the number
of examined segments varied from subject to subject, the average
being 6.7±2.5 segments per subject.

Abdominal organ arteries were obtained from 64–71 subjects
as follows. A specimen of the hepatic artery was taken from the
liver hilus, a specimen of splenic artery from both the proximal
and middle portions of the artery, a specimen of the renal artery

from the renal hilus of the left and right sides, and two specimens
of mesenteric artery from the middle portion of the mesenterium.

The aorta was examined in all 72 subjects. Specimens were
taken from the ascending aorta (ASC, about 2 cm above the aortic
ring), aortic arch (ARC), upper descending aorta (UPDES, be-
tween the 3rd and 4th intercostal arteries), lower descending aorta
(LWDES, between the 10th and 11th intercostal arteries) and up-
per abdominal aorta (ABD, about 2 cm below the right renal ar-
tery). The distances given in parentheses pertain to specimens
from adults. In children, specimens were obtained from sites cor-
responding to those of adults. The lower part of the abdominal
aorta was excluded from the study because many adolescents and
adults had atherosclerotic lesions in that region. In the other elas-
tic arteries, i.e., common carotid, subclavian and common iliac ar-
teries, specimens were obtained 1–2 cm distal to the proximal
branching points from 69 to 71 subjects.

Immunohistochemistry

To determine cell species, sections of the proximal portion of
LAD and the abdominal aorta were stained with anti-α smooth
muscle actin (αSM actin) antibody (1:1000, Sigma, St. Louis,
Mo.) as a smooth muscle cell (SMC) marker and HAM56 (1:100,
Enzo, Farmingdale, N.Y.) as a macrophage marker, using standard
immunohistochemical techniques.

Definition of DIT

The definition of DIT was adopted from that in the AHA report
[25]: that is, intimal thickening spread out circumferentially
(Fig. 2a) and longitudinally (Fig. 2b) in an arterial segment with
no branches. The major components are elastin, proteoglycans and
SMCs (Fig. 2c), and there were no findings of atherosclerosis,
such as accumulation of foamy macrophages (Fig. 2d), extracellu-
lar lipid pool, excess amount of collagen or necrosis. In the pres-
ent study, thickened intima revealed these characteristic features in
many cases. However, in some cases, isolated or focally accumu-
lated foamy macrophages were found in the thickened intima that
otherwise showed the features of DIT, even though the specimens
were carefully taken so as not to contain atherosclerotic lesions.
These findings were recognized especially in the proximal coro-
nary arteries and the distal part of aorta in adolescents and adults.
Then, the morphometric measurements described in the following
paragraph were performed for areas not having such cells but with
the typical features of DIT.

Morphometric measurements

The degree of DIT was evaluated based on the intima/media (I/M)
ratio. First, the I/M ratio in each segment of the artery was deter-
mined by averaging I/M ratios from four positions, as illustrated in
Fig. 2a. When internal elastic lamina was wavy like that seen in
Fig. 3a, the thickness of the media was measured from the bottom
point of the fold of internal elastic lamina to external elastic lami-
na or the outermost part of the medial smooth muscle layer. Then,
in certain arteries, the average of I/M ratios from multiple seg-
ments was used to minimize variances caused by anatomical vari-
ations as follows:

● In the coronary arteries, the specimens were divided into four
groups: (i) main LCA (MLCA), (ii) proximal portion of the
major coronary arteries (PROX), (iii) mid and distal portions
of the major coronary arteries (DIST) and (iv) coronary
branches (BRNC). I/M ratios for the PROX, DIST and BRNC
were the average for those of the proximal portions of the
RCA, LAD and LCX, the mid and distal portions of the three
major vessels, and the branches, respectively.

● In cerebral arteries, the average of all examined segments was
used. In the common carotid artery, the average of those seg-
ments from the left and right side was used, as also was the
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Fig. 1 Arteries examined. Gray bars indicate the sites from which
specimens were taken. MLCA main left coronary artery, RCA right
coronary artery, LAD left anterior descending artery, LCX left cir-
cumflex artery, PD posterior descending branch, D1 first diagonal
branch, D2 second diagonal branch, OM obtuse marginal branch,
PL posterolateral branch, ASC ascending aorta, ARC aortic arch,
UPDES upper descending aorta, LWDES lower descending aorta,
ABD abdominal aorta



case with the subclavian, renal and common iliac arteries. The
average of two segments from both the splenic and mesenteric
arteries was used.

Statistical analysis

The analysis of covariance (ANCOVA), with the age group as a
covariate, was used for the analysis of four portions of coronary
arteries and five segments of aorta. The analysis of variance 
(ANOVA) was used for analysis of coronary, cerebral and abdomi-
nal organ arteries and analysis of aorta and other elastic arteries in
the 21- to 30-year age group. Each analysis was followed by mul-
tiple comparison with Bonferroni’s method to evaluate statistical
significance. A P<0.05 value was considered to be statistically
significant.

Results

DIT in coronary and other muscular arteries

DIT was seen as early as 36 weeks of gestation in the
main LCA, 2 months of age in the proximal portion of
the major coronary arteries, and 11 months of age in the
mid and distal portions of the major coronary arteries
and coronary branches. Figure 3 shows representative
histology of DIT in the proximal portion of the RCA and
LAD in each age group (a 7 days old; b 5 years old; 
c 15 years old; d 29 years old). As shown in these fig-
ures, intimal thickness generally increased with age. I/M
ratios of the four portions of the coronary arteries are
shown in the left four columns of each age group in
Fig. 4. According to ANCOVA, the slopes of the I/M ra-
tio of the main LCA, proximal portion, mid and distal
portions and branches for the age group were not equiva-
lent. However, as all the slopes were positive, the test of
zero slope was performed and results showed that the
I/M ratio increased with age (P<0.001). ANCOVA also
revealed statistical significance in the test of equality 
of the I/M ratio in the four portions (P<0.001). With
multiple comparison, statistical significance was present
in all comparisons between two portions except the prox-
imal portion versus mid and distal portions (Table 1).
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Fig. 2 Structures and components of diffuse intimal thickening
(DIT). Cross sectional (a) and longitudinal (b) views of the proxi-
mal portion of the right coronary artery (RCA) in a 25-year-old
male. DIT was demonstrated as a uniformly thickened inner layer.
The intima/media (I/M) ratio of this artery was calculated as fol-
lows: I/M ratio = (I1/M1+I2/M2+I3/M3+I4/M4)/4. Elastica van
Gieson stain. c Immunohistochemistry for α-smooth muscle actin
in a 19-year-old female. Almost all cells in DIT were smooth mus-
cle cells. d Immunohistochemistry for HAM56 at the same site as
in c. Only a few intimal and several adventitial macrophages
showed positive reaction (arrowheads) and there was no accumu-
lation of foamy cells. Bars in a, b, c and d represent 500 µm,
500 µm, 100 µm and 100 µm, respectively. I intima, M media, 
A adventitia



Thus, the I/M ratio was highest for the proximal portion
and mid and distal portions followed by those for the
branches and main LCA. 

In cerebral and abdominal organ arteries, almost no
DIT was found in many subjects before adolescence, and
a thin intima was present in older subjects. Figure 5
shows representative histology of a cerebral artery (a, b)
and a splenic artery (c, d) in adults. I/M ratios of cerebral
and splenic arteries are shown in the right two columns
for each age group in Fig. 4. In hepatic, mesenteric and

renal arteries, I/M ratios were almost the same as those
of these two arteries (data not shown).

In the 21- to 30-year-old age group, ANOVA revealed
statistical significance in the I/M ratio of the four por-
tions of the coronary arteries and cerebral and splenic 
arteries (Brown-Forsythe’s ANOVA, P<0.0001). Multi-
ple comparison revealed significant differences between
three portions (the proximal portion, mid and distal por-
tions, and branches) of the coronary arteries and the ce-
rebral and splenic arteries (Table 2). Within the coronary
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Fig. 3 Diffuse intimal thickening (DIT) in proximal coronary ar-
teries. a Right coronary artery (RCA), 7-day-old female. b Left
anterior descending artery (LAD), 5-year-old female. c LAD, 

15-year-old female. d LAD, 29-year-old female. Bars in a, b, 
c and d represent 25 µm, 50 µm, 50 µm, 100 µm, respectively. I in-
tima, M media

Table 1 Multiple comparison of four portions of coronary arteries in ANCOVA. RCA right coronary artery, LAD left anterior descend-
ing coronary artery, LCX left circumflex artery

Main left Proximal RCA, Mid and distal RCA, Branches
coronary artery LAD and LCX LAD and LCX

Main left coronary artery ** ** *
Proximal RCA, LAD and LCX ** NS **
Mid and distal RCA, LAD and LCX ** NS *
Branches * ** *

**P<0.01, *P<0.05, NS not significant



arteries, there were significant differences between the
main LCA and the other three portions, but no statistical
significance was revealed in the comparisons among the
three (Table 2). This result was not consistent with that
of the multiple analysis of ANCOVA, but was consid-
ered to be attributed to smaller degrees of freedom.

In summary, DIT was found in epicardial coronary ar-
teries from 36 weeks of gestation. The I/M ratios for the
coronary arteries increased with age, and, except for the
main LCA, were much larger than those in other muscu-
lar arteries, i.e., cerebral arteries and abdominal organ ar-
teries. Within the coronary arteries, the proximal portion
and mid and distal portions had greater I/M ratios than
the branches and main LCA.

DIT in the aorta and other elastic arteries

DIT was also present in the aorta as early as the first
year of life and thickened with age, but the degree dif-
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Fig. 4 Intima/media (I/M) ratio in coronary, cerebral and splenic
arteries by age group. Mean±SD. Numbers of subjects examined
under 1 year of age, between 1 year and 10 years of age, between
11 years and 20 years of age and between 21 years and 30 years of
age were 17, 16, 18 and 16 for the main left coronary artery
(MLCA); 18, 18, 18 and 18 for the proximal portion of the right
coronary artery, left anterior descending artery and left circumflex
artery (PROX); 18, 18, 18 and 18 for the mid and distal portions
of the right coronary artery, left anterior descending artery and left
circumflex artery (DIST); 18, 18, 18 and 18 for the branches
(BRNC); 3, 8, 8 and 5 for the cerebral arteries and 16, 18, 17 and
18 for the splenic artery, respectively. a. artery

Fig. 5 Intima of cerebral and splenic arteries. a, b Cerebral artery
in a 20-year-old female. c, d Splenic artery in a 26-year-old male.
b, d High-power views of the areas in rectangles in a and c, re-
spectively. Elastica van Gieson stain. Bars in a, b, c and d repres-
ent 250 µm, 50 µm, 500 µm and 50 µm, respectively. I intima, 
M media



fered among the five segments. Figure 6 shows represen-
tative macroscopic and microscopic findings of DIT in
the aorta of a 24-year-old male. The intima was thin in
the ascending aorta (Fig. 6a, b), whereas uniformly
thickened DIT was present in the abdominal aorta
(Fig. 6c, d). I/M ratios of the five segments are shown in
the left five columns for each age group in Fig. 7. As
with the coronary arteries, ANCOVA revealed an age-
dependent increase in the I/M ratio (P<0.001) and statis-

tical significance for the five segments (P<0.001). Multi-
ple comparison revealed statistical significance in all
comparisons between two segments except the ascending
aorta versus aortic arch and the upper descending aorta
versus lower descending aorta (Table 3). Thus, the more
distal the segment, the larger was the I/M ratio. 

I/M ratios of the common carotid and common iliac
arteries are shown in the right two columns for each age
group in Fig. 7. The I/M ratio for the subclavian artery
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Fig. 6 Diffuse intimal thickening (DIT) in the aorta. a, b Ascend-
ing aorta in a 24-year-old male. c, d Abdominal aorta in the same
subject. a, c Views of dissecting microscopy. b, d Views of light

microscopy. Elastica van Gieson stain. Bars in a, b, c and d re-
present 200 µm, 100 µm, 200 µm and 100 µm, respectively. I inti-
ma, M media

Table 2 Multiple comparison of four portions of coronary arteries and cerebral and splenic arteries in ANOVA in the 21- to 30-year-old
age group. RCA right coronary artery, LAD left anterior descending artery, LCX left circumflex artery

Main left Proximal RCA, Mid and distal Branches Cerebral Splenic
coronary artery LAD and LCX RCA, LAD and LCX artery artery

Main left coronary artery ** ** ** NS NS
Proximal RCA, LAD and LCX ** NS NS ** **
Mid and distal RCA, LAD and LCX ** NS NS ** **
Branches ** NS NS ** **
Cerebral artery NS ** ** ** NS
Splenic artery NS ** ** ** NS

**P<0.01, *P<0.05, NS not significant



was almost the same as that of the common carotid 
artery (data not shown). In these arteries, the age-related
change of the I/M ratio was similar to those of distal por-
tions of the aorta.

In the 21- to 30-year-old age group, ANOVA revealed
statistical significance in the I/M ratio of the five seg-

ments of the aorta and the common carotid and common
iliac arteries (Brown-Forsythe’s ANOVA, P<0.0001).
Multiple comparison revealed significant differences 
between two arteries apart from each other in general
(Table 4). Particularly, the I/M ratio of the ascending
aorta was significantly smaller than those of all other
segments and arteries except the adjacent segment, i.e.,
the aortic arch. The I/M ratio of the abdominal aorta was
significantly larger than those of all other segments and
arteries except the adjacent ones, i.e., the lower descend-
ing aorta and the common iliac artery.

In summary, DIT was found in the aorta from the first
year of life. The I/M ratio increased with age, and the
more distal the segment, the larger was the ratio. Conse-
quently, the abdominal aorta showed the largest I/M 
ratio. Trends similar to those of distal segments of the
aorta were noted for the common carotid, subclavian and
common iliac arteries.

Sex difference

No difference was observed in the I/M ratio between
males and females in any artery or in any age group.

Discussion

Systemic and age distributions of DIT

DIT was first reported by Thoma in 1883 [28] and subse-
quently by others [17, 20, 35] in the aorta and coronary
arteries of children and young adults. In most papers,
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Table 3 Multiple comparison of five segments of aorta in ANCOVA

Ascending Aortic Upper descending Lower descending Abdominal
aorta arch aorta aorta aorta

Ascending aorta NS ** ** **
Aortic arch NS ** ** **
Upper descending aorta ** ** NS **
Lower descending aorta ** ** NS **
Abdominal aorta ** ** ** **

**P<0.01, *P<0.05, NS not significant

Table 4 Multiple comparison of five segments of aorta and common carotid and common iliac arteries in ANOVA in the 21- to 30-year-
old age group

Ascending Aortic Upper Lower Abdominal Common Common
aorta arch descending descending aorta carotid iliac artery

aorta aorta artery

Ascending aorta NS ** ** ** ** **
Aortic arch NS NS ** ** NS **
Upper descending aorta ** NS NS * NS NS
Lower descending aorta ** ** NS NS NS NS
Abdominal aorta ** ** * NS * NS
Common carotid artery ** NS NS NS * NS
Common iliac artery ** ** NS NS NS NS

**P<0.01, *P<0.05, NS not significant

Fig. 7 Intima/media (I/M) ratio in the aorta and common carotid
and common iliac arteries by age group. Mean±SD. Numbers of
subjects examined under 1 year of age, between 1 year and
10 years of age, between 11 years and 20 years of age and be-
tween 21 years and 30 years of age were 18, 18, 18 and 18 for the
ascending aorta (ASC); 18, 18, 18 and 18 for the aortic arch
(ARC); 18, 18, 18 and 18 for the upper descending aorta (UP-
DES); 18, 18, 18 and 18 for the lower descending aorta (LWDES);
18, 18, 18 and 18 for the abdominal aorta (ABD); 18, 18, 18, 17
for the common carotid artery; and 16, 18, 18 and 17 for the com-
mon iliac artery, respectively. com. common, a. artery



however, only the proximal portion of the coronary arte-
ries and distal portion of the aorta were examined.
Therefore, it could not be determined whether DIT was a
ubiquitous or specific phenomenon. By measuring the
I/M ratio, Velican and Velican implied that DIT devel-
oped preferentially in coronary arteries, but the compari-
son was made only with renal arteries [30]. The present
study is the first to reveal that DIT was not equally de-
veloped in all arteries, but was strongly expressed in spe-
cific arteries, such as the coronary arteries, distal seg-
ments of the aorta, and the carotid and iliac arteries. As
none of the arteries were perfusion-fixed at physiologic
pressure, the I/M ratios were probably larger than those
in vivo, as the intima becomes thickened under condi-
tions of no pressure. However, the purpose was not to
measure intimal thickness but to compare the I/M ratio
among arteries; we think that the purpose was achieved
even with immersion-fixed arteries.

An age-dependent increase of the I/M ratio in coro-
nary arteries was also demonstrated in a few other stud-
ies [10, 30], but their subjects were much younger than
those of the present study and no adolescents and adults
were examined. Regarding the aorta, intimal thickness in
Wilens’ study [35] showed an age-dependent increase
similar to the I/M ratios in the present study. The mecha-
nism of this age-related change is not known, but may be
related to body size because intimal thickening is not
present in small mammals, such as the mouse and rat,
but is present in larger mammals like swine and horse 
[4, 23].

Relationship between DIT and atherogenesis

It is generally agreed that DIT is related to atherogene-
sis. Some epidemiological studies showed that intimal
thickness of coronary arteries in younger generations
correlated well with the incidence of coronary heart dis-
ease in older generations in the same ethnic groups and
families [12, 33], and a histometrical study revealed that
atherosclerosis was preceded by preatheromatous intimal
thickening in the human aorta [29]. Regarding the roles
of SMCs in DIT in atherogenesis, several mechanisms
have been suggested at the cellular and molecular levels.
Aikawa et al. examined three types of smooth muscle
myosin heavy chain isoforms in human coronary arteries
and found that phenotypic modulation of SMCs had al-
ready occurred in thick DIT and was more advanced in
the atherosclerotic plaque [1]. Murry et al. found that
monoclonal groups of SMCs were present in DIT and
suggested that monoclonality of SMCs found in athero-
sclerotic plaques arose by expanding the preexisting
clone in DIT [18]. Moreover, intimal SMCs were proven
to produce various molecular factors that possibly play
roles in cell migration, cell proliferation and matrix 
production in atherogenesis. For example, αvβ3 [9], 
HB-EGF [19] and TGF-β [15] were produced by or co-
localized with SMCs in DIT. DIT is also considered to
give a place for lipid accumulation. Using electron mi-

croscopy, Guyton et al. found that lipid deposits were
present in the extracellular matrix of deep intima in
nonatherosclerotic arteries [7] and suggested that further
accumulation of extracellular lipids results in the forma-
tion of an early lipid-rich core [6]. Thus, these findings
strongly suggest that DIT is preconditioned for the de-
velopment of atherosclerosis. However, the relationship
between DIT and atherogenesis may not be so simple,
because more diverse functions of intimal SMCs have
been reported by other studies. Häkkinen et al. demon-
strated that CD 40 and its ligand CD40L, inflammatory
factors, were not expressed in SMCs in normal intima
but expressed in those in fatty streak and advanced le-
sions [8]. Göbel et al. found that metallothionein, an an-
tioxidant and antiatherogenic factor, was present in inti-
mal SMCs, although they investigated only atheroscle-
rotic lesions [5].

Unfortunately, all of these important findings were for
atherosclerosis-prone arteries, such as the coronary arte-
ries and aorta, and there is almost no information on oth-
er arteries. Therefore, it is not well understood whether
the relationship between DIT and atherogenesis is appli-
cable to all arteries and why some arteries are prone to
atherosclerosis and others are resistant.

Correlation between the distributions of DIT and those
of atherosclerosis

The systemic distributions of DIT shown in the present
study correlate well with reported distributions of ath-
erosclerosis. As reviewed by Duff, coronary and iliac
arteries and the abdominal aorta are prone to atheroscle-
rosis, while abdominal organ arteries are resistant [3].
The correlation is also applicable to some extent to the
distributions of DIT and atherosclerosis within coronary
arteries. According to Velican and Velican, the main
LCA and branches were less frequently affected by ath-
erosclerosis than the RCA, LAD and LCX [31] and this
distribution correlates well with the distribution of DIT
as shown in the present study. This relationship be-
comes unclear when the more local distribution of ath-
erosclerosis is considered. Montenegro and Eggen [16]
and McGill et al. [14] reported that segments near the
origin of the RCA, LAD and LCX had a higher preva-
lence of atherosclerotic lesions than the distant seg-
ments of these major coronary arteries, but the present
study demonstrated no significant difference in the I/M
ratio between the near and distant portions (PROX vs
DIST in Fig. 4 and Table 1). However, when the analy-
sis was performed with intimal thickness, there was a
significant difference between the proximal portion and
mid and distal portions (data not shown). Intimal thick-
ness is probably a better factor than I/M ratio to express
the degree of DIT, but it was not used in the present
study because none of the arteries was perfusion-fixed
at physiologic pressure and it was difficult to cut arte-
ries perpendicularly to have a precise intimal thickness,
especially in children. However, this difference in thick-
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ness may indicate that the relationship between DIT and
atherosclerosis also can be applied at the segmental 
level of major coronary arteries. Further studies will be
necessary to elucidate this issue.

Because of the clinical importance, cerebral arteries
have been investigated more often than abdominal or-
gan arteries, a situation that gives the impression that
cerebral arteries are prone to atherosclerosis. This is
true in the parasellar region (so-called carotid siphon)
of the internal carotid artery, and, recently, this area
was shown to have a marked eccentric type of intimal
thickening in infants [34]. However, when intracranial
and extraparenchymal arteries are considered, athero-
sclerosis is much milder than in coronary arteries and
the aorta both in the young [27] and old [22, 24].
Therefore, the present result concerning the I/M ratio in
intracranial and extraparenchymal cerebral arteries was
not inconsistent with the relationship between DIT and
atherosclerosis.

Thus, the intimate correlation between distributions
of DIT and those of atherosclerosis strongly suggests
that proneness and resistance to atherosclerosis in arte-
ries depends on the degree of DIT. It is obvious, howev-
er, that DIT is not the only factor that determines the dis-
tributions of atherosclerosis, because their distributions
don’t exactly coincide but atherosclerosis develops in
more localized form than DIT. Studies on other factors,
such as hemodynamic [13] and molecular [21] factors,
are expected to elucidate this issue. Shear stress, in par-
ticular, is considered to be an important factor, because it
affects regional metabolism of cellular and matrix com-
ponents, such as collagens, in the intima [11].
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Abstract To clarify the role of ras gene mutation in 
thyroid tumorigenesis, DNAs extracted from various rat
thyroid lesions induced by di-isopropanolnitrosamine
(DIPN) administration were analyzed using the micro-
dissection–polymerase chain reaction–direct sequence
(MD-PCR-DS) method. The MD-PCR-DS method re-
vealed that K-ras gene mutation (G–A transition at co-
don 12) was frequently detected in nodular lesions (inci-
dence of mutation 75%) and absent in diffuse hyperplas-
tic and pre-nodular lesions. Although the incidence of
mutation in nodular lesions was not correlated with the
histological type (type 2A 76%; type 2B 84%; and type 3
71%) or treatment period (15 weeks 84% and 30 weeks
71%), it was correlated with the administration method
(single injection 55% and serial injection 91%). In con-
clusion, K-ras mutation plays an important role in
DIPN-induced rat thyroid tumorigenesis, possibly re-
garded as an early event in the tumorigenic process.

Keywords Ras · Di-isopropanolnitrosamine · 
Microdissection–PCR–direct sequence method · 
Rat thyroid gland · Carcinogenesis

Introduction

The ras oncogene codes for p21 proteins, which are sup-
posed to play an important role in signal transduction
that eventually controls cell proliferation and differentia-
tion. Mutation in the ras gene results in two kinds of 
alterations, reducing the affinity of GDP and GTP and

abolishing the intrinsic GTPase activity. Loss of the in-
trinsic hydrolytic activity leads to a loss of self-regula-
tion by hydrolysis of GTP, resulting in a ras protein that
is constitutively activated [22].

The three members of the ras oncogene family (H-,
N- and K-ras) are most often associated with various hu-
man tumors, including pancreas, large intestine, bile duct
and lung cancers [2]. Several investigators have also re-
ported ras gene mutations in thyroid tumors [4, 6, 7,15,
16, 17, 19, 20, 26]. There have, however, been consider-
able differences in the reported incidences of ras gene
mutation; Lemoin et al. [16] reported that H- or N-ras
gene mutations were found in 33% (8/24) of follicular
adenomas, 53% (8/15) of follicular carcinomas and 60%
(6/10) of undifferentiated carcinomas, while Esapa et al.
[6] reported that N- or K-ras gene mutations were found
in 4% (1/25) of nodular gioters, 18% (7/38) of follicular
adenomas, 44% (4/9) of follicular carcinomas and an
anaplastic carcinoma. A ras gene mutation in the above
studies was analyzed using single-strand conformation
polymorphism (SSCP) analysis [6], allele-specific oligo-
nucleotide (ASO) hybridization [7, 16, 17, 26] or restric-
tion-fragment-length polymorphisms (RFLP) [4, 19].
Therefore, methodological differences may affect the re-
sults.

Little is known about ras gene mutation in experi-
mentally induced thyroid carcinoma. Kitahori et al. ex-
amined ras gene mutation in rat thyroid carcinomas in-
duced by di-isopropanolnitrosamine [DIPN, N-nitroso-
bis (2-hydroxypropyl) amine] and reported a high fre-
quency of activation of the K-ras gene [11, 12, 13].
Therefore, the K-ras gene mutation can be important in
the tumorigenic process of experimentally induced thy-
roid tumor.

In this study, to clarify the exact roles of ras gene mu-
tation in tumorigenic processes and the relationship be-
tween ras mutation and histologic types, we analyzed
ras gene mutations at exon 1 including codons 12 and 13
of the K-, H- and N-ras genes in DIPN-induced rat thy-
roid tumors using the microdissection–polymerase chain
reaction–direct sequence (MD-PCR-DS) method.
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Materials and methods

Animals

The animal experiments were conducted according to the guide-
lines of Yamanashi Medical University (1993). Thirty-nine Wistar
rats (6-week-old male, Charles River Japan Inc., Japan) were used
in this study. They were given a powdered basal diet (Oriental MF,
Oriental Yeast Co. Ltd, Tokyo, Japan) and tap water ad libitum.
The rats were separated into four groups: group I (n=9) was inject-
ed s.c. in the back with DIPN (Nacalai tesque. Inc., Kyoto, Japan)
at a dose of 2.8 g/kg and administered phenobarbital (Kaseikogyo
Co. Ltd, Tokyo, Japan) as a promoter for carcinogenesis [8] at a
dose of 500 ppm in drinking water; group II (n=12) was injected
s.c. in the back with DIPN at a weekly dose of 0.75 g/kg for
10 weeks and administered phenobarbital; group III (n=9) was ad-
ministered phenobarbital alone; and group IV (n=9) with no treat-
ment served as the control. The animals were sacrificed under 
anesthesia by ether at the 15th or 30th week of treatment.

Tissue

The thyroid glands were removed immediately after sacrifice and
fixed in 4% paraformaldehyde at room temperature overnight.
Each thyroid lobe was routinely processed and embedded in 
paraffin. Serial sections 4-µm and 10-µm thick were made from
paraffin-embedded tissue blocks and attached to slide glasses. The
4-µm section was stained with hematoxylin and eosin (HE) for
histopathological examination, and the 10-µm section was used for

DNA extraction. Histopathological examination and counting of
the lesions was carried out on the vertically cut sections.

Classification of the thyroid lesions

Thyroid lesions induced by DIPN were histologically classified
according to the criteria proposed in a previous paper [8, 9] 
(Table 1 and Fig. 1a–d). Briefly, type-1 foci comprised abnormali-
ties at the single follicle level, which is differentiated from the sur-
rounding hyperplastic follicles by their irregularly dilated lumina
lined by atypical or dysplastic epithelium; type-3 multifollicular
nodules were considered to be malignant or at least potentially
malignant by their structural and cellular atypism with occasional
invasive growth; type-2 nodules were multifollicular and prolifer-
ative nodules other than type3. 

Microdissection and DNA extraction

DNA extraction from paraffin sections was performed with minor
modification as described by Yanagisawa et al. [27]. The 10-µm
sections were stained with hematoxylin only after deparaffinizat-
ion. With comparative microscopic observation of the HE-stained
section for orientation, each focal lesion of thyroid tumor was mi-
crodissected using a syringe needle from the 10-µm sections under
the stereomicroscope. These microdissection samples were placed
into a sterile microtube with proteinase K (10 mg/ml, Sigma
Chemical Co., St. Louis, Mo.), incubated at 55°C overnight, and
then incubated at 98°C for 10 min. These samples were stored at
–20°C until use.
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Table 1 Classification of thyroid lesions in di-isopropanolnitrosamine (DIPN)-induced carcinogenesis

Type 1 Pre-nodular lesion of hyperplastic follicles in clusters
Type 2 Nodules consisted of hyperplastic follicles without atypia (type 2A) or with atypia (type 2Ba), but no apparent malignancy
Type 3 Carcinoma defined by marked atypia and invasive growth, demonstrating follicular, papillary and anaplastic patterns

a Type-2B nodules might be classified as “adenoma”, but we avoided using this term, since it is not yet proven that they are true neo-
plasms and, even if they are, they are definitely benign

Fig. 1 Type of focal lesion in
di-isopropanolnitrosamine
(DIPN)-induced rat thyroid
gland. a Type-1 lesion (within
the limits), b type-2A nodule, 
c type-2B nodule, d type-3
nodule, e diffuse hyperplasia
(DH). hematoxylin and eosin
×120



Polymerase chain reaction

Amplification of DNA corresponding to the codon 12 of ras gene
was performed using the PCR technique and machine (Zymoreac-
tor II, ATTO corporation, Tokyo, Japan) and a kit from Nippon
Gene (Tokyo, Japan). Oligonucleotide primers were used for am-
plification according to the designs described by Kitahori et al.
[11] (Table 2).

Five microliters of DNA extract was used in PCR reaction
mixtures of 50 µl containing reaction buffer [10 mM Tris-HCl
(pH 8.8), 50 mM KCl, 15 mM MgCl2, 0.1% Triton], 200 µM of
each dNTP, 100 pM of each primer and 2.5 U Taq DNA polymer-
ase. The reaction mixture was subjected to 35 cycles in a PCR ma-
chine. The amplification cycle consisted of 30 s at 94°C, 30 s at
55°C and 90 s at 72°C.

Direct sequencing

DNA fragments of ras gene were obtained by cutting the PCR
products in a low melting temperature agarose gel (NuSieve GTG
Agarose, FMC Bio Products, Rockland, Me.). After phenol/chlo-
roform extraction and ethanol precipitation, the DNA fragments
were resuspended in 35 µl distilled water. The purified PCR prod-
ucts were sequenced using a Big Dye terminator cycle sequencing
ready reaction kit (Applied Biosystems Division, Foster City, 
Calif.). The sequencing reaction mixture was incubated for 10 s at
96°C, 5 s at 50°C and 4 min at 60°C for one cycle, and a total of
25 cycles were carried out. Products were purified using spin 
columns (Applied Biosystems) and analyzed on an ABI PRISM
310 genetic analyzer (Applied Biosystems).

ASO hybridization

The oligonucleotide probes corresponding to wild-type sequence
and to K-ras gene mutation at the second position of codon 12 are
shown in Table 3. They were synthesized on a DNA synthesizer
Model 394 (Applied Biosystems).

Three microliters of material obtained after PCR was spotted
onto duplicate nylon filters (Hybond-N+, Amersham-Pharmacia
Biotech Limited, Buckinghamshire England). After drying the 
filters, they were soaked in denaturing solution (0.5 N NaOH,
1.5 N NaCl) for 5 min followed by neutralizing solution [1 M
Tris-HCl (pH 8.0), 1.5 N NaCl] for 1 min, and DNA was fixed by
baking for 2 h at 80°C. After prehybridization in solution [6× so-
dium saline citrate (SSC), 0.2% sodium dodecyl sulfate (SDS) and
10× Denhart’s] for 1 h, one filter was hybridized at 60°C with a
32P-labeled wild-type probe (about107 cpm/ml), and the other at
55°C with a 32P-labeled mutation-specific probe for 2 h. The fil-
ters were washed three times in 6× SSC for 5 min at room temper-
ature. The filter hybridized with a wild-type probe was then
washed at 61°C in 6× SSC for 30 min, and the filter hybridized

with a mutation-specific probe was washed at 56°C. Both were
continuously washed in 6× SSC for 30 min and in 2× SSC for
30 min at room temperature. Finally, the membranes were auto-
radiographed by exposure to X-ray film (Konika Co LTD, Tokyo,
Japan) at –80°C overnight.

Results

In most materials, it was not difficult to distinguish the
mutational peaks from those of background noise in di-
rect sequence. However, the mutational peaks in several
materials were occasionally very low. Therefore, we de-
cided to perform ASO hybridization in the same materi-
als, which showed low peaks in direct sequence. Conse-
quently, ASO hybridization confirmed that the low peaks
were mutational even though the peaks were slightly
higher than those of noise (Fig. 2).

Experimental groups and ras gene mutation

In both groups I and II, focal lesions in the background
of diffuse hyperplasia were recognized in all thyroid
lobes at the 15th week (6 lobes) and 30th week (11
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Table 2 Amplification primers for exon 1 of the ras genes

K-ras 5′-TAAGGCCTGCTGAAAATGATCGAGT-3′
5′-TCTATCGTAGGATCATATTCATCCA-3′

H-ras 5′-AAGCGATGACAGAATACAAG-3′
5′-AGCTCACCTCTATAGTGGGA-3′

N-ras 5′-TCGTAATTGCTGCTTTCC-3′
5′-GGTGGGATCATATTCATCCA-3′

Table 3 Oligonucleotide probe specific for G–A transition at the
second position of codon 12 of K-ras gene

G–A transition 5′-GATGCGGTAGTCGAGGT-3′
Wild type 5′-CTACGCCACCAGCTCCA-3′

Fig. 2 Analysis of K-ras gene mutation involving G/C–A/T tran-
sition at the second position of codon 12 by direct sequencing and
allele-specific oligonucleotide (ASO) hybridization. The upper
figure is direct sequencing data and the lower figure is ASO hy-
bridization data. a Negative for mutation in both direct sequencing
and ASO hybridization. b Low peak indicating G/T–A/C transi-
tion at the second position as high as background noise, and ASO
hybridization shows no mutation. c Peak indicating G/T–A/C tran-
sition at the second position, which is slightly higher than back-
ground noise, and then ASO hybridization shows positive for mu-
tation. We decided b was negative and c was positive for the mu-
tation. d, e, f Positive for mutation in both direct sequencing and
ASO hybridization. In analysis of the K-ras gene mutation by 
autosequencer, the peak of mutation was accompanied by the peak
of wild-type base arrangement. The cause of these two peaks is
thought to be the mix of normal tissue, for example, fibroblasts,
inflammatory cells, blood vessels and others, and the existence of
a focal lesion without mutation or wild-type alleles



lobes) of treatment. The total number of focal lesions 
of groups I and II was 194, and 146 lesions (75%) had
K-ras gene mutation (Table 4). No mutations were iden-
tified in diffuse hyperplasia areas (Fig. 3). 

In group III, all thyroids examined at the 15th week
(2 lobes) and 30th week (7 lobes) showed diffuse hyper-
plasia (Fig. 1e), and no focal lesions were identified. In
group IV, no significant changes were noted in all thy-
roids examined at the 15th week (3 lobes) and 30th week
(7 lobes). No mutation was detected in all thyroid lobe in
groups III and IV.

Of the 146 lesions involving K-ras gene mutation,
144 lesions had G/C–A/T transition at the second posi-

tion of codon 12 (Fig. 3, Fig. 4, Fig. 5). One lesion had a
C/G–A/T transversion at the second position of codon
12, and the other one lesion had a G/C–A/T transition at
the second position of codon 13 and the first position of
codon 14 (Fig. 6). H- and N-ras gene mutations were not
detected in all focal lesions of the thyroids examined. 

Administration method and ras gene mutation

In group I (single injection group), the total number of fo-
cal lesions examined was 85, and K-ras gene mutations
were detected in 47 (55%) lesions. In group II (serial in-
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Table 4 The rate of K-ras gene mutation* and administration
methods. Group I: single injection group. Group II: serial injection
group. *All K-ras gene mutations involving G–A transition at the
second position, but one lesion involves C/G–A/T transversion at

the second position of codon 12 and the other lesion G/C–A/T
transition at the second position of codon 13 and the first position
of codon 14 in group II

Group Treatment period Number of Number of Number of lesions Chi-squared test,
(weeks) thyroid lobes lesions with mutation (%) P value

I 15 6 12 8 (67%)
30 11 73 39 (53%)
Total 17 85 47 (55%)

II 15 9 50 44 (88%) <0.001
30 8 59 55 (93%) <0.001
Total 17 109 99 (91%) <0.001

Total 34 194 146 (75%)

Fig. 3 Photomicrograph of rat thyroid lobe and analysis of codon
12 of K-ras gene by direct sequence method in each focal lesion
of rat thyroid lobe at 15th week of treatment in group II. a Type-2B
nodule. b Diffuse hyperplasia. Both of these have no mutation. 
c, d Type-2A nodule, which has mutation. Hematoxylin and eosin
×22. Underlining shows codon 12 and arrow shows G/C–A/T
transition in direct sequencing data

Fig. 4 Photomicrograph of rat thyroid lobe and analysis of codon
12 of K-ras gene by direct sequence method in each focal lesion at
30th week of treatment in group I. a, c Type-1 lesion, which has
no mutation. b, d Type-2A nodule, which has mutation. Hematox-
ylin and eosin ×22. Underlining shows codon 12 and arrow shows
G/C–A/T transition in direct sequencing data



jection group), the total number of focal lesions examined
was 109, and K-ras gene mutations were detected in 
99 (91%) lesions (Table 4). The difference in frequency
of gene mutation between groups I and II was statistically
significant using the Chi-squared test (P values <0.001).

Treatment period and ras gene mutation

In the 15th week of treatment, the total number of focal
lesions identified in groups I and II was 62, and K-ras
gene mutations were detected in 52 (84%) lesions. In the
30th week of treatment, the total number of focal lesions
identified was 132, and K-ras gene mutations were de-
tected in 94 (71%) lesions (Table 5). There was no statis-

tical difference in frequency of gene mutation between
the 15th week and 30th week.

Histological types and ras gene mutation

We classified focal lesions into four histological types:
types 1, 2A, 2B and 3, according to a previous report 
[8, 9].

● Type 1 (early pre-nodular lesions, Fig. 1a): only two
lesions were recognized at the 30th week of treatment
in group I, and no K-ras gene mutation was detected
in this type of lesion (Table 6 and Fig. 4).

● Type 2A (hyperplastic nodules, Fig. 1b): the total
number of this type of lesion identified in groups I
and II was 82, and K-ras gene mutation was detected
in 63 (76%) lesions (Table 6, Fig. 3 and Fig. 4).
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Fig. 5 Photomicrograph of rat thyroid lobe and analysis of codon
12 of K-ras gene by direct sequence method in each focal lesion at
30th week of treatment in group II. a, d Type-3 nodule. b, c Type-2B
nodule. All of these have mutations. Hematoxylin and eosin ×22.
Underlining shows codon 12 and arrow shows G/C–A/T transition
in direct sequencing data

Fig. 6 Photomicrograph and analysis of codon 12 of K-ras gene
by direct sequence method in type-3 nodules at the 30th week of
treatment in group II. a G–T (A–C) transversion at the second po-
sition of codon 12 (arrow). b G–A (T–C) transition at the second
position of codon 13 and the first position of codon 14 (arrows).
Hematoxylin and eosin ×16. Numbers on underlining show the lo-
cation of each codon

Table 5 The rate of K-ras gene mutation during the treatment pe-
riod. All K-ras gene mutations involving G–A transition at the
second position, but one lesion involves C/G–A/T transversion at

the second position of codon 12 and the other lesion G/C–A/T
transition at the second position of codon 13 and the first position
of codon 14 in group II

Treatment Group Number of Number of Number of lesions
period thyroid lobes lesions with mutation (%)

15W I 6 12 8 (67%)
II 9 50 44 (88%)
Total 15 62 52 (84%)

30W I 11 73 39 (53%)
II 8 59 55 (93%)
Total 19 132 94 (71%)



● Type 2B (dysplastic nodules, Fig. 1c): the total num-
ber of this type of lesion was 44, and K-ras gene mu-
tation was detected in 37 (84%) lesions (Table 6,
Fig. 3 and Fig. 5).

● Type 3 (sever atypical nodule suggested malignancy):
the total number of this type of lesion identified in
groups I and II was 66, and K-ras gene mutation was
detected in 45 (71%) lesions (Table 6 and Fig. 5).

The differences in frequency of K-ras gene mutation
among types 2A, 2B and 3 was not statistically significant.

Discussion

DIPN, one of the N-nitroso compounds and classified as
an alkylating agent, induces tumors in various organs in-
cluding the thyroid gland, kidney, lung, liver and esopha-
gus in the rat [10, 11, 12, 13, 14], and the pancreatic duct
in the hamster [23, 25]. It has been reported that the le-
sions induced by DIPN possess frequent K-ras gene mu-
tations involving G–A transition at the second position
of codon 12 [10, 11, 25]. In this study, we induced 
thyroid tumors by DIPN, which showed frequent (75%)
K-ras gene mutations involving G/C–A/T transition at
the second position of codon 12 in focal lesions. This re-
sult is in line with the literature. Therefore, it is reason-
able that the K-ras gene mutation involving G/C–A/T
transition at the second position of codon 12 is signifi-
cantly concerned with DIPN-induced rat thyroid tumor.

The K-ras gene mutation was not detected in some
focal lesions. Therefore, it is assumed that other gene
mutations should be considered. In this respect, we in-
vestigated codons 12 and 13 of H- and N-ras genes in
the same manner, but could not detect the mutation.
Kitahori et al. did not detect mutations of p53 gene, 
H- and N-ras gene, or K-ras gene except in codon 12 of
K-ras gene mutation in the rat thyroid carcinoma in-
duced by DIPN [11, 12]. Kitada et al. detected a frequent
K-ras gene mutation in lung lesions induced by DIPN,
but no mutation of H-ras and p53 genes [10].

Belinsky et al. suggested that chemically mediated ac-
tivation of the K-ras protooncogene occurs via a direct
genotoxic mechanism frequently involving the formation
of the 06-methylguanine adduct. The generation of the

06-methylguanine adduct results in base mispairing and
mutagenesis in vitro [1, 5]. The base mispairing of G
with T is thought to occur because methylation of the 
06-position of guanine reduces the interstrand hydrogen
bonding interaction, relative to a normal cytosine-gua-
nine base pair, and makes it much more like an ade-
nine–thymine base pair [3]. In the present study, it could
be possible that the K-ras gene mutation induced by
DIPN was also via a direct genotoxic mechanism, while
we did not attempt to demonstrate the presence of the 
06-methylguanine adduct.

There was no statistical difference in the incidence of
mutation between the 15th and 30th weeks of treatment
in groups I and II. This result suggests that the mutations
induced by DIPN occurred during the early period after
the administration.

Zarbl and Sukumar et al. induced mammary carcino-
ma by a single injection of NMU [21, 28]. However,
many experimentally induced tumors were reported to 
be induced by serial administration of carcinogens. We
compared the results in group I (single injection) and
group II (serial injection). The incidence of K-ras gene
mutation in group II was statistically higher than that in
group I. Therefore, the incidence of K-ras gene mutation
seems to depend on the frequency of the administration
more than total volume of DIPN, although the exact
mechanisms is still unclear.

In human thyroid tumors, the ras gene mutation has
been considered to be an early event in the tumorigenic
process, because mutations were detected in benign le-
sions such as goiter and thyroid adenoma [4, 6, 16, 17,
20]. Similarly, in experimental lung tumors of the DIPN-
induced rat and pancreatic duct tumor of BOP-induced
hamster, K-ras gene mutation has been suggested to be an
early event in the tumorigenic process, because this muta-
tion was detected in benign lesions [10, 24]. Santelli et al.
reported that transgenic mice bearing K-ras, which ex-
press the transgene in thyroid glands, showed thyroid ab-
normalities although at very low incidence. From these re-
sults, they thought the action of an activated ras gene is
not sufficient to attain a complete malignant conversion of
thyroid glands in vivo [18]. In this study, K-ras gene mu-
tation was detected in type-2A, -2B and -3 nodules. It is
considered in the morphological course of rat thyroid tu-
morigenesis induced by DIPN administration that type-1
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Table 6 The rate of K-ras gene mutation in the histological type of lesion. All K-ras gene mutations involving G/C–A/T transition at
the second position, but one lesion involves C/G–A/T transversion at the second position of codon 12

Group Type 1 Type 2A Type 2B Type 3

Number of Number of Number of Number of Number of Number of Number of Number of
lesions lesions lesions lesions lesions lesions lesions lesions

with with with with
mutation mutation mutation mutation
(%) (%) (%) (%)

I 2 0 44 28 (64%) 18 13 (72%) 21 6 (29%)
II 0 - 38 34 (89%) 26 24 (92%) 45 41 (91%)
Total 2 0 82 62 (76%) 44 37 (84%) 66 47 (71%)



lesion (pre-nodule lesion) occurs first, with the subsequent
development of type-2A (hyperplastic) nodule, type-2B
(dysplasitic) nodule, and finally type-3 (severe atypical)
nodule (suggested malignancy) [8, 9]. According to this
hypothesis, the K-ras gene mutation could be involved in
the formation of benign nodules, a relatively early event in
the DIPN-induced tumorigenic process extending to carci-
noma. However, there was no clear difference in the inci-
dence of K-ras gene mutation among type-2A, -2B and 
-3 nodules. Therefore, we considered that K-ras gene mu-
tation was not involved in the progression from adenoma
to carcinoma.

In conclusion, K-ras gene mutation involving G–A
transition at the second position of codon 12 is highly in-
volved with DIPN-induced rat thyroid tumors. Examina-
tion of ras gene mutation using the microdissection-
PCR-direct-sequence method would contribute to the un-
derstanding of the histogenesis of experimentally in-
duced thyroid tumors.

References

1. Abbott PJ, Saffhil R (1979) DNA synthesis with methylated
poly (dC-dG) templates. Evidence for a competitive nature to
miscoding by O6-methyl-guanine. Biochem Biophys Acta
562:51–61

2. Bos JL (1889) Ras oncogene in human cancer: A review. Can-
cer Res 49:4682–4689

3. Caldwell JW, Killman PA (1985) The effect of methylation of
the 6 oxygen of guanine on the structure and stability of the
double helical DNA. J Biomol Struct Dyn 3:57–66

4. Capella G, Matias-Guiu X, Ampudia X, De Leiva A, 
Perucho M, Prat J (1996) Ras oncogene mutation in thyroid
tumors. Diagn Mol Pathol 5:45–52

5. Eadie JS, Conrad M, Toorchen D, Topal MD (1984) Mechanism
of mutagenesis by O6-methylguanine. Nature 308:201–203

6. Esapa CT, Johnson SJ, Kendall-Taylor P, Lennard TWJ, 
Harris PE (1999) Prevalence of ras mutations in thyroid neo-
plasia. Clin Endocrinol 50:529–535

7. Karga H, Lee JK, Vickery AL, Thor A, Gaz RD, Jameson JL
(1991) Ras oncogene mutations in benign and malignant thy-
roid neoplasms. J Clin Endocrinol Metab 73:832–836

8. Kawaoi A, Moriyama S (1987) Diisopropanolnitrosamine
(DIPN) induced rat thyroid lesions. I. A histological classifica-
tion. Acta Pathol Jpn 37:965–973

9. Kawaoi A, Matsumoto H, Suzuki K, Moriyama S (1991) His-
togenesis of diisopropanolnitrosamine (DIPN)-induced tumors
of the rat thyroid gland. Virchows Arch 61:49–56

10. Kitada H, Tsutsumi M, Tsujiuchi T, Takahama M, Fukuda T,
Narita N, Konishi Y (1996) Frequent mutations of Ki-ras but
no mutations of Ha-ras and p53 in lung lesions induced by 
N-Nitrosobis(2-hydroxypropyl)amine in rats. Mol Carcinog
15:276–283

11. Kitahori Y, Naitoh H, Konishi N, Ohnishi T, Shirai T, 
Hisaya Y (1995) Frequent mutation of ki-ras codon 12 in 
N-bis(2-hydroxypropyl) nitrosamine-initiated thyroid, kidney
and lung tumors in Wistar rats. Cancer Lett 96:155–161

12. Kitahori Y, Naitoh H, Konishi N, Fukushima M, Ohnishi T,
Hisaya Y (1996) G-A mutation of ras genes and infrequent
p53 gene mutation in rat transplantable thyroid carcinoma
lines from tumors in vivo by N-bis(2-hydroxypropyl)nitro-
samine. Cancer Lett 100:55–62

13. Kitahori Y, Naitoh H, Konishi N, Ohnishi T, Hisaya Y (1997)
Genetic alteration in N-bis(2-hydroxypropyl)nitrosamine-
induced rat transplantable thyroid carcinoma lines; analysis of
the TSH-R, Gas, ras and p53 genes. Carcinogenesis 18:265–
269

14. Konishi Y, Kondo H, Ikeda T, Kawabata A Shoji Y, Denda A
(1978) Effect of dose on the carcinogenic activity of orally ad-
ministrated N-bis(2-hydroxypropyl)nitrosamine in rat. Gann
69:573–577

15. Lemoine NR, Mayall ES, Wyllie FS, Farr CJ, Hughes D, 
Padua RA, Thurstone V, Williams ED, Wynford-Thomas D
(1988) Activated ras oncogenes in human thyroid cancers.
Cancer Res 48:4459–4463

16. Lemoine NR, Mayall ES, Wyllie FS, Williams ED, Goyns M,
Stringer B, Wynford-Thomas D (1989) High frequency of ras
oncogene activation in all stages human thyroid tumogenesis.
Oncogene 4:159–164

17. Namba H, Rubin SA, Fagin JA (1990) Point mutation of ras
oncogenes are an early event in thyroid tumogenesis. Mol 
Endocrinol 4:1474–1479

18. Santelli G, De Franciscis V, Portella G, Chiappetta G, 
D’Alessio A, Califano D, Rosati R, Mineo A, Monaco C,
Manzo G, Pozzi L, Vecchio G (1993) Production of transgenic
mice expressing the Ki-ras oncogene under the control of a
thyroglobulin promotor. Cancer Res 53:5523–5527

19. Suarez HG, Du Villard JA, Caillou B, Schlumberger M, 
Tubiana M, Parmentier C, Monier R (1988) Detection of acti-
vated ras oncogene in human thyroid carcinomas. Oncogene
2:403–406

20. Suarez HG, Du Villard JA, Severino M, Caillou B, Schlum-
berger M, Tubiana M, Parmentier C, Monier R (1990) Pres-
ence of mutations in all three ras genes in human thyroid tu-
mors. Oncogene 5:565–570

21. Sukumar S, Notario V, Martin-Zanca D, Barbacid M (1983)
Induction of mammary carcinomas in rats by nitroso-methyl-
urea involves malignant activation of H-ras-1 locus by single
point mutations. Nature 306:658–661

22. Sukumar S, McKenzie K, Chen Y (1995) Animal models for
breast cancer. Mutat Res 333:37–44

23. Tsutsumi M, Murakami Y, Kondoh S, Tsujiuchi T, Hohnoki K,
Horiguchi K, Noguchi O, Kobayashi E, Okita S, Sekiya T, 
Konish Y (1993) Comparison of K-ras oncogene activation in
pancreatic duct carcinomas and cholangiocarcinomas induced
in hamsters by N-nitrosobis(2-hydroxypropyl)amine. Jpn
J Cancer Res 84:956–960

24. Tsutsumi M, Kondoh S, Noguchi O, Horiguchi K, Kobayashi E,
Okita S, Ohashi K, Honoki K, Tsujiuchi T, Konishi Y (1993)
K-ras gene mutation in early ductal lesions induced in a rapid
production model for pancreatic carcinomas in Syrian ham-
sters. Jpn J Cancer Res 84:1101–1105

25. Ushijima T, Tsutsumi M, Sakai R, Ishizaka Y, Takaku F, 
Konishi Y, Takahashi M, Sugimura T, Nagano M (1991) 
Ki-ras activation in pancreatic carcinomas of Syrian hamsters
induced by N-nitrosobis(2-hydroxypropyl)amine. Jpn J Cancer
Res 82:965–968

26. Wright PA, Lemoine NR, Mayall ES, Wyllie FS, Hughes D,
Williams ED, Wynford-Thomas D (1989) Papillary and follic-
ular thyroid carcinomas show a different pattern of ras onco-
gene mutation. Br J Cancer 60:576–577

27. Yanagisawa A, Ohtake K, Ohashi K, Hori M, Kitagawa T, 
Sugano H, Kato Y (1993) Frequent c-Ki-ras oncogene activa-
tion in mucous cell hyperplasias of pancreas suffering from
chronic inflammation. Cancer Res 53:953–956

28. Zarbl H, Sukurmar S, Arthur AV, Martin-Zanca D, Barbacid M
(1985) Direct mutagenesis of H-ras 1 oncogenes by N-nitroso-
N-methylurea during initiation of mammary carcinogenesis in
rats. Nature 315:382–385

295



Abstract We report a case of squamous-cell carcinoma
arising in a ciliated hepatic foregut cyst that occurred in a
21-year-old man. The cystic lesion was first discovered
during childhood with no further follow-up. Following im-
portant weight loss over several months, the patient was
admitted to our hospital where a CT scan showed a cystic
and solid mass in segments V and VI of the liver involving
the transverse mesocolon and the gastric antrum. A right
hepatectomy with en-bloc right hemicolectomy and partial
gastrectomy was performed. Gross examination showed a
partially cystic liver mass with a maximum dimension of
10 cm infiltrating the large bowel wall. Microscopically, it
was a poorly differentiated squamous-cell carcinoma aris-
ing from the wall of a liver cyst lined by a ciliated, pseudo-
stratified columnar epithelium. Hepatic foregut cysts are
uncommon, congenital, benign lesions that, when discov-
ered, deserve careful clinical follow-up as malignant trans-
formation, albeit exceptional, is possible.

Keywords Hepatic cyst · Foregut · 
Squamous-cell carcinoma

Introduction

Ciliated hepatic foregut cyst (CHFC) represents an un-
common entity occurring in the liver of young adults.
The term “ciliated hepatic foregut cyst” was pioneered
by Wheeler and Edmondson in 1984 [6] to describe an
hepatic cyst sharing common histologic features with
both esophageal and bronchial cysts. The morphologic
hallmark is represented by the presence of a pseudostrat-
ified, ciliated, mucin-secreting, columnar epithelium as-
sociated with bundles of smooth muscle in the wall. As
the primitive foregut gives origin to the tracheobronchial
tree the esophagus and the liver, a possible common de-

velopmental origin was proposed. Since then, other cases
of CHFC have been reported, as reviewed by Vick et al.
[3]. These lesions are usually solitary and unilocular, and
their wall is composed of four layers consisting of ciliat-
ed pseudostratified columnar epithelium with scattered
mucous cells, loose subepithelial connective tissue, 1–3
muscle layers and a fibrous external capsule. They have
always been considered benign in nature with only one
case of malignant transformation described so far [4]. To
the best of our knowledge this is the second case of inva-
sive squamous-cell carcinoma arising from a CHFC.

Case report

Clinical history

A 21-year-old man presented with a 6-month history of vague full-
ness in the right upper quadrant, mild pain, fever and a weight loss
of 13 kg. During early childhood ultrasonographic examination
had revealed a liver cyst located in the right lobe with no further
treatment or follow-up.

At physical examination a palpable mass in right hypochondri-
um was present. Serological neoplastic markers (alpha-fetoprotein,
CA 19–9 and CEA) as well as hepatitis B and C markers were all
negative. Computed tomographic scan, abdominal ultrasound, and
angiography revealed a mass located in segments V and VI of the
liver, with the greatest diameter measuring 10 cm. This lesion ap-
peared cystic and polyseptate in the cranial scans and solid in the
caudal images. There was evidence of compression and displace-
ment of the principal trunk and the right branch of the portal vein.
Ultrasound-guided fine-needle aspiration was performed that yield-
ed only scattered atypical cells with regressive changes. The pa-
tient was admitted for an exploratory laparotomy.

At surgery a large mass was found in the right liver, extending
to the transverse mesocolon and to the right colon. When the fro-
zen section was examined, a poorly differentiated carcinoma was
diagnosed. A right hepatectomy with en bloc hemicolectomy and
partial gastrectomy was performed.

The postoperative time was uneventful, and the patient was
discharged. The patient underwent adjuvant chemotherapy (cis-
platin and fluouracil), but died 9 months later of widespread intra-
abdominal recurrence.

Materials and methods

For light microscopy examination the surgical specimen was fixed
in 10% buffered formalin and embedded in paraffin. Four-micron
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sections were stained with hematoxylin and eosin and in selected
blocks with periodic acid-Schiff (PAS) with and without diastase
treatment.

Pathology findings

The surgical specimen was from a right hepatectomy measuring
20×15×12 cm, in continuity with a large-bowel resection of 24 cm
and a partial gastrectomy measuring 8 cm along the small curve
and 14 cm along the great curve. A cystic lesion with 10 cm in the
largest diameter was observed within the liver parenchyma. From
the wall of the cyst originated a solid, lardaceous neoplastic
growth, infiltrating the large bowel. Microscopically, the cyst wall
consisted of four layers: an inner ciliated pseudostratified colum-
nar epithelium with scattered goblet cells, loose subepithelial con-
nective tissue, several layers of smooth muscle cells, and an outer
fibrous capsule. Multiple foci of squamous metaplasia of the col-
umnar epithelium (Fig. 1) were observed associated with an area
of high-grade dysplasia (Fig. 2) from which a solid bulk of poorly
differentiated squamous-cell carcinoma was developing (Fig. 3).
The tumor diffusely infiltrated the wall of the cyst, the surround-
ing liver, and reached the hepatic surface. A large bowel segment
9 cm in length was resected, and on microscopic examination its
wall appeared diffusely infiltrated by the tumor. All regional
lymph nodes were negative for metastasis. 

Discussion

Ciliated hepatic foregut cysts represent an usually
asymptomatic lesion, most frequently discovered during
imaging studies, surgical exploration, or at autopsy as an
incidental finding. It tends to occur more frequently in
the left hepatic lobe of young males. Differential diagno-
sis includes simple hepatic cyst, hepatobiliary cystadeno-
ma, and parasitic cyst. As radiologic findings are not
useful in distinguishing between these entities [5], a bi-
opsy is usually required to make the diagnosis. Micro-
scopically, simple hepatic cysts are lined by a single-lay-
ered cuboidal epithelium; hepatobiliary cystadenoma is
lined by cuboidal-to-columnar epithelium associated
with a peculiar ovarianlike stroma; echinococcal cysts
are characterized morphologically by the presence of a
thick fibrous capsule devoid of epithelial lining. As the
presence of a ciliated epithelium appears to be restricted
to CHFCs, their morphologic distinction from other cys-
tic lesions of the liver appears to be fairly reproducible.

Malignant epithelial tumours arising in unilocular and
multilocular hepatic cysts have been occasionally de-
scribed [2]; however, CHFC have always been consid-
ered benign non-neoplastic lesions. The case described
by Vick et al. [4] and the case reported herein demon-
strate that malignant transformation, albeit exceptional,
is possible, therefore making an accurate diagnosis man-
datory.

Aspiration of the cyst fluid with injection of a scleros-
ing agent has been considered the treatment of choice for
asymptomatic lesions, and surgical excision is limited to
symptomatic cases [1]. Given the possibility of malig-
nant degeneration we suggest a careful follow-up of
CHFC of the liver and its surgical excision in most
cases, with particular reference to the cases in which im-
aging studies show abnormalities in the cystic wall.

Fig. 1 Ciliated hepatic foregut cyst showing squamous metapla-
sia. High-power view of ciliated epithelium (inset). Hematoxylin
& eosin, ×25

Fig. 2 The presence of high-grade dysplasia in the context of the
epithelial lining of the cyst is seen. Hematoxylin & eosin, ×40

Fig. 3 Squamous-cell carcinoma infiltrating liver parenchyma.
Hematoxylin & eosin, ×200
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Abstract Liposarcomas are rare in young age. We pres-
ent the rare case of an atypical lipomatous tumor (syn-
onym: well-differentiated lipoma-like liposarcoma) in a
14-year-old girl with the differential diagnosis of lipo-
blastoma which was excluded by fluorescence in situ hy-
bridization (FISH) analysis. The tumor presented as a soft
tissue mass at the dorsal part of the right thigh measuring
up to 18 cm. Microscopically the lesion consisted of atyp-
ical adipocytes with hyperchromatic nuclei and additional
multivacuolated lipoblasts. Interphase dual-color FISH
performed with chromosome 8 centromeric and
YAC164H5 (mapping to exons 2–5 of the PLAG1 gene)
probes revealed no rearrangement of PLAG1 oncogene or
polysomy of chromosome 8. Additional FISH using an
MDM2 gene probe and an BAC534N15 probe (contain-
ing sequences specific for the CDK4 gene) showed am-
plification of the CDK4 gene. These findings indicate that
this tumor was no lipoblastoma but an atypical lipoma-
tous tumor, which is of clinical relevance. In young indi-
viduals the distinction between lipoblastoma and liposar-
coma is often impossible by light microscopy alone. This
case shows that FISH can serve as a decisive tool in the
differential diagnosis of lipoblastoma and lipoma-like li-

posarcoma apart from its role in distinction between lipo-
blastoma and myxoid/round cell liposarcoma.

Keywords Atypical lipomatous tumor · Cytogenetics ·
Lipoblastoma · PLAG1-CDK4

Introduction

Malignant lipomatous tumors in childhood and adoles-
cence are rare, with only few convincingly documented
cases in the literature [15, 18] representing mainly the
myxoid/round cell type of liposarcoma. In the differen-
tial diagnosis, lipoblastoma and lipoblastomatosis are
more frequently encountered in childhood [1, 14]. We
present the case of an atypical lipomatous tumor (syn-
onym: well-differentiated lipoma-like liposarcoma) in a
14-year-old patient in which the differential diagnosis of
lipoblastoma was excluded also by FISH-analysis.

Case report

Clinical history

A 14-year-old white girl consulted an orthopedic surgeon present-
ing with a swelling and soft tissue mass of the dorsal part of the
right thigh. The lesion had been noticed for a long time, but no ex-
act history was available regarding the duration of tumor growth.
Magnetic resonance imaging showed changes compatible with a
lipomatous lesion which was suspicous for lipoma. Intraoperative-
ly the tumor was located beneath the musculi biceps femoris and
semitendinosus within the muscle compartment near the ischiadic
nerve. The lesion was entirely encapsulated, and subsequently the
soft tissue tumor was resected. Parts of the tumor bordering on the
ischiadic nerve could not completely be excised owing to the com-
plex anatomical situs.

Materials and methods

The tumor tissue was fixed in 5% formalin and embedded in par-
affin, a cut slide was photodocumented (Fig. 1). Sections (3–5 µm
thick) were stained with hematoxylin and eosin. Immunohisto-
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chemical staining for S-100 protein (Biogenex, clone 15E2E2,
1:100) was performed on paraffin sections using the alkaline phos-
phatase–antialkaline phosphatase method. For FISH analysis sin-
gle-cell nuclei from formalin-fixed, paraffin-embedded tissue
were prepared according to a previously reported method [7]. To
differentiate lipoblastoma from liposarcoma in the analyzed case
interphase dual-color FISH was performed using the combination
of either locus specific digoxigenin-labeled MDM2 (Cambio,
Cambridge, UK) and biotin-labeled BAC534N15 (containing se-
quences specific for CDK4/12q13; Research Genetics, Huntsville,
Ala., USA) or Spectrum Orange labeled chromosome 8 centro-
meric (CEP8-SO, Vysis, Downers Grove, Ill., USA) and biotin-la-
beled YAC164H5 DNA probes. The latter maps to exons 2–5 of
the PLAG1 gene at 8q12 [10]. Hybridization and detection were
performed as previously described [4, 9]. Hybridization signals
were visualized using an epifluorescence microscope (Leica
DMRB, Wetzlar, Germany) equipped with a cooled charge-cou-
pled device camera and run by image analysis software (QUIPS,
Vysis). Fifty nuclei were evaluated for the number and the associa-
tion of red and green signals.

Results

Pathological findings

The tumor revealed a thin pseudocapsule and measured
18×12.5×8.5 cm and weighed 572 g. The cut surface was smooth,
yellowish-lipomatous and relatively homogeneous, with some fi-
brous septa (Fig. 1). Microscopically the tumor consisted of adipo-
cytes showing variation in size and morphology, sometimes criss-
crossed by fibrous bands (Fig. 2). Although a frank lobulation was
not evident, in some areas an initial slight lobulation could not be
excluded. The nuclei of the tumor adipocytes were partly enlarged
and hyperchromatic (Fig. 3). Within the fibrous bands more spin-
dle-shaped cells revealed slightly hyperchromatic nuclei as well.
Some multivacuolated lipoblasts were detected in perivascular lo-
cation (Fig. 3). Immunohistochemical staining was faintly positive
for S-100 protein in single nuclei.

FISH findings

Using Spectrum Orange labeled chromosome 8 centromeric and
biotin-labeled YAC164H5 clone (specific for PLAG11), two asso-
ciated red and green signals were visualized in 70% of analyzed
cells (Fig. 4A). In the remaining 30% of cells the signals were ei-
ther overlapping or were dissociated, making the interpretation of
the results impossible. The association of red and green signals in-
directly shows that there is no rearrangement of the PLAG1 onco-
gene which can usually be observed in lipoblastoma. No gains of
chromosome 8 were found. Using the combination of digoxigenin-
labeled MDM2 and biotin-labeled BAC534N15 probe (specific for
the CDK4 gene), all nuclei showed two red signals (normal copy
number of the MDM2 gene) and from two (86%) to many (14%)
green signals (Fig. 4B), indicating amplification of the CDK4 gene
in a significant number of cells, a frequent finding in atypical lipo-
matous tumor.

Final diagnosis

The final diagnosis was an atypical lipomatous tumor (synonym:
atypical lipoma, well-differentiated lipoma-like liposarcoma).

Discussion

Pediatric adipose tumors comprise mainly lipoblasto-
ma/lipoblastomatosis, which usually occurs in children
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Fig. 1 Atypical lipomatous tumor with yellowish cut surface and
some fibrous septa. Small bar=1 mm
Fig. 2 Microscopical appearance showing adipocytes with varia-
tion in size and morphology, as well as lipoblasts
Fig. 3 Variably sized adipocytes with some hyperchromatic nuclei,
centrally placed multivacuolated lipoblast with indented nucleus



aged under than 8 years [1, 14], whereas liposarcoma is
rarely encountered in childhood or adolescent age. Lipo-
sarcomas under the age of 10 years are exceedingly rare,
with only few cases being reported in the English-lan-
guage literature [15, 18]. Shmookler and Enzinger [18]
reported 17 cases of liposarcoma in patients between the
ages of 8 months and 15 years; only two of these were of
the well-differentiated type, with patients’ ages of 11 and
12 years. Miller et al. [15] reported two liposarcoma pa-
tients, aged 9 and 14 years, with myxoid and round-cell
variant. Thus, if malignant lipomatous tumors in young
age develop at all, the myxoid/round cell type of liposar-
coma predominates.

Criteria of benign lipoblastoma/lipoblastomatosis in
conventional histology are a distinct lobulation [1] and
varying stages of adipocytic maturation without nuclear
atypia [6, 14]. In contrast, myxoid liposarcoma is char-
acterized by a lack of lobulation, more variable growth
patterns, atypical tumor nuclei, and a plexiform vascular
pattern. As lipoblastoma can present as a well-differen-
tiated, mature, lipoma-like lesion, the differential diag-
nosis includes atypical lipomatous tumor (synonym:

well-differentiated lipoma-like liposarcoma) as well.
Atypical lipomatous tumor lacks a prominent lobulation
and is composed of differently sized adipocytes showing
nuclear atypia, especially hyperchromasia [13, 19]. The
differential diagnosis of these lipomatous tumors in
somewhat older patients may be problematic in adoles-
cent age at the “borderline” to adulthood. This is espe-
cially true in the distinction of lipoblastoma and atypical
lipomatous tumor as lipoblastoma has been reported, for
example, in two 14-year-old patients [11, 16]. In the
case presented here the differential diagnosis between
lipoblastoma and atypical lipomatous tumor was quite
difficult not only because of patients’ age but also be-
cause of some initial slight tumor lobulation. In such
cases additional molecular cytogenetic analyses and
findings are helpful and often decisive for the correct di-
agnosis of lipomatous lesions because most adipocytic
tumors show characteristic chromosomal rearrange-
ments causing alterations in oncoproteins [3, 12, 13].
Myxoid/round cell liposarcomas exhibit translocations
(12;16)(q13;p11) or (12;22)(q13;q12) with rearrange-
ment of the CHOP/FUS and CHOP/EWS genes [12, 19].
In atypical lipomatous tumors/well-differentiated lipo-
sarcoma, characteristic supernumerary ring and/or giant
marker chromosomes can be found with amplified se-
quences of chromosomal region 12q [2, 3, 17]. In lipo-
blastomas rearrangements of chromosomal region 8q12
occur involving the PLAG1 oncogene [5, 8]. This gene
encodes a zinc finger transcription factor [8, 10]. The
frequency of PLAG1 gene alterations in lipoblastomas is
87%, including a PLAG1 gene rearrangement in 69%
and polysomy (trisomy) of chromosome 8 in 18% [5].
Thus only 13% of lipoblastomas do not exhibit aberra-
tions of chromosome 8, and these well-known chromo-
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Fig. 4A, B Dual color interphase FISH analysis on isolated nu-
clei. A Using Spectrum Orange labeled (arrowheads) chromo-
some 8 centromeric and biotin-labeled (arrows) YAC164H8
probes specific for PLAG1/8q12. Association of signals from both
probes indicates no rearrangement of the PLAG1 gene; no poly-
somy of chromosome 8. B Using biotin-labeled BAC534N15
probe, which contains sequences specific for the CDK4 gene
(green signals), and digoxigenin-labeled locus specific MDM2
probe (red signals). Hybridization exhibited two red signals (in all
nuclei) and two (arrow) or numerous (arrowhead) green signals,
indicating amplification of CDK4, but not of MDM2 gene in neo-
plastic cells



somal abnormal findings can therefore be used in the
differential diagnosis of lipomatous tumors. In lipo-
blastomas a chromosomal break usually occurs between
exons 1 and 2 of PLAG1 [8]. As a consequence nearly
the entire PLAG1 coding sequence translocates to a va-
riety of other chromosomes. Using FISH analysis in the
presented case, the association was observed of signals
from the probes specific for centromere 8 and the
PLAG1 gene in the majority of the neoplastic nuclei.
This finding showed indirectly that there was no rear-
rangement of PLAG1 gene. Dual-color FISH analysis
revealed a normal copy number of MDM2 while the
subpopulation of cells contained amplified copies of the
CDK4 gene. Overexpression of the CDK4 gene, which
is frequently associated with its amplification, is a char-
acteristic feature of atypical lipomatous tumors [3].
Thus, the additional FISH experiment showing the am-
plification of the CDK4 gene, which plays a role as a
proto-oncogene in the process of cell cycle control and
cell proliferation [3], further definitely ruled out the di-
agnosis of lipoblastoma and confirmed the rare diagno-
sis of atypical lipomatous tumor in this case of a 14-
year-old patient. Interestingly, Gisselsson et al. [5] de-
scribed two cases of lipoma-like lipoblastomas showing
characteristic PLAG1 rearrangements. Atypical lipoma-
tous tumor and lipoblastoma therefore are truly different
neoplasias, and the distinction is important because of
different prognosis and therapy including close follow-
up in the case of atypical lipomatous tumor.

In summary, the present report describes the features
of a rare atypical lipomatous tumor in adolescent age in
contrast to the usual prevalence of the myxoid/round cell
type of liposarcoma in that age group. This case delin-
eates the additional decisive utility of molecular cytoge-
netic methods such as FISH in the individual diagnosis
of benign or malignant lipomatous tumors.
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The year 2003 will mark the 100th anniversary of the
journal Virchows Archiv. Founded by Virchow in 1847,
its original name was “Archiv für pathologische Ana-
tomie und Physiologie und für Klinische Medizin”. 
Virchow died on 5 September 1902 and, in 1903, the
name of the journal was changed to Virchows Archiv.
Johannes Orth was its first editor.

This anniversary is certainly worth commemorating
and what better way to do so than by highlighting impor-
tant contributions to our discipline that originally ap-
peared in the journal? One example is the famous article
by Theodor Langhans on “Die epithelialen Formen der
malignen Struma” [1]. His description of the different
forms of thyroid cancer (comprising the entity now de-
fined as “poorly differentiated” or “insular” carcinoma)
is astonishingly modern. In his description of papillary
carcinomas, he speaks of “clear and vacuolated” (bläs-
chenförmige) nuclei. Not only do the pictures (Fig. 1)
show the Orphan Anne nuclei, but grooving is also 
clearly recognizable.

In the original comment, Langhans describes centrally
disposed cells with vesicular nuclei as well as single
cells with small black nuclei oriented toward the luminal
surface. Nearly 100 years passed before these latter cells
were recognized as relevant to the diagnosis of papillary
thyroid carcinoma [2].

I might add that Goethe’s celebrated sentence that
“man sieht was man weiss” (one sees what one knows) is
not always true. Some gifted pathologists could even see
what was not yet known.
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Fig. 1 Original Fig. 33: “Durchschnitt durch zwei Papillen. Die
bläschenförmigen Kerne liegen meist am freien Pol der Zelle, be-
sonders aber einzelne dunkle Kerne, die mit breiter Fußplatte an
die freie Fläche der Zelle anstoßen”. (Cross section of two papil-
lae. The vesicular nuclei are usually located at the free pole of the
cell, particularly some dark nuclei, which rest on the apical cell
membrane.) Original Fig. 34: “Durchschnitt durch eine Papilla mit
weitem axialem Gefäßepithel”. (Cross section of a papilla with
wide axial vascular epithelium.)



Introduction

The Association of Directors of Anatomic and Surgical
Pathology (ADASP) has named several committees to
develop recommendations regarding the content of the
surgical pathology report for common malignant tumors.
A committee of individuals with special interest and ex-
pertise write the recommendations, which are reviewed
by the council of ADASP and subsequently by the entire
membership. The recommendations are divided into the
following four major areas: (a) items that provide an in-
formative gross description, (b) additional diagnostic
features that are recommended to be included in every
report if possible, (c) optional features that may be in-
cluded in the final report, and (d) a checklist.

Features that the ADASP recommends 
to be included in the final report

Background clinical information

The ADASP recommends the inclusion of pertinent clin-
ical history, when this information is available. The pa-
thologist is encouraged to obtain clinical history, if pos-
sible. For some diseases, an accurate history may be es-
sential to diagnosis, for example posttransplantation-as-
sociated lymphoproliferative disease.

1. Previous diagnosis of a lymphoid neoplasm, if
known. Specify dates and site(s), and treatment sta-
tus, if available.

2. Presence of generalized or localized lymphadenopa-
thy.

3. Evidence of organomegaly (e.g., hepatosplenomega-
ly).

4. Pertinent hematological findings (e.g., lymphocyto-
sis, pancytopenia).

5. Constitutional symptoms.
6. HIV status.
7. Prior immune abnormality, including congenital im-

mune disorders.
8. Autoimmune disease.
9. Other pertinent serology (e.g., HTLV-I, Epstein-Barr

virus).
10. Other known cofactors (e.g., Helicobacter pylori in-

fection).

Gross description

The proper handling of the lymph node biopsy specimen
is critical to ensure proper fixation, which is essential for
the preparation of high quality histological sections [1].
The ADASP recommends that the pathologist receive
lymph node biopsy specimens that are fresh and intact,
and that an unsectioned lymph node biopsy specimen nev-
er be immersed in fixative. It is recommended that each
laboratory establish a protocol for the handling of lymph
node biopsy specimens that ensures both optimal histolog-
ical sections and preservation of material for ancillary
studies. These principles, and the procedures outlined be-
low, apply as well to extranodal sites that may be biopsied
or resected for a potential diagnosis of lymphoma.

1. Identification: state how the specimen was identi-
fied, labeled with the patient name, medical record
number, organ or site.

2. State how the specimen was received (fresh, in fixa-
tive, intact vs. sectioned).
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3. State the surgical procedure used to procure the
specimen (excisional biopsy vs. incisional, vs. core
biopsy).

4. State the dimensions of the specimen.
5. State whether there is a capsule, and whether it is

intact or altered grossly.
6. Describe the color and consistency (firm vs. fleshy),

presence of nodularity, necrosis, hemorrhage.
7. The ADASP recommends that lymph nodes be sec-

tioned at 2-mm intervals, to ensure appropriate fixa-
tion [1].

8. If the size of the lymph node permits, it is preferable
to cut sections perpendicular to the long axis of the
lymph node. This orientation provides the greatest
assessment of the architecture.

9. If the specimen is spleen, provide the weight. De-
scribe the appearance of any focal lesions (e.g., in-
farcts, nodules, hemorrhage) and gross abnormali-
ties of red or white pulp.

10. If the specimen is a spleen obtained for staging, the
ADASP recommends that the spleen be sectioned at
3- to 5 mm intervals to look for grossly identifiable
lesions. First fixing thicker slices (1 cm) briefly in
formalin may facilitate sectioning at the desired
thickness. For staging laparotomy specimens for
Hodgkin lymphoma, the number of grossly identifi-
able lesions, if less than 10, should be stated. The
presence of more than four nodules has been shown
to be of prognostic significance [3].

11. Unique identifiers should be used for each cassette,
and the gross description should also specify the
type of fixation used for each paraffin block.

12. It is often desirable to fix tissue in more than one
fixative. Some fixatives provide excellent cytologi-
cal detail (B5, B+) but compromise the ability to ex-
tract DNA for molecular studies. Formalin is most
suitable if polymerase chain reaction (PCR) studies
from the paraffin-embedded sections are anticipat-
ed.

13. Snap-freezing is useful for preserving tissue for fro-
zen-section immunohistochemistry or future molec-
ular studies. The following is a suitable procedure.
a. One or more blocks of fresh tissue approximately

1.0×1.0×0.3 cm are cut from the specimen.
b. The tissue blocks are placed in a mold, cork or

other suitable form and immersed in OCT.
c. A sludge is made of dry ice and isopentane (2-

methyl-butane) and the tissue and mold are im-
mersed into the solution and snap-frozen.

d. The blocks are labeled and stored at –80°C or
over liquid nitrogen.

e. Blocks in OCT are suitable for frozen-section im-
munohistochemistry and also can be used for mo-
lecular analyses. If there is sufficient tissue,
blocks can be snap-frozen without OCT for mo-
lecular studies and held at –80° or over liquid ni-
trogen until needed.

Diagnostic information

1. Specify exact anatomic site, if known, and tissue
(lymph node or other).

2. Specify procedure (excisional biopsy, incisional biopsy,
needle core).

3. Histological tumor type. The ADASP recommends
the use of the WHO Classification of Tumors of the
Hematopoietic and Lymphoid Tissues (see Appendi-
ces 1–4) [5] The designation of morphological or
clinical variants is considered optional for most clini-
cal purposes. If an alternative classification scheme is
used, it should be so specified in the diagnosis.

4. Specify whether the specimen is only focally or in-
completely involved.

5. Specify whether more than one histological type is
identified, i.e., composite lymphoma, or progression
to lymphoma of higher histological grade.

6. Specimen adequacy. A precise diagnosis may not be
possible in some instances due to limitations of speci-
men adequacy (e.g., needle biopsy, necrotic or fibrotic
specimen). If specimen adequacy is of concern, this
fact should be stated explicitly.

7. If ancillary studies (e.g., immunocytochemistry, mole-
cular diagnostics) were performed, the diagnosis or
comment should contain a statement regarding these
studies and their diagnostic implications.

Features that may be optional in the final report

Immunophenotypic information

For many subtypes of lymphoid neoplasms (e.g., periph-
eral T-cell lymphomas, diffuse large B-cell lymphoma,
precursor B-cell lymphoblastic lymphoma/leukemia) im-
munophenotypic studies are essential to accurate diagno-
sis [4, 6]. In some instances immunophenotypic studies
may not be required (e.g., many instances of follicular
lymphoma). If immunophenotypic studies are per-
formed, we recommend that the results be included in an
integrated single report (Appendix 6) [2]. If ancillary
studies are performed in a reference laboratory, the re-
sults should be discussed in an integrated report, and the
reference laboratory report appended.

1. State how immunophenotypic studies were performed
(flow cytometry vs. immunohistochemistry).

2. State whether immunohistochemistry was performed
on paraffin sections or frozen sections.

3. Specify all markers that were investigated, both posi-
tive and negative.

4. It is recommended that antigens usually be identified
by the CD nomenclature. Use of the common or com-
mercial name is optional, but may be important in
some cases as different antibodies to the same CD an-
tigen may show varying sensitivities and specificities
(e.g., CD20: L26 vs. Leu 16).
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5. Avoid use of generic identifiers (e.g., B-cell marker,
T-cell marker).

6. Specify which population is expressing the antigen.
7. Specify if the antigen is only focally expressed. It

may be helpful in some instances to provide an ap-
proximation of the percentage of positive cells.

8. Specify where the studies were performed, if not in
the local laboratory.

9. A discussion of the significance of the immunopheno-
typic studies is recommended.

Molecular genetic studies

Molecular genetic studies may provide useful diagnostic
information about the clonality of the lymphoid infil-
trate, the lineage of the lymphoid cells, or a precise mo-
lecular abnormality associated with a specific disease.
As with immunophenotypic studies, if molecular analy-
sis is performed, the ADASP recommends that this in-
formation be discussed in the context of the histological
findings, if possible. Important information to include is:

1. Type of specimen used for the study (frozen tissue vs.
paraffin-embedded specimen).

2. Specify the method used: PCR vs. Southern blot vs.
reverse transcriptase PCR, vs. other.

3. Specify the exact type of test performed, for example,
VJ-PCR for IgH gene rearrangement.

4. Specify whether the studies were performed in a ref-
erence laboratory or in the local laboratory.

5. Specify the result (monoclonal, polyclonal, oligoclon-
al) and its possible diagnostic significance.

Viral studies

Viruses are important cofactors for many lymphoma types,
and corroboration of a viral association may be essential
for the diagnosis of some diseases, such as adult T-cell leu-
kemia/lymphoma (HTLV-I) or primary effusion lymphoma
(HHV-8/KSHV). The pathologist should state method of
identification, results (positive or negative), and which cell
population is affected for methods #1 and #2.

1. Immunohistochemical stain.
2. In situ hybridization.
3. PCR.
4. Serology (see clinical history).

Cytogenetic studies

Cytogenetic studies may provide ancillary diagnostic in-
formation useful in the diagnosis or subclassification of
lymphomas. The identification of a clonal cytogenetic
abnormality supports a diagnosis of malignancy. Some
cytogenetic abnormalities are highly associated with spe-
cific lymphoid malignancies, for example t(14;18) with

follicular lymphoma. The ADASP recommends that the
cytogenetic data be discussed in the context of the histo-
logical findings and the complete report appended to the
surgical pathology report.

1. Conventional cytogenetics.
2. Fluorescence in situ hybridization.

Appendix 1. WHO classification of B-cell lymphoid
neoplasms

Precursor B-cell neoplasm

● Precursor B-lymphoblastic leukemia/lymphoma

Mature B-cell neoplasms

● Chronic lymphocytic leukemia/small lymphocytic
lymphoma
Variant: with plasmacytoid differentiation or mono-
clonal gammopathy

● B-cell prolymphocytic leukemia
● Lymphoplasmacytic lymphoma
● Splenic marginal zone B-cell lymphoma (±villous

lymphocytes)
● Hairy cell leukemia

Variant: hairy cell variant
● Plasma cell myeloma/plasmacytoma
● Extranodal marginal zone B-cell lymphoma of muco-

sa-associated lymphoid tissue type
● Nodal marginal zone B-cell lymphoma (±monocytoid

B cells)
● Follicular lymphoma

– Grading:
– Grade 1: 0–5 centroblasts/hpf
– Grade 2: 6–15 centroblasts/hpf
– Grade 3: >15 centroblasts/hpf

Grade 3a: >15 centroblasts, but centrocytes are
still present
Grade 3b. Centroblasts form solid sheets with no
residual centrocytes

– Variants:
– Cutaneous follicle center lymphoma
– Diffuse follicle center lymphoma

Grade 1: 0–5 centroblasts/hpf
Grade 2: 6–15 centroblasts/hpf

● Mantle cell lymphoma
Variant: blastoid

● Diffuse large B-cell lymphoma

– Subtypes
Mediastinal large B-cell lymphoma
Intravascular large B-cell lymphoma
Primary effusion lymphoma

– Morphologic variants:
Centroblastic
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Immunoblastic
Anaplastic large B-cell
T-cell/histiocyte-rich
Plasmablastic
Lymphomatoid granulomatosis type

● Burkitt lymphoma/Burkitt cell leukemia

– Morphologic variants:
Classical
Burkitt-like
With plasmacytoid differentiation (AIDS associated)

– Subtypes (clinical and genetic)
Endemic
Sporadic
Immunodeficiency associated

Appendix 2. WHO classification of T-cell and NK cell
lymphoid neoplasms

Precursor T-cell neoplasm

● Precursor T-lymphoblastic lymphoma/leukemia

Mature (peripheral) T-cell neoplasms

● T-cell prolymphocytic leukemia
Morphologic variants: small cell, cerebriform cell

● T-cell granular lymphocytic leukemia
● Aggressive NK-cell leukemia
● Adult T-cell leukemia/lymphoma (HTLV1+)

– Clinical variants:
Acute
Lymphomatous
Chronic
Smoldering
Hodgkin-like

● Extranodal NK/T-cell lymphoma, nasal type
● Enteropathy-type T-cell lymphoma
● Hepatosplenic T-cell lymphoma
● Subcutaneous panniculitis-like T-cell lymphoma
● Mycosis fungoides/Sezary syndrome

– Variants:
Pagetoid reticulosis
MF-associated follicular mucinosis
Granulomatous slack skin disease

● Anaplastic large cell lymphoma, T/null cell, primary
cutaneous type

– Variants:
Lymphomatoid papulosis (type A and B; for clini-
cal purposes not considered a neoplasm)
Primary cutaneous ALCL
Borderline lesions

● Peripheral T-cell lymphoma, not otherwise character-
ized

– Morphologic variants: Lymphoepithelioid 
(Lennert), T-zone

● Angioimmunoblastic T-cell lymphoma
● Anaplastic large cell lymphoma, T/null cell, primary

systemic type (ALK+/ALK–)

– Morphologic variants: lymphohistiocytic, small
cell

Appendix 3. WHO classification of Hodgkin lympho-
ma (Hodgkin disease)

● Nodular lymphocyte predominant Hodgkin lympho-
ma

● Classical Hodgkin lymphoma

– Nodular sclerosis Hodgkin lymphoma (grades 1
and 2)

– Lymphocyte-rich classical Hodgkin lymphoma
– Mixed cellularity Hodgkin lymphoma
– Lymphocyte depleted Hodgkin lymphoma

Appendix 4. Categories of posttransplant lympho-
proliferative disorders

● Early lesions (not considered a neoplasm)

– Reactive plasmacytic hyperplasia
– Infectious mononucleosis-like

● Polymorphic post-transplant lymphoproliferative dis-
orders

– Polyclonal (rare)
– Monoclonal

● Monomorphic post-transplant lymphoproliferative
disorders (classify according to WHO classification)

– B-cell lymphomas
Diffuse large B-cell lymphoma
Burkitt lymphoma/atypical Burkitt lymphoma 
variant
Plasma cell myeloma

– T-cell lymphomas
Peripheral T-cell lymphoma, not otherwise catego-
rized
Other types (hepatosplenic, γ/δ, NK/T-cell)

● Other types (rare)

– Hodgkin lymphoma-like lesions (associated with
methotrexate and other immunosuppressive therapy)
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– Hodgkin lymphoma
– Plasmacytoma-like lesions

Appendix 5. Checklist for the reporting of lymphoid
neoplasms

● Demographics

– Patient name
– Age
– Sex
– Race (optional)
– Case number

● Clinical history

– Prior diagnosis
– Presenting sites of disease
– Clinical symptoms
– Findings on physical examination
– Laboratory findings

● Gross assessment

– Labeling of specimen
– Condition of specimen on receipt

Fresh
In fixative
Intact
Previously sectioned

– Surgical procedure
– Dimensions of the specimen
– Weight of specimen (if relevant)
– Capsule
– Color and consistency
– Focal lesions
– Photography
– Allocation of tissue for special studies

Frozen tissue for archival storage or other studies
Fresh tissue/cells for flow cytometry, cytogenetics
Other tissue distribution

● Diagnostic information

– Anatomic site
– Tissue (lymph node or other)
– Histological tumor type

WHO classification (see Appendices 1–4)
Other classification scheme

– Grading (if relevant, i.e., follicular lymphoma)
– Adequacy
– Focal involvement
– Multiple histological types present (composite

lymphoma)
– Immunophenotypic data
– Genotypic data
– Cytogenetics
– Microbiological studies

● Special studies

– Flow cytometry
– Immunohistochemistry

Frozen sections
Paraffin sections

– Molecular genetic studies
In situ hybridization
PCR
RT-PCR
Southern blot

– Cytogenetic studies
Conventional cytogenetics
Fluorescence in situ hybridization

Appendix 6. Example of specimen report

Specimen

Right cervical lymph node (excisional biopsy)

Clinical diagnosis and history

The patient is a 63-year-old woman with history of fol-
licular lymphoma in 1993, treated with chemotherapy,
and now presenting with an enlarging right cervical
node.

Final diagnosis

Lymph node, right cervical (excisional biopsy): diffuse
large B-cell lymphoma (75%) and follicular lymphoma,
grade 2 of 3 (25%). (See comment.)

Comment

Slides from the previous lymph node biopsy specimen
were reviewed and show follicular lymphoma, grade 1 of
3. The current specimen shows a grade 2 follicular lym-
phoma in about 25% of the node, but in the remainder
there is progression to diffuse large B-cell lymphoma.
Molecular and cytogenetic studies were not performed in
this case. Immunophenotypic studies are consistent with
the histological findings, and show positivity for bcl-2
protein in both follicular and diffuse areas. P53 is posi-
tive in the diffuse large B-cell lymphoma component.
P53 mutations and overexpression have been associated
with histological progression in approximately one-third
of follicular lymphomas [7].

Microscopic description

Nodal architecture is completely effaced with extension
beyond the node into the perinodal fat. About 25% of the
node is nodular, with follicles comprised of small
cleaved cells (centrocytes) as well as large lymphoid
cells (centroblasts) with an average of six to ten large
cells per high power field. The remainder of the node is
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effaced by a diffuse proliferation of large lymphoid cells
with two to three basophilic nucleoli, round or oval nu-
clear outlines, and pale cytoplasm. Mitoses are rare in
the follicles but frequent in the diffuse large cell lympho-
ma. Necrosis is present in about 10% of the node.

Immunohistochemistry report

Immunoperoxidase stains were performed on B5 fixed
sections with appropriate controls. The atypical lym-
phoid cells in both the follicular and diffuse areas were
positive for CD45, CD20, CD10, bcl-2, and bcl-6 consis-
tent with a B-cell lymphoma of follicle center origin.
Ki67 (proliferation marker) is positive in 30% of the
cells in the diffuse areas, and 10% in the follicular areas.
CD3 and CD5 stain admixed small lymphocytes, mainly
in the interfollicular regions. P53 is focally positive in
follicular areas (<10% of follicles stain), but strongly
positive in diffuse large cell component (>90% positive
cells).

Gross description

Received fresh from the operating room in normal saline
and labeled with the patient's name and hospital number
is an excisional biopsy of an intact oval lymph node and
adjacent adipose tissue which measures 2.3×1.4×1.4 cm.
The cut surface is tan and fleshy with foci of necrosis.
There is no nodularity grossly visible. The lymph node is
serially sectioned at 0.3-cm intervals and appears homo-
geneous apart from foci of necrosis. A well-defined cap-
sule is not grossly identified. Imprints are made from the

cut surface of the node and air-dried. One slice is snap-
frozen in isopentane and dry ice, and embedded in OCT
for potential molecular or immunohistochemical studies.
A portion of sterile node is placed in culture medium for
potential cytogenetic studies or flow cytometry. The re-
mainder of the node is submitted in its entirety in three
paraffin blocks, after fixation as follows: A – B5, B –
formalin, C – formalin.
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Abstract Initiation, progression, and metastasis of can-
cer are due to genetic alterations. The major challenges
of cancer research include the identification of genes in-
volved in metastasis and the evaluation of emerging can-
didate genes for a potential clinical significance. Renal
cancer with its unpredictable metastatic behavior is par-
ticularly challenging. The combination of several new
molecular technologies, including comparative genomic
hybridization, fluorescence in situ hybridization, and
cDNA and tissue microarrays have advanced our under-
standing of renal cancer. However, one usually obtains a
limited view of the dynamic process of renal tumor de-
velopment in a particular cancer patient because renal
cell carcinoma is characterized by an accumulation of
complex molecular alterations during tumor progression.
Some early chromosomal alterations in the carcinogene-
sis of renal tumors are known, but the nature of subse-
quent events, their interrelationships, and sequence is
poorly understood.

To analyze and model cancer development processes,
including the presence of multiple pathways, a mathemat-
ical method for comparative genomic hybridization data
was developed to search for tree models of the oncogene-
sis process. Tree modeling of comparative genomic hy-
bridization data has provided new information on the in-
terrelationships of genetic changes in renal cancer, their
possible order, and a clustering of these events. This re-
view concentrates on the application of comparative ge-
nomic hybridization in the area of renal cancer research

Keywords Tumor progression · Oncogenetic tree 
models · Comparative genomic hybridization · 
Renal adenoma · Clear cell renal carcinoma · Papillary
renal cell carcinoma · Metastasis

Introduction

Renal cell carcinoma (RCC) is a phenotypically and ge-
netically heterogeneous disease. International agreement
has been reached on the histological classification of re-
nal epithelial neoplasms [42, 72]. This new classification
recognizes RCC as comprising morphologically and ge-
netically distinct entities, and it has been noted that the
histological classification of renal tumors should be in
line with current genetic knowledge. The new classifica-
tion accepts metanephric nephroadenoma, oncocytoma,
and papillary adenoma as benign tumors which should
be distinguished from RCC. Clear-cell (conventional),
papillary, chromophobe, and collecting duct carcinomas
have been characterized as the most common RCC sub-
types [46]. Most sporadic RCC (about 80%) are classi-
fied as clear-cell RCC, and papillary RCC are the most
common form of non-clear-cell RCC. The new classifi-
cation has been shown to have prognostic relevance [46].
The prognosis of patients with chromophobe RCC is sig-
nificantly better than those with clear-cell RCC. Whereas
papillary RCC as a group behaves similarly to clear-cell
RCC, a subgroup with scant cytoplasm and small cells
(type 1 papillary RCC) has a better prognosis than papil-
lary tumors with eosinophilic cytoplasm and large cells
(type 2 papillary RCC) [2, 10, 46].

Many molecular analyses have examined the frequency
and biological relevance of genetic alterations in RCC.
Cytogenetic studies characterizing RCC have implicated a
number of chromosomal loci as important in cancer devel-
opment [5, 40, 47, 57]. Previous cytogenetic and molecu-
lar analyses most frequently identified a deletion of the
short arm of chromosome 3 [22, 38, 50, 52, 76, 81]. Such
studies showed that 3p deletions are linked to clear-cell
RCC and occur in 40–70% of tumors with this histologi-
cal subtype. In contrast, renal tumors with predominantly
papillary architecture are characterized cytogenetically by
chromosomal trisomies/tetrasomies, most often including
chromosomes 7 and 17 and losses of chromosome Y [37,
41, 56]. Previous molecular studies of RCC have demon-
strated a high degree of genetic heterogeneity [3, 50, 54].
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The technique of comparative genomic hybridization
(CGH) allows a genome-wide survey of all significant
DNA sequence copy number gains and losses per tumor
in a single experiment [30]. Analysis of archival forma-
lin-fixed, paraffin-embedded tissue samples is also pos-
sible by CGH, allowing large retrospective studies. Since
the CGH technique allows a genome-wide view of ge-
nomic alterations in solid tumors, CGH has the potential
to clarify which genetic changes are nonrandom.

It has been suggested that an accumulation of genetic
events is responsible for tumor progression in RCC, al-
though the details of genetic changes and their order of
occurrence in renal tumorigenesis are not well under-
stood [47, 56]. Models for tumor progression pathways
would be of obvious value for determining gene loci rel-
evant for the early diagnosis or treatment of cancer.
Mathematical models for tumor progression are of inter-
est in characterizing the pathways by which oncogenesis
proceeds. For example, the path model by Vogelstein et
al. [78] is a well established hypothesis for tumor pro-
gression of colorectal cancer. However, attempts to find
similar path models for other types of cancer have not
been successful. Analysis of the complex molecular data
suggest that a path model is not useful for many types of
cancer [63]. The main reason for this is that cancer is ge-
netically heterogeneous, even in tumors that are consid-
ered to be clinically or pathologically homogeneous by
all current tests [43]. Therefore it has been thought that
the genetic events take place in more treelike than path-
like patterns [13, 14]. Mathematical modeling based on
the primary CGH data is desirable to propose models
more complex than path models, to elucidate which ge-
netic changes are most worthy of further study, and to
suggest some reasonable hypotheses for further investi-
gations.

Comparative genomic hybridization: 
methodological aspects

CGH has been proven to be a powerful genome-wide
screening method. Since the CGH technique was intro-
duced in 1992 [30], studies using this method have been
reported in more than 300 papers on a great number of
recurrent chromosomal changes in a wide variety of hu-
man neoplasms [35, 36]. CGH can detect DNA sequence
copy number changes if the affected region spans more
than 10 Mb [31, 32, 33]. Such copy number aberrations
are important indicators of cancer-related genes in these
chromosomal regions. CGH is based on a competitive in
situ hybridization of differentially labeled DNAs, one
from the tumor and another from a normal reference to
normal metaphase spreads, allowing a survey of all DNA
copy number changes. Tumor DNA is extracted from
frozen or formalin-fixed and paraffin-embedded primary
tumors [23, 31]. Specimens are usually trimmed to en-
sure a minimum of 75% tumor cells in the sample. There
are recommendations for tissue preparation, DNA ex-
traction, hybridization, image acquisition, image analy-

sis, and control experiments [33]. Commercial kits can
be used for nick translation of tumor and normal DNA.
Spectrum green deoxyuridine triphosphates are usually
used for direct labeling of tumor DNA. Spectrum red la-
beled normal reference DNA is used for cohybridization.
The thresholds used for definition of DNA sequence
copy number gains and losses are based on results of
CGH analyses of normal tissues.

The result of a CGH test is a set of genetic events
(copy number aberrations, CNA), allowing one to pro-
duce a list (CGH profile) of chromosomal gains and
losses in a group of tumors. The number of aberrations
(gains and losses) per tumor can be determined if each
gain or loss is recorded at the level of the chromosome
arm. For a detailed analysis the subregions of chromo-
somal arms can also be determined. Some authors ex-
clude arms 1p, 16p, 19p, 19q, and 22q because these G-
C rich regions are known to produce false positivities in
CGH analysis [27, 33, 47] and ignore the Y chromosome
because it cannot be reliably analyzed by CGH. This
leaves 36 chromosome arms to analyze, and there may
be a gain and/or a loss on each arm, for a total of 72 pos-
sible events. The number of chromosomal aberrations
can be related to the histopathological phenotype (tumor
grade, stage, histological subtype) [62, 71] or to clinical
endpoints (e.g., survival, development of chemoresis-
tance) [7, 8, 11, 12, 24, 47, 77].

CGH analysis of renal tumor subtypes

Clear cell RCC is characterized by complex chromosom-
al alterations. The most common DNA losses of this tu-
mor type involved chromosome 3p, 4q, 6q, 9p, 13q, 14q,
and Xq. DNA gains most often involve chromosome 5q,
7, and 17 [47, 61]. CGH and LOH data demonstrated a
high degree of concordance [58]. The CGH analyses
confirmed that 3p losses represent the most common ge-
netic aberration in renal cancer. 3p deletions have been
detected in 56–61% of clear-cell RCC. This frequency is
lower than that determined in loss of heterozygosity
(LOH) or fluorescence in situ hybridization studies [1,
50, 57, 70], but CGH is primarily a screening method
that does not find small interstitial deletions. The region
of minimal deletion by CGH spans from 3p21 to 3pter
[47]. At least three separate regions on chromosome 3p
have been implicated by LOH studies in RCC: one coin-
cident with the von Hippel-Lindau (VHL) disease gene
locus at 3p25–26, one at 3p21–22 and one at 3p13–14,
which includes the chromosomal translocation point in
familial human RCC. Germline mutations in the VHL
gene are associated with a high risk of clear-cell RCC,
and somatic inactivation of the VHL gene (by loss, muta-
tion, or epigenetic silencing) occurs in up to 70% of
clear-cell RCC [18, 21, 44, 68]. Therefore the VHL gene
is the most likely target for a tumor supressor gene in
RCC. However, recent data suggest that other putative
tumor suppressor genes at 3p, for example, RASSF1A at
3p21 [53] and NRC-1 at 3p12 [45]. Familial RCC or
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clear-cell RCC associated with the VHL syndrome
showed similar CGH alterations as sporadic clear-cell
RCC [34, 55].

Papillary RCC have been shown by cytogenetic and
molecular analyses to be characterized by chromosomal
trisomies/tetrasomies, most often including chromosomes
7 and 17 and losses of chromosome Y [37, 41, 49, 56]
whereas only very few papillary RCC have 3p losses in
LOH studies. In papillary RCC the relative copy number
gains are frequently detected at chromosomes 7, 12q,
16q, 17, and 20q. Chromosomal regions that were most
often lost included 1p, 4q, 6q, 9p, 13q, and X [4, 17, 26,
61]. One CGH analysis demonstrated genetic differences
between type 1 and type 2 papillary RCC [26]. The num-
ber of DNA gains per tumor, especially gains of 7p and
17p, was significantly higher in type 1 than in type 2 tu-
mors, suggesting the existence of two distinct morpholog-
ical and genetic subgroups of papillary RCC. The genetic
differences between the two tumor subtypes may be re-
sponsible for the different biological behavior of these tu-
mor types. Interestingly, the study by Jiang et al. [26]
found chromosome Xp losses to be associated with short
survival in papillary RCC. Despite the small number of
cases this finding suggests that genes on chromosome Xp
contribute to papillary RCC progression. Reutzel et al.
[61] reported one papillary RCC with gene amplifications
at 2q22q33, 16q, 17q and the entire X chromosome.

Papillary RCC is a renal carcinoma variant with dis-
tinct gross, microscopic, and cytogenetic features. In
comparison with clear-cell RCC, papillary tumors are rel-
atively overrepresented in end-stage renal disease [48,
74] and in acquired renal cystic disease and are more fre-
quently multifocal than nonpapillary RCC. Germline mu-
tations in the MET proto-oncogene cause hereditary pap-
illary RCC [64, 65]. Although MET mutations are rare in
sporadic papillary RCC, hereditary and sporadic papillary
RCC with c-MET mutations share a distinct morphologi-
cal phenotype. c-MET mutations are obviously rare in
other RCC subtypes. CGH analyses of RCC in acquired
renal cystic disease [20], in multifocal RCC [28] and in
hereditary papillary RCC with c-MET mutations [82]
have not identified specific chromosomal alterations.

Chromophobe RCC is a distinct renal tumor subtype
with a better prognosis than clear-cell or type 2 papillary
RCC. Chromophobe RCC were studied by Speicher et
al. by CGH [71]. This study showed a high number of
chromosomal losses per tumor, especially the chromo-
somes 1, 2, 3, 6, 10, 13q, 17 and 21. Such loss of many
chromosomes is a relatively unique finding in solid tu-
mors. Dijkhuizen et al. [15] cytogenetically analyzed a
metastasis of a chromophobe RCC and compared the re-
sults with genetic data on primary chromophobe renal tu-
mors. The chromosomal pattern of the metastasis
showed, next to the extensive chromosome losses specif-
ic for the chromophobe subtype, structural rearrange-
ments involving chromosomes 1, 5, 12, 15, and 18.
Some of these observed structural changes may be im-
portant for progression or metastatic behavior of chro-
mophobe renal cell tumors.

Oncocytomas are benign tumors. Whereas RCC de-
velops from cells of the proximal renal tubulus, onco-
cytomas are thought to arise from the distal tubule, as
with chromophobe RCC. Genetic alterations present in
oncocytomas have not been well defined. One report has
demonstrated consistent alterations of mitochondrial
DNA in oncocytomas [79]. In a few oncocytomas loss of
chromosome 1 or reciprocal translocation of t (5; 11)
(q35;q13) were detected by conventional cytogenetics
[9, 16, 39, 59]. One CGH study of oncocytomas revealed
DNA CNAs in 6 of 13 tumors [59]. CGH identified loss
of genetic material from chromosomes 1 and/or 14 in
these tumors. Other alterations included losses of chro-
mosomes 6p, 21 and losses of a sex chromosome. Losses
of chromosomes 1 and/or 14 may represent early genetic
alterations in the development of oncocytomas.

Regarding renal adenomas, there is controversy con-
cerning the relationship between small and large renal
cortical neoplasms and even the existence of “renal ade-
noma.” The search for means to distinguish between
those lesions that progress and those that do not has been
unsuccessful. Currently the tumor most frequently con-
sidered to be an adenoma is a papillary lesion smaller
than 5 mm. The microscopic morphology of papillary
adenomas resembles low-grade papillary RCC, and there
are no reliable cytological criteria to distinguish individ-
ual examples from small papillary carcinomas [72]. The
existence of a clear-cell adenoma is controversial. To
identify early alterations in the development of renal tu-
mors, Presti et al. [60] analyzed 37 small renal tumors
(diameter less than 2 cm, 23 papillary, and 14 clear cell)
by CGH. Papillary tumors were characterized predomi-
nantly by gains of genetic material on chromosomes 7,
17, 16, 12, 20 and loss of a sex chromosomes. In 6 papil-
lary tumors less than 6 mm in diameter, gain of chromo-
some 7 occurred in four specimens. Clear-cell tumors
were characterized by loss of genetic material on chro-
mosome 3p, loss of a sex chromosome and gain of chro-
mosome 5. These data suggest that small renal tumors
demonstrate similar but less extensive genetic alterations
than those of progressive RCC. The clinically indolent
course of small cortical tumors may in part be a result of
the lower number of genetic alterations per tumor than
their clinically detected counterparts. Initiating genetic
events for papillary renal adenomas include gains of
chromosome 7 and loss of a sex chromosome. The initi-
ating event for small clear-cell cortical neoplasms is the
loss of chromosome 3p. However, it is not possible to
distinguish adenomas and carcinomas by genetic chang-
es because also many carcinomas show only very few
genetic alterations.

CGH alterations in RCC metastases

Given the fact that RCC metastases may develop years
or even decades after the removal of the primary tumor,
genetic evolution certainly takes place within metastases.
CGH analysis of primary tumors and their corresponding
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metastases allows assessment of the extent to which pri-
mary and metastatic cell clones differ from one another.
To search for cytogenetic events related to metastases
RCC metastases and corresponding primary tumors have
been screened by CGH [6, 19, 29]. The most common
losses involved chromosomes 3p, 4q, 6q, 8p, and 9p. The
most common gains were detected at 17q and Xq. There
was a high level gene amplification at chromosome
11q22–23 [6]. Gronwald et al. [19] analyzed pairs of pri-
mary and metastatic clear-cell RCC and found similar
chromosomal regions with alterations in the metastases
but with strikingly different frequencies for a few re-
gions. Metastatic tumors showed a significantly higher
frequency of chromosome 1q gains and less frequently
entire or partial losses of 3p. The loss of 3p in the prima-
ry tumors and a balanced state in metastatic tumors is in-
triguing but was confirmed in our study by Bissig et al.
[6]. These findings suggest that tumor cell populations
without relative CNA on 3p may have a growth advan-
tage during metastasis.

Bissig et al. [6] evaluated the mean number of DNA
sequence CNAs in metastases of various sites. The mean
number of CNAs in lymph node and lung metastases
was significantly lower than in other hematogenous me-
tastases, suggesting that hematogenous dissemination is
linked to an acquisition of complex genomic alterations.
This finding is consistent with the hypothesis that pro-
gression from the lung to other locations is associated
with an accumulation of genetic changes. A recently de-
veloped mathematical model allows the statistical proba-
bility of a common clonal progenitor to be tested in pri-
mary tumors and their metastases [43]. According to this
statistical analysis of shared genetic changes in matched
tumor pairs, a high probability of a common clonal pro-
genitor was found in about 60% of renal cancer cases
[6]. However, 30% of the metastases were genetically al-
most completely different from the primary, suggesting
that detection of genomic alterations in primary tumors
gives only a restricted view of the biological properties
of metastatic RCC. Interestingly, the results on multiple
metastases of various organs (e.g., lung, brain, pancreas,
and bone) have indicated that in some cases lung metas-
tases and metastases in other organs differ substantially,
suggesting that there is no linear relationship between
the metastases. Instead, it might be that different metas-
tases originate from different primary tumor clones. One
might also speculate that only few specific genetic
changes in the primary tumors are necessary for metasta-
sis whereas more complex genetic aberrations originate
in the metastasis itself.

CGH alterations and prognosis

Only few studies have attempted to find a correlation be-
tween CGH aberrations and patient prognosis. It has
been postulated that a net accumulation of genetic events
is responsible for tumor progression and prognosis. We
have shown in a pilot study [47] that determination of

the total number of DNA sequence CNAs (copy number
gains and losses) per tumor is associated with prognosis.
In pT3 clear-cell RCC a high number of DNA alterations
was found to be associated with poor patient outcome.
When copy number gains and losses were analyzed sepa-
rately, only losses were significantly associated with
worse prognosis. Because chromosomal deletions may
inactivate tumor suppressor genes, this finding supported
the hypothesis that inactivation of multiple tumor sup-
pressor genes underlies tumor progression in RCC.
These findings suggest that determination of the number
of CNAs may predict outcome in cancer (“genetic
grade”). Meanwhile, the relevance of the number of
CNAs for outcome prediction has also been shown for
other tumor types, including cervical [11] and breast can-
cer [12].

Individual chromosomal gains and losses by CGH
were also analyzed for an association with patient prog-
nosis. Chromosome 9p loss was the only individual lo-
cus associated with recurrence [47]. We have confirmed
this result by microsatellite analysis for clear-cell [67]
and papillary RCC [66], suggesting that a tumor suppres-
sor gene on chromosome 9p may play a role in RCC pro-
gression. Recent evidence has implicated the p16INK4

gene located at chromosome 9p21 to be frequently aber-
rant in the germline of members of familial melanoma
kindreds, bladder, other solid tumors, and renal cancer
cell lines. Our determination of p16INK4 mutations and
deletions revealed that p16INK4 mutations are present in
only a small subgroup of primary clear-cell RCC [67].
Importantly, the 9p mapping analysis showed that LOH
is more frequent at 9p13 about 10 cM centromeric to
p16INK4. The significantly lower rates of allelic losses at
9p21–9p13 strongly support the existence of an un-
known tumor suppressor gene at 9p13.

RCC sometimes show sarcomatoid transformation,
resulting in heterogeneous RCCs with carcinomatous
and sarcomatous components. According to the new
classification of RCC [42], sarcomatoid RCC are not
viewed as a type of its own. RCCs with sarcomatoid
transformation are highly aggressive neoplasms with an
extremely poor prognosis [46]. Genetic alterations pres-
ent in sarcomatoid RCC might therefore pinpoint loci
carrying genes of which a disturbed function can contrib-
ute to an aggressive phenotype in RCC patients. CGH
has been used to screen for losses and gains of DNA se-
quences in sarcomatoid RCC [25]. This study showed
that sarcomatoid RCC are genetically highly complex.
DNA losses were most prevalent at 13q and 4q. DNA
gains most often involved chromosomes 17, 7, and 8q. A
high level coamplification involving 11q22–23 and
7p21–22 in one sarcomatoid RCC was not present in ad-
jacent nonsarcomatous tumor area, raising the possibility
of oncogene involvement at these loci for sarcomatoid
transformation. This tumor showed six identical aberra-
tions in the sarcomatous and nonsarcomatous areas, sug-
gesting that evidence for a clonal relationship can be
found even in morphologically heterogeneous primary
tumors.
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Construction of oncogenetic trees for renal 
carcinoma progression

The study of colorectal cancer by Vogelstein et al. [78]
suggested that the progression of colorectal cancer can
be described by a chain of four genetic events: mutation
or deletion of the adenopolyposis coli (APC) gene on
chromosome 5q, mutation of the K-ras gene on chromo-
some 12p, deletion of the deleted in colon cancer (DCC)
gene on chromosome 18q, and mutation or deletion of
the p53 gene on chromosome 17p. This provides a path
model for tumor progression. A path model suggests that
the cell starting normal and proceeds along a path with
different genetic changes. The presence of all four events
appears to be an indicator of colorectal cancer because
adenomas do not show all four alterations [78]. While
the path model suggests a most likely order of occur-
rence, genetic changes will not always occur in the order
of the path.

The natural way of generalizing path models in order
to capture heterogeneity leads to tree models. Two class-
es of tree models for oncogenesis, called branching and
distance-based trees have been proposed by Desper et al.
[13, 14]. In these models, genetic events do not occur in
a random fashion. Once an event occurs, it increases the
probability of other events occurring. However, the con-
nection between any one event and another is specific
and is directly causal in some instances, while in other
cases the later events occur seemingly at random because
of the basic genetic instability in a tumor cell. Branching
trees are natural generalizations of the path model of
Vogelstein et al. [78] because there can be multiple edges
emerging from each node that intuitively represent the
heterogeneous possibilities for how oncogenesis can pro-
gress.

Distance-based trees use existing phylogenetic tools
more directly [14]. The distance-based trees have all the
events at leaves, while the internal nodes are hidden, un-
named events, much as a phylogenetic tree has the exist-
ing species as leaves, and the hypothetical common an-
cestors as internal nodes. To obtain useful results from
mathematical modeling it is necessary to collect large tu-
mor data sets. Using our CGH data of 116 clear-cell
RCC, a branching tree and a distance-based tree were
constructed [13, 14, 27]

In the distance-based tree (Fig. 1) the CNAs of inter-
est are all leaves of the tree, while the internal vertices
are hypothetical, hidden events. Therefore centrally
placed leaves imply an important aberration and leaves
placed closed to the root are predicted to be early events.
The distance based model is consistent with the estab-
lished theory that a loss on 3p is an early important event
for clear-cell RCC and suggests that it is not causatively
associated with specific other gains or losses. The sub-
trees predict that there may be at least two subclasses of
RCC: one subclass marked by the events –6q, +17q,
+17p and the other by the events –9p, –13q, –18q. Tu-
mors with/without –6q, +17q, and/or +17p and tumors
with/without –9p, –13q, and/or –18q were tested to de-

termine whether the clear-cell RCC subclasses predicted
by the mathematical models are linked to patient progno-
sis. In pT3/4 clear-cell RCC tumors with –9p, –13q, or
–18q had a worse prognosis than tumors without these
lesions, although this trend did not reach significance
(P=0.06). The subclass with –6q, +17q, and/or +17p was
not associated with prognosis.

Losses of the short arm of chromosome 8 have recent-
ly been considered as important events in RCC progres-
sion, because 8p losses were associated with higher tu-
mor grade in clear-cell RCC [69]. LOH on 8p was de-
tected in 18–33% of RCC by microsatellite analysis [69,
75]. The extremely long branch to –8p in the distance-
based tree suggest that this event is more likely to be a
late effect than an early cause. This finding also corre-
sponds to our observations in clear-cell RCC metastases
and their primary tumors by CGH [6]. 8p loss was a fre-
quent finding in metastases but was quite rare in corre-
sponding primary tumors. If one assumes that 8p losses
are late events according to the present tree analysis, and
our previous study found them associated with metastas-
es, it is tempting to speculate that the presence of 8p loss
in the primary tumors would be predictive of metastatic
progression. However, cell clones with 8p loss may re-
present minor cell populations in the primary tumor and
are therefore not detectable by CGH, because CGH al-
lows only detection of clonal copy number aberrations,
which are present in more than 50–75% of the tumor
cells [32, 33].

The distance-based method considers all pairwise
correlations simultaneously [14]. When an event is very
weakly correlated with a large number of events, it is
pulled to the subtree containing those events. In the
branching tree approach [13], distances are measured
less precisely by numbers of edges. (The two tree con-
struction methods are encoded in free software that is
available by sending e-mail to: schaffer@helix.nih.gov.)

In summary, data derived from oncogenetic tree mod-
els may clearly facilitate the interpretation of findings
from CGH studies. Nowadays the cDNA array technolo-
gy offers the opportunity to examine the expression pat-

Fig. 1 Oncogenetic tree (“distance-based”) for clear-cell renal
carcinoma evolution based on comparative genomic hybridization
data (modified from [27])
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terns of thousands of genes in parallel. Recent expres-
sion profiling of RCC by cDNA arrays have suggested
that expression profile data can serve to enhance diagno-
sis and prediction of prognosis [51, 73, 80]. A major
challenge is to interpret the results of such DNA arrays
and to identify relevant candidate genes. Data obtained
from oncogenetic tree models for CGH data may serve
as a decision guidance for the identification of novel
candidate markers emerging from high-throughput ex-
pression surveys.
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Abstract Steroid hormone receptors are important prog-
nostic and predictive factors in breast carcinomas. Thus
their determination is of essential importance. The aims
of this study were to assess the quality of the immuno-
histochemical assays, and to assess the interlaboratory
and interobserver variability performed by different lab-
oratories in Austria. Ten unstained slides for interlabora-
tory variability evaluation and ten immunohistochemi-
cally prestained slides for interobserver variability evalu-
ation from breast carcinomas known to show different
degrees of steroid hormone receptor expressions were
sent to 32 surgical pathology laboratories in Austria (par-
ticipation rate 97%). The participants were requested to
perform their in-house immunohistochemistry (IHC)
technique for estrogen receptors (ERs) and progesterone
receptors (PRs) on the unstained slides. All slides 
were evaluated by estimating percentage and intensity of
stained nuclei semiquantitatively. From these data the
Reiner, Remmele and the Allred scores were calculated.
A less than 10% cut-off level was chosen as threshold

for positive cases. Regarding the series of prestained
slides, both sensitivity and specificity were very high
(>96.88%); false-positive and -negative rates were low
(<3.31%). Interobserver variability showed moderate
multirater kappa values concerning the ER (Reiner
score: kappa=0.57) and PR scores (Reiner score: 
kappa=0.53). The agreement among observers was better
for negative cases than positive cases. In-house slides
representing interlaboratory variability showed fair to
moderate kappa values concerning the ER and PR scores
(kappa for ER Reiner score=0.41; PR=0.32). In this slide
series, sensitivity and specificity were high (>82.2%)
and false-positive or -negative rates were low in ER
cases (<3.03) and moderately low in PR cases (17.46%).
These results demonstrate that variability is higher when
participants use their own staining method. In more de-
tailed analysis, the automated IHC techniques showed an
advantage over manual techniques concerning interlabo-
ratory variability. There exists no difference in reproduc-
ibility with respect to scoring systems for steroid hor-
mone receptor estimation.

Keywords Steroid hormone receptor status · 
Estrogen- and progesterone receptor · 
Immunohistochemistry · External quality assurance · 
Reproducibility · Breast carcinoma

Introduction

The importance of determining estrogen receptor (ER)
and progesterone receptor (PR) status of breast carcino-
ma as a prognostic factor and for treatment decisions is
well known and widely accepted [4]. The ER and PR
status is one of the most important predictive factors in
breast carcinoma. Patients with steroid hormone recep-
tor-positive breast carcinomas have a significant advan-
tage in overall and recurrence-free survival receiving ad-
juvant endocrine treatment [8, 14]. Yet patients with 
ER-negative breast carcinomas do not benefit from this
treatment. Therefore the correct determination of the 
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steroid hormone receptor status is critical. Nowadays, in
Austria, the most widely used method for determination
of ER and PR is immunohistochemistry (IHC) using
monoclonal antibodies. However, the American Society
of Clinical Oncology (ASCO) states in the 1997 recom-
mendation for the use of tumor markers in breast cancer
and the 2000 update that the IHC technique is not vali-
dated enough [2]. In other studies with large patient co-
horts, comparing enzyme immunoassays and IHC, the
immunohistochemical method was concluded to be more
specific. This was due to the possibility of discarding
nonrelevant positivity related to intraductal normal or
neoplastic cells expressing hormone receptor and be-
cause it was easier, safer, less expensive and had an
equivalent or better ability to predict response to adju-
vant endocrine therapy [7, 10, 25].

IHC is especially advantageous over biochemical as-
says for small tumor samples which will become more
frequent in the future because of higher detection rates of
small carcinomas with improved mammography and the
use of mammotome technique [24]. Considering the clin-
ical importance and the frequent use of IHC for ER and
PR analysis, it is important that quality assurance proce-
dures are in place. With this consideration in mind, an
external quality assurance project was started in Austrian
hospitals under the patronage of the Austrian Society of
Pathology. The aims were to assess the quality of the dif-
ferent IHC assays carried out by different laboratories
and to assess the interlaboratory and interobserver vari-
ability. An additional goal was to find techniques that
should be suggested as reliable assays for receptor deter-
mination.

Materials and methods

The study was considered to be carried out among the 33 depart-
ments of pathology in public hospitals in Austria, and the partici-
pation was voluntary. All participating laboratories were coded for
further data entry and to guarantee anonymity. The study center
was in the Department of Pathology of the Donauspital – SMZO,
Vienna, Austria. Briefly, the study consisted of two parts. Two sets
of histological slides were sent out. One set contained unstained
slides to be stained using the in-house method for ER and PR
IHC; the other set of slides was immunostained for ER and PR to
be analyzed according to a standardized semiquantitative method
that was explained on a form.

Case selection

The study material consisted of four invasive ductal carcinomas
(not otherwise specified), two mixed lobuloductal carcinomas, one
invasive lobular carcinoma, one adenoidcystic and one cribriform
carcinoma. All cases were selected from the surgical pathology ar-
chive of the Department of Pathology of the Donauspital – SMZO,
Vienna, Austria. Formalin-fixed and paraffin-embedded tissue
blocks containing tumor and, if possible, adjacent non-neoplastic
breast tissue were selected from each case. For the whole study
only slides from one tissue block per case were used to keep dif-
ferences in tissue fixation as minimal as possible. The tissue had
been fixed in 7.5% buffered formalin. Each of the ER and PR slide
series contained two receptor-negative and three receptor-positive
cases.

Interlaboratory staining series

The interlaboratory staining series (ILSS) contained ten unstained
histological slides. Five of these slides each marked with ER or
PR, respectively, should have been stained either for ER or PR us-
ing the in-house routine laboratory technique. After immunostain-
ing, the slides had to be evaluated by a pathologist of the partici-
pating laboratory who was familiar with the particular staining
technique and staining intensity. The results for ER and PR IHC
had to be reported in a standardized form containing both staining
intensity and percentages of positive cells for each case and had to
be returned together with the immunostained slides to the study
center. A second form was requested to be filled out concerning
the immunohistochemical method used.

Interobserver staining series

A second set of slides of the same breast carcinomas was stained
in the laboratory of the study center using an automated IHC
staining system [interobserver staining series (IOSS); Ventana
Nexes, Ventana Medical Systems, Strasbourg, France] and sent
to all participants for evaluation. This automated staining tech-
nique was chosen as reference ER and PR receptor detection
technique, particularly since the laboratory of the study center
had participated previously in a trial for the reproducibility of
steroid hormone receptor IHC in the European Commission
Working Group for Breast Screening Pathology. Using this par-
ticular automated staining protocol, highly concordant results
with other participants of this trial had been achieved (publica-
tion in preparation).

Automated staining protocol for reference series

From 7.5% buffered formalin-fixed, paraffin-embedded tissues, 
4-µm-thin sections were cut and mounted on precoated slides and
stored at 58°C overnight. After dewaxing in xylene, slides were
heated for antigen retrieval in 200 ml 0.001 M ethylene diamine
tetraacetic acid (EDTA) buffer at pH 8.0 in a microwave oven at
300 W for 17 min. The primary antibody for ER (6F11, Ventana)
was applied without further dilution at 37°C for 28 min and the
PR antibody (1A6, Ventana) was incubated at 37°C for 32 min.
For detection of antibody binding, the Ventana-Basic diaminoben-
zidine (DAB) kit was used. Endogenous peroxidase was blocked
with Ventana’s blocking solution for 4 min; DAB was used as
chromogen for 8 min. The sections were counterstained with
methylene blue.

Scoring

The participants were asked to determine the staining intensity
(no staining, weak, moderate or strong) and the percentages of
stained tumor cells in steps of 10% from 0% to 100% with an ad-
ditional <10% step. Intermediate values were not allowed. For all
the evaluations, standardized forms were used. From these data,
three published and widely used immunoreactive scores, the Re-
iner score [15, 16], Remmele score [18, 19] and the Allred score
[1, 7] were automatically calculated. These scores are also known
as “Quick-scores”. All these scoring systems combine the intensi-
ty and the number of positive cells in different ways for calcula-
tion of the score. A summary for calculation and score interpreta-
tion is given in Table 1. Since all scoring systems use different
thresholds to determine whether a case is positive or negative, we
chose a cut-off level for negative cases of less than 10% positive
nuclei with weak staining intensity, which is equal to a Reiner
score 2, Remmele score 1 and Allred score 2. This cut-off is clini-
cally validated in some studies [3, 5, 13]. Nevertheless, until to-
day there is uncertainty about the correct cut-off point for immu-
nohistochemical detection of ER and PR in breast carcinomas
[22].
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Statistics

Excel 97 (Microsoft, Redmond, USA) was used for data input and
score calculation. STATA 6.0 (Stata Corporation, Tex., USA) was
used for statistical analysis of the results. Sensitivity and specifici-
ty were calculated for positive and negative test results as the main
factors for treatment decisions. For these calculations the golden
standard was estimated through evaluation of the reference series
by a panel of four experts who also reevaluated the ILSS.

Multirater kappa was chosen as a measure of interobserver and
interlaboratory variability for intensity, percentages of immunore-
active cells, resulting scores and for comparison of different labo-
ratory techniques. Multirater kappa is widely used and hence com-
parable in medical studies dealing with interobserver variability.
Kappa values were calculated according to Fleiss [6] for each
group separately and for all groups (overall kappa). Overall kappa
is the summary of the agreement across all observers, adjusted for
the level of agreement that would be expected to occur solely by
chance. Kappa was interpreted according to Landis and Koch 
(Table 2) [12]. Nevertheless multirater kappa harbors some disad-
vantages when used for three or more categories, as the number of
possibilities that theoretically can be chosen by observers is not

included in the calculation and therefore different estimation sys-
tems are difficult to compare. For example, intensity has 4 possi-
ble categories, whereas percentage has 12 possible categories. To
reduce this statistical test effect, subgroups of percentages were
combined to five groups according to percentage combination
used in the Reiner and Remmele scoring systems.

Results

Participation rate

Of the 33 surgical pathology laboratories established in
Austrian hospitals, 32 participated in this external quali-
ty assurance program. The only non-participating labora-
tory specializes in pulmonary and orthopedic pathology
and thus does not analyze ER and PR in breast tissue.
Thus, we had a very high participation rate of 97%.

Interobserver variability

To evaluate the interobserver variability, a standard set of
prestained slides (IOSS) was used. Therefore the only
variables that can cause variations in the results are per-
ception and interpretation. Sensitivity and specificity were
very high; false-positive and -negative rates were low (Ta-
ble 3). One error occurred in one laboratory by exchang-
ing one PR and ER slide from the same case (same case
number, one slide stained for ER and one for PR). In order

Table 1 Different semiquantitative scoring systems for estrogen and progesterone receptors used in this study

Reiner score

Intensity + Percentage = Score ( 0–7)

4 categories No=0 5 categories 0%=0 Score interpretation
Weak=1 <10%=1 0–2=negative 
Moderate=2 10% to 50%=2 3=weakly positive
Strong=3 51% to 80%=3 4–5=moderately positive

>80%=4 6–7=highly positive

Remmele score

Intensity x Percentage = Score (0–12)

4 categories No=0 5 categories 0%=0 Score interpretation*
Weak=1 <10%=1 0–2=negative
Moderate=2 10%–50%=2 ≥3=positive
Strong=3 51%–80%=3

>80%=4

Allred score

Intensity + Positive cells (percentage) = Score (0–8)

4 categories No=0 6 categories 0 cells (0%)=0 Score interpretation
Weak=1 1 out of 100 cells (1%)=1 0–2=negative
Moderate=2 1 out of 10 cells (10%)=2 ≥3=positive
Strong=3 1 out of 3 cells (30%)=3

2 out of 3 cells (60%)=4
3 out of 3 cells (100%)=5

* Remmele et al. did not give a cut-off value in his original works [18, 19, 20], but in a later statement [17] he wrote that 0–2 points
should be classified as negative

Table 2 Kappa interpretation according to Landis and Koch

Kappa value Strength of agreement

<0 Poor
0.00–0.20 Slight
0.21–0.40 Fair
0.41–0.60 Moderate
0.61–0.80 Substantial
0.81–1.00 Almost perfect
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to demonstrate interobserver scoring variability in more
detail, overall kappa values for ER and PR are summa-
rized in Table 4. Interobserver variability showed moder-
ate kappa values concerning the ER and PR scores, where-
as the ER was slightly better. Better agreement among ob-
servers was seen in ER and PR negative cases with stan-
dard deviations (SD) of 0.35 and 0.39, respectively, in 
Reiner Score, whereas ER and PR positive cases had SD
ranging from 0.46 to 1.28. This disagreement resulted
mainly from different intensity estimations (ER kappa=
0.63; PR kappa=0.57) rather than percentage estimations
(ER kappa=0.74; PR kappa=0.74). 

Laboratory comparison

In-house IHC techniques, intensity and percentage esti-
mation on pre-cut unstained slides (ILSS) were used to
evaluate the interlaboratory reproducibility. Six cases
(9.6%) in the ER series and four (6.4%) in the PR series
were not evaluated by different laboratories due to tech-
nical problems. Two cases in the ER series and seven
cases in the PR series were incorrectly scored as nega-
tive. Nevertheless, sensitivity and specificity were high,
and false-positive or -negative rates were low in ER
cases and moderately low in PR cases (Table 5). Overall
kappa values are summarized in Table 6. Interlaboratory
variability showed fair to moderate kappa values con-
cerning the ER and PR scores, whereas the ER was bet-

ter than PR. Only the ER negative cases had, as in the
IOSS (prestained series), a smaller SD (0.63–0.71) than
positive cases (SD: 0.76–1.53) in Reiner scores. In the
PR series, no difference in SD for negative and positive
cases was visible (SD positive cases: 0.62–1.59; negative
cases: 0.78–1.78). Results achieved in the IOSS relative
to the ILSS are shown in Fig. 1. 

Comparison of methods

Overall four groups with different staining techniques
could be distinguished: 14 laboratories used manual
techniques that sometimes differed markedly, 11 used a
Ventana autostainer, 6 used a Dako autostainer (Glos-
trup, Denmark) and one laboratory used the LabVision
autostainer (Newmarket, England). The latter was not in-
cluded in the following statistical analysis and results be-
cause it could not form its own group. Overall kappa val-
ues concerning staining results are shown in Table 7. The
automated techniques (Ventana and Dako) were advanta-
geous over manual techniques used in this study con-
cerning interlaboratory consistency. The Dako autostain-
er had a substantial interlaboratory agreement in ER in-
tensity, whereas the Ventana autostainer was better with
respect to PR. Nevertheless, as shown by the nonpara-
metric repeated-measures analysis, there were no statisti-
cally significant differences in estimation of percentage
or of intensity between different staining techniques.

Table 3 Sensitivity and speci-
ficity for prestained slides (in-
terobserver staining series)

Sensitivity Specificity False-positive rate False-negative rate

Estrogen receptor 99.0% 100% 0% 1.0%
Progesterone receptor 96.8% 96.9% 3.1% 3.1%

Table 4 Overall kappa values
for prestained slides (interob-
server staining series)

Overall kappa for estrogen Overall kappa for progesterone
receptors

Intensity 0.63 0.57
Percentage (grouped) 0.74 0.74
Reiner score 0.57 0.53
Remmele score 0.58 0.52
Allred score 0.57 0.51

Table 5 Sensitivity and speci-
ficity for laboratory stained
slides (interlaboratory staining
series)

Sensitivity Specificity False-positive rate False-negative rate

Estrogen receptor 97.8% 97.0% 3.0% 2.0%
Progesterone receptor 92.5% 82.5% 17.5% 7.5%

Table 6 Overall kappa values
for laboratory stained slides
(interlaboratory staining series)

Overall kappa for estrogen Overall kappa for progesterone 
receptor receptor

Intensity 0.46 0.35
Percentage (grouped) 0.52 0.46
Reiner score 0.41 0.32
Remmele score 0.41 0.31
Allred score 0.42 0.36
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Discussion

Immunohistochemical assays for ER and PR have large-
ly replaced the biochemical ligand-binding-assays in
Austria as in many other countries. The four main crite-

ria required for technical validation of laboratory assays
are specificity, sensitivity, reproducibility and the possi-
bility to be interpreted in a uniform manner by different
laboratories. In this study, an external quality control
program concerning all technical criteria was performed
using immunohistochemically prestained slides from
breast carcinomas to test interobserver variability (IOSS)
and unstained formalin-fixed, paraffin-embedded tissue
sections to test interlaboratory variability (ILSS). As
shown by Rhodes et al. [21] external material is an accu-
rate indicator of in-house laboratory performance. For
both series (IOSS and ILSS), specificity and sensitivity
were high with respect to the decision if a tumor was ste-
roid hormone receptor positive or negative with a less
than 10% weak staining intensity cut-off level, which is
equal to a Reiner score 2, Remmele score 1 and Allred
score 2. That means treatment decisions based on the pa-
thologist’s steroid hormone receptor evaluation are cor-
rect in an essential percentage. This is a very important
issue since many Austrian breast carcinoma patients par-
ticipate in various clinical trials of the Austrian Breast
Cancer and Colorectal Study Group (ABCSG). Several
of these studies use the steroid hormone receptor status
for patient randomization [9].

Nevertheless laboratories and observers showed con-
siderable variability in estimation of intensity and per-
centage of receptor-related immunostaining. The inter-
laboratory variability in scoring the unstained PR series
was unexpected. For better results in the future, more ef-
forts toward standardization of laboratory techniques are
necessary. A first step toward this aim was reviewing the
slides of all participants and giving feedback to all labo-
ratories on their performance. After the return of slides
and forms to the coordinating laboratory and data analy-
sis, each participant received data sheets showing the re-
sults of all laboratories in comparison with their own re-
sults and demonstrating the opinions of four experts to
whom the slides were circulated for reevaluation. The
panel of reviewers consisted of seven pathologists with
special interest and expertise in breast pathology and
evaluation of ER and PR IHC, respectively. Each case
was presented in two data sheets: one containing intensi-
ty and the other one percentage of reactivity (Fig. 2).

As shown in a study by Rhodes et al. microwave anti-
gen retrieval was the main cause of poor and variable re-
sults in immunohistochemical detection of steroid hor-
mone receptors [23]. In their study, extension of heating
time resulted in significant improvement regardless of all
other variables in the immunohistochemical protocol.
Today there is no standardized assay established for the
immunohistochemical detection of ER and PR in Aus-
tria. Regarding the laboratory methods used by the par-
ticipants, we could identify six different methods either
with or without automation for either receptor, which
gave the most reproducible results (Table 8). This means
that the detailed staining results achieved with these as-
says were exactly in concordance with the majority re-
sults of participants. These protocols were forwarded to
participants in order to suggest possibilities for improve-

Fig. 1 Box and Whisker plots for Reiner scores for progesterone
receptor (PR) and estrogen receptor (ER) estimation by 32 partici-
pants of prestained slides (interobserver staining series, IOSS) and
by laboratory stained slides (interlaboratory staining series, ILSS).
On the y-axis, the study case numbers and the slide series are des-
ignated. For each case this plot divides the data into four equal 
areas of frequency. A box encloses the middle 50% (1st to 3rd in-
terquartiles), where the mean is represented as X. Horizontal lines,
called whiskers, extend from each end of the box. The lower (left)
whisker is drawn from the lower quartile to the smallest result; the
other whisker is drawn from the upper quartile to the highest result

Table 7 Overall kappa values for laboratory stained series (ILSS)
comparing different staining techniques. Best results are printed
bold. ER estrogen receptor, PR progesterone receptor

Staining technique Ventana Dako manually
n=11 n=6 n=14

Intensity ER 0.44 0.62 0.44
PR 0.39 0.25 0.35

Percentage (grouped) ER 0.49 0.55 0.53
PR 0.51 0.44 0.40

Reiner score ER 0.41 0.45 0.40
PR 0.39 0.34 0.28

Remmele score ER 0.42 0.45 0.38
PR 0.36 0.31 0.26

Allred score ER 0.42 0.45 0.40
PR 0.36 0.32 0.25



333

ments. Overall automated staining protocols gave the
most reliable results.

Interobserver variability showed moderate to substan-
tial kappa, which is quite promising for correct staining
interpretation by pathologists. The exchange error of one
laboratory was a mistake, which might be caused by us-
ing unfamiliar forms. The participants had no problems
in identifying receptor-negative cases. The difficulties
concerning correct classification of positive cases are

less for estimating percentage of cells than for the inten-
sity of staining.

Kappa values in different scoring systems (Reiner,
Remmele or Allred) were nearly equal. This was obvi-
ously due to the fact that all scores were results of either
multiplying or adding the same factors, i.e., intensity and
percentage of positively stained tumor cells. Only the
Allred scoring system differs in estimating the amount of
positively stained tumor cells. As our results showed,
semiquantitative estimation of percentage is not a major
problem for experienced pathologists. There exists no
difference for reproducibility with respect to scoring sys-
tems for steroid hormone receptor estimation.

Major interobserver differences were seen in the esti-
mation of staining intensity. This problem cannot easily
be explained. Hypothetically this could be caused by un-
familiar staining intensities in the IOSS compared with
the familiar in-house intensities. In this case, kappa val-
ues in the ILSS should be better than in the IOSS, which
was not true. This shortcoming may be due to the nature
of human perception itself and thus may not be eliminat-
ed in conventional microscopy. Several image analysis
systems exist that could help to overcome this problem
at least partly [11, 18]. They are, however, expensive and
the analysis is time consuming and therefore not avail-
able in every routine laboratory. Moreover, breast carci-
noma is a very common disease and therefore methods
are needed that may be used widely.

Fig. 2 Example of feedback data sheet sent to all participating
laboratories. Information given is percentage of estrogen receptors
(ER) in a case with ER positivity in primarily unstained slide se-
ries (ILSS). Columns show results of all participants, numbers
above columns show the respective number of participants’ opin-
ions, and the arrow points to the participant result. In addition,
four independent reviewer opinions on the participant’s slide are
noted

Table 8 Best methods for immunohistochemical detection of estrogen receptors and progesterone receptors. Multibuffer: 5 g Titriplex,
2.5 g Tris buffer, 3.5 g potassium-citrate, Aqua dest. 1000 ml, pH 7.8

Best methods for estrogen receptors

Method Peroxidase/AEC Peroxidase/AEC Peroxidase/AEC

Autostainer No Techmate HORIZON Ventana NEXES
Antigen retrieval Microwave:3 min at 700 W+8 min Microwave:6+7 min at 600 W Microwave 3×10 min at

at 400 W+4 min at 300 W 450 W
Buffer Citrate buffer pH 6 Citrate buffer pH 6 Multibuffer
Primary antibody 1D5 (Dako) 1D5 (Dako) 6F11 (Ventana)
Dilution and incubation 1:25, 30 min Prediluted, 25 min Prediluted, 32 min/37° C
Blocking 3% H2O2, 5 min Blocking solution from kit 2, 30 min Inhibitor solution from kit

4 min/37° C
Detection system ChemMate-kit (Dako) ChemMate-kit (Dako) Ventana AEC basic detection kit
Chromogen AEC 5 min AEC 5 min AEC 8 min/37°C

Best methods for progesterone receptors

Method Peroxidase/ DAB Peroxidase/DAB Peroxidase/AEC

Autostainer No Ventana ES Ventana NEXES
Retrieval method 80°C overnight Microwave 30 min at 160 W Microwave 3×10 min at 450 W
Buffer Citrate buffer pH 6 Citrate puffer pH 6 Multibuffer (see below)
Primary antibody Polyclonal A0098 (Dako) 1A6 (Ventana) 1A6 (Ventana)
Dilution and incubation 1:100, 25 min Prediluted, 32 min/37° C Prediluted, 32 min/37° C
Blocking Blocking solution from kit 7 min Inhibitor solution from kit 4 min/37° C Inhibitor solution from kit

4 min/37° C
Detection system ChemMate-kit (Dako) Ventana DAB basic detection kit Ventana AEC basic detection kit
Chromogen DAB 1–5 min DAB 8 min/37° C AEC 8 min/37° C
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11. Kohlberger PD, Breitenecker F, Kaider A, Losch A, Gitsch G,
Breitenecker G, Kieback DG (1999) Modified true-color com-
puter-assisted image analysis versus subjective scoring of es-
trogen receptor expression in breast cancer: a comparison. 
Anticancer Res 19:2189–2193

12. Landis JR, Koch GG (1977) The measurement of observer
agreement for categorial data. Biometrics 33:159–174

13. Pertschuk LP, Feldman JG, Kim YD, Braithwaite L, Schneider
F, Braverman AS, Axiotis C (1996) Estrogen receptor immu-
nocytochemistry in paraffin embedded tissues with ER1D5
predicts breast cancer endocrine response more accurately
than H222Sp gamma in frozen sections or cytosol-based li-
gand-binding assays. Cancer 77:2514–2519

14. Pritchard KI (2000) Current and future directions in medical
therapy for breast carcinoma: endocrine treatment. Cancer
88:3065–3072

15. Reiner A, Spona J, Reiner G, Schemper M, Kolb R,
Kwasny W, Fugger R, Jakesz R, Holzner JH (1986) Estrogen
receptor analysis on biopsies and fine-needle aspirates from
human breast carcinoma. Correlation of biochemical and im-
munohistochemical methods using monoclonal antireceptor
antibodies. Am J Pathol 125:443–449

16. Reiner A, Neumeister B, Spona J, Reiner G, Schemper M,
Jakesz R (1990) Immunocytochemical localization of estrogen
and progesterone receptor and prognosis in human primary
breast cancer. Cancer Res 50:7057–7061

17. Remmele W (1997) Pathologie, 2nd edn, vol 4. Springer, 
Berlin Heidelberg New York, p 259

18. Remmele W, Schicketanz KH (1993) Immunohistochemical
determination of estrogen and progesterone receptor content in
human breast cancer. Computer-assisted image analysis (QIC
score) vs. subjective grading (IRS). Pathol Res Pract 189:862–
866

19. Remmele W, Stegner HE (1987) Recommendation for uniform
definition of an immunoreactive score (IRS) for immunohisto-
chemical estrogen receptor detection (ER-ICA) in breast can-
cer tissue. Pathologe 8:138–140

20. Remmele W, Hildebrand U, Hienz HA, Klein PJ, Vierbuchen
M, Behnken LJ, Heicke B, Scheidt E (1986) Comparative 
histological, histochemical, immunohistochemical and bio-
chemical studies on oestrogen receptors, lectin receptors, and
Barr bodies in human breast cancer. Virchows Arch 409:127–
147

21. Rhodes A, Jasani B, Balaton AJ, Miller KD (2000) Immuno-
histochemical demonstration of oestrogen and progesterone re-
ceptors: correlation of standards achieved on in house tumours
with that achieved on external quality assessment material in
over 150 laboratories from 26 countries. J Clin Pathol 53:292–
301

22. Rhodes A, Jasani B, Barnes DM, Bobrow LG, Miller KD
(2000) Reliability of immunohistochemical demonstration of
oestrogen receptors in routine practice: interlaboratory vari-
ance in the sensitivity of detection and evaluation of scoring
systems. J Clin Pathol 53:125–130

23. Rhodes A, Jasani B, Balaton AJ, Barnes DM, Anderson E,
Bobrow LG, Miller KD (2001) Study of interlaboratory reli-
ability and reproducibility of estrogen and progesterone recep-
tor assays in Europe. Documentation of poor reliability and
identification of insufficient microwave antigen retrieval time
as a major contributory element of unreliable assays. Am
J Clin Pathol 115:44–58

24. Vargas HI, Agbunag RV, Khaikhali I (2000) State of the art of
minimally invasive breast biopsy: principles and practice.
Breast Cancer 7:370–379

25. Zafrani B, Aubriot MH, Mouret E, De Cremoux P, De Rycke
Y, Nicolas A, Boudou E, Vincent-Salomon A, Magdelenat H,
Sastre-Garau X (2000) High sensitivity and specificity of immu-
nohistochemistry for the detection of hormone receptors in
breast carcinoma: comparison with biochemical determination in
a prospective study of 793 cases. Histopathology 37:536–545

We conclude that the major factors influencing repro-
ducibility of steroid hormone receptor IHC are staining
intensity and estimation of the percentage of positively
stained tumor cells. Both factors depend mainly on the
immunohistochemical technique used. To achieve better
assay concordance, we suggest laboratories interchange
stained and unstained slides with a reference laboratory
to ensure correct laboratory techniques and evaluation.
Furthermore, standardization of immunohistochemical
protocols should be achieved and regularly negative,
slightly positive and strong positive controls should be
used to guarantee internal quality assurance in each labo-
ratory determining ER and PR expression for breast car-
cinoma patients. Further trials are under progress to im-
prove the quality standards concerning IHC associated
with breast pathology in Austria.
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Abstract Aims: Hemophagocytic syndrome (HPS) is a
severe and acute clinical event occurring with fever, he-
patosplenomegaly, and pancytopenia due to uncontrolled
phagocytosis of blood cells and precursors. Although
HPS represents a secondary phenomenon, it can mask
the underlying condition, generally a neoplastic or infec-
tive disease, thus making the patient management rather
difficult. The aims of this study were to point out the
main pathological features useful to highlight the prima-
ry disease and show the eventual discrepancies among
the different cases. Methods and results: Bone-marrow
biopsies (BMBs) of 26 patients with HPS were morpho-
logically and immunophenotypically evaluated; the pa-
tients were 12 females and 14 males with mean age of
45.8 years (range 18–80 years). Fifteen patients had a
hematological neoplasia either at onset (13 cases) or re-
lapse (2 cases); 5 patients had evidence of active infec-
tion immediately prior to HPS development, whereas in
6 patients no definite etiology was established. Cases
were therefore divided into neoplasia related, infection
related, and “idiopathic”. In all cases BMB showed
marked histiocyte hyperplasia with hemophagocytosis.
In cases of bone-marrow lymphoma or leukemia in-
volvement, immunohistochemistry allowed diagnosis of
the underlying disease to be made; infection-related
cases showed a reactive marrow with mature interstitial
T-lymphoid infiltration, whereas in idiopathic cases T-
cells were mainly aggregated in small clusters. In no
cases were significant percentages of natural-killer (NK)
cells detected. Interpretation and conclusions: Although
no strict morphological or immunophenotypical criteria

able to allow an immediate diagnosis of underlying dis-
ease were pointed out, in most cases BMB proved to be
an essential and reliable diagnostic tool. According to
our experience, when HPS occurs, the first diagnosis to
investigate is a neoplastic disease which sometimes can
be latent or hidden.

Keywords Bone marrow · Hemophagocytic syndrome ·
Morphology · Immunohistochemistry

Introduction

Hemophagocytic syndrome (HPS) is a severe illness, oc-
curring with fever, hepatosplenomegaly, and pancytope-
nia and is characterized by disordered and uncontrolled
macrophage activation resulting in phagocytosis of ma-
ture and precursors blood cells. Apart from occurring in
children as a familial disease (familial erythrophagocytic
lymphohistiocytosis, FEL), HPS occurs in adults in asso-
ciation with malignant neoplasm, often a peripheral T- or
natural-killer (NK) cell lymphoma [6, 9, 16], and in both
as a secondary event in the course of acute infection,
generally of viral etiology or triggered by other causes
not always identified [39]. The outcome of HPS is ex-
tremely variable: it can behave as a transitory self-limit-
ed disease and recover spontaneously or disappear once
the primary cause has been treated, or it can progress to-
ward a fatal outcome in a very short time; thus, its prog-
nosis is strictly dependent on the underlying disease
[68].

Although the bone-marrow morphological picture is
highly diagnostic, the differential diagnosis between the
several underlying conditions can be rather problematic.
In this regard, 30 bone-marrow biopsies (BMBs) of 26
patients with HPS were morphologically and immuno-
phenotypically evaluated trying to point out the diagnos-
tic clues useful to highlight the underlying disease as
well as the eventual morphological differences among
the various cases.
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Materials and methods

Thirty BMBs of 26 adult patients with hemophagocytic syndrome
were recruited for the study. Pediatric cases with FEL were not
considered for this study. The BMBs were fixed in Schaffer solu-
tion, decalcified in ethylene diamine tetraacetic acid (EDTA) and
embedded in paraffin. Routine histological and histochemical
stainings, namely hematoxylin and eosin, periodic acid–Schiff
base (PAS) Giemsa, silver impregnation according to Gomori, and
Perls iron stain, were performed as well as a May–Grünwald–
Giemsa (MGG) on touch imprints. Immunohistochemistry was per-
formed by means of the Streptavidin–biotin complex (StreptABC)
using the following monoclonal antibodies: PGM1 (CD68), LCA
(CD45), CD3, UCHL-1 (CD45RO), L26 (CD20), 4KB5
(CD45RA), CD57, granzyme-B, perforin, Ber-H2 (CD30), and
myeloperoxidase (MPO).

Results

Clinical data

The main epidemiological data are shown in Table 1,
whereas the clinical data of the present series, grouped
according to etiology, are detailed in Table 2. There were
14 males and 12 females with an age range from
18 years to 80 years (mean age 45.8 years). In detail,
mean age was 52.4 years in patients with malignancy-as-
sociated HPS, 28 years in those with infection-associated
HPS, and 45.8 years in the idiopathic group. 

Five patients had evidence of active infection during
their acute illness either serologic [Epstein-Barr virus
(EBV), Coxsackie B, Salmonellosis, and Brucellosis] or
by direct observation (leishmaniasis). Signs of previous
EBV infection, mainly immunoglobulin (IgG) capsid anti-
gen titers, were detected in 8 of 26 patients; previous cyto-
megalovirus (CMV) infection was detected in one patient.

The 15 patients with neoplasia were distributed as fol-
lows: 6 had a peripheral T-cell non-Hodgkin lymphoma
(pT-NHL), 4 had anaplastic large cell lymphoma (ALCL:
2 ALCL common-type, 1 lympho-histiocytic variant and
1 small-cell type), 2 had a B large cell lymphoma, 1 had

a Hodgkin’s disease (lymphocyte depletion), 1 had
monoblastic acute myeloid leukemia (AML-M5) and the
last had T-cell acute lymphoblastic leukemia (T-ALL).
Only in 3 cases was a previous or active EBV infection
detected in association with a neoplastic disease (pT-
NHL, ALCL, and AML-M5).

Among the six idiopathic cases, two had signs of pre-
vious EBV infection (IgG+ with IgM–); one left the hos-
pital once the syndrome had resolved, but unfortunately
her follow-up is unavailable. In the other case, a diagno-
sis of rheumatic polymyalgia was made and she recov-
ered after therapy with corticosteroids. Another patient
had a history of anti-convulsant drug assumption and re-
covered spontaneously after 3 weeks. However, in three
cases the BM picture was dominated by hemophagocyto-
sis (HP), and the patients died before a diagnosis was es-
tablished.

The mean duration of symptoms was of 52.7 days,
ranging from 7 days to 240 days. In detail, in four of the
five cases certainly ascribable to infection, a short course
was observed (7–30 days) with remission either sponta-
neously (EBV or Coxsackie-B) or immediately after di-
agnosis and treatment (Salmonella and Brucella). The
patient with leishmaniasis died in a short time of dissem-
inated disease. The average time from presentation to
BMB was 22 days.

Patients with neoplastic diseases, whose topographic
involvement is detailed in Table 3, behaved differently:
those receiving a diagnosis in time with immediate treat-
ment overcame the acute phase with remission of HPS (6
of 13). Of the remaining seven patients, five had a very
rapid course and died immediately after diagnosis or
even before, with no opportunity to receive adequate
therapy. One with a previous diagnosis of pT-NHL had a
relapse complicated by HPS and died despite therapy.
The last, after a very long history of pancytopenia and
two BMBs in which only a moderate degree of HP was
visible, developed a peripheral blood and BM picture of
AML-M5 together with an overt HPS and died within a
few days.
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Table 1 Main epidemiological and clinical data of patients according to different etiology

Present series Malignancy-associated Infection-associated Idiopathica

26 patients (15 patients) (5 patients) (6 patients)

Age range (years) 18–80 18–80 18–42 18–64
Mean age (years) 45.8 52.4 28 45.8
M/F 14/12 10/5 1/4 3/3
Duration of symptoms (mean days) 52.7 55.4 20.2 74.5
Duration of symptoms (range; days) 7–240 7–215 7–30 21–240
Mortality 12/25a (48%) 53.3% 20% 60%a

Fever 26/26 (100%) 100% 100% 100%
Splenomegaly 15/26 (57.7%) 53.3% 60% 66.6%
Hepatomegaly 17/26 (65.4%) 53.3% 100% 66.6%
Lymphadenopathy 12/26 (46.1%) 60% 20% 33.3%
Anemia 18/26 (69.2%) 60% 80% 83.3%
Leukopenia 15/26 (57.7%) 60% 40% 66.6%
Thrombocytopenia 15/26 (57.7%) 53.3% 40% 83.3%
Coagulopathy 12/26 (46.1%) 53.3% 40% 50%

a One patient was lost at follow-up
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Table 2 Main clinical data of patients. T-ALL T-cell acute lym-
phoblastic leukemia, pT-NHL peripheral T-cell non-Hodgkin lym-
phoma, M5a-AML monoblastic acute myeloid leukemia, ALCL
anaplastic large cell lymphoma, B-LCNHL B- large cell non-
Hodgkin lymphoma, HD Hodgkin’s disease, HP hemophagocyto-

sis, AWD alive with disease, AW alive and well, DOD dead of dis-
ease, Salm salmonellosis, Bruc brucellosis, Leish leismaniasis,
Cox B Coxsackie B, HBs/c B hepatitis surface and core antigen,
EBV Epstein-Barr virus, CMV cytomegalovirus

Number Group Sex Age Spleno- Hepato- Lymphadeno- Infection Associated Symptoms Follow- Other
(years) megaly megaly pathy disease (days) up

2 N Male 18 – – – – T-ALL 7 DOD
3 N Female 67 ++ – +++ – pT-NHL 120 AWD
5 N Male 54 ++ + +++ – pT-NHL 15 AWD
6 N Male 80 – – – HBs/c pT-NHL 90 AWD

10 N Male 69 – ++ – pT-NHL 73 DOD
11 N Female 71 + + + EBV pT-NHL 25 DOD
12 N Male 76 – – – EBV M5a-AML 215 DOD
13 N Female 20 + + ++ EBV ALCL 42 AWD
14 N Female 63 + ++ + ALCL 30 AWD
16 N Male 46 – – – ALCL 30 DOD
19 N Male 64 +++ + + B-LCNHL 35 DOD
21 N Male 34 +++ ++ – HD 60 DOD
22 N Female 74 – – ++ B-LCNHL 27 AWD
23 N Male 24 – – ++ pT-NHL 30 DOD
25 N Male 27 ++ ++ ++ EBV-CMV ALCL 10 AWD

Mean 52.4 53.9

7 Inf Female 18 ++ + – Salm 7 AW
8 Inf Female 30 – + – Cox.B 18 AW
9 Inf Female 29 – + – EBV 21 AW

20 Inf Female 21 ++ ++ ++ Bruc 30 AW
24 Inf Male 42 ++ ++ – Leish 25 DOD

Mean 28 20.2

1 Id Male 18 +++ + – – 45 DOD
4 Id Female 60 + – – EBV 240 ?

15 Id Female 22 – + + 21 AW Drugs
17 Id Male 64 + + + EBV 36 DOD
18 Id Male 51 + + - 75 DOD
26 Id Female 60 – – – EBV 45 AW Rheumatic

polymyalgia

Mean 45.8 77

Table 3 Topographic involvement of neoplastic infiltration and he-
mophagocytosis in neoplastic cases. T-ALL T-cell acute lymphoblastic
leukemia, pT-NHL peripheral T-cell non-Hodgkin lymphoma, M5a-
AML monoblastic acute myeloid leukemia, ALCL anaplastic large cell

lymphoma, B-LCNHL B- large cell non-Hodgkin lymphoma, HD
Hodgkin’s disease, HP hemophagocytosis, AWD alive with disease,
AW alive and well, DOD dead of disease, HBs/c B hepatitis surface
and core antigen, EBV Epstein-Barr virus, CMV cytomegalovirus

Number Sex Age Infection Associated Lymph Other Bone Follow-
(years) disease node sites marrow up

2 Male 18 – T-ALL Neoplasia + HP DOD
3 Female 67 – pT-NHL Not removed Neoplasia + HP AWD
5 Male 54 – pT-NHL Neoplasia + HP Neoplasia + HP AWD
6 Male 80 HBs/c pT-NHL Not removed Neoplasia + HP AWD

10 Male 69 pT-NHL Not removed Neoplasia + HP DOD
11 Female 71 EBV pT-NHL Not removed Neoplasia + HP DOD
12 Male 76 EBV M5a-AML Neoplasia + HP DOD
13 Female 20 EBV ALCL Neoplasia + HP HP AWD
14 Female 63 ALCL Neoplasia Neoplasia + HP AWD
16 Male 46 ALCL Stomach Neoplasia + HP DOD
19 Male 64 B-LCNHL Neoplasia Neoplasia + HP DOD
21 Male 34 HD Not removed Neoplasia + HP DOD
22 Female 74 B-LCNHL Neoplasia HP AWD
23 Male 24 pT-NHL Nasopharynx + liver HP DOD
25 Male 27 EBV-CMV ALCL Neoplasia HP AWD



Laboratory data

Among the laboratory data (whose mean values in the
different groups are shown in Table 4), an increase in
ferritin (FRN) and lactate dehydrogenase (LDH) values
was recorded in the majority of patients, although no sig-
nificant differences were noted according to the different
etiologies.

Histology

The morphological picture varied according to etiology.
Histological slides were reviewed independently by the
two pathologists along with knowledge of the clinical
status of the patients. Diagnostic agreement was obtained
in all cases but two (one peripheral T-cell lymphoma and
one idiopathic case). Cases were therefore divided into
three groups: (a) neoplasia related when a BM lympho-
matous or leukemic infiltration was present or if there
was a known primary site involved (Fig. 1a–d), (b) in-
fection related when serological evidence of recent bac-
terial or viral infection was documented (Fig. 2a–b), and
(c) idiopathic when even after immunohistochemistry
and careful serological research no plausible causes were
highlighted (Fig. 3a–b). 

Most BMBs infiltrated by a lymphoma were hyper-
cellular (mean cellularity 70%), mainly due to histiocyte
infiltration. In some cases lymphomatous infiltration
was difficult to recognize (Fig. 1a) owing to scarcity of
lymphomatous cells together with prominent histiocyte
proliferation and HP which ruled the picture (Fig. 1b).
In patients with documented infection, bone marrow
was generally hypercellular (Fig. 2a) with striking his-
tiocyte proliferation and active phagocytosis of eryth-
roid, granulocytic and, to a lesser extent, thrombocytic
series. HP was also visible cytologically in touch im-
prints (Fig. 2b). In all cases the myeloid lineage was hy-
perplastic, sometimes showing disturbed maturation.
Conversely, the erythroid series was depressed while no
significant changes were observed in the megakaryocy-
tic lineage.

The idiopathic group of patients was the most hetero-
geneous showing either hyper-, normo-, or hypocellular
marrows; myeloid lineage was increased in four of five
cases with an increased number of precursors.

Immunohistochemistry

All cases showed a prominent histiocyte proliferation
strongly positive to PGM1 ranging from 30% to 60%
with striking signs of HP (Fig. 1a, d; Fig. 3b). As far as
the T- and NK infiltration is concerned, results are de-
scribed separately, according to the different etiology. In
all cases the reactivity patterns were described as mem-
branous (CD3 and CD45RO), diffuse cytoplasmic
(CD57), and dot-like paranuclear cytoplasmic (CD30,
granzyme B and perforin).
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Neoplastic cases

In all cases, both CD3 and CD45RO detected T-cells
displaying a sharp membrane positivity. In BMBs infil-
trated by a pT-NHL, their distribution was diffuse or
multinodular, ranging from 15% to 60% of whole cellu-
larity. Neoplastic cells were mainly of middle size with
convoluted nuclei and prominent nucleoli. BMBs infil-
trated by ALCL showed variable percentages (ranging
from 0.5% to 15%) of CD30+ cells displaying the typi-
cal dot-like paranuclear cytoplasmic reaction. In T-
ALL, the T-cell distribution was interstitial and in-
volved the whole parenchyma. BMBs performed in pa-
tients with T-NHL, but not directly involved, showed

the presence of small T-lymphocytes either arranged in
small clusters or scattered throughout the marrow. Their
percentages varied from 10% to 30%. In BMBs of pa-
tients with neoplasm other than pT-NHL [Hodgkin’s
disease (HD), ALCL, B- large cell non-Hodgkin lym-
phoma (large B-NHL), M5-AML], an interstitial infil-
tration of small T-cells varying from 5% to 60% was in-
variably present.

Immunostaining for CD57 revealed a positive cell
population ranging from 2% to 25%. They were scat-
tered throughout the marrow (Fig. 1c) or arranged in ti-
ny clusters of two or three cells. A very low percentage
of cells positive to granzyme B varying from 0.5% to
10% was detected in 8 of 14 tested cases; only 2 cases
(large B-NHL and pT-NHL) showed greater amounts
(respectively, 60% and 30%) of positive cells. In all
cases, reactivity was displayed as a clear, dot-like cyto-
plasmic staining located in the paranuclear region. The
last four cases were deemed invaluable because of a
dominant non-specific background staining. Immuno-
staining for perforin gave a scarce and irregular positiv-
ity in 9 of 14 cases with percentages ranging from 0.2%
to 5% with a staining pattern more or less overlapping
the granzyme-B.

Fig. 1 Bone marrow picture in neoplasia-related hemophagocytic
syndrome (NHPS). a In this case of NHPS, hemophagocytosis is
prominent. Neoplastic T-cell component is subtle and difficult to
recognize (hematoxylin and eosin 400×). b Actively phagocyting
histiocytes dominate the picture (StreptABC, PGM1, 400×). 
c CD57+ cells are scattered both at periphery of the lymphoma-
tous nodule and in the adjacent parenchyma showing hemophago-
cytosis (StreptABC, CD57 400×). d At higher magnification, pha-
gocytosis is clearly appreciable. Phagocyting cells are interspersed
among neoplastic ones. (StreptABC, PGM1, 1000×)
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Infective cases

A CD3+, CD45RO+ infiltrate was invariably present in
all cases. It ranged from 10% to 30% and was prevalent-
ly interstitial with occasional small clusters; CD57+ NK
cells were detected in small percentages (2–5%) and
were scattered throughout the parenchyma. Very few
cells (0.1–0.5%) showed the typical dot-like cytoplasmic
staining of granzyme-B and/or perforin. No CD30 posi-
tive cells were observed.

Idiopathic cases

All displayed the presence of CD3+, CD45RO+ T-cells
mainly aggregated in small clusters. The search for NK
cells gave irregular findings varying from a case com-
pletely devoid of CD57+, granzyme-B+ and perforin+
cells to another in which rather significant percentages

(20%) of NK cells were stained. In some cases, a de-
crease of myeloid lineage was observed (Fig. 3a).

Discussion

HPS generally occurs as an abrupt event with a dramatic
clinical picture including fever and cytopenia. This syn-
drome can occur as a primary disease i.e., FEL or spo-
radic hemophagocytic lymphohistiocytosis with well-
defined diagnostic clinico-pathological criteria [17] or as
a reactive form following an extremely large number of
causes either infective [1, 3, 5, 15, 20, 36, 41, 56, 57, 58,
59, 60, 63, 72, 78], neoplastic [8, 10, 11, 13, 14, 21, 29,
33, 40, 43, 45, 48, 50, 51, 53, 62, 65, 67, 69] or, less fre-
quently, of other origin such as Lupus erythematosus
[76], Kikuchi lymphadenitis [73], Kawasaki disease
[47], drugs [54] or parenteral nutrition with fat emul-

Fig. 2 Bone marrow picture in infection-related hemophagocytic
syndrome (HPS). a Histological picture in case of HPS related to
Epstein Barr virus (EBV) infection. Bone marrow is hypercellular
mainly due to myeloid lineage hyperplasia (hematoxylin and eosin
400×). b A touch imprint showing red cells and erythroblasts
phagocysed by a histiocyte (May-Grünwald-Giemsa 1000×)

Fig. 3 Bone marrow picture in cases of hemophagocytic syn-
drome (HPS) of unknown etiology. a Decrease of myeloid lineage
in this case of idiopathic HPS is highlighted by myeloperoxidase
(MPO) immunostain (StreptABC, MPO 400×). b Phagocytosis in-
volving all kinds of bone marrow cells, mainly erythroblasts (ar-
row) (StreptABC, PGM1, 1000×)



sions [22, 61]. Large groups of patients, which are rarely
described in the literature, prevalently deal with clinical
aspects but include only occasional reports on BMB [2].

The reactive form is closely bound to the nature and
development of the underlying disease and promptly dis-
appears once this has been treated. Otherwise, it can be-
have as a transitory self-limited disease with spontane-
ous recovery or it can progress toward a fatal outcome in
a very short time. This latter event mainly occurs when
HPS develops during a neoplasm, mostly a T-NHL [16,
38] whose diagnosis can be difficult due to the exuberant
histiocytic hyperplasia often masking the lymphomatous
component. In these cases the use of BMB as a diagnos-
tic tool plays a major role because of marrow dry tap and
usual absence of peripheral adenopathy [16]. Another
possibility is the finding of bone marrow massively in-
volved by HP but not by the lymphoma [32] which high-
lights the major diagnostic problem.

For a long time the misleading hypothesis of an al-
most exclusively virus-associated infection with a vari-
able clinical course froze the literature on HPS. Never-
theless, later, the spectrum of the possible etiological
causes became broader including bacteria [60] and every
other type of pathogen besides hemopoietic and non-
hemopoietic neoplasms [66]. After the paper of Falini [16]
and other reports [6, 21, 31] describing cases of periph-
eral T-NHL complicated by HPS, it was quite clear that
most previous reports dealing with cases of malignant
histiocytosis (MH) were actually cases of HPS occurring
in various and heterogeneous clinical settings. The obvi-
ous consequence is a consistent decrease in the number
of cases of MH and a reinterpretation of those formerly
diagnosed [74] which showed that most of such neo-
plasms expressed T-cell-associated antigens; moreover,
in some cases the T-cell receptor rearrangement was put
in evidence. In 1994 HPS was included among the clini-
cal features of peripheral T-cell lymphomas as stated in
the Revised European–American Lymphoma (REAL)
classification [24].

Among pT-NHL, HPS has been described in associa-
tion with hepato-splenic γ/δ lymphoma with [34] or
without [14] BM involvement, in nasal T-cell NHL [10,
43], and subcutaneous panniculitis T-cell NHL [21].
Moreover, in a recent paper dealing with ongoing con-
cepts in T-cell NHL [55], the finding that an activated
T/NK phenotype-expressing perforin, granzyme B, T-
cell intracellular antigen (TIA)-1 or metase is much more
diffuse in extranodal lymphomas than in nodal ones is
underscored.

A common finding both in BM aspirates and in
BMBs is the presence of a histiocytic proliferation with
active phagocytosis; however, even if BM aspirate can
be sufficient for a generic diagnosis of HPS, it is not reli-
able enough to highlight the underlying disease. Less
commonly, HPS can affect other organs sparing BM
[58]. When more BMBs were performed at different
times, a progression from hypercellular pictures toward
hypoplastic ones with concomitant increase in histio-
cytes was reported [3, 12, 41] with or without preserva-

tion of the marrow architecture. The morphology of his-
tiocytes was studied and put into relationship with the
nature of the disease [39]. In cases of neoplasia-associat-
ed HPS (NHPS), BM can be uninvolved by the neoplasia
or, conversely, could be infiltrated.

The main clinical and laboratory findings are consis-
tent with the biological effects of several inflammatory
cytokines [19]. A particular importance has been initially
ascribed to sIL-2r (“phagocytosis inducing factor”),
which is considered the hallmark of T-cell activation and
whose increased concentration was observed in patients
with various autoimmune or malignant disorders [25, 35,
42, 80]. Other molecules playing a major role in this pro-
cess are tumor necrosis factor (TNF)-α [7, 46], interfer-
on (IFN)-γ and interleukin (IL)-6 [27].

The role of EBV in the development of HPS is con-
troversial: the finding of EBV-RNA in a fairly large per-
centage of cases of infection-related HPS, FEL, and sec-
ondary HP associated with T-cell malignant lymphoma
[19, 65] indicates that in some of these cases EBV infec-
tion could stimulate the cellular immune system to un-
controlled activation. Other infectious agents must also
be taken into consideration in the absence of detectable
EBV. Some authors [78] postulate that T/NK origin of
NHL, rather than EBV infection, predisposes adults to
HPS. They tend to consider EBV an “innocent bystand-
er”, while others stress the constant association between
HPS and EBV infection irrespective of the lymphoma
immunophenotype [49]. Some authors suggest that HPS
is directly triggered by TNF-α produced by EBV-infect-
ed T/NK cells [37]. Others underline its significance as a
poor prognostic factor [30], and there are those who put
in evidence the role of “bystander” (non-neoplastic) lym-
phocytes which appear to be infected more often than
lymphoma cells and therefore are supposed to be in-
volved in the development of infection-associated HPS
(IHPS) [70].

Owing to the extremely numerous and variable clini-
cal settings in which HPS can occur, it follows that a
quick and correct diagnosis is of paramount importance.
Although strict diagnostic clinicopathological criteria ex-
ist and are required to make a diagnosis of hemophago-
cytic lymphohistiocytosis [17], these do not always ap-
ply to a secondary HPS.

In our cases, a striking difference was however ob-
served as regards mean age which was significantly low-
er in patients with infection-associated HPS compared
with the other groups; moreover, in this group a much
shorter course of disease was remarked (mean duration
of symptoms 20.2 days vs 55.4 days in malignancy-asso-
ciated group and 74.5 days in idiopathic group, respec-
tively) as well as a very low mortality rate (20% vs
53.3% and 60%, respectively).

Reviewing the development of HPS in the Oriental
population, two main diagnostic criteria of HPS were as-
sessed, i.e., (1) unexplained cytopenia involving at least
two cell lines and (2) a minimum of 2% hemophagocy-
ting histiocytes in the marrow with phagocytosis of my-
eloid cells, platelets, or erythroblasts [75]. Although the
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diagnosis of HPS could be considered relatively simple
and reproducible, the recognition of the underlying dis-
ease in some cases can be extremely difficult or even im-
possible.

All sorts of correlations have been investigated in or-
der to understand how to react in the presence of HPS
[28]. Su et al. [65] have tabulated features useful to dis-
tinguish benign IHPS from NHPS including morphologi-
cal, biomolecular, and cytogenetic criteria. Unfortunately
only a minority of cases shows rearrangement of TCR-β,
whereas most cases have a germline configuration [16,
26, 65]. This fact makes DNA analysis not always useful
for this purpose. Cytokine levels are not useful in distin-
guishing between IHPS and NHPS but have been shown
to affect the patient outcome [18].

From the clinical point of view, Yao et al. [79] separat-
ed their patients with HPS occurring in pT-NHL accord-
ing to the time of onset, i.e., (a) as initial manifestation of
the disease, (b) at the time of the lymphoma relapse, and
(c) during clinical remission; but, in all groups, the course
of HPS was generally fulminant despite therapy.

In our study, the attempt to compare the clinical and
laboratory data in the different groups in order to dis-
criminate among the possible etiologies gave no signifi-
cant results; it follows that the performance of a BMB in
these cases is crucial. Lymph-node biopsy was not al-
ways performed mainly due to absence of a peripheral
evident node or poor clinical condition. Nevertheless, in
at least 5 of 13 patients with solid neoplastic lesions,
BMB proved to be a precious and quite reliable diagnos-
tic tool. When the clinical setting was clear enough to al-
low a precise diagnosis, this was further confirmed by
the bone marrow picture where the HP was invariably
present, either alone or admixed with signs of the under-
lying disease. In several patients with fever and pancyto-
penia of unknown origin, BMB permitted a diagnosis of
lymphoma not evident elsewhere, or BMB showed the
picture of a reactive marrow consistent with an infective
disease. The impossibility of making a diagnosis in some
cases complicates the picture, but we think that, when
faced with an overt hemophagocytic picture, the first di-
agnosis to consider and investigate is a neoplastic dis-
ease. Other diagnostic possibilities, unless clinically
manifest, should be considered only by exclusion. As un-
certain cases nearly always develop dramatically with an
ominous prognosis, it is quite reasonable that they are re-
lated to a hidden or latent neoplasm. Few data are avail-
able regarding cytogenetic findings in HPS; as most of
them are characteristic of the underlying disease, their
detection can be extremely important in identifying an
eventual occult malignancy.

The advent of immunohistochemistry allowed for the
immunophenotypical characterization of the cellular
populations involved. Attention was paid to macro-
phages that express positivity for CD35, CD21, CD11b,
complement receptors, CD36, CD25 (IL-2R), and CD30
in cases of FEL [4] and mainly on T-lymphocytes which
not only represent the real effector cells of the disease
but are also frequently involved in the underlying dis-

ease [19]. Special attention has been paid to the identifi-
cation of a NK phenotype which is associated with a
more aggressive behavior of lymphomas and leukemias
[26, 77]. Of particular interest were the studies of the so-
called activation markers such as granzyme B [52], per-
forin [23], or TIA-1, owing to their frequent expression
in CD2+, CD3-, CD56+ putative NK lymphomas [44] in
order to assess their value and role in HPS development.

Despite this abundant information, the problem of an
immediate pathological diagnosis is still unresolved [71].
In our experience, no morphological or immunopheno-
typical criteria applicable to bone marrow are available
to allow an immediate diagnosis of underlying process if
the latter is not evident on BMB. However, the presence
of large numbers of cells staining positively for gran-
zyme B and CD57 seemed to be insensitive, but specific,
for underlying malignancy. The role of perforin seems to
be much more interesting. Its absence or very scarce im-
munophenotypic expression could be related to perforin
gene mutations (PRF1), as already documented in cases
of FEL [64] with late onset of the disease. It could also
represent the consequence of an acquired failure due to
genetic, viral, or neoplastic factors with consequent im-
paired T-cell mediated cytoxicity, thus stressing the role
of the reactive CD8+ population in the abnormal macro-
phage activation. Although no perforin-gene mutations
have been thus far identified in patients with non-famil-
ial hemophagocytic syndromes [53], further studies fo-
cused on DNA analysis of these patients could be useful
to confirm this hypothesis.

In conclusion, despite the large number of cases stud-
ied, there are no marrow morphological or immunohisto-
chemical findings that reliably distinguish HPS associat-
ed with malignancies from that associated with infection
in the absence of patent neoplastic BM infiltration.
Therefore diagnosis of HPS and underlying disease can
only be a clinico-pathological one and is still to be con-
sidered a challenging subject of controversy for both cli-
nicians and pathologists.
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Abstract Osteopontin (OPN), one of the major non-
collagenous proteins of bone matrix, is together with
vascular endothelial growth factor (VEGF) a potent an-
giogenic protein. In this study we determined the expres-
sion of OPN in benign and malignant bone tumors and
investigated the prognostic influence of OPN expression
on the outcome of osteosarcoma patients. Fifty-seven 
osteosarcomas and 11 osteoblastomas as well as 5 bone
specimens with remodeling sites were immunohisto-
chemically analyzed for expression of OPN and VEGF.
OPN was not detected in osteoblasts of remodeling 
sites. Osteoblastoma osteoblasts as well as osteoclastlike
giant cells and osteosarcoma mononuclear cells showed 
variable staining. In osteosarcomas OPN and VEGF ex-
pression correlated with each other (r=0.390, P=0.003,
Spearman’s test). Although osteosarcoma patients with
high VEGF expression showed a trend towards shorter
overall survival (P=0.0841, log-rank test), OPN expres-
sion had no influence on patients overall or on disease-
free survival. Our data indicate that expression of this
protein might be upregulated in bone neoplasia. Al-
though OPN expression correlates with VEGF expres-
sion in osteosarcomas, OPN expression does not provide
predictive information about the outcome of osteosar-
coma patients.

Keywords Osteopontin · VEGF · 
Immunohistochemistry · Osteosarcoma

Introduction

Osteopontin is a major protein of extracellular bone 
matrix, and gene expression is upregulated in specific
phases of osteoblastic lineage differentiation [6, 11, 
13, 14].

The multifunctional adhesive phosphoglycoprotein
interacts with different receptors such as vitronectin re-
ceptor (integrin αvβ3), which is expressed at high level
in certain cell types such as endothelial and bone cells
[4]. OPN also binds to CD44, and the receptor/ligand in-
teraction has been found to induce chemotaxis in mouse
embryonic fibroblasts [21].

Recently, OPN has become of interest in tumor gene-
sis, and expression of the protein has been observed in
human cancers [2] and primary sarcomas of the pulmo-
nary artery [7]. Furthermore, OPN expression has been
found to be associated with tumor progression and 
metastasis in breast cancer [19] and gastric cancer [20].

OPN interacts with vascular endothelial growth fac-
tor (VEGF), which is a potent angiogenic protein. OPN
induces endothelial cell migration and upregulates 
endothelial cell migration induced by VEGF [17], which
is known to be involved in tumor angiogenesis. In 
osteosarcoma, a high recurrence rate and metastatic po-
tential are considered to be associated with the high 
degree of vascularization and rapid growth of these 
tumors [3].

VEGF expression has also been shown to be predic-
tive of pulmonary metastasis of untreated osteosarcoma
[9] and cell-retained isoforms of VEGF correlate with
poor outcome of osteosarcoma patients [10].

Because of the documented interaction between OPN
and VEGF we postulated that OPN expression might
correlate with VEGF expression in human osteosarcoma,
and OPN could be useful as a prognostic marker for 
osteosarcoma patients. Therefore, we investigated the
expression of OPN and VEGF in osteosarcoma speci-
mens, as well as in benign osteoid forming tumors, by
immunohistochemistry and analyzed the clinical out-
come in 57 osteosarcoma patients.
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Materials and methods

Material

Fifty-seven patients with osteosarcoma of bone and 11 osteoblasto-
ma specimens were selected from the files of the Department of
Clinical Pathology at the Vienna General Hospital. All cases were
reviewed to confirm the diagnosis and a paraffin block of osteosar-
coma biopsy material prior to chemotherapy and surgery was se-
lected for immunohistochemical studies. The osteosarcoma speci-
mens were intramedullary high-grade tumors and consisted of the
following types: 32 osteoblastic osteosarcomas, 15 chondroblastic
osteosarcomas, 6 anaplastic osteosarcomas, 2 fibroblastic osteosar-
comas and 1 teleangiectatic and 1 small-cell osteosarcoma.

The patients underwent treatment between 1992 and 1999 at
the Department of Orthopedics at the Vienna General Hospital. All
patients were initially treated for primary tumors.

As controls, five specimens with bone remodeling sites were
examined and included bone material close to areas with osteoar-
thritis.

Immunohistochemistry

Freshly cut serial sections were used for immunohistochemical
studies, and corresponding sections were stained with hematoxylin
and eosin.

Immunohistochemical staining was done on paraffin sections
using a goat polyclonal antibody against VEGF (A-20; Santa Cruz
Biotechnology, Calif.; 1:100) raised against a peptide mapping 
at the amino terminus of vascular endothelial growth factor of 
human origin. Sections were pretreated by autoclave heating in 
citrate buffer (pH 6.0) for 20 min at 1 bar. After incubation at
room temperature for 1 h, the secondary biotinylated horse anti-
goat IgG antibody (1:100) was applied for 30 min, followed by 
incubation with the avidin-biotin complex with streptavidin
(StrepABC- Kit, Dako, Denmark). The reaction was developed
with diaminobenzidin as a chromogen system (Fluka-Chemie, 
Vienna, Austria).

The antibody used for the detection of OPN (10A16, Immuno-
Biological Laboratories, Fujioka-Shi, Japan; 1:30) was a mouse
monoclonal antibody raised against a peptide of a part of human
OPN. Sections were pretreated as described above and after incu-
bation at room temperature for 1 h, the secondary biotinylated
horse anti-mouse IgG antibody (1:100) was applied for 30 min,
followed by incubation with the avidin-biotin complex with strep-
tavidin. The reaction was developed as described above. For all
antibodies, non-specific reactivity was assessed by omitting the
primary antibody.

Immunohistochemical stainings for VEGF and OPN were ex-
amined by one author (IS), and the percentage of positive tumor
cells was evaluated in each tumor slide The intensity of cytoplas-
mic staining was homogeneous and therefore not analyzed further.

Statistical analysis

The Kruskal-Wallis test, Mann-Whitney test and Spearman’s corre-
lation coefficient were used as appropriate. Overall survival was
defined from the day of surgery until the death of the patient. Data
concerning patients who survived until the end of the observation
period were censored at their last follow-up visit. Death from a
cause other than osteosarcoma or survival until the end of the ob-
servation period was regarded as censoring events. Disease-free
survival was defined from the end of primary therapy until the first
evidence of progression of the disease. Univariate analysis of over-
all survival and disease-free survival was performed as outlined by
Kaplan and Meier [8]. Median values of OPN and VEGF expres-
sion were used as cut-off levels for statistical survival analysis.

A two-tailed P-value equal to or less than 5% was considered
significant. All statistical analysis was performed using the SPSS
software (RE 10.0; SPSS, INC., Chicago, IL.).

Results

Clinicopathological data of osteosarcoma patients

The age of the 57 patients ranged from 6 to 65 years
(median, 21 years). Thirty-nine patients were under the
age of 20. The peak incidence of osteosarcomas was reg-
istered in the second decade of life. Thirty-six patients
were men and 21 women.

Four tumors were located in the pelvis, including 2 in
the sacrum and 2 in the ilium. All other tumors were 
located in the extremities, including 28 in the femur, 18
in the tibia, 2 in the fibula, 4 in the humerus and 1 in the
intermediate cuneiform bone. The treatment consisted of
preoperative multiagent chemotherapy according to two
different protocols of the Cooperative Osteosarcoma
Study trials (22; COSS 86c, n=24, COSS 96, n=32), fol-
lowed by surgical resection with wide resection margins
in all cases. At the time of surgery 4 tumors were con-
fined to bone and 53 had invaded the adjacent soft tissue.
The resected specimens were analyzed histologically for
response to chemotherapy according to the criteria of
Salzer-Kuntschik et al. [15]; 24 cases were classified as
responders and 32 as non-responders. One patient did
not receive preoperative chemotherapy.

The duration of follow-up for survivors ranged from
3.5 months to 8.5 years (median, 3 years) from the date
of surgery. During this period 20 patients developed me-
tastasis exclusively in the lung and three patients had a
local recurrence. Thirteen patients died of tumor progres-
sion.

Immunohistochemistry

Non-specific reactivity was not observed in any of the
examined specimens. Immunohistochemical investiga-
tion of OPN revealed no or extremely weak staining in
osteoblasts of remodeling areas. Lining cells showed no
positive signal, but osteoclasts of these areas displayed
cytoplasmic OPN reactivity, whereas VEGF expression
was found in many mesenchymal cells such as osteo-
blasts, osteoclasts, and endothelial cells. Figure 1 (a–c)
shows examples of OPN and VEGF staining in remodel-
ing sites.

In osteoblastoma focal positivity of OPN was ob-
served in osteoblastlike cells, mononuclear stroma cells,
and osteoclastlike giant cells (Fig. 1d). Staining was 
cytoplasmic and the number of positive cells ranged
from 5 to 20% (median 10%; SD 6.81). Osteoid forma-
tions within the tumor stroma also showed distinct posi-
tive staining. Widespread VEGF expression was detected
in osteoblastoma tumor cells, and staining intensity was
relatively strong compared to OPN staining (Fig. 1e).
About 80% of positive tumor cells were found in each
osteoblastoma specimen (SD 1.00).

The distribution of positive cells in osteosarcoma
specimens was similar to that found in osteoblastoma.
OPN positive staining showed a patchy distribution, and
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cytoplasmic staining was detected in mononuclear tumor
cells, as well as in osteoclastlike giant cells and tumor
osteoid (Fig. 1f, g). The number of positive cells ranged
from 0 to 60% (median 7%; SD 12.75). Sixteen cases 
revealed no staining. VEGF expression was found in 
all cases examined cases, and the number of positive
cells ranged from 5 to 90% (median 60%; SD 23.97).
Figure 1h shows an example of VEGF staining in osteo-
sarcoma.

Expression levels of OPN or VEGF in osteoblastomas
did not differ significantly from the values obtained from
osteosarcomas (P>0.05, Mann-Whitney test). In osteo-
sarcoma a correlation was found between OPN and
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Fig. 1 a Cuboidal osteoblasts of bone remodeling sites did not
stain with the OPN antibody. b In contrast, osteoclasts showed
strong staining with the OPN antibody. c VEGF staining in bone
material revealed positive osteoblasts, osteoclasts, and endothelial
cells. d Osteoblastoma osteoblasts were positive for OPN. e VEGF
expression was also detectable in osteoblastomas. f Osteosarcoma
with focally positive mononuclear and multinuclear tumor cells for
OPN. g Tumor osteoid of osteosarcomas showed distinct staining
for OPN. Scattered mononuclear stroma cells were also positive. 
h VEGF expression in osteosarcomas (all magnifications, ×400)



VEGF expression (r=0.390, P=0.003; Spearman’s corre-
lation coefficient), which was not the case in osteoblas-
toma.

Correlation with clinicopathological data 
of osteosarcoma patients and overall 
and disease-free survival analysis

No correlation was found between OPN or VEGF 
expression and patient age (<20 vs >20 years), gender,
tumor extension (intracompartmental lesion vs extra-
compartmental lesion), location ( upper extremities vs
lower extemities vs trunk) and response to chemotherapy
(responder vs non-responder) (P>0.05, Mann-Whitney
test).

VEGF expression did not correlate with disease-free
survival, but the correlation between overall survival and
VEGF expression revealed a clear trend, although the 
P value just failed to reach the level of statistical signifi-
cance (P=0.0841, log-rank test). Patients with high lev-
els of VEGF expression had a shorter overall survival
(Fig. 2).

Although OPN and VEGF expression correlated with
each other in osteosarcoma specimens, overall and dis-
ease-free survival analysis showed no statistically signif-
icant correlation with high or low expression of OPN.

Discussion

Our study demonstrated variable expression of OPN in
tumor cells of osteoid producing bone tumors. Mononu-
clear tumor cells, partly resembling osteoblasts, as well
as osteoclast-like giant cells express OPN, and the distri-
bution pattern of OPN expression in both osteoblastomas

and osteosarcomas was patchy. As one of the major bone
matrix proteins, OPN was also found in osteoid deposi-
tions and in mineralized lamellar bone. In contrast to the
tumor specimens, staining of cuboidal osteoblasts at 
remodeling sites was very weak or negative, although
adjacent osteoclasts showed cytoplasmic staining. This
result correlates with observations in a previous study in
which mRNA and protein expression were undetectable
in osteoblasts of remodeling bone of human osteophyte
[6], although OPN was found in osteoblasts of woven
bone during intramembranous and enchondral ossifica-
tion. In tumors OPN expression might be upregulated
compared to normal tissue, and therefore the protein can
be detected by immunohistochemistry. This has already
been documented in oral epithelium [5] or mammary
epithelium [1], where OPN expression was found in neo-
plastic but not in normal epithelial tissue.

OPN is known to interact with the potent angiogenic
protein VEGF. Senger et al. have shown that VEGF stim-
ulated dermal microvascular endothelial cell expression
of mRNA encoding the OPN receptor αvβ3 integrin as
well as expression of OPN mRNA. OPN also promoted
endothelial cell migration in vitro [16]. Therefore, coop-
erative expression of VEGF and OPN in tumors might
promote tumor growth and progression via induction of
neovascularization. In osteosarcoma, VEGF and mRNA
expression of cell-retained VEGF isoforms has been
shown to correlate with microvessel density, and a corre-
lation between high-expression levels of VEGF and poor
prognosis has been documented [9, 10]. In the present
study patients with high VEGF expression showed a clear
trend towards a shorter overall survival, but the results
just failed to reach the level of statistical significance.
This discrepancy might be due to the larger cohort of pa-
tients in our study, which comprised 57 osteosarcoma
cases, in contrast to the former studies that included 27
and 30 patients, respectively [9, 10]. Surprisingly, OPN
expression did not correlate with disease-free or overall
survival of the osteosarcoma patients, although OPN and
VEGF expression correlated with each other in the osteo-
sarcoma specimens examined.

The clinical significance of OPN expression has al-
ready been documented in human carcinomas. In breast
cancer, for example, significant elevated plasma OPN
levels were found in tumor patients compared to healthy
women [18], and increasing plasma OPN levels were as-
sociated with an increased number of metastases and de-
creased survival. The importance of OPN in tumor gene-
sis and metastatic activity is further outlined by the inter-
esting results obtained from an animal model with osteo-
pontin-deficient mice [12]. In this experimental setting
the number of tumors formed in bone or lung after injec-
tion of melanoma cells was significantly reduced as
compared to wild-type mice.

In summary, this study demonstrates expression of
OPN protein in a large series of human bone-tumor spec-
imens. Since osteoblasts of bone remodeling sites are
mainly negative, upregulation of OPN expression may
be suspected in bone tumors. Although VEGF and OPN
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Fig. 2 Overall survival analysis of 57 osteosarcoma patients
showed a clear trend towards shorter overall survival for patients
with high expression of VEGF, although the P value just failed to
reach the level of statistical significance



expression correlate with each other in osteosarcomas
and VEGF has been suggested to be a prognostic marker
for osteosarcoma patients [9], in our study OPN expres-
sion does not provide predictive information about the
outcome of osteosarcoma patients.
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Abstract Endoscopic mucosal resection (EMR) has
been performed for intramucosal carcinomas with excel-
lent results. To evaluate invasion depth of superficial
esophageal squamous cell carcinomas (SESCCs) accu-
rately, it is important to elucidate vertical and horizontal
growth features. Using 179 specimens of SESCC taken
by EMR, various factors associated with vertical and
horizontal growth were examined pathologically to de-
termine which were correlated with invasion depth, clas-
sified for this purpose into four levels, m1, m2, m3, and
sm. Maximum tumor diameter, including high-grade in-
traepithelial neoplasia, differed between m1 and m2
cases and for invasive lesions between m2 and m3. Max-
imum tumor thickness varied between m1 and m2, m2
and m3, and m3 and sm. Multivariate analysis showed
tumor thickness and diameter of invasion to be correlat-
ed with submucosal invasion. Tumor thickness and depth

of the depressed lesions were correlated in depressed/flat
type cases. In elevated type cases the thickness of the tu-
mor did not differentiate between m3 and sm. Shape of
the elevated lesion also influenced the invasion depth.
Frequency of infiltrating type tumors, composed of irreg-
ular and small invading nests, was higher with sm than
m3. To differentiate m3 and sm tumor the classification
of gross type, thickness, depth of depressed lesions,
shape of elevated lesions, and invasion patterns should
all be evaluated.

Keywords Esophagus · Squamous cell carcinomas ·
Early carcinomas · Gross type · Invasion · Metastasis ·
Endoscopic mucosal resection

Introduction

The squamous cell carcinoma of the esophagus is rela-
tively common in East Asian countries such as Japan and
China, and it is characterized by rapid clinical progres-
sion and a poor prognosis with high frequencies of
lymph node metastasis and recurrence. Recent develop-
ments in gastrointestinal tract endoscopy have contribut-
ed to early diagnosis of esophageal lesions, and introduc-
tion of the Lugol iodine solution spray technique has
made it possible to improve the efficiency of detecting
superficial esophageal squamous cell carcinomas 
(SESCCs) with invasion limited to the mucosa or sub-
mucosa [22]. As a consequence the number of patients
diagnosed with SESCCs has increased in recent years.
Patients with stomach or colon carcinomas whose inva-
sions are limited to the submucosa generally have a good
prognosis; 5-year survival rates range from 90% to 95%
[19]. On the other hand, patients with SESCC have a
poorer prognosis, the 5-year survival rates for submucosal
cases being worse (33–69%) than for intramucosal lesions
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(83–100%) [2, 6, 12, 16, 20]. To improve the prognosis
of patients with SESCCs, it is important that an accurate
diagnosis be made during the intramucosal stage so that
complete resection can be performed.

Surgical resection and dissection of lymph nodes are
generally performed for SESCCs, but postoperative
complications occur in approximately one-half of the pa-
tients, and approximately 3% died within 1 month of the
operation in one series [5]. Based on the report that the
frequency of lymph node metastasis with intramucosal
carcinomas is less than 10% [13, 24], endoscopic mucos-
al resection (EMR) has been performed over the last
10 years for such lesions with excellent results [1]. EMR
is associated with a low incidence rate of postoperative
complications [9], and no patients have died as a result
of the procedure in our hospital. For selection of EMR as
a first line treatment for intramucosal esophageal carci-
nomas it is important to evaluate invasion depth accu-
rately by preoperative endoscopic examination and to
discriminate submucosal from intramucosal cases. In re-
cent years endoscopic ultrasonography has been also ap-
plied for the diagnosis of esophageal carcinoma [4].
However, to our knowledge, differentiation between in-
tramucosal carcinomas and submucosal ones is still diffi-
cult, and pathological findings in the literature for the
development of SESCCs, especially from studies using
EMR specimens, are limited.

In the present study gross and histological findings of
179 SESCC specimens obtained by EMR were therefore
reevaluated pathologically. The aim was to elucidate ver-
tical and horizontal growth features of SESCC and ana-
lyze which factors are associated with invasion depth.
We especially focused on the factors correlated with sub-
mucosal invasion, and differences between carcinomas
with muscularis mucosal involvement and those with
submucosal invasion. For vertical growth, maximum tu-
mor thickness, height of elevated lesions, depth of de-
pressed lesions, venous and lymphatic permeation, and
invasion patterns were examined. For horizontal growth,
maximum tumor diameter, including high-grade intraepi-
thelial neoplasia and maximum diameter of invasion
were examined.

Materials and methods

We selected 179 specimens of SESCC from the patient files of
the Department of Pathology, Tokyo Metropolitan Komagome
Hospital, between 1991 and 2001. There were 155 men and 24
women (87%/13%), with a mean age of 65.3 years (range 38–86).
All patients underwent EMR, and neither preoperative radiation
nor chemotherapy had been performed in any of the cases exam-
ined. Patients’information and clinicopathological characteristics
are summarized in Table 1. In the current studies only squamous
cell carcinomas were examined, cases of other histological types
being excluded. From gross findings on preoperative endoscopy,
each case was classified into either elevated or depressed/flat
types. Carcinomas with complicated gross features comprising
both elevated and depressed areas were classified into the type in
which invasion was deepest. Tumors were resected mainly by the
two-channel method [11, 17]. EMR was performed with atten-
dance of pathologists at all times. Resected specimens were pin-

ned on a board with a uniform tension to maintain the vivo size,
and fixed in 10% buffered formalin solution for a few days. Rela-
tively large carcinomas were resected piecemeal. Comparing the
findings of each resected piece with the endoscopic findings, en-
docopists and pathologists reconstituted the whole carcinoma. Af-
ter fixation photographs were taken, and specimens were cut seri-
ally into less than 2-mm slices followed by routine processing for
embedding in paraffin blocks. To compare histological and gross
findings precisely all cut specimens were numbered and cut lines
were recorded on the photographs. Each paraffin block was sec-
tioned at 3 µm for hematoxylin and eosin staining. Elastic fiber
staining was also performed to demonstrate venous permeation.
Invasion depth, invasion patterns, venous and lymphatic perme-
ation, and other pathological findings were examined by experi-
enced pathologists (K.O, N.F, T. T, and M.K.). Discrepancies
were resolved by reaching consensus after further histopathologi-
cal review.

Invasion depth was classified into four levels, m1, m2, m3, and
sm, all cases being classified with reference to the deepest. Distribu-
tions of each level were recorded on photographs to generate “inva-
sion maps” (Fig. 1a). The criteria for each stage were as follows:

– m1: Carcinoma in situ or high-grade intraepithelial neoplasia,
with almost the entire layers of the epithelium replaced by atypi-
cal cells and a clear border with the surrounding normal epithe-
lium. The rete ridge sometimes shows elongation into the pro-
pria mucosae, but budding is rare.

– m2: Carcinoma with overt stromal invasion demonstrating re-
markable budding of elongated rete ridges, making invading
nests with disruption of the basement membrane, but no contact
with the muscularis mucosae.

– m3: Carcinoma with muscularis mucosal involvement but no in-
vasion of the submucosa.

– sm: Carcinoma with submucosal invasion.

In cases with submucosal ducts or glandular acini involvement stro-
mal invasion through ducts or glandular acini was carefully checked.

Table 1 Clinicopathological features of the 179 patients

n %

Location
Cervical 3 1.7
Upper thoracic 37 20.7
Middle thoracic 69 38.5
Lower thoracic 70 39.1

Macroscopic type
Elevated type 29 16.2
Depressed/flat type 150 83.8

Depth of carcinoma invasion
m1 68 36.9
m2 58 32.4
m3 30 16.8
sm 23 12.8

Diameter of the carcinoma
<20 mm 97 54.2
20–<40 mm 67 37.4
≥40 mm 15 8.4

Lymphatic permeation positive 13 7.3
m1 0 –
m2 2 3.4
m3 4 13.3
sm 7 30.4

Venous permeation positive 21 11.7
m1 0 –
m2 0 –
m3 8* 26.7
sm 13* 56.5

*P=0.0276
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Fig. 1 a Photograph of resected EMR specimen with Lugol's
staining. The tumor was resected in four pieces. A depressed type
tumor showed unstained area by Lugol's staining. The extent of
each invasion level was recorded using different colored lines.
Maximum diameter of the tumor, including the high-grade intra-
epithelial neoplastic lesion (m1 lesion) (1), and maximum diame-
ter of the invasive lesion, combined m2 to sm (2) was measured
on the photograph using a scale. b Low-power view of section X
in Fig. 1a. Hematoxylin and eosin, ×10). The extent of each inva-
sion level was demonstrated. Depth of the depressed lesion (3) and
maximum thickness of the tumor (4) were measured using an ocu-
lar lens scale

large oval-shaped nests with a round margin (Fig. 2a), more than
90% of invading nests being larger than 0.1 mm in diameter, gen-
erally with an expansive growth pattern. Type C tumors are char-
acterized by asteoid-shaped nests with irregular, spiculated mar-
gins (Fig. 2b, c), the size of more than 50% of invading nests be-
ing smaller than 0.1 mm in diameter, and the growth pattern usual-
ly infiltrative. Type B is intermediate between A and C, the size of
10–50% of the invading nests being smaller than 0.1 mm with a
partial infiltrative growth pattern. In sm cases invasion patterns in
the propria mucosae and submucosa were classified separately.

To compare measured values among the groups the Mann-
Whitney U test was used. To compare frequencies between two
groups the χ2 test was applied. The effects of clinicopathological
parameters, such as age, gender, gross type, location of the tumor,
diameter of the tumor, diameter of the invasive lesion, thickness of
the tumor, and depth of depressed lesions, on submucosal invasion
were analyzed using logistic regression analysis by StatView 5.0
for Windows (SAS Institute Japan, Tokyo, Japan). With each test,
P values less than 0.05 were considered significant.

Results

Data on vertical and horizontal growth of the tumors and
their relationship to invasion depth are summarized on Ta-
ble 2. For each invasion depth cases are classified into sub-
groups further according to the difference of gross type and
existence of vessel permeation. Maximum diameters of tu-
mors, including high-grade intraepithelial neoplasia, for
m1, m2, m3, and sm were 17.0, 25.2, 21.8, and 19.7 mm on
average, respectively. A statistically significant difference
was only demonstrated between m1 and m2 (P=0.0004).

The maximum diameters of invasion for m2, m3, and
sm were 3.5, 9.6, and 12.0 mm on average, respectively.
A statistically significant difference was found between
m2 and m3 (P<0.0001).

Maximum tumor thicknesses for m1, m2, m3, and sm
were 0.31, 0.48, 0.99, and 1.20 mm on average, respec-
tively. Although statistically significant differences were
demonstrated between m1 and m2 (P<0.0001), m2 and
m3 (P<0.0001), and m3 and sm (P=0.040), a consider-
able overlap was evident between m3 and sm cases.

With m1, m2, and m3 lesions, differences in gross type
influenced the tumor thickness, values for elevated lesions
being larger than for depressed/flat type tumor. The thick-
ness of m3 elevated type tumors was greater than that of
the sm elevated type tumors in the present cases, due to
the characteristic shape of tumors. In four of six elevated
m3 cases tumors showed marked plateau-like elevation
above the surrounding epithelium, the two exceptions
showing polypoid growth with a constriction at the base
(Fig. 3a, b). Such plateau-like and polypoid growth was
not present in any of the present seven elevated sm cases
(Fig. 3c, d). With the depressed/flat type tumor thickness
showed a better correlation with invasion depth, the P val-
ue for the difference between m3 and sm cases being
0.0015. The majority of sm depressed/flat type cases
(70.6%) had a maximum thickness larger than 1.0 mm.

Elevation height or depression depth was also 
measured (Table 2). Height of elevated m3 lesions
(1.26±0.49 mm) was larger than that for their sm counter-
parts (0.51±0.16 mm) in relation to the characteristic

Cases in which invasion was limited to duct walls or acini were not
classified into sm. The 179 cases comprised 68 m1, 58 m2, 30 m3,
and 23 sm carcinomas. EMR is not generally indicated for sm cases,
and those included in the present study were because of severe com-
plications or patient refusal to undergo surgical resection.

Based on the invasion maps described above, maximum tumor
diameter, including high-grade intraepithelial neoplasia (m1 le-
sion), and maximum diameter of invasion were measured
(Fig. 1a). Some SESCCs are composed of multiple independent
areas of invasion connected with a high-grade intraepithelial neo-
plasia. In such cases the largest area of invasion was measured. In
carcinomas resected piecemeal the maximum tumor diameter and
maximum diameter of invasion were calculated based on the re-
constituted invasion map. At the site where carcinoma invasion
was most remarkable the maximum tumor thickness from the sur-
face to the base was measured by microscopy with an ocular lens
scale (Fig. 1b). In m1 cases the thickest site of the high-grade in-
traepithelial neoplasia was measured. For elevated type cases the
height of elevation from the top of the surrounding intraepithelial
neoplasia or normal epithelium to the top of the elevated lesion
was measured. For depressed/flat type cases the depth of depres-
sion from the tentative top of the tumor to the eroded bottom was
measured (Fig. 1b).

Histological patterns of carcinoma invasion were classified in-
to three types: A, B, and C. Type A tumors are characterized by
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shape of the elevated lesion (Fig. 3). In contrast, depth of
depressions in sm cases (0.39±0.19 mm) was larger than
for m3 cases (0.25±0.12 mm) with statistically significant
difference (P=0.0074).

Multivariate analysis (Tables 3, 4) showed that thick-
ness of the tumor and diameter of the invasive lesions were
independent parameters predictive of submucosal invasion

(P=0.0002 and 0.0408, respectively). In depressed/flat type
cases the thickness of the tumor and depth of the depressed
lesions were significantly correlated with submucosal inva-
sion (P=0.0009, P=0.0415, respectively). 

Frequency of venous permeation was different be-
tween m3 and sm cases (Table 1, P<0.0276). Table 2
summarizes data for the relationship between measured

Fig. 2a–c Different invasion patterns of superficial esophageal
squamous cell carcinomas. a Type A carcinoma invading the mu-
cosa. Invading nests are large and oval-shaped with a round mar-
gin, showing an expansive growth pattern. The size of each is
larger than 0.1 mm in diameter. Hematoxylin and eosin, ×33). 
b Type C carcinoma invading the mucosa. Invading nests are aste-
oid-shaped with irregular, spiculated margins, showing an inf-
iltrative growth pattern. Permeation into the lymphatics is appar-
ent (arrow). Hematoxylin and eosin, ×33). c Type C carcinoma in-
vading the submucosa (same case as b). Invading nests in the sub-
mucosal layer are smaller than 0.1 mm in diameter. Hematoxylin
and eosin, ×50)

Table 2 Horizontal and verti-
cal growth of superficial esoph-
ageal squamous cell carcino-
mas, and the relationship to
carcinoma progression, gross
appearance, and vessel perme-
ation (diameter tumor maxi-
mum diameter of the tumor in-
cluding intraepithelial neopla-
sia, diameter lesions maximum
diameter of the invasive le-
sions, thickness thickness of the
tumor, elevation elevation
height or depth of the depres-
sive lesions, Ly/v lymphatic
and/or venous permeation)

Depth of carcinoma invasion Diameter tumor Diameter lesions Thickness Elevation

m1 (n=68) 17.0±11.6* – 0.31±0.114* –
Elevated type (n=9) 15.0±12.2 – 0.40±0.14 0.19±0.072
Depressed/flat type (n=59) 17.3±11.6 – 0.30±0.10 0.11±0.0588*
m2 (n=58) 25.2±15.7* 3.5±3.6** 0.48±0.204*,5* –
Elevated type (n=8) 20.0±7.2 5.3±3.6 0.75±0.26 0.29±0.21
Depressed/flat type (n=50) 26.1±16.6 3.3±3.6 0.43±0.16 0.16±0.0778*,9*I
m3 (n=30) 21.8±10.2 9.6±4.9** 0.99±0.425*,6*
Elevated type (n=6) 20.3±8.3 10.1±2.3 1.61±0.26 1.26±0.49
Depressed/flat type (n=24) 22.2±10.7 9.5±5.3 0.84±0.297* 0.25±0.129*,10*
Ly/v-positive (n=10) 22.8±12.7 13.5±5.1*** 1.12±0.48 –
Ly/v-negative (n=20) 21.4±9.0 7.6±3.5*** 0.93±0.38 –
sm (n=23) 19.7±9.0 12.0±8.4 1.20±0.336* –
Elevated type (n=6) 26.5±8.6 16.9±12.0 1.15±0.21 0.51±0.16
Depressed/flat type (n=17) 17.3±8.0 9.6±5.4 1.22±0.377* 0.39±0.1910*
Ly/v-positive (n=14) 21.8±9.7 15.1±9.2 1.30±0.29 –
Ly/v-negative (n=9) 16.5±7.2 7.1±3.5 1.04±0.35 –

* P=0.0004, ** P<0.0001, *** P=0.0013, 4* P<0.0001, 5* P<0.0001, 6* P=0.040, 7* P=0.0015, 
8* P=0.0013, 9* P=0.001, 10* =0.0074
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Table 4 Relationship between submucosal invasion and clinicopathological parameters in depressed/flat type cases (n=150) (CI confi-
dence intervals, n.s. not significant, n.a. not analyzed)

Parameter Intramucosal cancer Submucosal cancer P, univariate P, multivariate Odds ratio 95% CI
cases (n=133) cases (n=17) analysis analysis

Gender n.s. n.a.
Male 117 (88.0%) 14 (82.4)
Female 16 (12.0%) 3 (17.6)

Age (years) 64.9 (38–86) 68.8 (47–84) n.s. n.a.
Tumor location n.s. n.a.

Cervical 2 (1.5%) 1 (5.9)
Upper thoracic 31 (23.3%) 3 (17.6)
Middle thoracic 55 (41.4%) 3 (17.6)
Lower thoracic 45 (33.8%) 10 (58.8)

Diameter of the tumor 21.5±14.1 17.3±8.04 n.s. n.a.
Diameter of the 2.9±4.6 9.6±5.4 <0.00001 n.s.
invasive lesions
Thickness of the tumor 0.45±0.26 1.22±0.37 <0.00001 0.0009 135.5 7.371–2492
Depth of the 0.15±0.094 0.39±0.19 <0.00001 0.0415 394.2 1.257–123583
depressive lesions

Table 5 Invasion patterns of carcinoma nests in m3 and sm cases, and the relationship to venous and lymphatic permeation (Ly/y lym-
phatic and/or venous permeation)

Carcinoma nests in mucosa Carcinoma nests in submucosa

Type A Type B Type C Type A Type B Type C

n % n % n % n % n % n %

m3 (n=30) 21 70 9 30 0*,** 0
Elevated (n=6) 5 83.3 1 16.7 0 0
Depressed/flat (n=24) 16 66.7 8 33.3 0 0
Ly/v-positive (n=10) 8 80 2 20 0 0
Ly/v-negative (n=20) 13 65 67 35 0 0
sm (n=23) 5 21.7 14 60.9 4** 17.4 7 30.4 5 21.7 11* 47.8
Elevated (n=6) 2 33.3 4 66.7 0 0 2 33.3 1 16.7 3 50
Depressed/flat (n=17) 3 17.6 10 58.8 4 23.5 5 29.4 4 23.5 8 47.1
Ly/v-positive (n=14) 4 28.6 7 50 3 21.4 3 21.4 2 14.3 9 64.3
Ly/v-negative (n=9) 1 11.1 7 77.8 1 11.1 4 44.4 3 33.3 2 22.2

* P<0.0001, ** P=0.000

Table 3 Relationship of submucosal invasion to demographic and clinicopathological parameters in all cases (n=179) (CI confidence
intervals, n.s. not significant, n.a. not analyzed)

Parameter Inramucosa cancer Submucosal cancer P, univariate P, multivariate Odds ratio 95% CI
cases (n=156) cases (n=23) analysis analysis

Gender n.s. n.s.
Male 136 (87.2%) 19 (82.6%)
Female 20 (12.8%) 4 (17.4%)
Age (years) 64.8 (38–86) 69 (47–86) 0.045 n.s.

Tumor location n.s. n.a.
Cervical 2 (1.3%) 1 (4.3%)
Upper thoracic 33 (21.2%) 4 (17.4%)
Middle thoracic 63 (40.4%) 6 (26.1%)
Lower thoracic 58 (37.2%) 12 (52.2%)

Gross type n.s. n.a.
Elevated type 23 (14.7%) 6 (26.1%)
Depressed/flat type 133 (85.3%) 17 (73.9%)

Diameter of the tumor 21.0±13.5 19.7±9.0 n.s. n.a.
Diameter of the 3.2±4.6 12.0±8.4 <0.00001 0.0408 1.103 1.004–1.212
invasive lesions
Thickness of the tumor 0.50±0.34 1.20±0.33 <0.00001 0.0002 15.975 3.678–69.383
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Fig. 3 a Photograph of elevated type tumor in the unstained area
by Lugol's staining. Tumor shows obvious polypoid growth with
steep elevation and constriction at the base (arrows). b Low power
view of the same tumor as a. Although tumor thickness and height
of the elevation are large, invasion is limited to the mucosa. He-
matoxylin and eosin, × 10). c Photograph shows a small gently el-
evated nodule in the erosive lesion (arrows). The tumor has no
clear constriction at the base. d Low power view of the same tu-
mor as c. Carcinoma nests are infiltrating the submucosal layer
(arrow). Hematoxylin and eosin, ×10

values and vessel permeation (permeation to veins and/or
lymphatics). In m3 and sm cases the tumor diameter and
tumor thickness did not differ between vessel permeation
positive and negative groups. On the other hand, the di-
ameter of invasion in vessel permeation positive m3 cases
was larger than that in their negative counterparts
(P=0.0013). Lymphatic permeation was observed only in
two m2 cases. The maximum diameter of invasive foci in
these two cases was 12.3 mm on average, much larger
than that of the negative cases (3.2 mm on average). The
frequency of vessel permeation in combined m2 to sm
cases in which the diameter of invasive foci was larger

than 10 mm was significantly higher than that in cases
smaller than 10 mm (64.5% vs. 7.5%, P<0.0001).

Table 5 summarizes findings for invasion patterns of
m3 and sm cases. The frequencies of type A, B, C in
both submucosal and mucosal layers were significantly
different (P<0.0001, P<0.0008, respectively), and in sm
cases the frequency of type C was higher. The type C
frequency in the vessel permeation positive sm group
was higher than that in negative group (64.3 vs. 22.2%),
but the difference did not reach statistical significance.

Discussion

Many parameters and biomarkers have been reported to
be predictive of prognosis in patients with esophageal
carcinomas. Lymph node metastasis and depth of the
carcinoma invasion are generally accepted to be most
important [8, 21, 23], this also being true for SESCCs.
Kodama and Kakegawa [7] reevaluated 2418 cases of
SESCC from 143 institutions in Japan and reported there
was no clear difference in prognosis between m3 and m1
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or m2 carcinomas, whereas survival was significantly
worse with sm carcinomas. It is well known that the fre-
quency of lymph node metastasis is quite different be-
tween intramucosal and submucosal carcinoma cases
[13, 24]. We previously reported values of 6.7% and
40.3%, respectively [18]. On the basis of a multivariate
analysis, Tajima et al. [25] concluded lymph node metas-
tasis to be the most important factor determining progno-
sis with submucosal carcinomas. Lymphatic and venous
permeation, depth of submucosal invasion, and nuclear
atypia all impact on the frequency of lymph node metas-
tasis in such lesions [25].

In order to choose the most appropriate treatment for
SESCCs and to consider indications for EMR, accurate
preoperative assessment of invasion depth is important.
Endoscopists can contribute by examining height of ele-
vation, depth of depression, and surface features [10]. It
has been estimated that invasion depth is accurately di-
agnosed preoperatively in 60–80% of patients by Japa-
nese experts [10, 17]. However, differentiation between
m3 and sm carcinomas is difficult, with accuracy drop-
ping below 60% [10].

In the present study we generated basic pathological
information about vertical and horizontal growth of 
SESCCs with reference to invasion depth. By multivariate
analysis tumor thickness was well correlated with sub-
mucosal invasion. Although the difference in thickness
between m3 and sm cases reached statistical signifi-
cance, considerable overlap was evident between the two
groups, reflecting the difficulties in endoscopic differen-
tiation between m3 and sm carcinomas. For the present
elevated type m3 and sm cases, tumor thickness and ele-
vation height were not of assistance, because shape of
the tumor is strongly linked with invasion depth. Poly-
poid tumors with a constriction at the base has a risk of
overestimated by endoscopy, and tumors with gentle ele-
vation has a risk of underestimated. Depth of depression
is generally small in SESCCs, but careful observation of
this parameter is useful. It was significantly correlated
with submucosal invasion, and was significantly differ-
ent between m3 and sm cases.

In recent years endoscopic ultrasonography and mag-
netic resonance imaging have been also applied for the
diagnosis of esophageal carcinomas [4, 26]. In our hospi-
tal endoscopic ultrasonography has been performed for
almost all cases, especially for m3 and sm cases. Al-
though accuracy rate of preoperative estimation of inva-
sion depth was more than 90% for m1 and m2 cases, it
was 60% for m3 and sm cases [27]. Further comparative
analyses of pathological findings with preoperative en-
doscopic and ultrasonographic findings are necessary,
and progress of technology can be expected to contribute
to more accurate evaluation of invasion depth.

Although differences in vertical and horizontal growth
were small between m3 and sm carcinomas, the pattern of
invasion was clearly different, the majority showing ex-
pansive and infiltrative growth in the fronts, respectively.
Nakanishi et al. [15] reported that the difference of tumor
nest configuration was correlated with the aggressiveness

in the advanced cases. We speculated that the difference in
invasion pattern influenced on the remarkable overlap of
the various parameters between m3 and sm cases, and dif-
ficulty in the differential diagnosis by endoscopy. More at-
tention should be focused on endoscopic findings reflect-
ing the difference in invasion pattern. It is important to
make definite diagnosis of carcinoma by biopsy, but it
thought to be difficult to evaluate invasion depth accurate-
ly by biopsy because it is difficult to obtain muscularis
mucosae and submucosal layer sufficiently, and multiple
biopsies sometimes give unfavorable damages for detailed
pathological analyses of EMR specimens. However biop-
sy could provide us with useful information about inva-
sion pattern in mucosa. It is important to elucidate what
molecules are directly related to change in invasion pat-
tern. Production of matrix metalloproteinases in SESCCs
has previously been reported, and this is increased in deep
sm carcinomas [18]. E-cadherin, α, β, and γ-catenin are all
well-preserved in sm carcinomas [14].

Indications for EMR and additional surgical resection
are still controversial. Fujita et al. [3] reported that the
treatment modality (EMR vs. surgical resection) did not in-
fluence the survival of patients with intramucosal carcino-
mas, in contrast to the case with submucosal lesions. Taj-
ima et al. [25] concluded that additional surgical resection
after EMR is not required for patients with low histological
grade lesions and submucosal invasion depth less than
0.2 mm if vessel permeation is not present because lymph
node metastasis was not observed in these cases. It might
be difficult to differentiate between m3 and sm cases; how-
ever, cases in which carcinomas invade massively submu-
cosal layer should be diagnosed correctly and be discrimi-
nated from EMR group. In addition, more attention should
be paid on findings reflecting diameter of invasion to esti-
mate the risk of vessel permeation preoperatively. In our
hospital, additional treatments such as surgical resection,
chemotherapy, and radiation are performed for sm cases,
and m3 cases with vessel permeation.

In conclusion, the present study demonstrates that tu-
mor thickness and diameter of invasion are important pa-
rameters predictive of submucosal invasion of SESCCs.
In depressed/flat type cases tumor thickness and depth of
the depressed lesions were important. For accurate pre-
operative diagnosis of invasion depth, especially to dif-
ferentiate between m3 and sm carcinomas, various fac-
tors such as gross type, shape of elevated tumor, tumor
thickness, depth of depressions, and patterns of invading
carcinoma nests should all be considered and evaluated
in correct. Further progress in diagnostic techniques and
accumulation of endoscopic findings related to tumor
thickness and invasion patterns should contribute to im-
proved accuracy in diagnosis of SESCCs.
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Abstract We examined the brains of Tg2576 transgenic
mice carrying human amyloid precursor protein with the
Swedish mutation and Alzheimer’s disease (AD) by
means of immunohistochemistry and electron microscopy
to clarify the characteristics of amyloid-associated pathol-
ogy in the transgenic mice. In 12- to 29-month-old
Tg2576 mice, congophilic cored plaques in the neocortex
and hippocampus were labeled by all of the Aβ1-, Aβ40-
and 42-specific antibodies, as seen in the classical
plaques in AD. However, large-sized (>50 µm in core di-
ameter) plaques were seen more frequently in the older
mice (18–29 months) than in those with AD (approxi-
mately 20% vs 2% in total cored plaques), and Tg2576
mice contained giant plaques (>75 µm in core diameter),
which were almost never seen in the brain of those with
AD. Neither thread-like structures nor peripheral coronas
were observed in the cored plaques of the transgenic mice
in the silver impregnations. Immunohistochemically,
plaque-accompanied microglia showed a slight enlarge-
ment of the cytoplasm with consistent labeling of Mac-1
and macrosialin (murine CD68), and with partial labeling
of Ia antigen and macrophage-colony stimulating factor
receptor. Ultrastructurally, the microglia surrounding the
extracellular amyloid fibrils in the large, cored plaques

showed some organella with phagocytic activity, such as
secondary lysosomal, dense bodies, but intracellular amy-
loid fibrils were not evident. Dystrophic neurites in the
plaques of the transgenic mice contained many dense
multilaminar bodies, but no paired helical filaments. Our
results suggest that giant cored plaques without coronas
or paired helical filament-typed, dystrophic neurites are
characteristic in Tg2576 mice, and that plaque-associated
microglia in transgenic mice are activated to be in phago-
cytic function but not sufficient enough to digest extracel-
lularly deposited amyloid fibrils.

Keywords Alzheimer’s disease · Amyloid β protein ·
Microglia · Senile plaques · Transgenic models

Introduction

It is important to establish an animal model of Alzhei-
mer’s disease (AD) to study its pathogenesis and develop
therapeutic drugs. Recent studies in transgenic mice have
indicated that overproduction of mutant β-amyloid pro-
tein precursor (APP) causes increases in Aβ deposition
forming senile plaques [2, 5, 9, 10, 14, 15, 17, 20, 27,
29]. Of these transgenic models, Tg2576 mice carrying
human APP with the Swedish mutation are considered as
a good model for AD, since the Tg2576 mice develop
age-dependent behavioral deficits and elicit amyloid
plaques with a dense core that are similar to the classic
neuritic plaques seen in AD [6, 31]. Thus, a detailed
pathological assessment of Tg2576 mice is necessary to
evaluate how close the pathology associated with dense
amyloid deposits in the mice fits that seen in AD.

Activated microglia were consistently observed in
primitive and classic plaques in the brains of AD patients
[16, 21, 25]. In vitro studies showed the production of
cytokine and neurotoxic molecules by activated micro-
glia [8, 11, 22, 23]. These data support an important role
of microglia in the disease process of AD. In addition, a
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recent study has shown that passively administered anti-
bodies against Aβ peptide reduced the extent of plaque
deposition in a transgenic mouse model of AD and sug-
gested that microglia are responsible for clearing plaques
through Fc receptor-mediated phagocytosis and/or astro-
glia-derived, transforming growth factor β1 (TGFβ1)
production [3, 26, 32].

In the present study, to clarify the similarities and dif-
ferences between AD and Tg2576 plaques, and to char-
acterize microglial activation in Tg2576 at light micro-
scopic and ultrastructural levels, we studied the brains of
Tg2576 mice using immunohistochemistry with various
microglia/macrophage markers, immunoelectron micros-
copy, and transmission electron microscopy.

Materials and methods

Animals

Tg2576 mice expressing βAPP695K595N/M596L used in this study
have been described previously [14, 29]. We used a total of ten
Tg2576 mice (five male and five female) between 12 months and
29 months of age. Non-transgenic littermates served as controls.
The animals were sacrificed by ether, and the organs were immedi-
ately extracted and processed according to the following procedure.

AD brains

We examined the brains of 11 clinically and histopathologically con-
firmed AD cases (age 66–84 years), which were obtained at autopsy.

Light microscopy and immunohistochemistry

For light microscopy and immunohistochemistry, the brains from
Tg 2576 mice were fixed in 4% paraformaldehyde (PFA) with
0.1 M phosphate-buffered saline (PBS, pH 7.6) and embedded in
paraffin, and the autopsy brains of the AD cases were fixed in buf-
fered formalin and embedded in paraffin. The paraffin-embedded
sections were cut 5 µm thick and stained using hematoxylin and
eosin (HE), Congo red, Bodian, methenamine-silver (M-S), Gal-
lyas, and modified Bielshowsky methods. Some blocks of the mice
brains were fixed with a periodate–lysine–PFA (PLP) fixative at
4°C for 4–6 h, washed with PBS containing 10, 15, and 20% su-
crose, and embedded in OCT compound (Miles, Elkhart, USA).
The specimens were frozen in liquid nitrogen and cut into 
6- 8-µm-thick sections using a cryostat. The primary antibodies
used in immunohistochemistry are summarized in Table 1. Aβ im-

munohistochemistry was performed on the paraffin sections using
a Vectastain Elite ABC kit (Vector), while immunohistochemical
analyses for the other primary antibodies were performed on cryo-
stat-cut tissue sections. Some of the frozen sections were fixed in
4% PFA for 30 min at 4°C. After incubation with the anti-mouse
monoclonal antibodies described in Table 1, biotinylated goat-
anti-rat Ig (1:50 diluted, Tago, Inc., Camerillo, Calif.) was used as
a secondary antibody, followed by the addition of streptavidine/
biotin-peroxidase complex (1:1, Nichirei Corp, Tokyo). After 
visualization with 3, 3′-diaminobenzidine, the sections were brief-
ly stained with hematoxylin for nuclear staining. For semiquantita-
tive analysis, the size of the amyloid core was measured using a
×10 eye piece micrometer and a ×40 objective lens (0–250 µm in
diameter) in the cerebral sections stained with Aβ40- or Aβ42-
specific antibodies in the brains of Tg2576 mice and AD cases.

Immunoelectron microscopy

The brain tissue samples from 20-month-old Tg2576 mice were
fixed in PLP for 6 h at 4°C. After washing in PBS containing a
graded series of sucrose, the tissues were embedded in OCT com-
pound and rapidly frozen in liquid nitrogen. Frozen sections
(6–8 µm) of the cerebral cortices were incubated with Mac-1 anti-
body followed by the addition of horseradish peroxidase-conjugat-
ed goat anti-rat IgG (H+L) (Tago). After immunostaining, the sec-
tions were embedded in Quetol 812 (Nisshin EM), and ultrathin
sections were cut. They were contrasted with uranyl acetate and
examined using electron microscopy.

Transmission electron microscopy

Cerebral cortical tissues of 20-month-old Tg2576 mice were cut
into small pieces, immersed in fixative (2.5% glutaraldehyde,
0.1 M phosphate buffer, pH 7.4) for 4 h and washed several times
in 0.1 M phosphate buffer containing 7% sucrose. They were post-
fixed in 2% osmium tetroxide, dehydrated in a graded series of
ethanol and propylene oxide, and embedded in Quetol 812. Ultra-
thin sections were cut, then stained with uranyl acetate and lead
acetate prior to electron microscopy.

Results

Dense-cored plaques in Tg2576 mice were labeled 
with Congo red and Aβ immunostaining, and associated
with astrogliosis, as in classic plaques of AD

Dense-cored plaques labeled with either Aβ40 or Aβ42
were present in the Tg2576 brain at 12 months. Only a
few β-amyloid deposits were observed in 12-month-old

Table 1 Antibodies used in the study. GFAP glial fibrillary acidic protein, SR scavenger receptor, CSF-1R colony stimulating factor-1
receptor, M-CSFR macrophage-colony-stimulating factor receptor

Antibody Specificity Type Dilution Source

Ab-9204 Amyloid beta 1–6 aa Rabbit serum ×500 T. Saido
S40 Amyloid beta 36–40 aa Rabbit serum ×500 Y. Harigaya
S42 Amyloid beta 38–42 aa Rabbit serum ×500 Y. Harigaya
Anti-GFAP GFAP (40–55 kD) Rabbit serum ×1000 Y. Nakazato
Mac-1 CD11b/CD18, CR3 Rat monoclonal antibody ×20 Behringer-Mannheim
F4/80 Pan-macrophages Rat monoclonal antibody ×1 S. Gordon
M5/114 Mouse Ia antigen Rat monoclonal antibody ×20 Behringer-Mannheim
C-20 C-fms/CSF-1 R (M-CSFR) Rabbit serum ×1000 Santa-Cruz
2F8 SR class AI/II Rat monoclonal antibody ×250 S. Gordon
FA-11 SR class D (macrosialin/CD68) Rat monoclonal antibody ×1000 M. Naito
ER-MP20 Macrophage precursor antigen Rat monoclonal antibody ×100 M. Naito
ER-MP58 Macrophage precursor antigen Rat monoclonal antibody ×100 M. Naito
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Tg2576 mice, while the density of β-amyloid deposits
considerably increased at 18 months (Table 2). In 20-,
23-, and 29-month-old Tg2576 mice, large numbers of
dense-cored plaques which were labeled with Aβ1,
Aβ40 or Aβ42 were observed in the neocortex and hip-
pocampus (Fig. 1a–c). Congophilic, β-amyloid deposits
were observed not only in the amyloid plaques, but also
in the vascular wall of the meninx and cerebral paren-
chyma. Increased astrocytic processes of astrogliosis
around the amyloid core, which is a common finding of

classic plaques in AD, were detectable in the cored
plaques in Tg2576 mice by glial fibrillary acidic protein
immunohistochemistry (Fig. 1d). Diffuse plaques with
Aβ40-negative and Aβ42-positive immunohistochemis-
try were observed in Tg2576 (Fig. 1b, c), although dif-
fuse plaques were not a predominant form of senile
plaques in Tg2576 in contrast to AD. Neither Aβ immu-
nostaining nor positivity for Congo red staining could be
detected in the brains of the controls. 

Fig. 1 Amyloid deposits in the Tg2576 mouse brain. Senile
plaques with large dense cores and amyloid angiopathy in 
23-month-old transgenic mice were visualized by means of Aβ im-
munohistochemistry using Aβ1 (a), Aβ40 (b), and Aβ42 (c) anti-

bodies. Note astrogliosis in close proximity to the dense-cored
plaques in 20-month-old Tg2576 mice visualized using double
staining of Congo red and glial fibrillary acidic protein immunohis-
tochemistry (d). Bars 1 mm (a), 200 µm (b, c), 50 µm (d)

Table 2 Quantification of
Aβ40-positive, cored plaques
in Tg2576 mice. The cerebral
hemisphere was stained with
anti-Aβ40 antiserum, and the
immunopositive plaques were
counted per section. Numbers
in parentheses show the per-
centage of total cored plaques
in the section

Mouse Age Total Plaques in different core size
number (months) plaques

<50 µm 50–75 µm >75 µm

1 12 17 14 (82.35) 1 (5.88) 2 (11.76)
2 14 23 21 (91.30) 1(4.34) 1 (4.34)
3 15 14 13 (92.85) 0 (0) 1 (7.14)
4 15 38 33 (86.84) 3 (7.89) 2 (5.26)
5 18 56 41 (73.21) 11 (19.64) 4 (7.14)
6 18 72 58 (80.55) 7 (9.72) 7 (9.72)
7 23 111 73 (65.76) 30 (27.02) 8 (7.20)
8 29 96 69 (71.87) 21 (21.87) 6 (6.25)
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Compared with AD, Tg2576 mice showed larger plaques,
including giant plaques, and neither thread-like structures
nor peripheral coronas

Quantitative data of cored plaques in different ages 
of Tg2576 mice are summarized in Table 2. Giant
plaques (>75 µm in the core diameter) were present at
12 months, and increased between 18 months and
23 months, comprising approximately 5–10% of the total
cored plaques (Fig. 1b–d, Fig. 2a). Plaques larger than
50 µm in diameter of the core represented approximately
20% (19.3±3.4%, mean±SEM; n=8) of all dense-core
plaques in Tg2576 mice, while those plaques were ap-

Fig. 2 Comparison of dense-cored plaques in the hippocampal re-
gion between the Tg2576 mice (a, c, e) and those with Alzhei-
mer’s disease (AD; b, d, f). Twenty-month-old Tg2576 mice
showed amyloid plaques with large dense cores lacking corona
and Gallyas-positive neurites, while those with AD contained
smaller classic plaques and compact plaques with corona and tuft-
shaped neurites. Neurofibrillary tangles were also observed by
Gallyas impregnation in those with AD. Aβ40 immunohistochem-
istry (a, b), methenamine-silver (c, d) and Gallyas (e, f) stainings.
Bars 50 µm (a, b, e, f), 100 µm (c, d)
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proximately 2% (1.7±0.8%, mean±SEM; n=11) in those
with AD. Giant plaques were almost never seen in the
brains of those with AD (Fig. 2b). In the dense-cored
plaques of the Tg2576 mice, amyloid cores were posi-
tively stained with Bodian, M-S (Fig. 2c), and Gallyas
(Fig. 2e) stainings, as in classic plaques in AD. In con-

trast to AD, however, neither peripheral coronas nor
thread-like structures were observed in the cored plaques
of the mice in M-S and Gallyas preparations, respective-
ly (Fig. 2c–f).

Cored plaque-associated microglia showed 
immunophenotypical activation

Clusters of Mac-1-stained microglia were found around
the cores of amyloid plaques in all the regions containing
compact amyloid plaques throughout the neocortex and
hippocampus (Fig. 3a). The F4/80 antibody showed less

Fig. 3 Cored plaque-related activation of the microglia in trans-
genic mice. Immunocytochemical analysis of 20-month-old
Tg2576 brain showed that the microglia surrounding dense amy-
loid core had consistent labeling of Mac-1 (a) and macrosialin (f),
and with partial labeling of Ia antigen (c) and macrophage-colony
stimulating factor receptor (d). Note a weak staining of F4/80 (b)
and the absence of scavenger receptor A (e). Bars 50 µm (a–f)
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intensity of microglial staining than Mac-1 (Fig. 3b). A
subpopulation of microglia surrounding the compact
plaques was positive for Ia antigen (Fig. 3c). Only a
small portion of plaque-associated microglia showed a
positive reactivity for the macrophage-colony-stimulat-
ing factor (M-CSF) receptor (Fig. 3d). With regard to the
expression of the scavenger receptor (SR), SR class A
reactivity was not found in the plaque-associated micro-
glia, while SR class D – macrosialin (murine CD68) –
was found in those cells (Fig. 3e, f). The plaque-associ-
ated microglia stained with each of the above markers
showed a mild increase in the cytoplasm, but no ameboid
shape, at the light microscopic level. No reactivity of
monocyte/macrophage-precursor cell markers, ER-MP20
and ER-MP58, was found within the activated microglia
(data not shown).

Microglia at the interface with amyloid fibrils showed
characteristics of phagocytosis but no intracellular 
amyloid fibrils

Immunoelectron micrographs of Mac-1-immunostained
sections confirmed Mac-1 specificity to the surface of
microglial cell bodies and processes at the periphery of
amyloid plaques (Fig. 4a, b). The nucleus had a block of
heterochromatin under the nuclear membrane, and the
cytoplasm was narrow with few developed cell organ-
elles.

Ultrastructure of small amyloid plaques revealed mild
to moderate amyloid deposits in the center, and the pres-
ence of dystrophic neurites and increased microglia in
the periphery (Fig. 5a). The amyloid–microglia interface
was partly ruffled, and the microglial cell membrane

formed a close association with the radially oriented,
amyloid fibrils (Fig. 5b). In the large plaques, an amy-
loid core of very dense extracellular amyloid fibrils, nu-
merous dystrophic neurites, neuronal cell bodies, astro-
cytic processes, and microglial cells was embedded in
the plaque. The amyloid fibrils consisted of filaments of
approximately 10 nm in diameter. The microglia in con-
tact with the dense amyloid fibrils had typical character-
istics of phagocytosis of lipofuscin-like, lysosomal inclu-
sion bodies in the cytoplasm (Fig. 6). In both the small
and large cored plaques, amyloid fibrils were absent
within the microglial cytoplasm. The dystrophic neurites
contained numerous structures such as dense bodies, la-
mellar structures, mitochondria and Hirano body-like
changes. No paired helical filaments (PHFs) were ob-
served. 

Discussion

This study demonstrated age-related β-amyloid deposi-
tion as cerebral amyloid angiopathy and senile plaques in
the neocortex and hippocampus, and that cored plaques,
not diffuse plaques, appear early and are the predomi-
nant form of plaques. These findings are almost compati-
ble with the observations previously described in APP
transgenic mice [17, 27]. The cellular components of the
cored plaques in Tg2576 mice were very similar to those
of classic plaques in AD with regard to a core of dense
amyloid fibrils, dystrophic neurites, activated microglia,
and astrocytic processes. However, this study showed
that the cored plaques of Tg2576 lacked peripheral amy-
loid coronas (the crown) of the plaque, which are stained
by Aβ immunohistochemistry and silver impregnation
methods in classic plaques of the cerebrum in AD [33,
34]. Moreover, in contrast to AD, the formation of large
plaques, including giant plaques more than 75 µm in the
core diameter, was characteristic in the cored plaques of
Tg2576 mice. As a comparative study with regard to the
size of the cored plaques in the hippocampus between
Tg2576 mice and AD brains, this study indicated that

Fig. 4 Immunoelectron micrograph using Mac-1 antibody in
Tg2576 transgenic mice. Mac-1 immunostaining revealed labeling
of the microglial cell surface (arrows) at the periphery of the amy-
loid plaque with bundles of amyloid fibrils (am). Bars 10 µm (a),
5 µm (b)
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Tg2576 mice contained large plaques of more than
50 µm, approximately tenfold those of AD, and that the
giant plaques are a distinct feature in Tg2576 mice. Our
quantitative data showed that giant plaques were present
in 12-month-old mice, and increased in aged mice, from
18 months of age, correlating with markedly increased
numbers of cored plaques. Plaque size in APP transgenic
mice has not been investigated in detail in previous stud-
ies, but previous studies using different APP transgenic
mice (Tg2576, APP23, PDAPP) have demonstrated sim-

ilar histological findings of dense-cored plaques [2, 5, 9,
20, 27]. Thus, these characteristics appear common to
each of the APP transgenic mice.

To better understand the microglial reaction, we eval-
uated its activation state in the brains of Tg2576 mice
using various types of microglia/macrophage markers,
light microscopy and electron microscopy. Using Mac-1
antibody, an increased cell number and size of microglial
cells around cored amyloid plaques was observed in this
study. These observations are similar to findings in the
brains of APP transgenic mice and AD patients [5, 9, 16,
21, 25, 27]. From the Mac-1 staining, most of the
plaque-associated microglia were considered to be acti-
vated slightly or moderately at light microscopic levels.
The mechanism for microglial proliferation and activa-
tion in APP transgenic mice remains unclear. This study
first demonstrated the expression of the M-CSF receptor
on plaque-associated microglia in APP transgenic mice.
However, the receptor does not seem to be a strong can-
didate as an important mediator of microglial activation
at plaques in the brains of Tg2576 mice, since only a
subpopulation of microglia showed upregulation of the
M-CSF receptor in this study.

Fig. 6 Ultrastructure of large amyloid plaques in Tg2576 mice.
Inset Higher magnification of the area indicated by arrows. The
microglia surrounding abundant very dense amyloid cores shows
typical characteristics of phagocytosis such as vacuoles and inclu-
sion bodies. Bars 20 µm (a), 2 µm (inset)

Fig. 5 Ultrastructure of small amyloid plaques in Tg2576 mice. 
a An amyloid core was surrounded by two microglial cells and
dystrophic neurites containing abundant electrondense multilami-
nar bodies. b The microglia made close contact with radially ori-
ented, amyloid fibrils but contained no amyloid fibrils in the cyto-
plasm. Bars 6 µm (a), 5 µm (b)

▲
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Regarding the microglia surrounding the amyloid
cores, Ia antigen (MHC class-II protein) immunohisto-
chemistry showed less reactivity than Mac-1 staining, as
described in a previous study of APP23 transgenic mice
[5]. In plaque-associated, activated microglia, the MHC
class-II antigen expression of the transgenic mice
seemed less marked than that of human AD. It is impor-
tant to note that MHC class II in mice is much less easily
induced on microglia than that in humans [1, 18], and
that phagocytic microglia in non-human gray matter are
generally not MHC class-II positive, if phagocytosis is
not associated with a strong, immune-response-mediated
activation [4, 28]. This possibility is supported by the
observation that we did not obtain any evidence of lym-
phocytic infiltration in the gray matter of Tg2576.

The macrophage scavenger receptor (MSR) family
has recently been extended and is now divided into 
seven types, including classes A and D [13, 24]. The
broad ligand specificity of the receptor suggests multi-
functional roles in various physiological and pathologi-
cal conditions, such as athelosclerosis and AD. In 
this study, we examined the expression of two types of 
MSR – class A type I/II and class D (CD68/macrosialin) –
on plaque-associated microglia. The MSR class-A ex-
pression on plaque-associated microglia seemed to be
absent or very low in Tg2576 mice. In contrast to class A
type I/II, plaque-associated microglia accumulated mac-
rosialin in nearly all the compact amyloid plaques in this
study. Increased levels of CD68 indicate that the cells are
phagocytically active and digest internalized material be-
cause they accumulate lysosomal vacuoles [30]. Resting
microglia show a low macrosialin expression, as de-
scribed here and in a previous study [5]. Taken together,
an increase in macrosialin indicates evidence of a phago-
cytic capability of the microglia in mice. Consistent with
these results, we demonstrated microglia with typical
phagocytic morphology at the ultrastructural level. Our
immunohistochemical and ultrastructural studies indicat-
ed that plaque-associated microglia have the function of
phagocytic removal using a lysosomal system, but no 
evidence of digesting amyloid fibrils.

Our electron microscopic study consistently demon-
strated dystrophic neurites with large numbers of dense
laminar bodies around the small and large cored plaques.
These dystrophic neurites correspond to spherical (type
I) or dystrophic-type neurites. Another type of neurites,
fusiform (type II) neurites or PHF-type neurites, were
absent in this study and in PDAPP transgenic mice [20].
Dystrophic-type neurites are found in senile plaques in
AD and in transgenic mice, whereas PHF-type neurites
are specific to humans and highly characteristic of AD
[7, 19]. Tau phosphorylation had been reported in the
plaques with giant cores in our previous study using
Tg2576 mice [29]. The conversion of tau into PHF might
need longer periods.

The earliest amyloid deposits in humans are so-called
diffuse plaques, while amyloid appears in the transgenic
mice to form as an initial dense-cored plaques. In most
AD patients, moreover, very little Aβ40 is deposited 

in the brain [12]. It is not clear why diffuse amyloid de-
posits are not a prominent feature of the transgenic 
model and why large amounts of Aβ40 are deposited and
giant plaques are formed in the Tg2576 model. It may be
that more than one factor or some combination of fac-
tors, such as species, strain, promotor, expression level,
or mutated transgene, might cause these discrepancies.
Our study suggests that the lack of phagocytizing amy-
loid fibrils in the microglia may contribute to further en-
largement of the dense-cored plaques leading to the for-
mation of giant plaques.

In summary, the present results demonstrate that
Tg2576 mice share many histological and ultrastructural
alterations of dense-cored plaques with classic plaques of
AD that make them a valuable model in which to study
the mechanisms of local tissue pathology associated with
dense amyloid deposits in AD. Furthermore, some mor-
phological characteristics of plaques containing dense
amyloid core in the transgenic animal model were pre-
sented as follows: (1) the plaques containing amyloid
cores and dystrophic neurites often form giant plaques
and lack the corona of the plaque, (2) plaque-associated
microglia are activated but not sufficiently enough to di-
gest extracellular amyloid fibrils, and (3) dystrophic neu-
rites of plaques are lacking in PHF-type neurites. These
results could be helpful in the assessment for monitoring
the effects of local tissue pathology when therapeutic
drugs (e.g., anti-amyloid or anti-inflammatory drug treat-
ment) are administered in experimental model mice.
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Abstract The impact of L. monocytogenes infection on
maternal immune responses as well as on the outcome of
pregnancy was studied in a murine model of pregnancy-
associated listeriosis. Mice infected i.v. with L. mono-
cytogenes at day 15 of pregnancy showed a significantly
impaired bacterial elimination, which resulted in a se-
vere necrotizing hemorrhagic hepatitis. The aggravated
course of the infection could be attributed to a sup-
pressed transcription and production of anti-listerial, pro-
inflammatory cytokines and chemokines, namely inter-
feron-γ, tumor necrosis factor, interleukin-12p40, induc-
ible nitric oxide synthase, murine monokine induced by
interferon-γ, and interferon-γ-inducible protein-10. In ad-
dition, listeriosis significantly increased the abortion
rate. Infection of the placenta and fetuses was character-
ized by placental and fetal necrosis with unrestricted
bacterial multiplication. A weak transcription of anti-list-
erial cytokines in the placenta in the absence of a cellular
immune response could not prevent the fatal outcome of
pregnancy-associated listeriosis.

Keywords Listeriosis · Pregnancy · Cytokines ·
Chemokines

Introduction

Listeria monocytogenes is a gram-positive bacterial rod
which may cause severe infections, particularly in immu-
nocompromised patients as well as in fetuses, neonates,
and elderly. Congenital infection is the most severe form,
usually presenting as granulomatosis infantiseptica, a
generalized disease involving the central nervous system
(CNS), the gastrointestinal tract, the respiratory system,
the lymphatic system, and the kidney. Mortality from
neonatal listeriosis is high and virtually 100% if left un-
treated [32]. In addition to fetuses, pregnant women are
susceptible to L. monocytogenes.

This increased risk of listeriosis in fetuses may be in-
fluenced by the fact that maternal cell-mediated immune
reactions are suppressed during pregnancy in order to
prevent allogeneic rejection of the fetus [7, 8]. In addi-
tion, a hormone-induced shift from a Th1 to a Th2 cyto-
kine pattern has been noticed in the maternal immune
system, and an exactly balanced hormonal-cytokine net-
work is considered to be operative at the materno–fetal
interface to ensure maintenance of a successful pregnan-
cy [17, 38, 39, 47, 53, 54]. Infections may alter the local
immune milieu of the placenta, which may affect and
damage the fetus. However, the immuno-privileged mi-
lieu of the placenta may impair immune responses
against an offending pathogen, leading to infection of the
immunologically immature fetus and, eventually, abor-
tion. This may become particularly important in infec-
tions caused by pathogens that require a strong Th1 im-
mune response for an effective clearance of the infec-
tious agent. The immune reaction against L. monocyto-
genes is mediated by CD4+ and CD8+ T lymphocytes,
macrophages, NK cells as well as neutrophils [1, 14, 24,
27, 31, 42, 48]. These various cell populations produce
immunostimulatory cytokines including interferon-gam-
ma (IFN-γ), tumor necrosis factor (TNF), and inducible
nitric oxide synthase (iNOS), which exert anti-bacterial
properties [3, 5, 18, 19, 20, 43].

The aim of the present study was twofold: (1) to de-
fine the impact of L. monocytogenes infection during
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pregnancy on the course of maternal infection and on
maternal immune responses and (2) to analyze the ef-
fects of maternal listeriosis on the fetus and the outcome
of pregnancy. Therefore, we established an experimental
murine model of congenital listeriosis, which demon-
strated that pregnancy markedly impaired control of bac-
teria in pregnant animals, resulting in a necrotizing hepa-
titis associated with a decreased hepatic transcription of
pro-inflammatory and anti-listericidal cytokines as well
as T-cell and macrophage attracting chemokines. In addi-
tion, L. monocytogenes infection of the placenta was reg-
ularly associated with necroses of placenta and fetal in-
fection resulting in fetal death and abortion.

Materials and methods

Animals

Female BALB/c mice at the age of 6–8 weeks were obtained from
the animal facility at the Faculty of Medicine, University of Rijeka.
All animals were kept under conventional conditions in an isola-
tion facility throughout the experiments.

L. monocytogenes infection

The EGD hemolytic strain of L. monocytogenes (serovar 1/2a) was
used for the experiments. Bacteria were maintained by means of in
vivo passage in mice, from which fresh splenic isolates were ob-
tained. The final concentration of the bacteria was adjusted to
2.5×104 in a total volume of sterile, pyrogen-free 1.0 ml phosphate
buffered saline (PBS; pH 7.4), of which 200 ml, corresponding to
5×103 bacteria, was administered i.v. to the animals. For each ex-
periment, the bacterial dose used for infection was controlled by
plating an inoculum on tryptose soy agar.

Assessment of pregnancy outcome

Abortion rates were calculated in both infected and non-infected
pregnant mice at days 15, 17, and 20 of pregnancy. The day of
vaginal plug appearance was considered as day 0 of pregnancy.
Aseptically removed uteri were examined for the number of post-
implantation scars, which are indicative of aborted fetuses, as well
as for the number of fetuses having been resorbed or in the stage
of resorption. Fetal resorptions were identified by their smaller
size and by evidence of hemorrhage or necrosis. The resorption
rate was calculated using the formula R/(R+V)×100, where R was
the number of fetuses undergoing resorption and V designates the
number of viable fetuses per animal. Each group consisted of five
animals.

Experimental procedure and tissue processing

In a first set of experiments, mice were infected with 5×103 L.
monocytogenes at day 3 before mating and at days 5, 10, and 14 of
pregnancy; animals of all groups were sacrificed at day 18 of
pregnancy. In a second set of experiments, uninfected and L.
monocytogenes-infected virgin mice as well as pregnant mice in-
fected at day 14 of pregnancy were studied at days 1, 2, 3, and 6
post-infection (p.i.). At the respective dates, animals were per-
fused intracardially with 0.9% saline in deep Metofane (Janssen,
Neuss, Germany) anesthesia.

For the determination of the bacterial load, hepatic and splenic
tissues were homogenized with tissue grinders. Tenfold serial dilu-
tions of the homogenates were plated on tryptose-soy agar. After a
24-h incubation at 37°C, bacterial colonies were counted.

For immunohistochemistry, liver, uterus, spleen, placenta, and
fetuses were dissected; tissue blocks were mounted on thick filter
paper with Tissue-Tek O.T.C. compound (Miles Scientific, Naper-
ville, Ill.), snap-frozen in isopentane (Fluka, Neu-Ulm, Germany)
precooled on dry ice, and stored at –80°C. For histopathology on
paraffin sections, animals were perfused intracardially with 4%
buffered paraformaldehyde in deep Metofane narcosis. Their or-
gans were dissected and fixed in 4% buffered paraformaldehyde at
4°C for 24 h followed by routine embedding in paraffin. Sections
were stained with hematoxylin and eosin (H & E), periodic acidic
Schiff’s solution (PAS), and Gram’s solution.

For reverse-transcription polymerase chain reaction (RT-PCR)
analysis of cytokine and chemokine mRNA, hepatic and placental
tissues were snap-frozen and stored at –80°C. Experiments were
performed in triplicate.

Monoclonal and polyclonal antibodies

The following antibodies were used: rat anti-mouse Thy 1.2.
(clone 30-H12), rat anti-mouse CD4 (clone G.K.1.5), rat anti-
mouse CD8 (clone 2.43), rat anti-mouse CD45 (LCA, clone
M1/9.3.4.HL.2), rat anti-mouse CD11b (clone M1/70.15), rat anti-
mouse CD45R (B220, clone RA3–3A1/6.1), rat anti-mouse F4/80
(clone F4/80, all from the American Type Culture Collection,
ATCC, Manassas, Va.), rat anti-mouse intercellular adhesion mol-
ecule (ICAM-1; clone YN1/1.7.4), rat anti-mouse vascular cell ad-
hesion molecule (VCAM; clone M/K-2.7), and rat anti-mouse
Ly6-G (clone RB6–8C5, kindly provided by Dr. R. Coffman,
DNAX Research Institute, Paolo Alto, Calif.). In addition, poly-
clonal rabbit anti-L. monocytogenes antiserum (Difco, Detroit,
Mich.), peroxidase-linked sheep anti-rat IgG F(ab’)2 fragments
(Amersham-Pharmacia), peroxidase-conjugated goat anti-rabbit
IgG F(ab’)2 fragments (Dianova, Hamburg, Germany), biotinyla-
ted mouse serum-preadsorbed mouse anti-rat IgG F(ab’)2 (Dian-
ova), and peroxidase-linked streptavidin-biotin complex (Dako,
Hamburg, Germany) were used.

Immunohistochemistry

Immunohistochemistry was performed on 10-µm frozen sections
as described previously [46]. In brief, for the detection of CD45
(LCA), CD4, CD8, CD45R (B220), Thy1.2, and L. monocyto-
genes, an indirect immunoperoxidase protocol using sheep anti-rat
IgG F(ab’)2 or goat anti-rabbit IgG F(ab’)2, respectively, as sec-
ondary antibody was employed. In addition, the avidin-biotin
complex technique was used for demonstration of F4/80, CD11b,
ICAM-1, VCAM and of L. monocytogenes on frozen sections and
4-µm paraffin sections, respectively. Peroxidase reaction products
were visualized using 3,3′-diaminobenzidine (Sigma, Deisenho-
fen, Germany) and H2O2 as co-substrate. Sections were lightly
counterstained with hemalum (Merck, Darmstadt, Germany).

To control for unspecific reactions, incubations with either an
irrelevant IgG antibody instead of the primary antibody or omis-
sion of the primary antibody were performed.

Detection of cytokine and chemokine mRNA using RT-PCR

Cytokine (IFN-γ, TNF, IL-2, IL-4, IL-10, IL-1, TGF-β, and iNOS)
mRNA transcripts as well as chemokine [crg-2/IP-10, murine
monokine induced by interferon-γ (MuMig), MCP-1, RANTES,
MIP-1α, MIP-1β] mRNA transcripts and hydroxyphosphoribosyl-
transferase (HPRT) mRNA expression were analyzed in hepatic
and placental tissue homogenates according to a protocol de-
scribed in detail previously [9]. Primer and probe sequences for
chemokines were as follows: crg-2/IP-10, 5′-CCACGTGTTGA-
GATCATTGC-3′ (sense), 5′-GCTTACAGTACAGAGCTAGG-3′
(antisense), and 5′-TGTGATGGACAGCAGAGAGC-3′ (probe);
MuMig, 5′-GAGGAACCCTAGTGATAAGG-3′ (sense), 5′-GTA-
GTCTTCCTTGAACGACG-3′ (antisense), and 5′-CCTGCCTA-
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GATCCGGACTCG-3′ (probe); MCP-1, 5′-AGAGAGCCAGA-
CGGAGGAAG-3′ (sense), 5′-GTCACACTGGTCACTCCTAC-3′
(antisense), and 5′-GAGAGAGGTCTGTGCTGACC-3′ (probe);
RANTES, 5′-GGTACCATGAAGATCTCTGC-3′ (sense), 5′-GG-
GTCAGAATCAAGAAACCC-3′ (antisense), and 5′-CTCTCCCT-
AGAGCTGCCTCG-3′ (probe); MIP-1α, 5′-CCTGCTCAACA-
TCATGAAGG-3′ (sense), 5′-GAATTGGCGTGGAATCTTCC-3′
(antisense), and 5′-TCTGTACCATGACACTCTGC-3′ (probe);
MIP-1β, 5′-GCAGCTTCACAGAAGCTTTG-3′ (sense), 5′-TCT-
CAGTGAGAAGCATCAGG-3′ (antisense), and 5′-CAGACAGA-
TCTGTGCTAACC-3′ (probe).

In brief, mRNA was extracted from livers and placentas using
an mRNA extraction kit (Amersham-Pharmacia). After reverse
transcription of mRNA using the Superscript RT kit (Life Tech-
nologies, Eggenstein, Germany), PCR reactions were carried out
in a volume of 30 µl. The PCR reaction conditions were optimized
for each set of primers. PCR was performed at different cycle
numbers to ensure that amplification occurred in the linear range.
PCR products were electrophoresed through an agarose gel and
the DNA was transferred to a nylon membrane (Amersham-
Pharmacia). Blots were hybridized using specific oligonucleotide
probes, which were 3′-end labeled with digoxigenin using a DIG
oligonucleotide 3′-end labeling kit (Roche, Mannheim, Germany).
A DIG luminescent kit (Roche) was used to visualize the hybrid-
ization products.

Detection of serum cytokine levels

Blood samples were obtained from anesthetized mice by means of
puncture of the retro-orbital plexus. After centrifugation, the se-
rum was stored at –20°C until used for cytokine analysis. Concen-
trations of IFN-γ and IL-10 were determined using commercially
available enzyme-linked immunosorbent assay (ELISA) kits (End-
ogen, Cambridge, Mass.). Assays were performed according to the
manufacturer’s instructions. The detection limit of the assay was
15 pg/ml and 12 pg/ml for IFN-γ and IL-10, respectively.

Statistics

The data for the hepatic bacterial load, the resorption rates, and se-
rum cytokine levels are expressed as mean±SEM. For the statisti-
cal evaluation of differences in the bacterial load in the liver be-
tween pregnant and virgin mice, in the abortion rates, and in se-
rum cytokine levels, the Wilcoxon, Mann-Whitney U-test was
used. A P value <0.05 was accepted as significant.

Results

Determination of the optimal time point 
for L. monocytogenes infection during pregnancy

To experimentally determine the time point optimal for
the analysis of pregnancy-associated listeriosis, animals
were infected prior to mating and at days 5, 10, and 14
of pregnancy. A histopathological examination of the liv-
er of the pregnant mice, their placentae and fetuses re-
vealed that a highly reproducible infection of the placen-
ta was induced when L. monocytogenes was injected at
day 14 of pregnancy, i.e., at the onset of the third trimes-
ter. Therefore, this time point was chosen for further de-
tailed studies of pregnancy-associated listeriosis.

Table 1 Kinetics of the bacterial load in the liver of L. monocyto-
genes-infected virgin and pregnant mice. The Wilcoxon, Mann-
Whitney-U-test was applied to calculate statistical significance.
Each experimental group consisted of five to six animals. The data
shown are derived from one experiment. Two repeat experiments
yielded identical results

1 day p.i. 2 days p.i. 3 days p.i. 6 days p.i.

Pregnant mice
Mean 4.5×105 1.2.×106 8.1.×107 3.4×106

SEM 4.3×103 2.1×103 3.0×103 1.3×103

Virgin mice
Mean 7.4×103 1.1×104 7.5×104 4.9×103

SEM 3.6×101 2.2×102 8.4×101 8.4×101

P value >0.05 <0.025 <0.05 <0.025

Fig. 1 Impact of L. monocytogenes infection on the abortion rate.
Mean resorption rates were calculated for uninfected (open bars)
and L. monocytogenes-infected (filled bars) pregnant mice at
days 15, 17, and 20 of pregnancy. The data shown (mean±SEM)
are derived from one experiment. Two repeat experiments yielded
identical results

Fig 2 Hepatic listeriosis of virgin mice. a Small inflammatory in-
filtrate (*) with focal glycogen depletion at day 3 p.i. Periodic
acidic Schiff’s solution (PAS) reaction, ×50. b Only few bacteria
(arrows) are present within the inflammatory infiltrates at day 3
p.i. Anti-L. monocytogenes immunostaining, slight counterstaining
with hemalum, ×100. c Macrophages are a major component
of the cellular infiltrates (arrow) at day 3 p.i. Anti-Mac-1 immu-
nostaining, ×50. d Granulocytes also contribute to the inflammato-
ry infiltrates (arrows) and are also scattered throughout the liver
at day 3 p.i. Anti-RB6 immunostaining, ×25. e T cells (arrows) are
predominantly located at the border of the inflammatory foci (*)
at day 3 p.i. Anti-Thy1.2 immunostaining, ×50. f At day 6 p.i., vir-
gin mice have recovered from hepatic listeriosis as evidenced
by a normalized glycogen distribution in their liver. PAS reaction,
×25. g There are still a few T lymphocytes (arrow) as part
of the infiltrates and also scattered throughout the liver at day 6
p.i. Anti-Thy1.2 immunostaining, slight counterstaining with he-
malum, ×50. h At day 6 p.i., only low numbers of granulocytes
(arrows) are present in the liver of virgin mice. Anti-RB6 immu-
nostaining, slight counterstaining with hemalum, ×25

▲
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Impaired elimination of L. monocytogenes
from the liver of pregnant mice

After i.v. application of 5×103 L. monocytogenes, bacte-
ria replicated more rapidly and reached significantly
higher loads in the liver of pregnant mice relative to
non-pregnant animals (Table 1; P<0.025 at day 2 and
day 6 p.i.; P<0.05 at day 3 p.i.). Bacterial titers in preg-
nant mice were still markedly elevated at day 6 p.i.,
whereas virgin mice significantly decreased the hepatic
bacterial load from day 3 to day 6 p.i. (Table 1). Inter-
estingly, individual variations in the bacterial hepatic
load were more pronounced in pregnant mice than vir-
gin animals.

Impact of L. monocytogenes infection 
on the course of pregnancy

In order to determine the influence of L. monocytogenes
on pregnancy and the developing fetuses, numbers of vi-
able, resorbed, and aborted fetuses, respectively, were
monitored. At day 15, i.e., day 1 p.i., the mean resorp-
tion rate in L. monocytogenes-infected animals already
exceeded values in uninfected mice; this difference
reached statistical significance at day 17 and day 20 of
pregnancy, i.e., day 3 and day 6 p.i (P<0.01, Fig. 1).

Pregnancy severely aggravates L. monocytogenes
hepatitis

In the liver of uninfected pregnant (days 15, 16, 17, and
20 of pregnancy) and non-pregnant mice, Kupffer cells
were CD45+F4/80+CD11b+. In addition, single leuko-
cytes, which corresponded to F4/80+ macrophages and
RB6+ leukocytes, were scattered throughout the hepatic
parenchyma, but infiltrates were absent from the liver of
all experimental groups. The sinusoidal lining showed a
weak constitutive expression of ICAM-1.

At day 1 and day 2 p.i., i.e., day 15 and day 16 of
pregnancy, a few leukocytes were occasionally scattered
throughout the hepatic parenchyma of non-pregnant L.
monocytogenes-infected mice, but circumscribed infil-
trates were not yet present. At day 3 p.i., non-pregnant
mice developed small infiltrates, which contained occa-
sionally, but not always L. monocytogenes (Fig. 2a, b).
Further immunophenotyping demonstrated that the infil-
trates were mainly composed of F4/80+CD11b+ macro-
phages and Ly-6G+ granulocytes as well as of some
Thy1.2+ T lymphocytes (Fig. 2c–e).

From day 3 to day 6 p.i., infection had regressed
(Fig. 2f); only a few, small inflammatory infiltrates con-
sisting of CD4+ and CD8+ T cells, macrophages, granu-
locytes without bacteria were present (Fig. 2g, h).
ICAM-1 was upregulated and VCAM was induced on
blood vessels at both day 3 and day 6 p.i., and ICAM-1
was also expressed on leukocytes within the inflammato-
ry infiltrates.

At day 3 p.i., the liver of pregnant mice contained
multiple and large bacteria-associated lesions with cen-
tral necrosis (Fig. 3a, b). Numerous F4/80+CD11b+
macrophages and Ly-6G+ granulocytes had invaded the
lesions (Fig. 3c, d). In addition, Thy 1.2+ T lympho-
cytes, which consisted of CD4+ and CD8+ T cells, resid-
ed at the border of the necroses (Fig. 3e). In contrast to
L. monocytogenes-infected virgin mice, hepatitis had
progressed in pregnant mice from day 3 to day 6 p.i.
(Fig. 3f); huge numbers of bacteria were present within
large, confluent hemorrhagic necrosis as well as in the
adjacent parenchyma (Fig. 3g, h). In addition to F4/80+
macrophages and Ly-6G+ granulocytes, increased num-
bers of CD8+ T lymphocytes contributed to the infil-
trates. There were no differences in ICAM-1 and
VCAM-1 expression in the L. monocytogenes-infected
liver of both pregnant and virgin mice.

Impact of L. monocytogenes infection on placenta
and fetus

Mice at days 15, 16, 17, and 20 of pregnancy, which cor-
responded to days 1, 2, 3, and 6 p.i., respectively, were
studied for placental infection. At day 2 and day 3 p.i.,
infection of the placenta was evidenced by large, hemor-
rhagic necroses in association with numerous bacteria,
which covered the entire organ (Fig. 4a). Interestingly,
there was no inflammatory reaction, and only single Ly-
6G+ granulocytes as well as F4/80+CD11b+ macro-
phages were recruited to infected placentas (Fig. 4b, c).
Concomitantly, bacteria had crossed the placenta, and
the L. monocytogenes-infected fetuses had also devel-
oped large areas of hemorrhagic necrosis (Fig. 4d, e).
Only occasional CD45+F4/80+ macrophages were pres-
ent in the fetuses, whereas Ly-6G+ granulocytes and T
cells were absent (Fig. 4f). In the placenta, a constitutive
expression of ICAM-1 and VCAM was not further mod-
ulated upon infection.

Placenta and uterus from mice that continued preg-
nancy without abortion were analyzed at day 6 p.i., i.e.,
day 20 of pregnancy; they did not show evidence of in-

Fig. 3 Hepatic listeriosis of pregnant mice. a Large infiltrates
with central necrosis (*) and loss of glycogen are present in the
liver of a mouse pregnant at day 17 of pregnancy, which corre-
sponds to day 3 p.i. Periodic acidic Schiff’s solution (PAS) reac-
tion, ×25. b Huge numbers of bacteria are present in the infiltrates
at day 3 p.i. Anti-L. monocytogenes immunostaining, slight coun-
terstaining with hemalum, ×100. c Many macrophages (arrows) as
part of the infiltrates at day 3 p.i. Anti-Mac-1 immunostaining,
×25. d In addition to macrophages, granulocytes (arrows) also
contribute to the infiltrates at day 3 p.i. Anti-RB6 immunostain-
ing, ×25. e At day 3 p.i., T lymphocytes (arrows) have also mi-
grated to inflammatory foci. Thy1.2 immunostaining, ×50. f Rela-
tive to day 3 p.i. (a), hepatitis has progressed up to day 6 p.i.
*Corresponds to necrosis in the center of a large infiltrate; PAS re-
action, ×25. g The border of the lesion (f) is decorated by T cells
(arrows). Anti-Thy1.2 immunostaining, slight counterstaining
with hemalum, ×25. h In addition to many granulocytes at the bor-
der of the infiltrate (f), granulocytes have invaded the necrotic
center. Anti-RB6 immunostaining, ×25

▲



373



374

Fig. 4 Histopathological find-
ings in the L. monocytogenes-
infected placenta and fetus. 
a Clusters of bacteria (arrows)
have destroyed the placenta at
day 3 p.i. Anti-L. monocyto-
genes immunostaining, slight
counterstaining with hemalum,
×94. b, c Granulocytes (arrows,
b) and macrophages (arrows, c)
have invaded the placenta,
whereas T cells were virtually
absent. Anti-RB6 (b) and anti-
Mac1 (c) immunostaining,
slight counterstaining with he-
malum (c), ×47. d Necrotic fe-
tus (*), the structure of which is
not discernable. Hematoxylin
and eosin staining, ×24. e
Small clusters of bacteria (ar-
rows) are present in the fetus.
Anti-L. monocytogenes immu-
nostaining, slight counterstain-
ing with hemalum, ×24. f Sin-
gle leukocytes (arrows) con-
trast with the marked destruc-
tion (d) and high numbers of
bacteria (arrows, e) in the ne-
crotic fetus. Anti-CD45 (LCA)
immunostaining, slight coun-
terstaining with hemalum, ×47
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fection, neither did their implanted fetuses. A separate
experiment demonstrated that surviving offspring, which
had been delivered spontaneously after a pregnancy last-
ing for 21 days, had normally developed organs; brain,
liver, and spleen from these animals analyzed at day 1
post-partum showed evidence for neither bacterial infec-
tion nor an inflammatory response (data not shown).

Hepatic and placental cytokine and chemokine 
transcription during congenital listeriosis

In order to analyze whether pregnancy alters the cyto-
kine and chemokine profile, a panel of immunostimula-
tory, anti-bacterial and immunoregulatory mediators was
determined in the liver of pregnant and non-pregnant L.
monocytogenes-infected mice using RT-PCR.

In the liver of non-pregnant, non-infected mice as
well as of non-infected mice at day 17 and day 20 of
pregnancy, there was an occasional faint signal for TNF,
IL-10, IL-1, TGF-β, IL-4, IL-12p40, crg-2, MIP-1α,
MIP-1β, MuMIG, and RANTES mRNA, whereas sig-
nals for IFN-γ, IL-2, and iNOS mRNA were not ob-
tained (Fig. 5). Upon infection with L. monocytogenes,
TNF, IL-1, TGF-β, IL-4, and crg-2 were markedly up-
regulated in the liver of both pregnant and non-pregnant
mice, and there was a de novo induction of IFN-γ, IL-
12p40, and iNOS mRNA (Fig. 5). However, pregnant

mice showed markedly lower hepatic levels for TNF,
IFN-γ, TGF-β, IL-12p40, iNOS, crg-2, and MuMIG
mRNA relative to non-pregnant mice. There was only a
slight induction of MIP-1α, MIP-1β, MCP-1, and RAN-
TES mRNA in both experimental groups without major
differences.

In addition, the impact of the infection on the cyto-
kine milieu in the placenta was studied and compared
with the cytokine pattern in the placenta of non-infected
pregnant mice (Fig. 6). At day 17 of pregnancy, IL-4, IL-
10, IL-12p40, TNF, TGF-β, crg-2, MCP-1, MIP-1α, and
MIP-1β were weakly transcribed. At the same stage of
pregnancy, animals infected with L. monocytogenes for
3 days, mounted elevated levels of TNF, IL-10, IL-
12p40, crg-2, MIP-1α, MIP-1β, and MCP-1 mRNA,
whereas TGF-β and RANTES mRNA levels were identi-
cal in both groups. In addition, induction of iNOS and
MuMIG mRNA was confined to the placenta of L.
monocytogenes-infected pregnant mice. Weak signals for
IFN-γ mRNA were detected only in individual animals
of L. monocytogenes-infected pregnant animals, whereas
IL-2 mRNA was not transcribed in the placenta of either
experimental group.

Impaired cytokine induction in the serum 
of L. monocytogenes-infected pregnant mice

In the serum of uninfected virgin and pregnant mice,
comparably low levels of IFN-γ were detectable. Al-
though there was a tendency for pregnant mice to mount
elevated levels of IL-10 in their sera at days 15, 16, 17,
and 20 of pregnancy, this difference did not reach statis-

Fig. 5 Hepatic cytokine and chemokine mRNA transcription in
uninfected (days p.i.: 0) and L. monocytogenes-infected (days p.i.:
3 and 6, respectively) pregnant (days of pregnancy: 17 and 20, re-
spectively) and virgin (days of pregnancy: –) mice. At the indicat-
ed time points, three mice per experimental group were analyzed,
and representative autoradiograms are shown

Fig. 6 Cytokine and chemo-
kine mRNA transcription in the
placenta of uninfected (days
p.i.: –) and L. monocytogenes-
infected (days p.i.: 3) pregnant
mice. At the indicated time
points, three mice per experi-
mental group were analyzed,
and representative autoradio-
grams are shown
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tical significance (P<0.1). Upon infection with L. mono-
cytogenes, there was a sharp rise of IFN-γ levels in the
serum of virgin mice reaching a peak at day 2 p.i., al-
though serum IFN-γ levels declined thereafter, the ani-
mals still had high titers at day 6 p.i. (Table 2). In con-
trast, in pregnant mice, serum IFN-γ levels were signifi-
cantly reduced relative to virgin mice throughout the
study, and only a low elevation of IFN-γ serum levels
was detectable at day 2 and day 3 p.i. (Table 3, P<0.025
for virgin versus pregnant mice at days 15, 16, 17, and
20 p.i.). There was a tendency for slightly increased se-
rum IL-10 levels during listeriosis of virgin mice at
day 2 p.i., which, however, did not reach statistical sig-
nificance upon comparison with virgin non-infected
mice (Table 2, Table 3). IL-10 levels raised in the serum
of L. monocytogenes-infected pregnant mice up to day 3
p.i. and declined thereafter, but was still significantly el-
evated relative to non-infected pregnant mice (P<0.05).
At day 3 and day 6 p.i., pregnant L. monocytogenes-in-
fected mice exhibited increased levels of serum IL-10
relative to virgin mice (Table 2, P<0.025 for day 3 and
day 6 p.i., Table 3). 

Discussion

This study demonstrates that pregnancy significantly
impairs the immune response to L. monocytogenes. In
contrast to virgin mice, which significantly eliminated
the bacteria from the liver within 6 days of infection,
clearance of the pathogen was markedly impaired in
pregnant mice, which developed a severe necrotizing
hepatitis.

The more severe course of hepatitis in L. monocyto-
genes-infected dams with development of large, conflu-
ent hemorrhagic necrosis of the liver, a finding usually
not observed with listeriosis, may be due to the im-

paired immune response in infected pregnant mice. Al-
though granulocytes, macrophages as well as CD4+ and
CD8+ T cells were recruited to the liver, these cell pop-
ulations were unable to restrict growth of L. monocyto-
genes. In vitro studies have revealed that supernatant
from spleen cells of pregnant mice stimulated with L.
monocytogenes antigen failed to stimulate macrophages
for an appropriate killing of tumor cells [44]. In addi-
tion, Sano et al. [44] noticed reduced T-cell responses in
Listeria-infected pregnant mice as evidenced by a lower
delayed-type hypersensitivity (DTH) reaction than in
virgin animals. These impaired cellular immune re-
sponses in pregnant mice may be explained by our ob-
servation of a reduced expression of TNF, IFN-γ, IL-
12p40, and iNOS in liver and of IFN-γ in serum, which
are all of key importance for an effective control and
elimination of L. monocytogenes [3, 5, 13, 18, 19, 20,
25, 43]. Elevated serum levels of IL-10 in pregnant
mice may contribute to this failure of the immune reac-
tion, since IL-10 has potent macrophage downregulating
properties [2, 12, 15, 16, 36]. Another study of pregnan-
cy-associated listeriosis also noticed compromised ma-
ternal immune responses and identified abnormalities of
dendritic cells, which can also be suppressed by IL-10
[14, 21, 37]. In contrast to other models of infections in-
cluding leishmaniasis and toxoplasmosis, during which
an aggravation of disease during pregnancy could be at-
tributed to a shift from a Th1 toward a Th2 cytokine re-
sponse [22, 23, 50], such an alteration of the cytokine
pattern was not prevalent in the liver, the target organ of
L. monocytogenes; in particular, IL-4 was not elevated
in listeriosis of pregnant animals. Instead, the major ef-
fect of pregnancy on the immune reaction in hepatic
listeriosis was the prevention of sufficient levels of pro-
inflammatory mediators.

The impaired maternal immune response may also
facilitate bacterial multiplication in the placenta and, ul-
timately, in the fetus. Placental and fetal susceptibility
to L. monocytogenes was particularly increased when
infection occurred during the last trimester of pregnan-
cy, in this regard sharing important parallels with hu-
man prenatal listeriosis [32]. Once infection of the fetus
occurred, the placenta was also always involved in mu-
rine congenital listeriosis. In parallel to the histopatho-
logical picture in the maternal liver, bacteria induced
large areas of placental and fetal necrosis, sufficient to
cause fetal death and abortion. Bacteria-induced placen-
tal necrosis is also a characteristic feature of fatal hu-
man congenital listeriosis. Obviously, the immune re-

Table 2 Serum levels of inter-
feron-gamma (IFN-γ) and inter-
leukin (IL)-10 levels of L.
monocytogenes-infected virgin
and pregnant mice. Serum lev-
els of IFN-γ and IL-10 were an-
alyzed using enzyme-linked im-
munosorbent assay, as described
in Materials and methods

IFN-γ (pg/ml) IFN-γ (pg/ml) IL-10 (pg/ml) IL-10 (pg/ml)
Mean±SEM Mean±SEM Mean±SEM Mean±SEM
Virgin Pregnant Virgin Pregnant

1 Day p.i. 12430±1238 739±210 14.5±7.2 260±12.4
2 Days p.i. 34704±2631 4938±1082 317±58 363±15
3 Days p.i. 18296±2961 6385+1233 231±56 667±66
6 Days p.i. 14398±2860 994±18 0±0 366±3

Table 3 Serum levels of interferon-gamma (IFN-γ) and interleukin
(IL)-10 levels of uninfected virgin and pregnant mice

IFN-γ (pg/ml) IL-10 (pg/ml)
Mean±SEM Mean±SEM

Virgin 1987±881 281±39
Day 15 of pregnancy 2242±276 504±49
Day 16 of pregnancy 922±316 408±13
Day 17 of pregnancy 1239±39 332±10
Day 20 of pregnancy 1110±663 291±19
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sponse at the materno-fetal interface was insufficient
for control of bacteria. The immunological environment
of the placenta, where cell-mediated immune responses
are physiologically downregulated [41], may well con-
tribute to the poor outcome of pregnancy and the signif-
icantly increased abortion rate in prenatal listeriosis. In
this regard, a bias toward type-2 away from type-1 re-
sponses may also play a role [17, 41, 53]. It has been
pointed out that such a bias is required for a successful
pregnancy in order to achieve a status of immunological
tolerance during which the allogeneic fetus is not reject-
ed [39].

Our observation of a constitutive expression of TGF-
β, IL-4, and IL-10 mRNA in the placenta of uninfected
mice is in line with the view that type-2 cytokines fea-
ture prominently in the mouse placenta, whereas the
type-1 cytokines IL-2 and IFN-γ are usually absent [10,
29, 41]. These anti-inflammatory cytokines, which sup-
press cell-mediated immune responses [30, 34, 40], may
confer protection of the allogenic fetal tissue against an
attack of the maternal immune system. In fact, TGF-β
and IL-10 protect mice from naturally occurring fetal
loss in abortion-prone mating combinations and prevent
spontaneous abortion of humans [6, 7, 8, 26].

Upon infection with L. monocytogenes, TNF and, oc-
casionally in individual animals, IFN-γ were transcribed
in the placenta of the pregnant animals. These pro-in-
flammatory cytokines may well contribute to the signifi-
cantly increased abortion rate; increased levels of TNF
and IFN-γ were noticed in mice prone to fetal resorp-
tions, and administration of IFN-γ, TNF, and IL-2 to oth-
erwise healthy, pregnant mice promoted abortion [6, 49].
However, placental levels of these anti-listerial cytokines
were apparently not sufficient to mediate bacterial con-
trol, thereby contributing to the poor outcome of preg-
nancy. In fact, huge numbers of bacteria and large areas
of necrosis were present in the infected placenta and fe-
tuses. They contrasted with only a limited number of in-
flammatory leukocytes, although cell adhesion mole-
cules were expressed and chemokines were transcribed
in the placenta. Among the latter, crg-2, MCP-1, MIP-
1α, MIP-1β, and RANTES were already constitutively
expressed. These data extend and confirm previous stud-
ies in mouse, rat, and human placenta [11, 51, 55]. Upon
infection with L. monocytogenes, there was an upregula-
tion of crg-2, MCP-1, MIP-1α, MIP-1β, a de novo in-
duction of MuMIG, whereas RANTES transcription was
not significantly modulated during placental infection.
Although all of the chemokines produced in the placenta
in congenital listeriosis exert strong chemoattractive
properties for macrophages, monocytes, and activated
CD4+ and CD8+ T cells [2, 4, 28, 33, 35, 45, 52], the
pregnant animals failed to recruit leukocytes to the pla-
centa and to the fetus upon L. monocytogenes infection,
except for very few necrosis-associated macrophages,
thereby allowing/facilitating unrestricted bacterial multi-
plication. The reasons underlying the lack of significant
numbers of leukocytes still remain to be identified. One
may speculate that transcription of chemokines and cyto-

kines was too low as a result of the immunologically
downregulated phenotype of the placenta; however, reso-
lution of this question is problematic, since a target or-
gan suitable for comparative studies of listeriosis in vir-
gin mice does not exist.

In conclusion, our experimental model depicts insuffi-
cient maternal immune responses to L. monocytogenes
during pregnancy, which stresses the necessity of a rapid
therapeutic intervention to prevent bacterial multiplica-
tion in the placenta. Once the placenta is colonized by L.
monocytogenes, protection of the fetus becomes ex-
tremely difficult because of the markedly suppressed im-
mune response in the placenta and the immunologically
immature fetus, to which immune effector cells are not
recruited.
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Abstract Recent experimental data have clearly demon-
strated that fibroblast growth factor (FGF)8 plays a key
role in the development of human prostate and breast
cancers. However, little is known about the FGF8 ex-
pression profile in human breast cancer specimens. In
this study, we analyzed FGF8 expression in 78 surgically
resected specimens of breast cancer using an immuno-
histochemical method. In total, FGF8 expression was
found in 40 (51.3%) of the breast carcinomas. FGF8 ex-
pression was not associated with any of the general clin-
icopathological parameters, including age, tumor size,
histological grade, and histological type. In addition,
there was no correlation between FGF8 expression and
either c-erbB-2 overexpression or the status of the axil-
lary lymph-node metastasis, both of which have been es-
tablished as important prognostic factors in breast carci-
nomas. While no significant association was found be-
tween FGF8 expression and estrogen- or progesterone-
receptor status, it is of interest that FGF8 expression was
significantly associated with androgen-receptor status
and the expression of prostate-specific antigen (PSA),
one of the androgen-regulated proteins, in human breast
carcinomas. These associations support the reported in
vitro data demonstrating the regulation of FGF8 by an-
drogens, and also suggest that PSA may be a useful
marker for patients with FGF8-expressing breast carci-
nomas.

Keywords Fibroblast growth factor 8 · Breast cancer ·
Immunohistochemistry · Prostate-specific antigen · 
Androgen receptor

Introduction

Fibroblast growth factor (FGF)8 was originally isolated
from a mouse mammary carcinoma SC-3 cell line as an
androgen-inducible autocrine growth factor [19]. In line
with this finding, FGF8 is frequently expressed in human
prostate cancers and can stimulate their growth in vitro
[20, 21]. In addition, recent reports have shown that
FGF8 is also expressed in premalignant prostate intraepi-
thelial neoplastic lesions [25], and that high levels of
FGF8 expression are correlated with poor prognosis in
patients with prostate cancers [6]. These findings have
established that FGF8 is a key molecule in human pros-
tate cancers. In studies on breast cancers as well, FGF8
expression has been demonstrated in both normal mam-
mary glands and cancers [21], and its transcript is en-
hanced in malignant tissues by means of reverse-tran-
scription polymerase chain reaction (RT-PCR) [13]. In
addition, transgenic mice bearing the fgf8 gene have
shown a high incidence of breast tumors [4], and overex-
pression of FGF8 in human breast cancer MCF-7 cells
enhances their proliferation and invasion [18]. These ex-
perimental data strongly suggest that FGF8 also plays an
important role in breast cancers, and that FGF8 expres-
sion is possibly associated with some of the prognostic
factors. However, the FGF8 expression profile has been
poorly characterized in human breast carcinoma speci-
mens. In this study, we immunohistochemically investi-
gated FGF8 expression in breast carcinomas, and com-
pared its expression with various general clinicopatho-
logical parameters.

Another feature of FGF8 is its androgen-regulated
characteristics in mouse mammary carcinoma SC-3 cells
[19]. Recent studies have shown that androgen receptor
(AR) and androgen-related molecules such as a prostate-
specific antigen (PSA) are expressed in considerable
cases of breast carcinoma [8, 11]. To look into this issue,
we also analyzed the associations of FGF8 with AR and
PSA expressions in breast carcinoma specimens.
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Materials and methods

Materials

Seventy-eight breast carcinomas were selected at random from
standard mastectomy and quadrantectomy specimens resected at
the Jichi Medical School Hospital. None of the patients had been
treated with irradiation or chemotherapy before the operation. The
examined cases were all females, ranging in age from 29 years to
80 years old with a median age of 56 years. The clinical stages
were: stage 0, 13 cases; stage I, 21 cases; stage IIA, 30 cases,
stage IIB, 13 cases, stage IIIA, 1 case. Histological grades were
classified according to the criteria of the Japan National Surgical
Adjuvant Study of Breast Cancer [24]. The tumor size was grossly
examined. Other general clinicopathological parameters are listed
in Table 1.

Antibodies

The establishment of human/mouse FGF8 monoclonal antibody
was described previously [21]. The polyclonal antibody against
human AR and the monoclonal antibodies against human estrogen
receptor (ER) and progesterone receptor (PgR) were purchased
from Novocastra (Newcastle upon Tyne, United Kingdom). The
polyclonal antibodies against human PSA and c-erbB-2 oncopro-
tein were purchased from Dako A/S (Glostrup, Denmark).

Immunohistochemistry

The immunostaining method for FGF8 has been described previ-
ously [21]. For the AR, ER, and PgR immunostainings, formalin-
fixed and paraffin-embedded sections were boiled for 5 min at
121°C in an autoclave. For the c-erbB-2 immunostaining, the sec-
tions were boiled in 10 mM citrate buffer for 30 min in a micro-
wave oven. There was no pretreatment for the PSA immunostain-
ing. After the pretreatment, the sections were immunoreacted with
each antibody at 4°C overnight. The ratios of antibody dilution
were: anti-FGF8 antibody, 1:1600; anti-AR antibody, 1:20; anti-
ER antibody, 1:50; anti-PgR antibody, 1:200; anti-PSA antibody,
1:1000; and anti-c-erbB-2, 1:100. After the interaction with the
antibodies, the sections were stained using a standard avidin-biotin
complex method. The c-erbB-2 overexpression was immunohisto-
chemically estimated according to the previous report by Birner et
al. [2]. The immunostainings for ER, PgR, and AR were evaluated
by both the intensity of the expressions and the ratios of the posi-
tive cells, according to the report by Layfield et al. with some
modification [12]. The FGF8 immunostaining was classified as
follows by the method reported by Tanaka et al. [22]: –, mostly
negative; ±, focal positive or weakly positive; +, distinctly posi-
tive in considerable areas; ++, strongly positive. The PSA immu-
nostaining was similarly classified.

Statistical analysis

Statcel software (OMS, Tokyo, Japan) was used for the statistical
analysis. The correlations of FGF8 expression with age, tumor
size, histological grade, histological type, axillary lymph-node
metastasis, and c-erbB-2 overexpression were analyzed using the
Mann-Whitney U test or Kruskal-Wallis test. The correlations of
FGF8 expression with ER, PgR, AR, and PSA expressions were
analyzed using Spearman's correlation coefficient and the rank
test.

Results

Comparison of FGF8 expression with various 
clinicopathological parameters

In total, FGF8 was expressed in 40 (51.3%) of 78 breast
carcinomas. The positive immunostainings were exclu-
sively found in carcinoma cells and normal epithelia,
but they were absent in stromal cells (Fig. 1). No signif-
icant associations were found between FGF8 expression
and general clinicopathological parameters, including
the age, tumor size, histological grade, and histological
type (Table 1). In the lymph-node-sampling cases for in-
vasive carcinomas, FGF8 expression was found in
48.6% (17/35) of node-negative cases and 48.3%
(14/29) of node-positive cases, demonstrating an ab-
sence of any significant difference in FGF8 expression
according to the nodal status (Table 1). In addition,
FGF8 expression was found in 53.1% (34/64) of cases
without the c-erbB-2 overexpression and 42.9% (6/14)
of cases with the c-erbB-2 overexpression, again show-
ing an absence of any significant difference in FGF 8
expression (Table 1).

Table 1 Comparison of fibroblast growth factor (FGF)8 expres-
sion with general clinocopathological parameters in breast carci-
nomas

Parameter Total FGF8 immunoreactivity Positive

– ± + ++ (%)

Age of patient (years)

<50 22 3 8 11 0 50.0
≥50 56 13 14 21 8 51.8

Tumor size (T) (cm)

T≤2.0 36 6 10 15 6 58.3
2.1≤T≤5.0 28 7 9 10 1 39.3
5.1≤T 1 1 0 0 0 0
Not determined 13

Histological grade

Grade 1 37 8 8 17 4 56.8
Grade 2 16 4 5 5 2 43.8
Grade 3 25 4 9 10 2 48.0

Histological type

Non-invasive 13 2 3 7 1 61.5
Invasive
Ductal 60 14 16 23 7 50.0
Lobular 2 0 1 1 0 50.0
Variants 3 0 2 1 0 33.3

Lymph-node metastasis

Unextirpated 14
Negative 35 6 12 13 4 48.6
Positive 29 8 7 11 3 48.3

c-erbB-2 expression

Absent 64 14 16 28 6 53.1
Present 14 2 6 4 2 42.9
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Comparison of FGF8 expression with the expressions
of ER, PgR, AR, and PSA

We next compared FGF8 expression with the status of
ER, PgR, and AR. Among the total population of 78
cases, 53 cases (67.9%) were positive for ER and 45
cases (57.7%) were positive for PgR. FGF8 was ex-
pressed in 30 of 53 ER-positive cases (56.6%) and 10 of
25 ER-negative cases (40.0%), and in 24 of 45 PgR-pos-
itive cases (53.3%) and 16 of 33 PgR-negative cases
(48.5%) (Table 2). These results showed no significant
associations of FGF8 expression with ER (P=0.529) or
PgR (P=0.524) status. The distinct nuclear localization

of AR was found in 30 (38.5%) of 78 cases (Fig. 2), and
FGF8 was expressed in 21 (70.0%) of the AR-positive
cases, indicating a significant association between FGF8
and AR status (P=0.0033) (Table 2). On further investi-
gation of PSA expression in these specimens, PSA was
expressed in 29 (37.2%) of 78 breast carcinomas
(Fig. 3), and FGF8 was expressed in 23 (79.3%) of PSA-
positive cases. FGF8 expression was strongly correlated
with the PSA expression (P=0.00057) (Table 2). 

Discussion

The previous experimental data from several transgenic
mouse models and from mouse mammary tumors in-
duced by the infection of mouse mammary tumor virus

Fig. 1 Fibroblast growth factor (FGF)8 expression in human
breast carcinoma. Carcinoma cells showed strong immunoreactivi-
ty for FGF8. Original magnification ×130

Fig. 2 Expression of androgen receptor in human breast carcino-
ma. The nuclear localization of androgen receptor was distinct in
the same case and same tumor area presented in Fig. 1. Original
magnification ×130

Fig. 3 Expression of prostate-specific antigen in human breast
carcinoma. Expression of prostate-specific antigen was distinct in
the same case and same tumor area presented in Fig. 1. Original
magnification ×130

Table 2 Comparison of fibroblast growth factor (FGF)8 expres-
sion with the expressions of estrogen-, progesterone-, and andro-
gen-receptors, and prostate-specific antigen in breast carcinomas

Parameter Total FGF8 immunoreactivity Positive
(%)

– ± + ++

Estrogen-receptor status
–, ± 25 5 11 8 2 40.0
+ 12 2 2 6 2 66.7
++ 41 9 9 18 4 53.7

Progesterone-receptor status
–, ± 33 7 10 11 5 48.5
+ 11 1 2 6 2 72.7
++ 34 8 10 15 1 47.1

Androgen-receptor status
–, ± 48 12 17 17 2 39.6
+ 19 3 3 12 1 68.4
++ 11 1 2 3 5 72.7

Prostate-specific antigen
–, ± 49 14 18 13 4 34.7
+ 23 2 3 15 3 78.3
++ 6 0 1 4 1 83.3
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have clearly shown that some members of the FGF fami-
ly are involved in the development of breast cancers [4,
5, 10, 15, 17]. In humans, the gene amplification of int-
2/fgf3 and hst/fgf4 has been shown to be associated with
the prognosis of human breast cancer patients [7, 23].
However, the expression profile of FGFs has been poorly
investigated in human breast carcinoma specimens. In
this study, we show that FGF8, a member of the FGF
family known to be involved in experimental breast can-
cers [4, 13, 18, 19], is expressed in about 50% of breast
carcinomas. However, its expression was not correlated
with any of the general clinicopathological parameters in
our study. It was of particular interest that FGF8 expres-
sion was not linked to the tumor invasion or the lymph-
node metastasis, as previous experimental data have
shown the involvement of FGF8 in the proliferation and
invasion of breast cancer cells [18]. Importantly, FGF8
specifically interacts with the “c” form of FGF receptors
(FGFRs), a type usually expressed in stromal cells [16].
In a previous study, the splicing switch from the “b” to
“c” forms in FGFRs was shown in rat prostate cancers
during the malignant progression [26]. On this basis, we
speculate that the splicing form of FGFRs in breast can-
cers is possibly a key factor for the FGF8-induced cancer
growth and invasion. An improved method for differenti-
ating the splicing forms of FGFRs is required for a better
understanding of the roles of FGF8 in breast carcinomas.

The associations of FGF8 expression with AR and
PSA expressions strongly support the in vitro finding
that FGF8 is regulated by androgens in mouse mammary
carcinoma SC-3 cells [19]. It is likely that androgens po-
tentiate FGF8 expression in human AR-positive breast
carcinomas. The roles of androgens and androgen-regu-
lated molecules in breast carcinomas are not yet fully un-
derstood. On the one hand, high levels of serum andro-
gens after menopause are one of the risk factors for
breast cancers [1]. On the other hand, androgens general-
ly inhibit the growth of mammary gland epithelia and
breast cancers [3, 28]. On studies of PSA expression in
breast carcinomas, the one report showed that PSA is a
favorable prognostic indicator for breast cancers [27],
while the others showed that PSA is not useful for prog-
nostic evaluation of breast carcinomas [9, 14]. For fur-
ther classification, future studies should analyze roles of
androgens on PSA and FGF8 expressions in human
breast cancers. Thinking only in clinical terms, the
strong association between FGF8 and PSA expressions
in this study have prompted us to speculate that plasma
levels of PSA may be a useful marker for patients with
FGF8-expressing breast carcinomas. If this were the
case, future specific therapy against the FGF signals
would be applicable for these patients with breast can-
cers.
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Abstract The pathogenesis of chronic pancreatitis re-
mains controversial. According to the general opinion,
chronic pancreatitis is a de novo disease with a silent but
progressive restructure of the pancreas in response to en-
vironmental, nutritional or genetic factors. The necrosis-
fibrosis sequence hypothesis, on the other hand, postulates
that relapsing attacks of acute pancreatitis with subsequent
development of fibrosis leads to chronic pancreatitis.
Since in our previous studies the expression of two anti-
ErbB2 growth factor receptor (ErbB2) antibodies was
shown to discriminate between primary chronic pancreati-
tis, normal tissue, and secondary chronic pancreatitis
caused by pancreatic cancer, we studied the ErbB2 expres-
sion in tissues obtained from acute, recurrent acute, and
chronic pancreatitis to investigate a possible evolution of
the ErbB2 expression pattern during the course of the dis-
ease. We subjected 14 normal pancreas, 15 chronic pan-
creatitis, and 12 acute pancreatitis (three with recurrent
acute pancreatitis) specimens to immunohistochemical
studies using polyclonal anti-ErbB2 antibodies from Santa
Cruz and Dako. The immunoreactivity of islet cells in
acute pancreatitis cases with the Santa Cruz antibody was
less than that in normal pancreas in relation to the degree

of tissue damage and fibrosis, and was negative in recur-
rent acute and chronic pancreatitis tissues. The Dako anti-
body, on the other hand, revealed a membrane staining of
ductal and ductular cells only in chronic pancreatitis spec-
imens and in some areas of recurrent acute pancreatitis. In
conclusion, the similarities in the immunoreactivity of an-
ti-ErbB2 antibodies in recurrent acute pancreatitis and
chronic pancreatitis support the hypothesis that acute pan-
creatitis can be a forerunner of chronic pancreatitis.

Keywords Acute pancreatitis · Chronic pancreatitis ·
Necrosis-fibrosis hypothesis · ErbB2 growth factor
receptor

Introduction

The pathophysiology of chronic pancreatitis is not well
understood. The most widely held concept postulates that
the deposition of protein plugs with later calcification
leads to duct obstruction, with subsequent perpetual in-
flammation and fibrosis of the acinar tissue upstream of
the occlusion [55, 56]. Furthermore, increased levels of
free radicals caused by decreased hepatic or pancreatic
detoxification and the direct toxic effects of alcohol on
acinar and ductal cells are thought to be major pathophys-
iological factors in chronic pancreatitis [5, 6, 7, 41]. One
school of thought assumes that perpetual attacks of acute
pancreatitis, with subsequent development of fibrotic ar-
eas, can result in chronic pancreatitis [10, 26, 29]. There
is continuous research on the basic cellular and molecular
mechanisms that lead to the histological alterations that
occur in chronic pancreatitis. Useful information has been
gained by studying different stages of pancreatitis during
the evolution of acute to chronic pancreatitis [25]. A still
unsettled problem, however, is the reliable differential di-
agnosis between chronic pancreatitis and pancreatic can-
cer. The fibrosis associated with both cancer and chronic
pancreatitis, the lack of an adequate cell number in the bi-
opsies, and the unavailability of reliable markers for these
diseases can hinder an accurate diagnosis.
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In a recent study we found that the immunoreactivities
of two anti-ErbB2 growth factor receptor (ErbB2) antibod-
ies differ specifically in the normal pancreas, primary
chronic pancreatitis, and secondary chronic pancreatitis
caused by pancreatic cancer, a finding which provides a
useful complementary diagnostic tool in the surgical pa-
thology of pancreatic diseases (unpublished observation). If
one disease subsequently develops on the basis of another,
as proposed for acute and chronic pancreatitis [3, 13, 15,
27, 28, 29, 30, 31], changes in ErbB2 expression should ap-
pear during the evolution of the diseases. Therefore we
compared ErbB2 expression in the normal pancreas with
that in tissues obtained from patients with acute and recur-
rent acute pancreatitis and chronic pancreatitis, utilizing
two commercially available anti-ErbB2 antibodies.

The ErbB2 oncogene encodes a transmembrane re-
ceptor with tyrosine kinase activity and is activated
through binding of specific ligands such as heregulin,
glial growth factor, and neu differentiation factor [17].
The physiological functions of the ErbB2 signaling net-
work are the regulation of development, growth, and dif-
ferentiation by means of their role in mesenchyma-epi-
thelial crosstalk and in the interactions between neurons
and muscle, ganglia, and Schwann cells [2, 42]. In vitro
ErbB2 overexpression leads to malignant cell transfor-
mation, and a correlation with differentiation or aggres-
siveness of breast and gastric carcinomas has been re-
ported [14, 60, 62]. In pancreatic cancer enhanced ErbB2
expression is not associated with tumor progression but
rather with a better differentiated phenotype [43, 63].

Materials and methods

Tissue samples

We immunohistochemically examined 12 acute pancreatitis speci-
mens and 15 chronic pancreatitis specimens from surgical resections
and early autopsies (all from the Surgery Department, Ulm Universi-
ty, Germany). All patients with chronic pancreatitis had history of al-
cohol abuse. The results were compared with those of ErbB2 expres-
sion in 14 normal pancreas specimens. Requirements for the speci-
mens to be included in the study were intact tissue with no evidence
of autolysis, a sample size at least 1.0×1.0 cm in diameter, and an ad-
equate number of ducts and islets (at least five islets per section). All
specimens were fixed in 10% buffered formalin for 24 h followed by
paraffin embedding. The sections were fixed in formalin immediate-
ly after tissue removal and embedded in paraffin by conventional
methods. The study was approved by the Institutional Review Board
for human subjects research in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki.

Antibodies

The polyclonal ErbB2 antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, Calif., USA; lot # J240, dilution 1:300)
and from Dako Laboratories (Carpinteria, Calif., USA; lot # 108,
302; dilution 1:100). Both antibodies were generated in rabbits. The
Santa Cruz antibody was raised against a peptide mapping at the car-
boxy terminus of Neu gp 185 of human origin. The affinity-isolated
antibody from Dako was purified by using an immobilized ErbB2
oncoprotein peptide with a protein concentration of 1 g/l. We con-
firmed the specificity of the antibodies was confirmed by western
blot and northern slot blot analyses as reported earlier (submitted).

Immunohistochemistry

Paraffin-embedded tissue samples were cut in serial sections. The
first section from each specimen was stained with hematoxylin and
eosin, evaluated under a light microscope, classified, and compared
with the patient’s diagnosis. Subsequent serial sections 4 µm thick
were subjected to immunohistochemistry as reported [50]. Briefly,
the sections were deparaffinized and rehydrated, and exposed to
3% (v/v) hydrogen peroxide for 30 min to eliminate pseudoperoxi-
dase activity of erythrocytes. For antigen retrieval HEAT treatment
in 10 mM citrate buffer, pH 6.0, for 10 min at 95°C was applied,
according to the manufacturer’s protocols. The sections were then
blocked for 60 min with normal goat serum (Kirkegaard & Perry
Laboratories, Gaithersburg, Md., USA) in a humidified chamber to
prevent nonspecific absorption. Each of the two primary antibodies
was applied to two serial sections in parallel, and the sections were
incubated overnight at 4°C. As negative controls some sections
were either incubated with nonimmunized rabbit immunoglobulin
G or the primary antibody was omitted (buffer substitution). The
biotinylated secondary antibody (Multilink, BioGenex, San Ra-
mon, Calif., USA) was incubated for 10 min at 37°C. This step 
was followed by incubation with peroxidase-labeled streptavidin 
(Kirkegaard & Perry) for 60 min, and the immunostaining was 
developed with diaminobenzidine substrate (Kirkegaard & Perry).
Finally, the sections were dehydrated and mounted. Two indepen-
dent observers evaluated the immunoreactivity and staining intensi-
ty of the two antibodies. A distinct separation was made between a
cytoplasmic and a membraneous staining pattern.

Results

Histology

Of the 14 normal pancreas specimens 11 were without
any pathological findings and any signs of autolysis.
Three specimens from elderly patients showed a focal
mild ductal cell hyperplasia without noticeable tissue at-
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Fig. 1 The reactivity of the Santa Cruz antibody with the normal
pancreatic cells. Up to 60% of islet cells immunoreact strongly
with the antibody, whereas the remaining islet cells and acinar
cells show a weak staining. ABC method, ×120

Fig. 2 The reactivity of the acinar cells in acute pancreatitis with
the Santa Cruz antibody is not substantially different from the nor-
mal tissue. Up to 30% of islet cells (predominantly α-cells) are
stained. The ductal cells (top left) show a weak diffuse cytoplas-
mic staining. ABC method, ×80

Fig. 3 In recurrent acute pancreatitis, the staining intensity of islet
cells with the Santa Cruz antibody is reduced or abolished, where-
as no changes are seen in the immunoreactivity of acinar cells
compared with the normal tissue. ABC method, ×120

Fig. 4 In chronic pancreatitis a weak immunostaining of acinar
cells is seen. The staining of islet cells is abolished. ABC method,
×120

Fig. 5 With the Dako antibody, ductal and ductular cells in acute
pancreatitis show a cytoplasmic immunoreactivity of moderate to
strong intensity. Acinar cells are unstained. ABC method, ×75

Fig. 6 In recurrent acute pancreatitis, focal membrane staining of
ductal cells (arrows) with the Dako antibody can be identified.
These changes were better identifiable in the cross-sections. ABC
method, ×120

Fig. 7 In chronic pancreatitis, most ductal cells show a membrane
staining with the Dako antibody. Endocrine cells within the ductal
epithelium (arrows) exhibit the same intense staining as the islet
cells (not shown). ABC method, ×120

▲
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rophy. Nine of the 12 acute pancreatitis cases were of the
severe, hemorrhagic-necrotizing form with peri- and
intrapancreatic fat necrosis; additionally, in one speci-
men a small islet cell adenoma was found. Three cases
showed granulation tissue around fat necrosis and a fine
or moderate degree of interlobular fibrosis within the pa-
renchyma and were classified as recurrent acute pancre-
atitis. Five of 15 chronic pancreatitis cases were of mild,
six of moderate, and four of severe form with extended
fibrotic areas; focal hyperplasia of ductal epithelium and
presence of intraductal calculi were found in four of the
cases. Each tissue was cut in serial or step sections; one
was stained with hematoxylin and eosin and the subse-
quent sections for immunohistochemistry. Comparison
of the findings was made between the hematoxylin and
eosin and the immunostained slides.

Immunohistochemistry

Santa Cruz ErbB2 antibody

In the normal pancreas ductal cells were focally immu-
noreactive in 17%, and ductular cells were stained in all
specimens, mostly in a moderate staining intensity. Aci-
nar cells were stained in a weak intensity and in a diffuse
granular form. In all specimens 40–60% of islet cells
showed a strong granular cytoplasmic staining (Fig. 1).
Double staining with anti-insulin and anti-glucagon anti-
bodies revealed that the Santa Cruz antibody immunore-
acted only with non-β-cells, predominantly α-cells (data
not shown).

In samples obtained from acute pancreatitis patients
the staining of well-preserved ductal, ductular, and aci-
nar cells was similar to that observed in normal control
tissues and was negative in areas with heavy inflamma-
tion. There was a diffuse decrease in the immunostaining
of islet cells in acute pancreatitis tissues compared to the
normal control specimens. On average, only 20–30% of
islet cells were immunoreactive and the staining intensi-
ty was generally weaker (Fig. 2). Endocrine cells within
the ductal epithelium exhibited a moderate immunoreac-
tivity. The staining pattern was solely cytoplasmic in all
specimens.

In recurrent acute pancreatitis the immunoreactivity
of ductal, ductular, and acinar cells with the Santa Cruz
antibody was comparable to that in the normal pancreas
and in acute pancreatitis. Islet cells in these cases, how-
ever, displayed a differing immunoreactivity. In the unaf-
fected areas, islet cells showed the same immunoreactiv-
ity as in acute pancreatitis, whereas within and, as dis-
played in Fig. 3, around the fibrotic areas they were un-
stained.

In 43% of the chronic pancreatitis cases ductal cells
showed a heterogeneous staining of normal and hyper-
plastic ductal cells with varying intensities from none to
intense. Ductular cells were stained only in the severe
form, not in the mild or moderate form of the disease.
The immunoreactivity was pronounced in the basal cell

portion, with no differences between tissues from the
normal pancreas and chronic pancreatitis. As in the re-
current acute pancreatitis, islet cells in the chronic pan-
creatitis cases did not show any immunoreactivity
(Fig. 4).

Dako ErbB2 antibody

In the normal pancreas up to 60% of islet cells in all
specimens were strongly immunoreactive with this anti-
body. Ductal and ductular cells showed a weak focal
staining of the cytoplasm (Fig. 5). The staining intensity
was more pronounced than with the Santa Cruz antibody.
Acinar cells were unstained. In acute and recurrent acute
pancreatitis the staining of the islet and acinar cells was
the same as in the normal pancreas. In recurrent acute
pancreatitis, however, ductal cells exhibited a focal
membrane staining in fibrotic areas (Fig. 6), but a cyto-
plasmic immunoreactivity in the remaining areas. In
chronic pancreatitis the immunoreactivity of islet cells
and acinar cells was similar to that in the normal pancre-
as; however, ductal and ductular cells presented a mem-
brane staining (Fig. 7).

In summary, the Santa Cruz antibody revealed a focal
cytoplasmic immunoreactivity in ductal cells and duct-
ularlike elements and a diffuse granular staining of aci-
nar cells. The immunoreactivity of islet cells in acute
pancreatitis cases was less than that in the normal pan-
creas. In fibrotic areas of recurrent acute pancreatitis
cases and in chronic pancreatitis specimens islet cells did
not show any immunoreactivity with the Santa Cruz anti-
ErbB2 antibody. The Dako antibody, on the other hand,
revealed a strong staining of islet cells and no staining of
acinar cells in all specimens. Ductal and ductular cells
showed a cytoplasmic staining in normal pancreas and
acute pancreatitis specimens and exhibited a membrane
staining only in fibrotic areas of recurrent acute pancre-
atitis cases and in chronic pancreatitis specimens.

Discussion

The possibility of the acute pancreatitis–chronic pancre-
atitis sequence is subject to controversy [37]. Generally
the two diseases are viewed as separate identities, with a
different pathophysiology. Although the observation that
gallstone pancreatitis virtually never progresses to
chronic pancreatitis is in line with the general view,
some similarities between acute and chronic pancreatitis
lend support to the acute–chronic pancreatitis sequence.
Both diseases are strongly associated with alcohol abuse,
acute exacerbations of chronic pancreatitis are clinically
indistinguishable from acute pancreatitis, and both dis-
eases show the same irregular distribution pattern of the
lesions in the pancreas and display pseudocysts [28].

Chronic pancreatitis is an irreversible, irregular scar-
ring of glandular parenchyma due to duct changes subse-
quent to necrotic-inflammatory processes in the pancre-
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as, leading to loss of pancreatic exocrine and endocrine
function [30]. Although in Western countries long-term
alcohol abuse is the most common causal factor in
chronic pancreatitis, the pathogenesis of this disease re-
mains poorly understood [1, 4, 27]. Four main concepts
exist regarding the pathogenesis of chronic pancreatitis
[27]: the “toxic-metabolic” [5, 41], the “oxidative stress”
[6, 7], the “protein-plug” [55, 56], and the “necrosis-
fibrosis” hypothesis [10, 26, 29].

Acute pancreatitis, on the other hand, is a necrotic
and inflammatory process characterized by sudden onset
in and around the pancreas. With the exception of infec-
tious pancreatitis, all other forms, irrespective of their
cause, are due to autodigestion by pancreatic enzymes
[30]. The two most common causes of acute pancreatitis
in Western countries are alcohol abuse and gallstone dis-
eases [11]. Due to the primary conservative therapeutic
regimen and the indication for a surgical procedure only
under very rare conditions [8], it is considerably difficult
to obtain an expressive number of specimens.

In earlier studies two antibodies against the ErbB2
oncogene, which encodes a 185-kDa transmembrane re-
ceptor that is thought to transform cells by stimulating
signal transduction pathways [63], revealed a specific
immunoreactivity pattern in tissues from patients with
chronic pancreatitis. Because the “progression” or “ne-
crosis-fibrosis” hypothesis focuses on the development
of chronic pancreatitis on the basis of relapsing attacks
of acute pancreatitis, we were interested in comparing
ErbB2 expression in the two diseases; similarities in the
immunoreactivity pattern would further support this con-
cept.

Although the observed immunoreactivity of acinar
cells with both antibodies was similar in the acute and
recurrent acute pancreatitis specimens to that in the nor-
mal tissues, the Santa Cruz antibody stained fewer islet
cells in acute pancreatitis and in a considerable weaker
intensity than in the normal pancreas. In contrast to the
normal pancreas, in the three recurrent acute pancreatitis
and in all chronic pancreatitis specimens the immunore-
activity of islet cells with this antibody was much weak-
er, or it was abolished within and around the fibrotic ar-
eas. Also, in contrast to the diffuse cytoplasmic reactivi-
ty of ductal and ductular cells in the normal pancreas and
acute pancreatitis specimens with the Dako antibody, fo-
cal membrane staining of ductal cells was seen in recur-
rent acute pancreatitis cases. In chronic pancreatitis all
ductal and ductular cells presented membrane staining.
The membrane staining of ducts only in recurrent acute
and chronic pancreatitis with the Dako antibody could be
due to conformational changes in the ErbB2 protein in
response to the causal agent, in response to fibrosis, the
loss of surrounding acinar cells, or the changes in the
growth factor expression in islet cells [32], which may
interact with the expression of growth factors and their
receptors in ducts. The similarities of ErbB2 expression
in recurrent acute and chronic pancreatitis point to the
pathogenic relationship between these two conditions
and further support the concept that acute pancreatitis

can progress to chronic pancreatitis. However, a larger
sample size of these precious tissues is necessary for the
validation of the results.

The immunoreactivity of islet cells with the Santa
Cruz antibody also deserves consideration. During the
past three decades considerable evidence has accumulat-
ed suggesting important functional interactions between
the endo- and exocrine pancreas on both physiological
and pathophysiological levels [20, 21, 32, 44, 45, 46, 47,
48, 49, 51, 52, 57]. The islets of Langerhans, evenly dis-
tributed throughout the exocrine pancreas [23, 61], fur-
nish the blood supply for the insuloacinar portal vascular
system [24, 40]. Acute and chronic pancreatitis show a
similar patchy distribution pattern of necrotic or fibrotic
lesions in the pancreas [33, 29, 58]. The weaker immu-
noreactivity of islet cells with the Santa Cruz antibody in
acute pancreatitis and the absence of the reactivity in re-
current acute pancreatitis and chronic pancreatitis could
reflect the structural and functional changes that occur
during the pathogenesis of the diseases. The loss of
ErbB2 expression in islet cells with simultaneous chang-
es in the localization of the protein from the ductal cyto-
plasm to the cell membrane clearly points to an associa-
tion of these two changes and emphasizes the important
role of islets in this process.

The differing immunoreactivity of the two antibodies
is certainly related to the recognition of different epi-
topes of the ErbB2 protein. However, a nonspecific
cross-reactivity of certain islet cell types with the epitope
recognized by the two antibodies cannot be excluded en-
tirely. The observed cytoplasmic immunoreactivity of
the used antibodies has also been reported and verified
by numerous investigators in various tissues, including
the pancreas [9, 12, 18, 19, 22, 34, 35, 36, 38, 39, 53, 54,
59, 63].

Nevertheless, the role of ErbB2 in inflammatory pan-
creatic diseases is interesting. The ErbB2 oncogene is
closely related to the epidermal growth factor receptor
and has assumed a special interest based on the preferen-
tial heterodimerization with other members of this
growth factor receptor family [42]. In chronic pancreatitis
ErbB2 is overexpressed only in a small subgroup of 
patients, who develop an enlargement of the head of the
pancreas [16]. The association of chronic pancreatitis
with an overexpression of the epidermal growth factor
receptor, its ligand transforming growth factor α, as well
as acid fibroblast and basic fibroblast growth factors
have raised the possibility that tyrosine kinase receptors
and their ligands contribute to the pathogenesis of the
disease [16]. Based on the present results it is conceiv-
able that inflammatory changes induce certain structural
changes in the ErbB2 receptor.
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Abstract Type IV collagen, the major component of
basement membrane (BM), demonstrates a stage- and
position-specific distribution of its isoforms during tooth
development. To determine its localization in BM of od-
ontogenic neoplasms, immunohistochemistry using six
anti-α(IV) chain-specific monoclonal antibodies was
performed. Results disclosed that BM demonstrated an
irregular α(IV) chain profile in malignant odontogenic
tumors as compared to benign odontogenic neoplasms.
No α3(IV) chains were detected. Expression of
α1(IV)/α2(IV) and α5(IV)/α6(IV) chains was stronger
in desmoplastic (n=3) than in ordinary (n=5) amelo-
blastomas. The adenomatoid odontogenic tumor (n=2)
distinctly expressed these chains in BM of cribriform ar-
eas and hyaline materials (which was also α4(IV)-posi-
tive), but weakly around epithelial whorls/rosettes/nests
and mineralized foci. These five chains also stained BM
and tumor cells of ameloblastic fibroma (n=3) and ame-
loblastic fibro-odontosarcoma (n=1), but not the induc-
tive hard tissues. Ameloblastic carcinoma (n=2) showed
specific α1(IV)/α2(IV) chain loss, while primary intra-
osseous carcinoma (n=1) demonstrated a discontinuous
α1(IV)/α2(IV) and α5(IV)/α6(IV) staining pattern. The

present results suggest that modification and remodeling
of BM collagen IVα chains occur during odontogenic
neoplasms’ progression.

Keywords Type IV collagen · Basement membrane ·
Immunohistochemistry · Odontogenic tumors

Introduction

The basement membrane (BM) assembly is a thin, sheet-
like, highly specialized structure of extracellular matrix
that separates the epithelial cells from the stroma. In the
past, it was regarded as a selective barrier and scaffold to
which cells adhere, but now it is evident that individual-
ized proteins in BM act as regulators of specific biologi-
cal functions such as cellular growth, differentiation, re-
pair, migration, as well as modulators of pathological
events such as tumor cell differentiation, invasion, and
metastasis [5, 11, 24]. With recent developments in the
knowledge of BM composition and biology, the macro-
molecular structure of BM is even more complex as oth-
er new components are characterized [5]. Type IV colla-
gen, the major component of mammalian BM, is a fami-
ly of six distinct polypeptide chains [11]. These are des-
ignated α1(IV) to α6(IV) and are encoded by six distinct
genes, COL4A1 to COL4A6 [11, 21, 26, 43]. These
chains are assembled into triple-helical molecules com-
posed of three α1(IV) chains that self-associate to form
supramolecular networks. In human BM, there are at
least three molecular forms of type IV collagen which
are tissue-specific in their distribution: [α1(IV)]2 α2(IV),
which is ubiquitous in all BM, α3(IV), α4(IV), and
α5(IV), which is abundant in lung alveolar and glomeru-
lar BM, and α5(IV)/α6(IV), which is localized in the
BM of mammary duct and lobule, epidermis, prostate
gland, and smooth muscle cells [5, 7, 11, 26]. Molecular
defects in type IV collagen have been linked to Good-
pasture’s syndrome, an autoimmune disease character-
ized by glomerulonephritis and pulmonary hemorrhages,
Alport’s syndrome, a genetic disease with progressive
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glomerulonephritis, and diffuse esophageal leiomyoma-
tosis, characterized by benign proliferations of smooth
muscle [11, 26].

Odontogenesis is a complex process involving induc-
tive and reciprocally inductive influences of odontogenic
epithelium and ectomesenchyme, and the BM interposed
between these two tissues functions as a regulator and
modulator of these interactions [8, 9, 39]. Previous stud-
ies have examined various BM constituents including
collagen IV and laminin to determine their roles during
tooth morphogenesis and cytodifferentation [8, 9, 37, 38,
39]. In our earlier study on mouse molar germ develop-
ment, we observed that collagen IV isoforms localized in
the dental BM at various stages of tooth organogenesis
showed a stage- and position-specific distribution pattern
[19]. In light of this evidence, an immunohistochemical
study utilizing α chain-specific monoclonal antibodies
was carried out to determine collagen IV α chain compo-
sition and localization in the BM of benign and malig-
nant odontogenic neoplasms, with the aim of clarifying
their roles in tumor growth and progression.

In the revised WHO Histological Typing of Odonto-
genic Tumors, odontogenic neoplasms are classified ac-

cording to whether there is odontogenic epithelial, ecto-
mesenchymal, or epithelial-ectomesenchymal tissue par-
ticipation, the latter with or without inductive dental hard
tissue formation [13]. With the exception of the amelo-
blastoma, which is the most commonly occurring odon-
togenic neoplasm and also is locally invasive, an over-
whelmingly large number of these lesions are either be-
nign or of a hamartomatous nature (e.g., odontomas) [13,
15, 41]. The odontogenic carcinomas and odontogenic
sarcomas are very rare [6, 31]. This diversity in the bio-
logical behavior of these tumors as a group coupled with
their wide histomorphologic spectrum underscores the
need to understand better the molecular mechanisms in-
volved in the growth and progression of these lesions.

Materials and methods

The source of the sample studied was from the surgical pathology
files of the Department of Oral Pathology, Graduate School of
Medicine and Dentistry, Okayama University. Archival formalin-
fixed, paraffin embedded tissue blocks of eight ameloblastomas
(five ordinary and three desmoplastic), two adenomatoid odonto-
genic tumors, three ameloblastic fibromas, two ameloblastic carci-

Fig. 1a–h Differential distribution of α(IV) chains in ordinary
(a–d) and desmoplastic (e–h) ameloblastoma. Marked immunore-
activity for collagen IV α1, α2, α5, and α6 chains is observed at

the periphery of tumor islands in the desmoplastic ameloblastoma.
a, b ×200, c–f, h ×150, g ×75
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nomas, and a case each of ameloblastic fibro-odontosarcoma and
primary intraosseous carcinoma were retrieved, and new 4-µm
sections were prepared for routine staining with hematoxylin-eo-
sin and for immunohistochemistry. Histological diagnoses of these
tumor entities were made in accordance with the WHO Histologi-
cal Typing of Odontogenic Tumours [13] and other established cri-
teria in current use [6, 15, 31, 41].

Monoclonal antibodies

Rat monoclonal antibodies, H11, H22, H43, M54, and M69 recog-
nizing type IV collagen α1, α2, α3, α4, α5, and α6 chains, respec-
tively, were raised against synthetic peptides of nonconsensus amino
acid sequences of the human α(IV) chains. Their specificity against
the individual human α(IV) chains was confirmed by enzyme-linked
immunosorbent assay (ELISA) and immunoblotting, and epitopes
were determined earlier by multipin-peptide scanning [25].

Immunohistochemistry

For immunohistochemical staining of collagen IV α1, α2, α3, α4,
α5, and α6 chains, deparaffinized sections were pretreated for an-
tigen retrieval by autoclave heating (132°C, 3 min) in 10 nM of ci-
trate buffer (pH 3.3, 5 min). These sections were then immersed in

Fig. 2a–f Differential distribution of α(IV) chains in ameloblastic
fibroma. Collagen IV α1, α2, α4, α5, and α6 chains are expressed
as continuous linear patterns compartmentalizing epithelial tumor
islands from the dental papilla-like ectomesenchymal stroma. a, b,
e, f ×200, c, d ×300

0.3% methanol containing 1% hydrogen peroxide for 30 min, to
block endogenous peroxidase, and rinsed in 0.05 M Tris-buffered
saline (TBS) (5 min, three times) before immersing in blocking
solution (Funakoshi, Japan) for 10 min at room temperature.
Thereafter, the sections were covered with the primary antibody
and incubated overnight at 4°C. The optimal dilutions of each pri-
mary antibody were as follows: α1(IV) and α2(IV) 1:400, α3(IV)
1:100, α4(IV) 1:10, α5(IV) 1:100, and α6(IV) 1:20. The immuno-
reaction was performed using a Vectastatin peroxidase ABC kit
(Vector, Burlingame, Calif., USA). The antigenic sites were dem-
onstrated by reacting sections with a mixture of 0.05% 3,3’-diami-
nobenzidine tetrahydrochloride (Vector) in 0.05 M of Tris-HCl
buffer (pH 7.6) containing 0.01% H2O2 for 7 min. The nuclei were
counterstained with hematoxylin. For negative control, sections
were reacted with normal rat serum or with the secondary anti-
body alone. All the control sections were negative. Positive stain-
ing controls were included for each antibody and, where present in
the specimens, internal staining controls were also checked for ap-
propriate reactions with each antibody.

Results

The results on the immunohistochemical detection of
collagen IV α chain distribution patterns in the BMs of
benign and malignant odontogenic neoplasms are de-
tailed below. Collagen IV α3 chains were not detected in
all the specimens examined, whereas α4(IV) chain ex-
pression was rare.

Ameloblastoma (Fig. 1)

Coexpression of α1(IV) and α2(IV) chains occurred as
thin lines with limited areas of discontinuity along the
BMs of neoplastic epithelial islands (follicular) and
strands (plexiform) of three ordinary ameloblastomas
(Fig. 1 a, b), but strongly stained, in linear continuous
manner, the periphery of tumor nests in the desmoplastic
ameloblastoma (n=3) (Fig. 1e, f). For both types of ame-
loblastoma, α5(IV)/α6(IV) chains were colocalized as
continuous linear patterns demarcating the tumor epithe-
lium from the surrounding connective tissue stroma
(Fig. 1c, d, g, h). These chains also showed random in-
tracellular stainings of the tumor islands. No remarkable
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differences in immunoreactivity were noted between dif-
ferent tumor growth patterns (plexiform vs follicular)
and between various cellular subtypes (granular cell,
acanthomatous, and basal cell metaplasia) within the or-
dinary ameloblastomas. Collagen α4 chains were not de-
tected in the specimens examined. The adjacent oral mu-
cosa BM showed positive staining for α1(IV)/α2(IV)
and α5(IV)/α6(IV) chains, while the BM of adjacent
blood vessels strongly expressed α1(IV)/α2(IV) chains.

Ameloblastic fibroma (Fig. 2)

Analysis of α(IV) chain staining in the BM of amelob-
lastic fibroma demonstrated a uniform distribution pat-
tern. In the tumor areas examined, α1(IV)/α2(IV),
α4(IV) and α5(IV)/α6(IV) chains occurred as linear
continuous patterns that compartmentalized the neoplas-

Fig. 3a–f Differential distribution of α(IV) chains in the adeno-
matoid odontogenic tumor. In the cribriform areas (a, b, f), the in-
terface between tumor epithelium and hemorrhagic stroma showed
strong expression for collagen IV α1, α2, and α6 chains. Hyaline
materials (c, d, e) lining the luminal surfaces of ducts, as accumu-
lations between opposing rows of columnar cells in convoluted
structures and as droplets in solid epithelial whorls/rosettes,
showed intense positivity for collagen IV α2, α4, and α5 chains.
a, b, e, f ×150, c, d ×300

tic epithelial islands and strands from the surrounding
dental papilla-like ectomesenchymal stroma (Fig. 2 a–d).
These five chains also randomly labeled the peripheral
preameloblast-like and central stellate reticulum-like
cells as well as areas of epithelial buddings.

Adenomatoid odontogenic tumor (Fig. 3)

Collagen IV α chain labeling produced distinct expres-
sion patterns in the adenomatoid odontogenic tumor. In
the cribriform areas, α1(IV)/α2(IV) and α5(IV)/α6(IV)
chains were strongly expressed at the interface between
tumor epithelium and the hemorrhagic stroma (Fig. 3 a,
b, f). However, the BMs around conglomerated masses
of solid epithelial whorls/rosettes/nests and the ablumi-
nal aspect of duct-like structures were faintly positive to
nonreactive for these collagen molecules. The eosino-
philic hyaline materials (Fig. 3c, d, e) that occurred as
droplets within epithelial whorls/rosettes, as accumula-
tions between opposing rows of columnar cells in convo-
luted structures, or as thickened linings on the luminal
surfaces of duct-like structures also stained positively for
all five chains. In these amorphous deposits, α5(IV)
chains showed the most intense immunoreactivity. How-
ever, the mineralized masses demonstrated little or no re-
action for these α(IV) chains. Furthermore, small calci-
fying epithelial odontogenic tumor-like epithelial nests,
identified as clusters of squamoid cells with amyloid-like
globules, also remained nonreactive.

Ameloblastic fibro-odontosarcoma (Fig. 4)

In the ameloblastic fibro-odontosarcoma, α1(IV)/ α2(IV)
and α4(IV) chains demonstrated moderately intense stain-
ing along the BM of ameloblastic epithelium (Fig. 4 a–c),
while α5(IV)/ α6(IV) chains were strongly codistributed
as continuous linear patterns demarcating the benign tu-
mor nests from the surrounding sarcomatous stroma
(Fig. 4d, e). These α(IV) chains also randomly stained the
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Fig. 4a–e Differential distribution of α(IV) chains in ameloblastic
fibro-odontosarcoma. Collagen IV α1, α2, α4, and α6 chains
showed moderate immunoreactivity, while intense expression of
α5(IV) chains was observed at the periphery of tumor nests. a, c–e
×300, b ×150

Fig. 5a, b Differential distribution of α(IV) chains in ameloblas-
tic carcinoma. Collagen IV α5 and α6 chains were expressed as
thin, discontinuous lines around well-differentiated tumor clusters,
whereas α1(IV) and α2(IV) chains were not detected. a ×300, 
b ×150

tumoral and stromal cells. In the inductive dental hard tis-
sue areas, no reactivity was found.

Ameloblastic carcinoma (Fig. 5)

Collagen IV α chain staining in the ameloblastic carci-
noma demonstrated an irregular and disrupted expression
pattern with specific loss of α1(IV)/α2(IV) chains. In
those areas containing poorly differentiated tumor nests,
there was complete disappearance of α(IV) chain expres-
sion, whereas in areas with well-differentiated tumor
clusters, the BMs demonstrated a discontinuous and
fragmented expression pattern for α5(IV)/α6(IV) chains
(Fig. 5 a, b). Collagen IV a4 chains were not detected.

Primary intraosseous carcinoma (Fig. 6)

In the primary intraosseous carcinoma, differential α(IV)
chain staining also revealed a disrupted immunolabeling
profile. Coexpression of α1(IV)/α2(IV) chains occurred
as thin linear discontinuous patterns around well-differ-
entiated tumor clusters (Fig. 6 a, b). A similar irregular
staining reaction was observed for α5(IV)/ α6(IV)
chains (Fig. 6c, d), except that α5(IV) chain deposition
appeared granular, with a tendency to enclose small nests
of peripheral tumor cells in a cuff-like manner (Fig. 6c).
No immunoreaction for α4(IV) chains was observed.

Discussion

Although many studies have extensively investigated
the cellular characteristics of odontogenic neoplasms as
well as speculated on their histogenetic mechanisms,
much less is known of their extracellular matrix features
[8, 18, 32, 34, 35], in particular, the BM constituents
and their functions [9, 17, 29, 32, 38]. Reports thus far
focused mostly on the composition of BM in the amelo-
blastoma, and the two BM components investigated
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were type IV collagen and laminin, detected immuno-
histochemically using either polyclonal or monoclonal
antibodies directed against these macromolecules [17,
23, 28, 29, 33, 38]. This study investigated for the first
time the immunohistochemical distribution of six colla-
gen IV α chains in the BMs of benign and malignant
odontogenic tumors based on their immunoreactivity
with α(IV) chain-specific monoclonal antibodies. The
expression of α(IV) chains has been reported in lung
cancer [2, 20], breast cancer [10, 21], basal cell carcino-
ma [36], prostate carcinoma [4], renal cell carcinoma
[14], and colorectal carcinoma [10].

In the current study, we demonstrated that collagen
α(IV) chain composition and distribution in the BMs of
the various benign and malignant odontogenic neo-
plasms investigated are distinctive in their expression
patterns (to be discussed later). We further observed that
the BMs of odontogenic neoplasms differ from the BM
of normal oral mucosa and the developing tooth germ in
their relative abundance of α5(IV)/α6(IV) chains com-
pared to α1(IV)/α2(IV) chains [19]. We speculated that
this modification in BM α(IV) chain composition repre-
sents a host response to the odontogenic neoplasm:
α5(IV)/α6(IV) chain deposition probably functions as
protective molecules that provide some resistance and
stability to the BM and to limit tumor invasion. Abnor-
mal depositions of BM components, with a possible as-
sociation of α5(IV) chains with hemidesmosomal struc-
tures, have been identified in the malignant BMs of pros-
tate carcinomas [4]. In the aorta and some arteries where
blood pressure changes significantly, α5(IV)/α6(IV)
chains expressed by smooth muscles are believed to have
special functions related to mechanical stress and tensile
strength during the characteristic contractile activity of
these tubular structures [30].

Fig. 6a–d Differential distribution of α(IV) chains in primary in-
traosseous carcinoma (PIOC). Collagen IV α1, α2, and α6 chains
were expressed as thin, discontinuous lines around well-differenti-
ated tumor clusters (a, b, d), while α5(IV) chains showed an in-
tense granular distribution pattern (c) with formation of cuffs (ar-
rowheads) that encircle small tumor nests. a, b, d ×150, c ×300

With the exception of the ordinary ameloblastoma,
which showed limited areas of BM discontinuity, the
BMs of the desmoplastic ameloblastoma and ameloblas-
tic fibroma appeared to exhibit an intact and uniform
α(IV) chain profile. These expected observations corre-
lated favorably with previous reports on collagen IV mac-
romolecule distribution in benign odontogenic tumors [8,
16, 17, 23, 29] and further emphasized that the presence
of an intact BM is associated with a protective role. In ad-
dition, the observed intense linear staining for
α1(IV)/α2(IV) and α5(IV)/α6(IV) chains in the BM of
desmoplastic ameloblastoma supports Philipsen et al.’s
finding [23], which also describes a well-preserved stain-
ing pattern for collagen IV macromolecule in this tumor
subset.

The AOT is a benign hamartomatous odontogenic
neoplasm that has been a subject of recent investigations
principally because of its unique histological characteris-
tics. The eosinophilic hyaline materials found in this tu-
mor formed the center stage in these investigations. Am-
elogenin, enamelin, laminin, heparan sulfate, proteogly-
cans, fibronectin, collagen IV, collagen V [16], sheathlin
[34], and alpha-one-antitrypsin [32] are among the extra-
cellular molecules recently detected in these deposits.
We add to this list immunopositivity for five collagen IV
α chains: α1(IV), α2(IV), α4(IV), α5(IV), and α6(IV).
The presence of α4(IV) chains in these amorphous mate-
rials is considered most unusual because of its known re-
stricted tissue expression [2]. This rare chain was also
detected in the BM of ameloblastic fibroma and amelob-
lastic fibro-odontosarcoma, and its occurrence led us to
theorize that the cells associated with these BM compo-
nents are phenotypically primitive, probably resembling
the gubernaculums dentis of the dental placode and bud
stages during tooth organogenesis [19]. In the absence of
α3(IV) chains, we speculated that the α4(IV) chain ex-
ists as homotrimers with the molecular form [α4(IV)]3 or
forms heterotrimers with α5(IV) or α6(IV) chains. Tak-
en together, all the aforementioned findings suggest that
the eosinophilic hyaline deposits found in the AOT prob-
ably represent excessive altered/abnormal BM constitu-
ents sequestered at these specific tumor sites, i.e., solid
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epithelial whorls, rosettes, convoluted structures, and the
luminal surfaces of duct-like structures. However, its bi-
ological significance and the stimulus for its biosynthesis
remained unknown. The other issue that warrants further
discussion is the unique expression patterns of α(IV)
chains around the epithelial constituents in the AOT. It is
well recognized that these tumor epithelial components
are diverse in their morphological characteristics and
histologic patterns. Takahashi et al. [32] classified these
epithelial cells into three main types: type I cells are
small, compact cells found in a solid nodule and pseudo-
glandular cells in duct-like structures, type II cells are
peripheral elongated cells and spindle-shaped cells in a
cribriform pattern, and type III cells are metaplastic
squamous cells. In this study, we observed that the BM
surrounding cell type II in cribriform areas strongly ex-
pressed α1(IV)/α2(IV) and α5(IV)/α6(IV) chains. From
these observations, we hypothesized that cells in cribri-
form areas phenotypically resembled those in the dental
lamina because of similarities in their BM α(IV) compo-
sitions [19]. The weak to lacking immunoreactivity for
α(IV) chain in the BMs of the other epithelial structures
may be due to their constituent cells being histodifferen-
tially more mature, possibly equivalent to the stage just
short of the secretory phase of odontogenesis, when
these BM components disappear [19].

With the exception of the ameloblastic fibro-odonto-
sarcoma, which consisted of benign odontogenic tumor
epithelium segregated from the sarcomatous stroma by
an intact BM structure, the BMs of the other two malig-
nant odontogenic neoplasms investigated in this study
demonstrated an irregular distribution of α(IV) chains.
Earlier studies proposed that loss of BM components is a
hallmark of invasive lesions [1, 29]. A disrupted colla-
gen IV labeling of BM has been shown to precede tumor
invasion in lung cancers [17]. This disruption of BM
components that occurs during tumor progression may
be due to their degradation by proteolytic enzymes
and/or lack of biosynthesis. Chelberg et al. [3], reported
that a type IV collagen-derived sequence designated as
IV-H1 (residues 1269–1277) localized in the triple heli-
cal region of α1(IV) chain facilitates adhesion and motil-
ity of the M4 melanoma cell line. Therefore it is possible
that after enzymatic degradation of type IV collagen
BMs, α1(IV) chain sequences in the stroma trigger cell
motility and enhance local tumor progression [2]. In lung
cancers, stromal cells are the principal source of synthe-
sis of α1(IV) chains, and interaction between the tumor
cells and the extracellular matrix could modulate their
invasive capacity [2]. In this study, tumor cells appeared
to be the principal source of synthesis of all α(IV)
chains. Stromal synthesis of these collagen molecules
was most obvious in the sarcomatous compartment of
the ameloblastic fibro-odontosarcoma.

In summary, this study on the differential distribution of
collagen IV α chains in the BMs of benign and malignant
odontogenic neoplasms yielded three key observations: (1)
that the BM of benign and malignant odontogenic neo-
plasms have distinct α(IV) chain expression patterns, (2)

that modifications in the relative abundance of collagen IV
α chains in odontogenic tumor BM probably represent host
protective response, and (3) that early specific loss of
α1(IV)/α2(IV) chains precedes those affecting α5(IV)/
α6(IV) chains during odontogenic tumor progression.
These findings suggest that modification and remodeling
of BM collagen IV α chains are dynamic processes crucial
for odontogenic tumor cell growth and progression.

References

1. Barsky SH, Siegal GP, Jannotta F, Liotta LA (1983) Loss of
basement membrane components by invasive tumors but not
by their benign counterparts. Lab Invest 49:140–147

2. Catusse C, Polette M, Coraux C, Burlet H, Birembaut P (2000)
Modified basement membrane composition during bronchopul-
monary tumor progression. J Histochem Cytochem 48:663–669

3. Chelberg MK, McCarthy JB, Skubitz APN, Furcht LT, 
Tsilibary EC (1990) Characterization of a synthetic peptide
from type IV collagen that promotes melanoma cell adhesion,
spreading and motility. J Cell Bio 111:262–270

4. Dehan P, Waltregny D, Beschin A, Noel A, Castronovo V, 
Tryggvason K, De Leval J, Foidart JM (1997) Loss of type IV
collagen alpha 5 and alpha 6 chains in human invasive pros-
tate carcinomas. Am J Pathol 151:1097–1104

5. Erickson AC, Couchman JR (2000) Still more complexity in
mammalian basement membranes. J Histochem Cytochem 48:
1291–1306

6. Eversole LR (1999) Malignant epithelial odontogenic tumors.
Semin Diagn Pathol 16:317–324

7. Fleischmajer R, Kuhn K, Sato Y, MacDonald ED 2nd, Perlish
JS, Pan TC, Chu ML, Kishiro Y, Oohashi T, Bernier SM, 
Yamada Y, Ninomiya Y (1997) There is temporal and spatial
expression of alpha 1 (IV), alpha 2 (IV), alpha 5 (IV), alpha 6
(IV) collagen chains and beta1 integrins during the develop-
ment of the basal lamina in an „in vitro“ skin model. J Invest
Dermatol 109:527–533

8. Heikinheimo K, Morgan PR, Happonen RP, Stenman G, Virt-
anen I (1991) Distribution of extracellular matrix protein in odon-
togenic tumors and developing teeth. Virchows Arch 61:101–109

9. Heikinheimo K, Salo T (1995) Expression of basement mem-
brane type IV collagen and type IV collagenase (MMP-2 and
MMP-9) in human fetal teeth. J Dent Res 74:1226–1234

10. Hewitt RE, Powe DG, Morrell K, Balley E, Leach IH, El-
lis IO, Turner DR (1997) Laminin and collagen IV subunit dis-
tribution in normal and neoplastic tissues of colorectum and
breast. Br J Cancer 75:221–229

11. Hudson BG, Reeders ST, Tryggvason K (1993) Type IV colla-
gen: structure, gene organization, and role in human diseases.
Molecular basis of Goodpasture and Alport syndromes and
diffuse leiomyomatosis. J Biol Chem 15:26033–26036

12. Kalluri R, Cosgrove D (2000) Assembly of type IV collagen. In-
sights from α3(IV)-deficient mice. J Biol Chem 275:12719–12724

13. Kramer IRH, Pindborg JJ, Shear M (1992) International histo-
logical classification of tumours: histological typing of odon-
togenic tumours, second edn. Springer, Heidelberg

14. Lohi J, Korhonen M, Leivo I, Kangas L, Tani T, Kalluri R,
Miner JH, Lehto VP, Virtanen I(1997) Expression of type IV
collagen alpha1(IV)-alpha6(IV) polypeptides in normal and
developing human kidney and in renal cell carcinomas and
oncocytomas. Int J Cancer 72:43–49

15. Melrose RJ (1999) Benign epithelial odontogenic tumors. Semin
Diagn Pathol 16:271–287

16. Murata M, Cheng J, Horino K, Hara K, Shimokawa H, Saku T
(2000) Enamel proteins and extracellular matrix molecules are
co-localized in the pseudocystic stromal spaces of adenomatoid
odontogenic tumor. J Oral Med 29:483–490

17. Nadimi H, Toto PD (1986) Product identification of ameloblasto-
mas: an immunohistochemical study. J Oral Pathol 15:439–444



399

18. Nagai N, Yamachika E, Nishijima K, Inoue M, Shin HI,
Suh MS, Nagaoka K (1994) Immunohistochemical demonstra-
tion of tenascin and fibronectin in odontogenic tumors and hu-
man fetal tooth germs. Eur J Cancer B Oral Oncol 30B:191–195

19. Nagai N, Nakano K, Sado Y, Naito I, Gunduz M, Tsujigiwa H,
Nagatsuka H, Ninomiya Y, Siar CH (2001) Localization of type
IV collagen α1 to α6 chains in basement membrane during
mouse molar germ development. Int J Dev Biol 45:827–831

20. Nakano K, Iyama K, Mori T, Yoshioka M, Hiraoka T, Sado Y,
Ninomiya Y (2001) Loss of alveolar basement membrane type
IV collagen α3, α4 and α5 chains in bronchioalveolar carcino-
ma of lung. J Pathol 194:420–427

21. Nakano S, Iyama K, Ogawa M, Yoshioka H, Sado Y, 
Oohashi T, Ninomiya Y(1999) Differential tissular expression
and localization of type IV collagen alpha1(IV), alpha2(IV),
alpha5(IV), and alpha6(IV) chains and their mRNA in normal
breast and in benign and malignant breast tumors. Lab Invest
79:281–292

22. Ninomiya Y, Kagawa M, Iyama K, Naito I, Kishiro Y,
Seyer JM, Sugimoto M, Oohashi T, Sado Y (1995) Differen-
tial expression of two basement membrane collagen genes,
COL4A6 and COL4A5, demonstrated by immunofluorescence
staining using peptide-specific monoclonal antibodies. J Cell
Biol 1:1219–229

23. Philipsen HP, Ormiston IW, Reichart PA (1992) The desmo
and osteoplastic ameloblastoma. Histologic variant or clinico-
pathologic entity? Case reports. Int J Oral Maxillofac Surg
21:352–357

24. Rohrbach DH, Timpl R (1993) Molecular and cellular aspects
of basement membranes. Academic, San Diego, pp 1–437

25. Sado Y, Kagawa M, Naito I, Seyer JM, Sugimoto M, Oohashi T,
Ninomiya Y (1995) Establishment by the rat lymph node meth-
od of epitope-defined monoclonal antibodies recognizing the six
different alpha chains of human type IV collagen. Histochem
Cell Biol 104:267–275

26. Sado Y, Kagawa M, Naito I, Ueki Y, Seki T, Momota R, 
Oohashi T, Ninomiya Y (1998) Organization and expression
of basement membrane collagen IV genes and their roles in
human disorders. J Biochem 123:767–776

27. Saku T, Okabe H, Shimokawa H (1992) Immunohistochemical
demonstration of enamel proteins in odontogenic tumors.
J Oral Pathol Med 21:113–119.

28. Salo T, Kainulainen T, Parikka M, Heikinheimo K (1999) Ex-
pression of laminin-5 in ameloblastomas and human fetal
teeth. J Oral Pathol Med 28:337–342

29. Sauk JJ (1985) Basement membrane confinement of epithelial
tumor islands in benign and malignant ameloblastoma. J Oral
Pathol 14:307–314

30. Seki T, Naito I, Oohashi T, Sado Y, Ninomiya Y (1998) Dif-
ferential expression of type IV collagen isoforms, α5(IV) and
α6(IV) chains, in basement membranes surrounding smooth
muscle cells. Histochem Cell Biol 110:359–366

31. Slater LJ (1999). Odontogenic sarcomas and carcinosarcomas.
Semin Diagn Pathol 16:325–332

32. Takahashi H, Fujita S, Shibata Y, Yamaguchi A (2001) Adeno-
matoid odontogenic tumor: immunohistochemical demonstra-
tion of transferring, ferritin and alpha-one-antitrypsin. J Oral
Pathol Med 30:237–244

33. Takata T, Miyauchi M, Ogawa I, Kudo Y, Takekoshi T,
Zhao M, Sato S, Nikai H, Komiyama K (2000) Immunoex-
pression of transforming growth factor β in desmoplastic ame-
loblastoma. Virchows Arch 436:319–323

34. Takata T, Zhao M, Uchida T, Kudo Y, Sato S, Nikai H (2000) Im-
munohistochemical demonstration of an enamel sheath protein,
sheathlin, in odontogenic tumors. Virchows Arch 436;324–329

35. Takata T, Zhao M, Uchida T, Wang T, Aoki T, Bartlett JD, 
Nikai H (2000) Immunohistochemical detection and distribution
of enamelysin (MMP-20) in human odontogenic tumors. J Dent
Res 79:1608–1613

36. Tanaka K, Iyama K, Kitaoka M, Ninomiya Y, Oohashi T,
Sado Y, Ono T(1997) Differential expression of alpha 1(IV),
alpha 2(IV), alpha 5(IV) and alpha 6(IV) collagen chains in
the basement membrane of basal cell carcinoma. Histochem J
29:563-570

37. Thesleff I, Barrach HJ, Foidart JM, Vaheri A, Pratt RM, 
Martin GR (1981) Changes in the distribution of type IV 
collagen, laminin, proteoglycan, and fibronectin during mouse
tooth development. Dev Biol 81:182-192

38. Thesleff I, Ekblom P (1984) Distribution of keratin and lami-
nin in ameloblastoma. Comparison with developing tooth and
epidermoid carcinoma. J Oral Pathol 13:85–96

39. Thesleff I, Vaahtokari A, Partanen AM (1995) Regulation of
organogenesis. Common molecular mechanisms regulating the
development of teeth and other organs. Int J Dev Biol 39:35–50

40. Thomas G, Pandey M, Mathew A, Abraham EK, Francis A,
Somanathan T, Iype N, Sebastain P, Nair MK (2001) Primary
intraosseous carcinoma of the jaw: pooled analysis of world
literature and report of two new cases. Int J Oral Maxillofac
Surg 30:349–355

41. Tomich CE (1999) Benign mixed odontogenic tumors. Semin
Diagn Pathol 16:308–316.

42. Yamamoto K, Yoneda K, Yamamoto T, Ueta E, Osaki T
(1995) An immunohistochemical study of odontogenic mixed
tumors. Eur J Cancer Oral Oncol 31B:122–128

43. Yurchenco PD, O’Rear JJ (1994) Basal lamina assembly. Curr
Opin Cell Biol 6:674–681



Abstract The stroma-rich variant of Castleman’s dis-
ease of hyaline-vascular type (CDHV) is a newly identi-
fied entity that shows overgrowth of a variety of stromal
cells. Six CDHV patients showed proliferation of vascu-
lature and actin-positive myoid cells in the expanded 
interfollicular (IF) area. There were three women and
three men, and the median age was 29.5 years. Of the six
lesions, four were located in the retroperitoneum, one in
the neck, and one in the mediastinum. All patients were
asymptomatic. Microscopically, the degree of widening
of the IF area varied from slight overgrowth of the IF 
area (approximately 55% of the lymph node area) to
vague nodularity and finally to the formation of promi-
nent nodules. In the nodular lesions, lymph follicles
were compressed and attenuated. In the IF area, there
were numerous vessels and proliferation of spindle cells
that possessed blunt nuclei. The long, slender, dendritic
cytoplasms of the spindle cells were stained by alpha
smooth muscle actin. The spindle cells were negative for
desmin, CD34, factor VIII-related antigen, S-100, CD21,
and CD68. No patient has had recurrence after simple
excision. We maintain that these angiomyoid prolifera-
tive lesions in CDHV are of a hyperplastic nature. This
condition encompasses proliferation of small vessels and
myoid cells. Its characteristics include an asymptomatic,
solitary nodule that predominantly develops in the retro-
peritoneum.

Keywords Castleman’s disease · Hyaline-vascular type ·
Interfollicular area · Stromal hyperplasia · Angiomyoid
proliferative lesion

Introduction

Castleman’s disease of hyaline-vascular type (CDHV) is
a well-known entity showing characteristic histological
changes of the lymphoid follicles with small, intersect-
ing hyalinized vessels running through them and the 
absence of sinuses [17, 18]. Little attention has been 
paid to the interfollicular (IF) area of the lesion. The IF
area of a CDHV lesion is generally composed of mature
T-lymphocytes, plasmacytoid monocytes, and blood ves-
sels that proliferate to varying degrees, some of which
are lined by tall, plump endothelial cells [7, 8]. In addi-
tion to plasmacytoid monocytes and blood vessels, a 
variety of cells have been reported as proliferating cells
in the IF area. In 1993, Danon et al. [5] described the
morphological diversity of the IF area. They observed
the proliferation of dendritic or spindle-shaped cells.
They divided the spindle cells into two types according
to the immunostaining pattern: CD68-positive histiocytic
reticulum cells and actin-positive myoid. They defined
the stroma-rich variant of CDHV as those cases in which
the IF area exceeded the follicular area. Four years later,
Lin and Frizzera [11] reported two types of proliferative
lesions of the IF area, i.e., angiomyoid lesions and follic-
ular dendritic cell proliferative lesions, and described
five cases of each entity. They regarded the former lesion
as non-neoplastic and the latter as neoplastic and de-
scribed the clinical differences between the two entities.
Follicular dendritic cell proliferation predominantly oc-
curred in older patients, with an equal sex distribution,
and developed at various sites. On the other hand, angio-
myoid proliferation occurred in young women with an
abdominal mass and was cured by simple excision. Since
their detailed report, there have been no further reports
on these unique subtypes.

In this report, six CDHV patients are presented 
showing diffuse, mesh-like proliferation of spindle cells
with identical profiles to the “myoid cells” reported by
Frizzera and colleagues [5, 11] in the widened IF area.
We describe the clinical and immunohistochemical pro-
files of this distinct subtype of CDHV.
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Materials and methods

This study included six CDHV patients. They fulfilled the histo-
logical criteria of prototypic CDHV: absence of sinuses, and fol-
licular hyperplasia with hyalinized vascular change in the germi-
nal center surrounded by mantle zone lymphocytes arranged in an
onion skin-like pattern. In addition, various degrees of IF area
widening were noticed. The CDHV lesions were obtained by sur-
gical excision. The specimens were fixed in formalin and pro-
cessed routinely for paraffin embedding. Four-µm-thick sections
were sliced; one section was stained using hematoxylin and eosin
(H&E), and the remaining sections were used for immunohisto-
chemical analyses. The immunohistochemical studies were per-
formed using the streptavidin-biotin-peroxidase complex method.
The antibodies used are listed in Table 1. Double staining for fac-
tor VIII-related antigen and alpha smooth muscle actin (α-SMA)
was achieved by staining the former black using 0.01% 3,3’-di-
aminobenzidine (DAB) containing 1.0% cobalt as a chromogen.
All other antigens were stained brown with DAB. As a positive
control, we used sections of multitumor/tissue blocks with the ap-
propriate staining pattern of the corresponding antigens. In situ
hybridization (ISH) for Epstein-Barr virus (EBV)-encoded RNA-1
(EBER-1) was performed using the DAKO ISH detection system
(DAKO Japan, Kyoto, Japan) on formalin-fixed, paraffin-embed-
ded sections. Sections of EBV-associated gastric carcinoma were
used as a control for the ISH study.

Results

Clinical features

The clinical features of the six patients with CDHV are
shown in Table 2. The patients are listed according to the
degree of widening of the IF area. In patient 1, the area
occupied by the lymph follicles and the area occupied by
the IF area were approximately equal, and patient 6 ex-
hibited a large, mass-forming expansion of the IF area.
Men and women were equally affected. The patients’ age
ranged from 19 to 68 years, with a media age of
29.5 years. Each patient had one lesion. The lesions were
located in the retroperitoneum (n=4), in the superior me-
diastinum (n=1), and in the soft tissue of the lateral neck
(n=1). In the four intra-abdominal cases and the medias-
tinal case, the lesion was centrally located; two were lo-
cated in the renal hilum, one in the para-aortic area, one
near the common iliac artery, and one in the root of the
mesentery. Six patients were asymptomatic. In patients 1
and 2, the tumors were detected during routine physical
examination. The tumor was palpated in patient 3. In pa-
tient 4, the abdominal mass was incidentally detected
during ultrasonographic examination for epigastralgia.
Patient 5 had been diagnosed as having an oral pemphi-

Table 1 Antibodies used for immunohistochemical staining

Antibody Clone Dilution Antigen Source
retrieval

Anti-alpha smooth muscle actin 1A4 1:2000 – DAKO A/S, Glastrup, Denmark
Anti-factor VIII-related antigen Polyclonal 1:1000 MW DAKO
Anti-desmin D33 1:100 MW DAKO
Anti-vimentin V9 1:100 MW DAKO
Anti-S-100 protein Polyclonal 1:400 Trypsin, 30 min Immuno-Biological Laboratories, Fujioka, Japan
Anti-B-cell (CD21) IF-8 1:30 Pepsin, 30 min DAKO
Anti-endothelial cells (CD34) QBEnd/10 1:100 Trypsin, 30 min Novocastra, Newcastle, UK
Anti-dendritic reticulum cells (CD35) Ber-MAC-DRC 1:50 Trypsin, 30 min DAKO
Anti-macrophage (CD68) KP-1 1:100 – DAKO
Anti-P53 protein DO-7 1:200 AC DAKO
Anti-nuclear antigen (Ki-67) MIB-1 1:50 AC Immunotech, Marseille, France

MW microwave 95°, 10 min, AC autoclave 121°, 10 min

Table 2 Clinical findings of the six patients with Castleman’s disease of hyaline-vascular type

Patient Age Sex Site Presenting Size (cm) Treatment Follow-up
no. (years) symptoms/reason

for discovery

1 24 m Mediastinum None/medical check-up 5.0×5.0×3.0 Simple excision No recurrence (4 months)
2 35 f Retroperitoneum, None/medical check-up 3.8×2.1×2.1 Simple excision No recurrence (29 months)

para-aorta
3 20 f Lateral neck None/tumor palpated 7.0×5.0×5.0 Simple excision No recurrence (152 months)
4 68 m Retroperitoneum, None/under examination 3.0×3.0×3.0 Simple excision No recurrence (36 years)

root of mesentery for epigastralgia
5 19 m Retroperitoneum, None/under follow-up 8.5×7.5×6.5 Simple excision No recurrence (9 months)

abut to right for oral pemphigus
common iliac artery

6 52 f Retroperitoneum, None/examination 6.0×3.0×3.0 Simple excision No recurrence (16 months)
left renal hilum of hypertension



402

gus; a systemic examination was performed to rule out
the existence of an internal malignancy that may have
elicited pemphigus as a paraneoplastic syndrome, and
the abdominal mass was incidentally detected. Patient 6
had a history of hypertension and underwent ultrasono-
graphic examination to determine the primary cause, at
which time the abdominal mass was detected.

After simple excision and without adjuvant therapy,
there has been no recurrence in any of the six patients 
after a follow-up period ranging from 4 to 152 months,
with a median of 23 months.

Pathological findings

The greatest diameter of the tumor ranged from 3.0 cm
in patient 4 to 8.5 cm in patient 5, with a median of
5.5 cm. All of the lymph nodes were diffusely enlarged
in an ovoid shape or with slight bosselation. The cut sur-
faces were solid, homogenous, and pale-brown in color
(Fig. 1). Histologically, all cases fulfilled the criteria of
CDHV: abnormal follicles, absence of sinuses, and hy-

Fig. 1 Cut surface of the lesion of Castleman’s disease of hyaline-
vascular type in patient no. 6. The cut surface is solid, homogene-
ous, and pale-brown in color. Vertical bar, 0.5 cm

Fig. 2 a Patient no. 6. The widening of the interfollicular (IF)
area appears to create a mass-forming lesion at the left. Inside
the mass-forming lesion, proliferation of stromal cells is
prominent, but residual lymph follicles are still recognizable.
×20 b Proliferation of compact spindle cells in a storiform
pattern in the mass-forming lesion. ×200 c The proliferating
spindle cells have a cigar-shaped nucleus with vesicular-
to-fine chromatin and inconspicuous nucleoli. There is no sig-
nificant nuclear atypia. The cellular border is inconspicuous.
The nuclei of the spindle cells are approximately the same
size as the nuclei of the endothelial cells. The spindle cells
are not readily discernible on the hematoxylin-eosin section.
Small lymphocytes are intermingled with the spindle cells.
×400
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pervascular IF tissue. Some of the follicles were fused
and contained multiple germinal centers. Thick-walled
vessels penetrated into or between the follicles. Expan-
sion of the IF area varied from an IF area that was slight-
ly larger than the follicular area (approximately 55%)
with a vague nodule in patient 1 to expansion of the IF
prominent enough to form a large nodule in patient 6
(Fig. 2a). However, even in the patients where the large
mass occupied a significant area of the lymph node,
small, atrophic lymph follicles were recognizable within
each mass. The form of the residual follicles varied from
small aggregates of lymphocytes to atrophic germinal
centers surrounded by a thin mantle zone that sometimes
exhibited vestiges of the concentric arrangement. 

In the expanded IF area, spindle cells with elliptical
nuclei and small vessels proliferated densely together
and occasionally exhibited a storiform pattern (Fig. 2b).
The nuclei of the spindle cells were approximately the
same size as those of the endothelial cells, and the for-
mer were therefore difficult to differentiate from the lat-
ter on the H&E sections. The nuclei of the spindle cells
had blunt ends with a vesicular-to-fine chromatin pattern
and a small, inconspicuous nucleolus (Fig. 2c). Some of
the nuclei were slightly twisted and angulated and had
nuclear grooves along their long axis. However, the con-
tour of the nuclei was smooth, and there was no distinct
nuclear atypia or prominent pleomorphism in the majori-
ty of nuclei. There was no mitosis of the spindle cells
proliferating in the IF area. The cellular borders of the

Fig. 3a, b Double staining for factor VIII-related antigen (black)
and alpha smooth muscle actin (α-SMA, brown) revealed endothe-
lial cells and spindle cells, respectively. a Factor VIII-related anti-
gen-positive endothelial cells of small vessels are crowded in the
upper left; in contrast, α-SMA-positive spindle cells proliferated
prominently in the lower right, where there are sparsely distribut-
ed vessels. Patient no. 6, ×100 b α-SMA-positive dendritic cells
proliferated without any discernible relation to the vessels. The
cytoplasms of the dendritic cells are arborizing as if to encompass
the infiltrating lymphocytes. The proliferating dendritic cells have
a stellate-to-thin triangular shape with long, slender dendrites. 
Patient no. 6, ×400

proliferating cells were indistinct on the H&E sections.
Small mature lymphocytes, plasma cells, and occasional-
ly eosinophils were present in the IF areas. Hyalinized
collagen bundles and small foci of calcifications were
found in some areas of the lesion in patients 4 and 5. As
the width of the IF area increased, the number of small
lymphocytes intermingling with the spindle cells in the
IF area decreased.

Immunohistochemistry

Immunohistochemically, the proliferating spindle cells in
the widened IF area were positive for alpha smooth mus-
cle actin (α-SMA). Staining for α-SMA revealed that the
cytoplasms of the spindle cells had a stellate-to-thin tri-
angular shape with long, slender dendrites arborizing as
if to encircle the infiltrating lymphocytes. Immunostain-
ing for factor VIII-related antigen and CD34 revealed
numerous small vessels composed of large endothelial
cells in the IF area. Double staining for factor VIII-relat-
ed antigen (black) and α-SMA (brown) revealed the en-
dothelial cells of small vessels which stained black, and
spindle cells which stained brown (Fig. 3). The α-SMA-
positive spindle cells had proliferated in a vaguely nodu-
lar manner in some areas; in other areas, the spindle cells
were intermingled with the proliferating small vessels. In
some areas, α-SMA-positive spindle cells were crowded
together with small vessels distributed sparsely. The pro-
portion of the two types of cells (spindle cells and endo-
thelial cells of small vessels) varied from area to area.
Other than α-SMA, the proliferating spindle cells were
only positive for vimentin among the antigens tested.
CD68-positive histiocytes were only occasionally seen in
the IF area and in the germinal center of the lymph folli-
cles. In patient 4, there were several CD68-positive cells
in the IF area, although there was a much larger number
of α-SMA-positive spindle cells. Follicular dendritic
cells stained by CD21 and CD35 were present exclusive-
ly within the lymph follicles. The spindle cells in the IF
area were negative for desmin and S-100 in all cases.
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The spindle cells in the IF area were rarely positive (less
than 1%) for Ki-67; however, numerous lymphocytes in
the germinal center were positive for Ki-67. All of the
affected lymph nodes were negative for p53. EBV was
not detected in any of the specimens.

CDHV is a distinct disease entity with characteristic
histological changes showing proliferation of lymphoid
follicles with small, intersecting, hyalinized vessels run-
ning through them [7, 8]. Small lymphocytes and prolif-
erating blood vessels have been thought to be the constit-
uents of the IF area [17, 18]. In 1993, Danon et al. [5]
first described five out of 23 CDHV patients showing
additional types of cells proliferating in the widened IF
area. They observed two types of spindle cells in the
widened area: “histiocytic reticulum cells” and “myoid
cells”. Both cell types were morphologically similar to
spindle cells with ovoid to plump nuclei, and both exhib-
ited a mesh-like network throughout the IF area. Im-
munohistochemically, the histiocytic reticulum cells
stained for CD68, and the myoid cells stained for actin.
If the IF area was very prominent (at least 50% of the
surface area), they categorized these entities as a “stro-
ma-rich variant of CDHV.” Four years later, Lin and
Frizzera [11] reevaluated the myoid cell variant and 
described five patients with “angiomyoid” proliferative
lesions. They confirmed the existence of actin-positive
spindle cells proliferating in the IF area and interpreted
the proliferating cells as vessel-related pericytes and ves-
sel-independent “myoid cells.” The clinical characteris-
tics of the entity revealed that this lesion occurred only
in adults and predominantly in women (male to female
ratio, 1:4) and tended to develop in the abdomen. They
postulated that this entity was hyperplastic rather than
neoplastic because recurrence was not observed after
treatment in any of the patients. There have been no 
recent reports on this entity since that report.

Taking into account all the histological and immuno-
histochemical features of the proliferating spindle cells
in the IF area in our six patients, we maintain that our
patients are identical to those with stromal hyperplasia,
i.e., the angiomyoid type of CDHV, reported by Frizzera
and colleagues [5, 11]. The possibility that the spindle
cells might be follicular dendritic cells was excluded by
immunohistochemical analyses. We postulate that this
process is hyperplastic, rather than neoplastic, due to
several histological features: non-destructive proliferat-
ing pattern with residual lymph follicles, cytological 
benignancy, lack of mitoses, very low p53 expression,
and low proliferative activity. In addition, there was no
necrosis or hemorrhage.

The true nature of the “myoid cells” has not been 
fully characterized. Frizzera and colleagues [5, 11] rec-
ognized the presence of two types of cells in the normal
lymph node: myoid cells, which had been described by
Pinkus et al. [15] and Toccanier-Pelte et al. [19], and 
fibroblastic reticulum cells, which had been described by
Müller-Hermelink et al. [13]. However, Pinkus et al. [15]
described that smooth muscle myosin was present main-
ly in the lymph follicle and especially in the germinal

center, but not in the IF area of the lymph node. In the
report by Toccanier-Pelte et al. [19], the myoid cells in
the parafollicular area and deep cortex were positive for
both α-SMA and desmin; however, the myoid cells in
the medulla were only positive for desmin. In our study,
the spindle cells in all six patients were entirely negative
for desmin. Müller-Hermelink et al. [13] used the term
“fibroblastic reticulum cells” for cells that reacted to
smooth muscle-type myosin and actin in normal lymph
nodes; however, this designation is ambiguous and has
not become widespread. They conducted their immuno-
histochemical studies before the antigen retrieval method
had been introduced, and their results may therefore not
be comparable to ours.

Based on the latest understanding, spindle cells with
the phenotype of positivity for α-SMA and vimentin and
negativity for desmin have the specific characteristics of
myofibroblasts (MF) [1, 3, 4, 16]. The mass-forming
condition of MF, or inflammatory pseudotumor (IPT), is
defined as a tumor composed of differentiated myofibro-
blastic spindle cells usually accompanied by numerous
plasma cells and/or lymphocytes [20]. Taking this defini-
tion into account, the diagnosis in our six patients would
be IPT in the lymph node. IPT in the lymph node has 
already been reported by several authors [6, 9, 12, 14].
The previously reported cases of IPT mainly involved
the hilum, trabeculae, or capsules of the lymph node
with complete preservation of the remaining nodal archi-
tecture. There have been no reports of IPT associated
with follicular hyperplasia. EBV infection has been
thought to be one of the main causes of IPT and can be
detected by in situ hybridization in 20%–50% of IPT 
patients [2, 10]; however, EBV was not detected in any
of our patients. In addition, although IPT used to be re-
garded as a reactive condition, the neoplastic nature of
IPT has recently been proven, and the term “inflamma-
tory myofibroblastic tumor” was subsequently proposed
[3, 4]. The evidence therefore suggests that our patients
have a disease entity different from inflammatory myo-
fibroblastic tumor at present.

We believe that this unusual form of CDHV with stro-
mal proliferation represents hyperplasia of angiomyoid
cells. Histologically, the condition encompasses cellular
proliferation in the IF area, small vessels, lympho-
plasmacytoid cells, and “myoid cells” that possess a
blunt elliptical nucleus with dendritic cytoplasm that can
be detected by actin staining. The ratio of the lymph fol-
licle area varied from approximately equal (55%) with
vague nodules to predominance of the IF area with the
formation of large mass lesions. An important feature
that distinguishes this entity from truly neoplastic lesions
is the presence of atrophic lymph follicles remaining
within the stromal nodules. Nuclear atypia and mitosis
are rarely seen. The clinical manifestations of angiomy-
oid proliferative lesion include the following: it consists
of a solitary nodule, the affected lymph node tends to be
located in a deep central location in the body, especially
in the retroperitoneum, and this condition occurs pre-
dominantly in young adults. Even if the nodule becomes
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quite large, patients rarely complain of any symptoms. 
A good prognosis can be expected with simple excision.
Patients may be able to avoid receiving unnecessary
treatment if physicians are aware of this unusual condi-
tion.

In order to determine whether vasculature and myoid
cell proliferation in the IF area are extreme histological
aspects of CDHV or a special disease entity per se, atten-
tion needs to be paid to both the IF area and the lymph
follicles.
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Abstract Adenocarcinoma of the upper esophagus aris-
ing in heterotopic gastric mucosa is a rare tumor, with
only 15 cases reported to date. We report a case in a 
61-year-old man complaining of dysphagia. The upper
endoscopy revealed that the tumor measured 3 cm and
was 22 cm distant from the incisivors. A hiatal hernia
with erosive esophagitis of the distal esophagus was
present. On microscopic examination the tumor corre-
sponded to a poorly differentiated adenocarcinoma im-
munoreactive for cytokeratin (CK) 7 and p53. The sur-
rounding heterotopic gastric mucosa contained foci of
intestinal metaplasia immunoreactive for CK7 in the sur-
face epithelium and the entire glands and CK20 in the
superficial epithelium and superficial glands. The CK7
and p53 positivity that we observed is very common in
Barrett’s adenocarcinomas. Moreover, intestinal meta-
plasia in heterotopic gastric mucosa shows the same
CK7/CK20 pattern as specialized Barrett’s mucosa.
These common features shared by adenocarcinomas of
the upper esophagus arising in heterotopic gastric muco-
sa and adenocarcinoma of the lower esophagus develop-
ing on Barrett’s mucosa suggest that those two types of
cancer have a common pathogenesis, related to gastro-
esophageal reflux disease.

Keywords Adenocarcinoma of the esophagus · 
Heterotopic gastric mucosa

Introduction

Adenocarcinomas of the cervical esophagus are rare [3,
7, 9, 10, 12, 19, 21, 23, 24, 32, 36, 38, 39]. Their histo-
genesis is still unclear, but they seem to arise from
esophageal glands or from heterotopic gastric mucosa
(HGM). We report a new case of esophageal adenocarci-
noma developing on HGM and review the literature on
this rare topic. We offer immunohistochemical data 
favoring a common histogenesis with adenocarcinoma
arising in Barrett’s esophagus.

Case report

Clinical history

A 61-year-old man complained of dysphagia to solids for 1 month.
He had stopped tobacco use 15 years previously, denied alcohol
consumption, and complained of intermittent pyrosis. Upper di-
gestive endoscopy revealed a polypoid lesion in the posterior wall
of the esophagus, 22 cm distant from the incisors and measuring
3 cm. Upper endoscopy also showed a hiatal hernia with three ero-
sions of the distal esophagus but without Barrett’s mucosa. Biopsy
of the tumor revealed a poorly differentiated adenocarcinoma. The
results of thoracic computed tomography were normal. A transtho-
racic esophagectomy with gastric pull up and left neck exploration
was performed. After 7 months of follow-up the patient developed
a cervical lymph node metastasis and a large mediastinal recur-
rence. Despite a treatment by radiation (40 Gy) and chemotherapy
(5-fluorouracyl and cisplatyl) he died of acute respiratory failure
15 months after surgery. No autopsy was performed.

Material and methods

The surgical specimen was received fresh, opened longitudinally,
and after lugol iodine staining was fixed in 10% formalin. Sec-
tions of the surgical specimen (3 mm) were made and embedded
in paraffin, and sections of the paraffin-embedded blocks (4 µm)
were stained by hematoxylin-eosin, periodic acid–Schiff (PAS),
alcian blue, high-iron diamine-alcian blue (HID-alcian blue), and
Giemsa. For immunohistochemical staining paraffin-embedded
blocks with representative tumor and surrounding intestinal meta-
plasia were cut at 4 µm, deparaffined, and rehydrated. Using the
standard avidin-biotin-peroxidase complex staining, staining was

D. Chatelain · J.-F. Flejou (✉)
Service d’Anatomie Pathologique, Hôpital Saint Antoine,
184 rue du faubourg Saint-Antoine, 75541, Paris Cedex 12, France
e-mail: jean-francois.flejou@sat.ap-hop-paris.fr
Tel.: +33-1-49283012, Fax: +33-1-49282878

A.-S. de Lajarte-Thirouard
Service d’Anatomie Pathologique, CHU Pontchaillou, Rennes,
France

E. Tiret
Service de Chirurgie Digestive, Hôpital Saint Antoine, Paris,
France

Virchows Arch (2002) 441:406–411
DOI 10.1007/s00428-002-0697-7

C A S E  R E P O RT

Denis Chatelain · Anne-Sophie de Lajarte-Thirouard
Emmanuel Tiret · Jean-François Flejou

Adenocarcinoma of the upper esophagus arising in heterotopic gastric
mucosa: common pathogenesis with Barrett’s adenocarcinoma?

Received: 11 February 2002 / Accepted: 1 July 2002 / Published online: 10 August 2002
© Springer-Verlag 2002



407

performed on an automated Biogenex Optimax plus stainer with
the following primary antibodies: cytokeratin (CK) 7 (clone 
OV-TL 12/30, Dako, Glostrup, Denmark, 1/50), CK20 (clone 
Ks 20.8, Dako, 1/25), p53 (clone DO7, Dako, 1/20), h-MLH1
(clone G168–728, PharMingen, San Diego, Calif., USA, 1/70), 
h-MSH2 (clone FE11, Oncogene Research, Meudon, France,
1/100), chromogranin A (Immunotech, Marseille, France, pre-
diluated).

Pathological findings

Gross features

Pathological examination of the surgically resected specimen re-
vealed a 3.5 cm yellowish segment of mucosa within the proximal
esophagus which was not stained by lugol iodine (Fig. 1). At the
lower portion of this segment an ulcerated polypoid whitish tumor
was present and measured 3 cm in its great dimension (Fig. 1).
The esophageal mucosa below was stained in brown by lugol 
iodine and contained three small erosions in the distal esophagus
above the gastroesophageal junction.

Microscopic features

Microscopic examination revealed an adenocarcinoma composed
of round to cylindrical cells with atypical nuclei and eosinophilic
cytoplasm. Most of the tumor was composed of sheets and cords
of atypical cells with a abundant lymphoid stroma. There were
rare glandular structures (Fig. 2). The tumor infiltrated the whole
esophagus wall, extending to the adventitia, and there were nu-
merous lymphatic tumor emboli. The iodine negative area above
the tumor corresponded to HGM with mucous glands, parietal
cells, and chief cells (Figs. 2, 3). There were small foci of intesti-
nal metaplasia in HGM close to the squamous esophageal epitheli-
um, without dysplasia (Fig. 3). The submucosa below intestinal
metaplasia was fibrous, and the muscularis mucosa was thickened.
The esophageal mucosa below the tumor was lined by normal
squamous epithelium and showed mild erosive esophagitis. There
was no Barrett’s mucosa in the distal esophagus. 

Histochemical features

The tumor cells were focally stained by PAS and alcian blue but
were not stained by HID-alcian blue. In the intestinal metaplasia
goblet cells were stained by PAS and alcian blue; on HID-alcian
blue some cells stained black and others blue. Columnar cells
were stained in black by HID-alcian blue. This pattern is typical of
type III intestinal metaplasia [20]. On the Giemsa stain Helicobac-
ter pylori was not detected on the surface of the tumor, HGM, or
upper part of the gastric mucosa.

Immunohistochemical features

The tumor cells demonstrated strong cytoplasmic staining immu-
noreactivity for CK7 (Fig. 4a) and lacked staining for cytokeratin
20 (Fig. 4b). They showed a diffuse strong nuclear staining immu-
noreactivity for p53, h-MLH1, and h-MSH2. No tumor cell ex-
pressed chromogranin A. CK immunoreactivity of the intestinal
metaplasia in HGM showed a strong CK7 staining of both superfi-

Fig. 1 Ulcerated tumor of the upper esophagus developed in 
iodine negative heterotopic gastric mucosa

Fig. 2 Well-differentiated adenocarcinoma composed of glandular
structures (left) developed in heterotopic gastric mucosa of antral
type (right)

Fig. 3 Heterotopic gastric mucosa of the upper esophagus with in-
testinal metaplasia (left) and fundic type mucosa (right). Inset
Gland lined by chief cells with deep pink cytoplasm
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cial and deep glands (Fig. 5a) and a strong bandlike CK20 staining
of the surface epithelium and superficial glands, with negative
deep glands (Fig. 5b). 

Discussion

Heterotopic gastric mucosa located in the upper esopha-
gus, also termed “inlet patch,” is usually located within
3 cm of the cricopharynx [5, 25, 37, 40, 41]. It is inci-
dentally found in 0.1–10% of patients in endoscopic se-
ries, while its incidence in autopsy series ranges from
0.7% to 70% [5, 25, 37, 40, 41]. Difficulties with the ex-
amination of the cervical esophagus during endoscopy
could explain these discrepancies [5, 41]. The pathogen-
esis of HGM is still unclear, but the most widely accept-
ed theory suggests that it is a congenital condition, re-
sulting from incomplete squamous metaplasia of the col-
umnar-lined esophagus of the embryo [25, 40]. This pro-

cess begins at midesophagus, extends vertically in both
directions, and the columnar epithelium is gradually re-
placed by squamous mucosa. The cervical esophagus is
the last region to become stratified. Areas in which the
reepithelialization does not take place become HGM,
composed of cardiac and fundic glands [5, 41]. On gross
examination HGM appears as pink or salmon-colored
velvety patch measuring from 0.5 to 3 cm and rarely ex-
ceeding 7 cm [5, 25, 37, 40, 41]. HGM is usually asymp-
tomatic, but in rare cases it can cause cervical pain, dys-
phagia and bleeding [37, 41]. Ulcerative strictures, eso-
tracheal fistula, and upper esophageal ring are unusual
complications of this lesion [41]. These symptoms can
be caused by inflammatory changes and a crycopharyn-
geal spasm due to the local production of acid secretion
by parietal cells [28]. This local acid secretion had been
demonstrated by the pH reduction in the HGM and the
relief of the symptoms with ranitidine therapy [38]. 
Benign tumors such as hyperplastic polyps [8] and ade-
nomas [27] rarely develop in HGM.

Adenocarcinomas arising from HGM are exceedingly
rare with 18 cases reported in the English-language liter-
ature of the twentieth century, including our case report
(Table 1) [3, 7, 9, 11, 12, 19, 21, 23, 24, 32, 36, 38, 39].

Fig. 4 Positive cytokeratin 7 staining in the adenocarcinoma (Fig. 2a) and negative cytokeratin 20 staining in the tumor cells (Fig. 2b)

Fig. 5 Diffuse strong cytokeratin 7 staining of the entire glands in
the area of heterotopic mucosa with intestinal metaplasia (Fig. 3a).
Bandlike cytokeratin 20 staining of surface epithelium and upper
part of glands in the area of heterotopic mucosa with intestinal
metaplasia (Fig. 3b)
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Seventeen of these were reported in men and one in 
a woman, aged from 37–79 years (average 61 years) 
(Table 1). Tobacco use and/or alcohol consumption were
noted in five cases [24, 32, 38, 39] and gastroesophageal
reflux in two [21] including our case. Patients usually
complain of sore throat or dysphagia for less than
6 months (Table 1). The tumors are located in the cervi-
cal esophagus, from 16 to 21 cm distant from the 
incisivors and appear as polypoid or infiltrative tumors,
measuring 1.5–6 cm (average 4 cm; Table 1). Superficial
adenocarcinomas are rare, and the tumors extend to the
muscularis propria or the adventitia in most cases 
(Table 1). On microscopic examination the tumors are
moderately or poorly differentiated adenocarcinomas.
HGM at the periphery measures from 1.2 to 7 cm 
(Table 1). Adenocarcinomas developing on HGM have a
poor prognosis. Only six reported patients were alive
without evidence of disease at a short follow-up of
7–60 months [3, 12, 19, 24, 29, 33], four were alive with
recurrence 4–30 months after the diagnosis, and four had
died 4–15 months after the diagnosis (Table 1).

On microscopic examination adenocarcinoma arising
in HGM is distinguished from adenocarcinoma develop-
ing from esophageal glands by the presence of antral-
type or fundic-type mucosa around the tumor [2]. More-
over, adenocarcinomas arising in the submucosal esoph-
ageal glands often have peculiar histological features
such as a mucoepidermoid or adenoid cystic pattern [2].

The presence of HGM in the upper esophagus and the
clinical findings allow an adenocarcinoma arising in
HGM to be distinguished from an esophageal metastasis
and from the extension of a tracheal adenocarcinoma.

Adenocarcinomas developing in HGM are distin-
guished from adenocarcinomas arising in Barrett’s esopha-
gus by the cervical location of the tumor and the presence
of normal squamous epithelium between the HGM and the
stomach. However, adenocarcinomas arising in HGM
share some common clinical features with Barrett’s adeno-
carcinomas. Both predominate in middle age men, and
their prognosis seem to be similar [15]. The role of gastro-
esophageal reflux, tobacco use and alcohol consumption in
the genesis of adenocarcinomas arising in HGM is difficult
to assess. In our case the adenocarcinoma of the upper
esophagus had a CK7+/CK20– and a p53 immunopheno-
type similar to Barrett’s related adenocarcinomas, although
this immunohistochemical profile is not specific. Overex-
pression of p53 protein on immunohistochemistry is fre-
quent in Barrett’s adenocarcinomas and is often correlated
with a p53 gene mutation [15, 18]. CK7 is a marker of 
ductal differentiation while CK20 is a marker of intestinal
differentiation [31]. In the series of Ormsby et al. [31] 
Barrett’s-related adenocarcinomas consistently had a
CK7+/20– immunophenotype, whereas this immunopheno-
type is observed in only 20% of gastric adenocarcinomas.

HGM and Barrett’s esophagus are considered by most
authors as two distinct entities. HGM is defined as an

Table 1 Reports in the literature of adenocarcinomas of the upper
esophagus arising in heterotopic gastric mucosa (AWD alive with
disease, CE cervical esophagus, CP cricopharyngx, DI distal to

the incisivors, DOD died of disease, Dyspl dysplasia, HGM het-
erotopic gastric mucosa, IM intestinal metaplasia, NA not avail-
able, NED no evidence of disease)

Reference Age Sex Symptoms Onset Tumor Tumor Infiltration Size IM Dyspl Follow-up
(years) (months) location size of (months)

(cm) HGM
(cm)

Carrie [7] 64 M Dysphagia 6 CP 3 Muscularis NA No No NA
propria

Davis et al. [12] 68 M Dysphagia 3 CE 1.8 Submucosa NA Yes No NED (7)
Jernstrom and Brewer [21] 78 M Dysphagia, Several 20 cm DI 3.5 Adventitia NA No No DOD (4)

hematemesis
Danoff et al. [11] 43 M Sore throat, 4 CE 6 Trachea NA No No DOD (4)

dysphagia
Schmidt et al. [36] 37 M NA NA CE NA Adventitia NA Yes Yes NA

54 M NA NA CE NA Submucosa NA Yes Yes NA
Christensen and Sternberg [9] 52 M Sore throat, 24 20 cm DI 6 Muscularis 3.4 Yes No AWD (29)

dysphagia propria
50 M Dysphagia 2 20 cm DI 4 Adventitia 1.5 No No NA

Ishi et al. [19] 66 M Dysphagia 6 16 cm DI 5 Trachea NA No No NED (20)
Takagi et al. [39] 70 M Dysphagia 3 20 cm DI 1.9 Submucosa 1.2 No No NA
Sperling and Grendell [38] 79 M Dysphagia Several 20 cm DI 2 Trachea NA No No AWD (4)

Mediastinum
Pai et al. [32] 60 M Dysphagia, 3 17 cm DI 3.5 Muscularis NA No No AWD (30)

dysphonia propria
Berkelhammer et al. [3] 71 M Dysphagia Acute 20 cm DI NA Muscularis 7 No No NED (24)

propria
Lauwers et al. [24] 57 F Dysphagia 3 3 cm to CP 4 Adventitia NA Yes Yes NED (8)
Klaase et al. [23] 43 M Pain 6 21 cm DI 4 Trachea NA Yes No DOD (4)
Noguchi et al. [29] 73 M Loss of 3 17 cm DI 2.5 Submucosa NA No No NED (60)

appetite
Pech et al. [33] 73 M Vomiting NA 20 cm DI NA Mucosa 5 No No NED (12)
Present case 61 M Dysphagia 1 22 cm DI 3 Adventitia 3.5 Yes No DOD (15)
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embryological condition located in the cervical esopha-
gus while Barrett’s esophagus is considered as an ac-
quired condition, corresponding to an abnormal meta-
plastic healing of the distal esophageal mucosa in re-
sponse to a repeated irritation by gastroesophageal acidic
and/or alkaline reflux. Although HGM of the upper
esophagus and Barrett’s mucosa probably have different
pathogenesis, they share some common histochemical
and immunohistochemical features. They have similar
histochemical mucin profile and contain endocrine cells
with similar immunophenotypes [4, 14]. In our case the
intestinal metaplasia in the HGM is classified as incom-
plete, type III metaplasia, with columnar cells secreting
predominantly sulfomucin and goblet cells secreting sia-
lomucin or sulfomucin [13, 20]. This histochemical pro-
file is frequent in Barrett’s esophagus and gastric intesti-
nal metaplasia [13, 20]. Type III intestinal metaplasia, al-
though nonspecific of neoplastic transformation, is fre-
quently found in Barrett’s mucosa with dysplasia or ade-
nocarcinoma [17]. The histochemical profile of intestinal
metaplasia in HGM surrounding adenocarcinomas has
never been studied in the literature. Specialized intestinal
metaplasia is considered as the preneoplastic condition
in Barrett’s esophagus and is present in most of the cases
in the mucosa surrounding adenocarcinomas of the distal
esophagus. Intestinal metaplasia is rarer in HGM, its in-
cidence ranging from 0% to 12% [5, 25, 37, 40, 41]. In
contrast to intestinal metaplasia of the gastric antrum, in-
testinal metaplasia in HGM does not seem to be correlat-
ed with H. pylori colonization of the inlet patch [6, 25].
In our case the submucosa and muscularis mucosae lo-
cated beneath intestinal metaplasia show the musculofi-
brous anomaly usually observed in Barrett’s mucosa
[35]. Moreover, intestinal metaplasia has a particular im-
munohistochemical pattern with strong CK7 staining of
both superficial and deep glands and a strong bandlike
CK20 staining of the surface epithelium and superficial
glands [10, 16, 30]. There is a debate in the literature
concerning the specificity of this immunohistochemical
profile. For Ormsby et al. [30] this CK7/CK20 pattern is
highly specific of Barrett’s esophagus because it is pres-
ent in 97% of specimens with Barrett’s esophagus and is
never observed in intestinal metaplasia of the stomach,
which is characterized by strong CK20 staining in super-
ficial and deep glands and absent CK7 immunoreactivity.
Kirchner et al. [22] found that incomplete gastric intesti-
nal metaplasia is mainly but not constantly CK7 positive.
For El-Zimaity and Graham [13] the keratin phenotype
was not useful in distinguishing gastric intestinal meta-
plasia from Barrett’s esophagus because the Barrett’s
CK7/CK20 pattern is present in biopsy specimens in on-
ly 39% of Barrett’s esophagus and in 24% of antral intes-
tinal metaplasia. Intestinal metaplasia is reported around
upper esophagus adenocarcinomas in only 45% of the tu-
mors but dysplasia is in those foci of intestinal metapla-
sia in 43% of those cases (Table 1). As in Barrett’s epi-
thelium, intestinal metaplasia in HGM of the upper
esophagus could represent a preneoplastic condition. Its
absence in most cases of adenocarcinomas arising in

HGM could be due to the small size of the foci, obliter-
ated by the tumor growth. The factors leading to intesti-
nal metaplasia and neoplastic transformation in HGM
are unknown. In our case the patient had a hiatal hernia
and an erosive esophagitis. As in Barrett’s esophagus,
peptic injury of HGM by gastroesophageal reflux could
play a major role as irritative factor. HGM is usually not
correlated with the presence of gastroesophageal reflux,
but some authors report a higher incidence of inlet patch
in patients with Barrett’s esophagus [1, 26, 34]. The low-
er exposure of upper esophagus to peptic injury could
explain the rarity of intestinal metaplasia and adenocar-
cinoma arising in HGM in comparison to the high inci-
dence of adenocarcinoma involving the distal esophagus.
As our findings concern only one case of upper esopha-
geal adenocarcinoma, they must be confirmed by further
studies.
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Sir,

Micropapillary bladder carcinoma is a rare variant of
bladder cancer first described in 1994 by Amin et al. [1].
Patients’ ages range from 45 to 92 years (mean
68.8 years). The male-to-female ratio is 4:1, much higher
than in conventional transitional cell carcinoma (2.9:1)
[1, 3, 4,5]. Micropapillary clusters in the invasive com-
ponent are strikingly similar to papillary serous carcino-
ma of the ovary. Micropapillary architecture has been
recognized in a variety of tumors (papillary serous carci-
noma of the ovary, uterine papillary serous carcinoma,
micropapillary breast cancer, diffuse sclerosing papillary
thyroid carcinoma variant with micropapillary architec-
ture and micropapillary component in lung adenocarci-
noma [2], and is nearly always associated with advanced
disease stage at presentation and an aggressive clinical
course.

A 62-year-old man initially presenting with macro-
scopic hematuria was referred to our institution. Cystos-
copy revealed a fungating tumor of 2 cm on the anterior
bladder wall, and transurethral resection of the bladder
tumor was performed. The postoperative period was free
of significant complaints. Three months after initial bi-
opsy the neoplasm recurred and was again resected
transurethrally. Clinical course progressed to death
15 months after the initial diagnosis. Microscopically the
tumor was characterized by a superficial pattern of slen-
der filiform projections with a fibrovascular core cov-
ered with small and uniform transitional cells (Fig. 1)
with significant atypia only in some foci and a deep pat-
tern of cell clusters or relatively tight nests or balls. At

this level atypia were more evident. These aggregates
were frequently in empty spaces reminiscent of vascular
spaces (Fig. 2A) and generally lacked endothelial lining
as evidenced by vascular markers (CD31 and CD34), al-
though definitive vascular invasion was recognized at
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Fig. 1 Low-power view of the surface micropapillary pattern
characterized by slender filiform papillae. Hematoxylin-eosin, ×40

Fig. 2 A Tight nests of tumor cells within lacunar spaces showing
retraction artifact. Hematoxylin-eosin ×200. B Muscle invasion by
clusters of tumor cells. Hematoxylin-eosin ×200
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least focally. Large areas of the muscularis propia were
invaded by the neoplasm (Fig. 2B). The tumor cells had
a high nuclear-to-cytoplasm ratio and abundant eosino-
philic or slightly clear cytoplasm, and the nuclei had ir-
regular outlines (Fig. 3). 

The micropapillary variant of bladder carcinoma has
no specific clinical complaints but is histologically well
defined. The tumor displays two distinct patterns. On
the surface there are slender filiform projections with a
central fibrovascular core covered by cells devoid of
significant atypia. The invasive component characteris-
tically is composed of cell clusters or small solid nests
with higher nuclear grade, and within clear spaces. This
pattern is somewhat suggestive of lymphatic invasion
on hematoxylin and eosin, but the abundance of the
spaces and the failure to demonstrate endothelial cells
with vascular markers (CD31 and CD34), show that the
features represent a retraction artifact. However, vascu-
lar invasion, albeit focal, is present in all cases [1].
Muscle invasion was frequently detected in these cases,

and deep muscle biopsies are recommended to rule out
invasion when micropapillary carcinoma is encountered
[1]. Micropapillary bladder carcinoma often is associat-
ed with conventional noninvasive or invasive transition-
al cell carcinoma but is an aggressive tumor even when
only focally present, and it is important to recognize this
entity [1,3].

The possibility of a urinary bladder primary with a
micropapillary histology must be entertained if a micro-
papillary histology is encountered in the peritoneum, me-
sentery, or abdominal lymph nodes in a man with an un-
known primary or in a woman with normal-appearing
ovaries [3]. The importance of identifying this unusual
histological variant resides in its poor prognosis, with
tendency to present with a high-grade and advanced
stage at diagnosis [1,3]. Optimal treatment remains to be
defined. Due to the low incidence of micropapillary
bladder carcinoma, multicenter studies are necessary to
determine optimal therapy.
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Abstract The synovitis of rheumatoid arthritis (RA)
was long regarded merely as an unspecific chronic in-
flammatory process of minor diagnostic value and there-
fore did not play a major role in the understanding of the
pathogenesis of RA. It is only in recent years, along with
the observation that T and B cells are expanded oligo-
clonally in synovial tissue and that B cells are able to un-
dergo a local germinal center (GC) reaction, that the sy-
novial tissue has come to be regarded as a site of specific
immune processes. The analysis of the immunoglobulin
(Ig) gene repertoire had great impact on the understand-
ing of B cell response in lymphatic organs and was sub-
sequently applied to B cells from RA patients. The ana-
lyses of the variable (V) regions of the Ig heavy (H) and
light (λ) chains suggested that an antigen specific activa-
tion and differentiation of B cells into plasma cells (Plc)
takes place in the chronically inflamed synovial tissue of
patients with RA. It seems that in a subset of RA patients
the synovial tissue develops into an ectopic lymphoid
tissue that supports a local GC reaction. Ectopic GC are
characteristic of RA; however, they are in general absent
from synovitis of osteoarthritis (OA). Here the accumu-
lation of Plc follows a different mechanism. Highly mu-
tated VH genes suggest that in OA memory B cells mi-
grate into the synovial tissue with subsequent differentia-
tion into Plc but without further V gene diversification.
Therefore in synovitis two patterns of B cell activation
can be differentiated: the maturative and the accumula-
tive type. These two patterns are not definitely disease
linked. The maturative type is only found in RA whereas

the accumulative type occurs in both diseases. Clinically
RA is defined via serum antibodies to the constant re-
gion of Ig, so-called rheumatoid factor. However, the
spectrum of autoreactive B cells in RA patients is wide
and is based on the study of antibody specificities in se-
rum, in synovial fluid and B cell lines derived from pe-
ripheral blood, bone marrow, synovial fluid and synovial
tissue. These analyses defined non-organ-specific and
organ-specific antigens. One can reasonably assume that
the disease is far too complex to be explained by only a
single antigen. There is a whole combination of antigens
acting in a multistep manner that is responsible for RA
pathogenesis. It can be hypothesized that chronic synovi-
tis, which is the underlying mechanism of joint destruc-
tion, follows a three-step process: (a) initiation, (b) de-
struction, and (c) perpetuation. The characterization of
antigens driving the local synovial B cell maturation and
accumulation could lead to an understanding of the pro-
cess perpetuating the disease. Identification of arthrito-
genic antigens may yield new avenues for diagnostics
and immunotherapy but also a new approach for preven-
tion by vaccines with antigens probably defined by syno-
vial B cell reactivity.

Keywords Rheumatoid arthritis · Osteoarthritis · 
B lymphocytes · Plasma cells · VH genes · arthritogenic
antigens

Introduction

Rheumatoid arthritis (RA) is one of the most common in-
flammatory disorders. In Germany alone over 1 million
patients suffer from rheumatic diseases and 51% of these
from RA [111]. In addition to the severe consequences
for the individual patient, RA is a striking economic bur-
den leading to high costs to the social security system. In
spite of its socioeconomic and clinical importance little is
known about the pathogenesis of joint destruction in RA.

The synovitis of RA was long regarded as an anti-
gen-independent chronic inflammatory process. In recent
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years a dramatic change in view came about by the ob-
servations that T cells are expanded oligoclonally in ear-
ly synovitis [93], that lymphatic follicles with germinal
centers (GC) are present in the synovial tissue [78, 104,
112], and that B cells are able to undergo a local GC re-
action [26, 40, 88] (Fig. 1). Since then the synovial tis-
sue, regarded first as a nonspecific compartment of RA,
developed to a site of specific immune processes. Today
it is considered as probably one of the most relevant
pathogenic tissues in RA.

Both association with leukocyte antigen (HLA) genes
and the presence of autoantibodies classify RA as an au-
toimmune disease. However, the pathogenic origins of
RA are still much in the mist. Viral or even bacterial in-
fections have been discussed as the primary cause of dis-
ease development. Also, instability of cartilage metabo-
lism or an imbalance in the cytokine milieu may lead to
the development of RA. The analysis of B cells appears
to be a powerful tool for identifying antigens which
might play an important role in the pathogenesis of RA.

In RA, the synovial tissue is the main site of inflam-
mation. It reveals a heterogeneous pattern including all
relevant resident and immigrated cell types of chronic in-
flammation, contributing by local and systemic mecha-
nisms to the pathogenesis of RA (Fig. 2). Although RA is
clinically a precisely defined disease, the inflammatory
reaction on the synovial tissue shows great variations [2].
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Fig. 1 a Rheumatoid synovial tissue with villous hypertrophy and
follicular inflammatory infiltrate; type I according to Stiehl, syno-
vitis score 7/9, inflammatory grade (IG) III. Arrow GC. Giemsa,
original magnification ×100; insert GC-like pattern of Ki-M4+

FDC (Ki-M4 immunohistochemistry, original magnification ×100.
b Double staining immunohistochemistry demonstrating a GC 
(arrow) and peripherally located CD20+ B lymphocytes. Blue CD20;
brown Ki-M4; original magnification ×100

Fig. 2 Contribution of synovial and circulating cells to RA syno-
vitis



One of the morphological key features of RA is fibro-
blast activation (activation of type B synoviocytes) and
the pannus formation consisting predominantly of fibro-
blasts, macrophages, and T lymphocytes [27]. Fibroblast
activation may occur in the synovial lining cell layer and
in the deep subsynovial and perivascular regions of the
synovial tissue. Hence fibroblasts show severe morpho-
logical alterations and a tumorlike activation [25].

A large proportion of cells infiltrating the RA synovi-
um are T cells. However, their contribution to the devel-
opment of RA is difficult to make out, as T cells are a
rather heterogeneous population. According to their che-
mokine profile, activated T cells are subdivided into T
helper (Th) 1 and 2 subpopulations [68]. Th1 correspond
to the proinflammatory profile, while the Th2 pathway is
directed towards the production of tissue protective cyto-
kines [20, 67]. The emergence of self-aggressive T cells
may indicate a failure in the negative selection inside the
thymus [105]. The primary abnormalities in RA lie in the
assembly of the T cell pool and in the maintenance of 
T cell homeostasis.

Another dominant population in the RA synovium are
macrophages. These cells are responsible for the produc-

tion of proinflammatory cytokines. As secreting chemo-
attractants and growth factors they play an essential role
in the chronicity of the inflammatory process [41]. Di-
rect contact between activated T cells, macrophages and
synoviocytes has the same effect as interferon-γ stimula-
tion, and CD69 (marker for early T cells, B cells and
macrophages) has particular importance in this cellular
interaction [71]. Thus these three cell types can be re-
garded as major participants in the development and
course of RA.

In addition, plasma cells (Plc) and B lymphocytes are a
constant and dominating component of the inflammatory
infiltrate in RA (Fig. 3). Histopathological and immunohis-
tochemical studies have demonstrated that in about
10–23% of RA cases B cells show a GC-like reaction [94,
95] (Fig. 1b). Secondary follicles with GC are also ob-
served [47, 78, 110]. However, these occur only in syno-
vial tissue with a high inflammatory grade, which means
that the finding of lymphatic follicles is associated with a
general and intense activation of synovial tissue itself [49]
(Fig. 1a). Interestingly, there is also a correlation between
the follicular organization of the synovial B cells and the
serum level of antibodies to the crystallizable fragment
(Fc) of immunoglobulins (Ig), the rheumatoid factor (RF)
[78]. Furthermore, antibodies directed against B cell sur-
face markers have been shown to palliate the course of dis-
ease [21, 74, 76]. Additionally, in the synovial compart-
ment of patients with RA, CD20+ and CD38– B cells with
impaired proliferative responsiveness might play a role in
the pathophysiology of RA as Ig-producing cells [80].
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Fig. 3 a Double staining immunohistochemistry demonstrating
the lymphoplasmacellular pattern with a concentric arrangement
of lymphocytes and CD138+ Plc. Dark blue CD 138; dark brown
factor VIII=endothelial cells; original magnification ×250. b Mod-
erately enlarged synovial lining (arrow). Dense Plc infiltrate in the
subsynovial region; Giemsa, original magnification ×250



These morphological and clinical findings support the
pathogenic role of synovial B cells in RA. This review
highlights the most relevant aspects of the antigen de-
pendent activation and differentiation in the synovitis of
RA and their pathogenic contribution to joint damage.
The analysis of the pathogenic role of synovial B cells in
RA may be illustrated by four questions: (a) Are there
ectopic GC in the synovial membrane as evidence of an-
tigen-specific B cell activation? (b) Which antigens are
these B cells directed against? (c) Is it an autoimmune
reaction? (d) Are these B cells part of the pathogenesis?

Development of ectopic GC

The antigen-specific activation and differentiation of B
cells takes place in the microenvironment of the GC, a
highly specialized structure which develops in the lym-
phatic organs when antigen activated B and T helper
cells come into close contact [12]. Undergoing extensive
proliferation the antigen activated B cell generates large
clones of several 1000 cells within a few days. Prolifera-
tion is accompanied by somatic hypermutation allowing
single nucleotide exchanges to be introduced into the re-
arranged V region genes [5]. This yields a multitude of 
B cell variants, each with its own antigen affinity. The
few B cells of high affinity are those selected to differen-
tiate into Plc or into memory cells. This affinity selection
process is dependent on a network of follicular dendritic
cells (FDC) [54]. In general, FDC networks are detect-
able only in the follicular structures of peripheral lym-
phoid organs. However, this is different in patients with
autoimmune diseases where in chronically inflamed tis-
sue FDC networks might be established. Cytokines of
the tumor necrosis factor family such as lymphotoxins α
and β are proinflammatory. At the same time they are es-
sential for the organogenesis of lymphoid tissue and
hence may support GC formation in chronically in-
flamed tissue [4, 60, 99, 103]. Since tumor necrosis fac-
tor-α antagonists such as etanercept and infliximab have
recently been introduced to RA therapy with good suc-
cess, it might be concluded that tumor necrosis factor-α
antagonists have the ability to suppress GC formation.
Such ectopic GC have been demonstrated not only in the
synovial tissue of RA patients but also in the salivary
gland of patients with Sjögren’s syndrome [96], in 
thyroid tissue with Hashimoto thyroditis, and Base-
dows’disease.

GC reaction in the synovial tissue (maturative type)

In only 10–23% of RA cases are fully developed GC
(Fig. 1) seen in the synovial tissue [44, 94, 99]. To deter-
mine whether synovial GC can support B cell differenti-
ation, single B cells were directly dissected from frozen
tissue sections [26, 40, 88]. Using specific primers for
DNA the rearranged V region genes were amplified,
cloned and sequenced. A repertoire analysis showed that

within the synovial tissue B cells are activated, and that
during proliferation hypermutation diversified the ex-
pressed V region genes. From single synovial follicular
structures B cells were isolated which showed an identi-
cal rearrangement of the V, diversity (D) and joining (J)
region, confirming their clonal relationship. However,
the V regions differed in their pattern of somatic muta-
tions. Sequences allowed the construction of genealogi-
cal trees, which showed the stepwise accumulation of
single somatic mutations during clonal expansion in the
synovial tissue (Fig. 4). These results clearly demon-
strate that the synovial tissue supports a GC reaction nor-
mally seen only in the peripheral lymphatic tissue. Fur-
thermore, the results suggest that within the inflamed sy-
novium naive B cells are activated by antigen(s) and dif-
ferentiate locally into Plc [40]. Synovial GC can there-
fore be regarded as “ectopic lymphatic follicles” where
an antigen specific B cell differentiation takes place [39].

Non-GC reaction in the synovial tissue 
(accumulative type)

Ectopic GC are characteristic for RA; however, they are
in general absent from synovitis of osteoarthritis (OA).
This synovial tissue exhibits a nonfollicular inflammato-
ry infiltrate with a characteristic arrangement of lympho-
cytes and Plc. These arrangements are either small peri-
vascular aggregates with Plc surrounding the lympho-
cytes or small groups of Plc, located in the vicinity of
small blood vessels (Fig. 5). The analysis of the V region
of the Ig heavy (H) chain genes of single isolated B cells
and Plc examined the molecular mechanism behind this
morphological pattern [46] B cells with a high number of
somatic mutations (16.5–19.8) and high ratios of re-
placement to silent mutations (R/S ratio) could be dem-
onstrated in the synovial tissue. The mean value of the
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Fig. 4a, b Step by step accumulation of somatic mutations. Diver-
sification on V genes is shown for heavy chain (VH3–11; a) and
light chain (Vλ3–1) rearrangement (b). Numbered boxes Isolated
sequences; empty boxes hypothetical intermediates; numerals be-
side lines number of nucleotide exchanges that distinguish one se-
quence from another. (Adapted from [39])



R/S ratios in the complementarity-determining regions
was 5.3 and in the framework regions 2.0. Because sin-
gle isolated CD20+ B lymphocytes and Plc exhibited no
identical VH rearrangement they were not clonally relat-
ed, thus indicating that these B cells directly differentiate
into Plc without further local diversification of their VH
genes [46]. These findings and the characteristic arrange-
ment of B lymphocytes and Plc suggest that B cells in
OA synovitis have undergone a GC reaction at different
sites. This concept is well in line with a recent experi-
mental finding in New Zealand black/white mice. It was
shown that Plc in the inflamed kidney immigrate from
the peripheral lymphatic organs and are not generated by
a local GC reaction [15].

Since it appears that the inflammatory infiltrate of Plc
is the consequence of a local accumulation this is called
the accumulative type of B cell response in contrast to
the maturative type explained above [46] (Fig. 6). It is
unclear whether the accumulative type contributes to 

tissue destruction, or whether it represents a nonpatho-
genic, unspecific bystander phenomenon.

The two patterns are not definitely disease linked; the
accumulative type occurs in both diseases whereas the
maturative type is found exclusively in RA.

Which antigens are these B cells directed against?

Characteristic for RA is RF, an auto-antibody with speci-
ficity for the Fc of self IgG [102]. Such antibodies are
found in the sera of the majority of RA patients (so-
called sera-positive patients). Furthermore, B cell lines
established from the various compartments such as pe-
ripheral blood, bone marrow, synovial fluid and synovial
tissue show this specificity [8, 10, 23, 52, 77]. Also, var-
ious other antibodies have been defined for RA. We can
classify these affinities according to the origin of the an-
tigen and generally classify them as ubiquitous self anti-
gens, organ-specific self antigens, and non-self antigens
(Table 1).

B cells specific for autoantigens

Ubiquitous autoantigens

IgG RF are used as an important factor in RA diagnosis
[2], and positivity is one of the most consistent prognos-
tic features. Particularly in older patients the serum level
of RF is directly correlated to disease activity and severi-
ty [72]. Because of the specificity of RF to Fc of IgG
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Fig. 5 Distribution of lymphocytes and Plc in synovitis of OA;
lymphoplasmacellular synovitis; synovitis score 3/9, IG I. Giemsa,
original magnification ×100

Fig. 6a, b Two hypothetic types of B cell activation. a Accumula-
tive type: immigration of B lymphocytes into synovial tissue of an
OA patient (lymphoplasmacellular synovitis) with subsequent dif-
ferentiation into Plc without further proliferation. b Maturative
type: immigration of B lymphocytes into synovial tissue of an RA
patient undergoing a local proliferation and somatic mutation of V
genes in the form of a GC reaction



large complexes may form and activate the complement
cascade. These complexes are detected at the site of tis-
sue destruction [112]. RF may also play a role in the
chronic B cell activation seen in patients with RA. It has
been demonstrated that B cells with RF specificity bind
IgG-antigen complexes and in this way internalize a
whole variety of different antigens [81]. Processing of
the antigen and presentation of peptides to T cells pro-
vide T cell help and support a further activation of B
cells.

In patients with RA one finds RF of the IgM, IgG,
and IgA class. The affinity of the synovial and serum RF
diverges among the different IgG subclasses, for exam-
ple, RF from synovial B cells shows high affinity for
IgG3 [78]. Interestingly, RF from germline configured V
genes may show stronger antigen affinity than their
counterparts from somatically mutated V genes [13].
However, the patients with high levels of RF of the IgA
class seem to have the worst prognosis.

RF are also seen in healthy individuals [42]. Howev-
er, these RF are of the IgM class and in general of low
affinity. They are not pathogenic, but in binding to IgG
producing B cells they may have a role in the regulation
of the immune response. This topic has been thoroughly
explored by Mageed et al. [56], who established that RF
produced in the synovial tissue of RA patients are struc-
turally different from those produced by healthy individ-
uals with significant differences between V light (λ) and
VH genes. The RF from RA patients showed amino acid

replacements in the complementarity-determining re-
gions and evidence of affinity maturation as well as iso-
type switch to IgG RF.

Intracellular antigens. Various autoreactive antibodies
against intracytoplasmic antigens have been defined in
RA. The most relevant among these are: glucose-6-phos-
phate isomerase (GPI) [61], Savoy (Sa) antigen [19], fi-
laggrin [86], heteronuclear ribonucleoprotein (hnRNP)
A2, primarily described as RA33 [35], immunoglobulin
heavy-chain binding protein, described primarily as p68
[7, 17], calreticulin [82], calpastatin [107], RASFp1
[51], anti-neutrophil cytoplasmic antibodies, and anti-
nuclear antibodies [69].

In a murine model that develops a spontaneous arthri-
tis which has several of the features of human RA the so-
called K/BxN mice, GPI and GPI-antibodies have been
discovered as the disease-provoking agents [43, 44, 61].
The reason for the organ specificity of the disease de-
spite the ubiquitous occurrence of GPI lies in the pecu-
liar composition of joint cartilage [62]. GPI deposits are
present along the cartilage surface and GPI-antibodies
bind to them and activate the alternative complement
pathway. This happens only on joint cartilage because it
lacks the complement regulatory proteins decay-acceler-
ating factor (identical with CD55) and membrane cofac-
tor of proteolysis (identical with CD46) that are present
in all other tissues. However, GPI antibodies are a rare
finding in RA patients’sera. A recent study found that at
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Table 1 B cell reactivity and antigens defined by experimental serum and B cell analysis in RA

Type/nature Specificity (common abbreviation) Reference Site of analysis

Self antigen
Non-organ-specific Citrulline containing peptides (CCP) 87 Serum

Keratine (AKA) 70 Serum
Perinuclear factor (APF) 108 Serum
Savoy antigen (Sa) 19 Serum
Filaggrin 86 Serum
Human leukocyte antigen (HLA-DR) 59 B cell hybridoma
Calpastatin 106 Synovial tissue and fluid
Immunoglobulin (rheumatoid factor, RF) 76 Synovial tissue B cell hybridoma, serum
Calreticulin 82 Synovial and connective tissue
Anti-neutrophil cytoplasmic antibody (ANCA) 69 B cell hybridoma
Anti-nuclear antibody (ANA)
Immunoglobulin heavy-chain binding protein (BiP)/p68 7 Serum
Heteronuclear ribonucleoprotein A2 (hnRNP A2)/RA33 35 Serum
RASFp1 51 Synovial fluid B cell hybridoma
Glucose-6-phosphate isomerase (GPI) 61 Serum

Cartilage (organ Collagen type II (CII) 37 Serum
specific) 11 Serum

22 B cell hybridoma 
90 Serum
83 B cell hybridoma

Chondrocyte antigen 65 (CH65) 3 Serum
Large aggregating chondroitin sulfate proteoglycan 9 Serum
(aggrecan)
Human chondrocyte glycoprotein 39 (HCgp39) 100 Peripheral blood
Cartilage oligomeric matrix protein (COMP) 91 Synovial tissue B cell hybridoma

Non-self antigen
Bacterial Heat shock protein (HSP) 46 Synovial tissue B cell hybridoma



a dilution of 1:50 only 2 of 61 sera from RA patients
bound recombinant human GPI [89]. The discrepancy to
another study that found anti-GPI antibodies in 64% of
RA patient sera was explained by the use of a different
GPI preparation [85]. The latter authors had used a com-
mercial GPI preparation from rabbit muscle which was
shown to be contaminated by muscle derived creatine ki-
nase (CK-M), and the majority of those patients taken to
be anti-GPI positive might have been anti-CK-M posi-
tive, especially as in the first collective there were 10 of
61 RA patients anti-CK-M positive [89]. These facts
make it questionable that GPI plays the same important
role in human RA than it does in the K/BxN mouse 
model. The facts that RA patients have lower serum lev-
els of CK-M and muscle weakness is sometimes reported
make it appear worthwhile to examine the relevance of
CK-M for the pathogenesis and diagnostic of RA [84].

Another aspect of antigen specificity being widely
discussed is the finding of high reaction specificity
against citrullinated peptides in the serum of RA pa-
tients. Citrulline is a common constituent of filaggrin
and results from the proteolytic cleavage of its precursor
profilaggrin. Citrulline is a modified amino acid that de-
rives from dephosphorylation through peptidylarginine
deaminase of an arginine residue. Affinities against cit-
rulline-containing peptides (CCP) were a great advance
in the search for a shared epitope among RA related 
autoantigens.

Schellekens and coworkers [87] have recently con-
cluded that the target of antiperinuclear factor [70] and
also anti-keratine antibodies [109] is in fact (pro)filag-
grin. Also the Sa antigen system, named after Savoy, the
first patient in which it was found and described in 1994
by Després and coworkers [19], is defined as a carrier-
hapten antigen in which vimentin is the carrier and cit-
rulline the hapten, including this antigen in the citrullina-
ted antigen pool as well [66]. Both antiperinuclear factor
and anti-keratine antibodies are abundant in RA pa-
tients’sera. They appear at an early stage of disease and
may thus be linked to an early stage of RA pathogenesis
[29].

A recent study by Reparon-Schuijt et al. [79] revealed
that synovial fluid and bone marrow of anti-CCP posi-
tive RA patients contain a population of B cells that ac-
tively produce anti-CCP antibodies without active T cell
stimulation.

In addition to these intensely discussed autoantigens
there is a wide range of other intracellular substances,
for example, DNA, actin and thyreoglobulin, against
which autoantibodies were found in sera from RA pa-
tients, and that might require further investigation [76].

Since all of these antigens are expressed ubiquitously,
it is partially unclear how they contribute to a pathogenic
organ and tissue specific immune response. Moreover, as
there are only few in vitro data showing the penetration
capacity of autoantibodies, the problem of how intracellu-
lar antigens interact with antibodies remains unsolved [1].

Since antibody specificities are defined by in vitro
analysis it may be speculated that the in vivo reactivity is

different. Alternatively it may lead to the conclusion that
cross-reactivity is the key for this puzzling phenomenon.

Organ specific autoantigens

Collagen type II. Since collagen type II (CII) is ex-
pressed almost exclusively in joint cartilage, it can be re-
garded as an “organ-specific” antigen. Most studies con-
cerning the pathogenesis of collagen-induced arthritis
(CIA) are directed towards T cells. These play a pivotal
role in CIA which was linked to genes of the major his-
tocompatibility complex class II (MHC II) [106]. It has
been shown that partially tolerant T cells with low prolif-
erative activity in vitro maintain interferon-γ secretion
and provide B cell help which is as important to the de-
velopment of CIA as are the autoreactive T cells [57,
58]. CIA in mice demonstrates the relevance of B cells
for the pathogenesis of cartilage destruction since de-
struction can be induced by the passive transfer of CII
specific antibodies [100], but B cell deficient mice fail to
develop CIA [98].

In RA it is necessary to establish a subspecification
into pathogenic and nonpathogenic CII antibodies since
these antibodies are found in both the blood of RA pa-
tients and healthy individuals [91]. A pathogenic func-
tion of antibodies specific for CII could be due to a dif-
ference in the fine-specificity between healthy controls
and afflicted patients [11]. A recent in vitro study has
shown the connection between the increase in interferon-
γ production by stimulation with CII. This response was
demonstrated to be MHC II dependent and associated
with HLA-DRB1*0401 and HLA-DQ8 [6]. CII specific
B cells with a pathogenic fine specificity could conse-
quently be pathogenic only in association with certain
HLA groups.

Cartilage oligomeric matrix protein. In a recent study
hybridoma lines were established from synovial B cells
[92]. For one of the lines expressing somatically mutated
V region genes a specificity for cartilage oligomeric ma-
trix protein (COMP) was found. Since COMP is a pro-
tein the expression of which is restricted to tendons and
cartilage matrix [16], this antibody might be defined as a
disease-specific autoantibody. Additional evidence for a
potential role of COMP as a pathogenic antigen in RA is
derived from animal experiments showing that COMP
induces an arthritogenic immune response in rodents
[14].

A local B cell response to cartilage antigens may be
regarded as a secondary phenomenon to joint destruc-
tion. During cartilage destruction the liberation of
COMP and further cartilage specific antigens such as CII
[11, 22, 37, 83, 91], large aggregating chondroitin sulfate
proteoglycan (aggreacan) [9], human chondrocyte glyco-
protein 39 [101] and the cartilage-specific 65-kDa chon-
drocyte antigen [3] from the injured cartilage could fuel
the vicious circle leading to perpetuation and amplifica-
tion of joint destruction in RA.
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B-cells specific for “non-self antigens”

Heat shock protein. In recent years evidence has accu-
mulated that various forms of bacterial heat shock pro-
tein (HSP) play a pathogenic role in RA by exhibiting an
antigenic mimicry of “non-self” and “self” components
[30]. The remarkable conservation of amino acid se-
quences between bacterial and human HSP might ex-
plain why cross-reactivity causes immune responses –
initially directed against HSP from an infectious agent –
to develop into autoimmune diseases [38]. HSP can
therefore provide a link between immunity to bacterial
infections and autoimmune diseases. Both T cells and B
cells from rheumatoid synovial fluid and tissue have
been shown to be specific for bacterial and human HSP
[31, 49, 82]. Since HSP are expressed in synovial tissue,
a humoral HSP60 response initially directed against an
infectious agent could cause synovitis by cross-reactivi-
ty. Here, again, the question is why the cross-reactivity is
restricted to synovial tissue since HSP show a ubiquitous
expression, and this problem is still unsolved.

A study performed by Kowal et al. [45] on patients
with systemic lupus erythematosus analyzed monovalent
antigen-binding fragments reacting with pneumococcal
polysaccharide, DNA, or both and observed that some of
these fragments reacted with both self and foreign anti-
gen. They concluded that at the molecular level mimicry
might exist between bacterial and self antigens. Perhaps
a similar approach for RA patients could help to clarify
the relationship between this disease and bacterial HSP
or other bacterial antigens.

Is it an autoimmune reaction?

It is necessary to mention that antibodies exhibiting
specificity for self antigens –autoantibodies – are not
necessarily pathogenic. Autoantibodies may not be the
cause but rather the consequence of a disease, since lib-
erated antigens during tissue destruction may induce an
immune response (e.g., antibodies against myocardial
components after myocardial infarct). Autoantibodies
may possess a physiological function in binding antigens
that are harmful to the organism (so-called antigen clear-
ance), and it has been shown that even low frequencies
of autoreactive B cells are protective for the immune
system [24]. Consequently the existence of autoantibod-
ies in immune diseases is not necessarily connected to a
pathogenic role of the antibody.

Polyreactive antibodies which in mice are produced
mainly by CD5+ B cells often show cross-reactivity with
self antigens. On the other hand, they fulfill an important
function in the response against bacteria and viruses.
They belong to a type of “natural antibody” which gives
a first protection to the organism and hence time for the
activation of the “specific” immune response in GC.
CD5+ B cells seem to be expanded in non-organ-specific
autoimmune diseases such as RA. Particularly in sera of
those patients with an early onset of disease a high

amount of CD5+ B cells was found [34]. This increase in
number suggests a potential role for CD5+ B cells in
more aggressive disease states.

In the strict sense an autoantibody may be defined as
pathogenic if it fulfills the Witebsky-Rose-Koch criteria
[90]: (a) disease induction with transfer of the autoanti-
body, (b) autoantibody isolation from the disease-specific
lesion, and (c) disease induction through immunization
with the anti-idiotypic autoantibody. These criteria are
fulfilled only in myasthenia gravis, pemphigus vulgaris,
autoimmune thrombocytopenia, and Basedow’s disease,
which are classified as “classical autoimmune diseases.”
In these cases Plc are the effector cells where the antibod-
ies interfere directly with chemical and hormonal cellular
metabolites, leading in some cases to the destruction of
self tissue. This is different in RA since there is not a sin-
gle, precisely defined autoantibody, and no direct link be-
tween disease activity and the above autoantibodies.

Are these B cells part of the pathogenesis?

Looking at the variety of antigens defined by B cells the
questions arises which of these antigens are relevant in
the pathogenesis of RA. A reasonable approach would
be to assume that not a single antigen but a combination
of antigens is able to explain this complex disease. Some
antigens such as Sa antigen and other CCP are found in
very early stages of the disease even before joint destruc-
tion, suggesting a link to the initiation of RA [29, 50].
Furthermore, antibodies specific for CII have been pro-
posed to be crucial for the onset of the disease [53]. RF
are one of the disease defining factors and there is a cor-
relation between RF titers and disease severity, especial-
ly in older patients [78].

Morphological characteristics of Plc that are part of the
inflammatory synovial infiltrate of RA give signs that
these are cells from long standing inflammatory processes
(Fig. 3b). Bi-nucleated Plc are regarded as a characteristic
cytological sign of chronicity, and they are a common
finding in chronically inflamed tissue and in RA synovitis
[73, 108]. The same is true for crystal Ig inclusions in Plc,
which may be detected in long-standing RA synovitis.
Crystal Ig inclusions, which have been found in neoplastic
B cell proliferations [97] and in a case of lymphoplasm-
acellular synovitis [55], are due to Ig overproduction and
B cell overstimulation. Since resident cells of synovial tis-
sue were shown to support terminal B cell differentiation,
the role of RA synovial tissue is to provide an ideal milieu
for Plc differentiation, accumulation and persistence [18].
Plc in synovitis may contribute to joint damage not only
by antibody production but also by the secretion of proin-
flammatory factors and metalloproteinases [28].

Synovial RA B cells are a dynamic population

The mechanisms underlying the formation of lymphocyte
aggregates in the synovial tissue have not been elucidated.
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Little is known about the migration of memory B cells and
Plc in the synovial tissue. The V gene analyses of B cells
belonging to different joints established clonal relations
between them, indicating a recirculation process of anti-
gen-activated B cells between the affected joints [26].

During early B cell development the variability of the
antibody repertoire is generated by a somatic recombina-
tion of the V(D)J gene elements [63]. Hitherto recombina-
tion processes were thought to occur exclusively during
organogenesis of lymphoid organs. However the expres-
sion of recombination activation genes (RAG-1 and RAG-
2) in GC B cells have pointed to the existence of V(D)J
recombination not only at the early period of B cell devel-
opment but also after antigen activation [32, 33], introduc-
ing the possibility that RAG-dependent editing of autore-
active cells can occur in mature B cells [36].

Interestingly, the number of RAG expressing B cells
is elevated in joints of patients with RA [64, 65]. The
analysis of the V gene repertoire expressed in this subset
of B cells suggested that these cells are autoreactive and
therefore found in the inflamed synovial tissue. Howev-
er, it has not yet been confirmed that this subset of B
cells does not represent nonautoreactive, immature B
cells, which may accumulate in the joints of patients in
whom a direct access from the bone marrow to the place
of inflammation is suggestive.

These findings are contrary to the old assumption that re-
combination processes occur exclusively in organogenesis

of lymphatic organs, and they further support the assump-
tion that B cells are crucial acting cells in RA synovitis.

Conclusion

All morphological and molecular data concerning Plc
and B cells suggest that there is more than one pathway
to the onset and perpetuation of RA synovitis. One can
distinguish between two different types of B cell activa-
tion in chronic synovitis, called the maturative and the
accumulative type (Fig. 6) [40, 46]. These two patterns
are not disease linked, but the maturative type only oc-
curs in RA, whereas the accumulative type is present
both in RA and in OA [110]. Plc from OA synovial tis-
sue have been shown to express highly mutated V genes
[40]. Because there is no evidence of a clonal relation-
ship and local GC formation, this fact indicates that B
cells become activated in peripheral lymphoid organs
and subsequently migrate into synovial tissue. Therefore
the small aggregates consisting of IgG producing Plc and
nonproliferating B lymphocytes are rather the result of
local accumulation and not the consequence of local B
cell activation and differentiation. It can be presumed
that chronic synovitis in RA, which is the underlying
mechanism of joint destruction, follows a three step pro-
cess: (a) initiation, (b) destruction, and (c) perpetuation
(Fig. 7). Nonspecific mechanical alteration in combina-
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Fig. 7 Hypothesis: three-step
process of B cell dependent
erosive synovitis in RA



tion with an infectious agent in context with an innate
genetic predisposition would initiate the disease.

Destruction of joint tissues could be caused by proin-
flammatory cytokines, metalloproteinases, tissue invasion
by fibroblasts and macrophages, angiogenesis, phagocyto-
sis, apoptosis, autoreactive T cells, and pathogenic autoan-
tibodies. Degradation of tissue would lead to deliberation
of antigens and those would induce a more complex and
local immune process generating a “lymphatic” environ-
ment. The permanent local activation of the ectopic lym-
phatic tissue may maintain chronic synovitis without the
presence of the initiating antigen(s). B cells may be spe-
cific for self antigens expressed in the joint or they may
react with self antigens expressed ubiquitously in every
cell. In both cases the autoreactivity might function as an
arthritogenic component and support the chronic inflam-
matory process. The characterization and definition of an-
tigens recognized by B cells matured locally in synovial
GC – maturative type – of the affected joint might identify
pathogenic antigens of RA. This could yield new avenues
for diagnostics and immunotherapy but also a new ap-
proach for prevention by vaccines with antigens probably
defined by synovial B cell reactivity.
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Abstract The tumor-suppressor protein p53 has recently
been shown to belong to a family that includes two
structurally related proteins, p63 and p73. In contrast to
p53, p63 and p73 play an essential role in epithelial de-
velopment, stem cell identity and cellular differentiation.
Salivary gland tumors carry a wide spectrum of histo-
pathological forms, which may share a common single-
cell origin from the epithelial progenitor basal duct cells
and have a different tendency of malignant progression.
This study was performed to examine the expression of
p53, p63, and p73 in benign salivary gland tumors. Ex-
pression and mutation of p53, p73, and p63 were exam-
ined by direct DNA sequencing, reverse transcription
PCR using isoform-specific primers, and by immunohis-
tochemistry in normal parotid tissue (n=10), and various
tumors of the salivary gland (42 pleomorphic adenomas,
12 myoepitheliomas, 8 basal cell adenomas, 5 oncocyto-
mas, 5 canalicular adenomas, and 20 adenolymphomas).
In normal parotid tissue the expression of p63 and p73
was restricted to few basal and myoepithelial cells. Duc-
tal luminal and acinus cells were completely negative for
the expression of all three family members. In contrast,
in salivary gland tumors, strong nuclear staining for p63
and p73 was observed. Myoepithelial and basaloid cells
and the basal epithelial layer of adenolyphomas and
oncocytomas were positive for p63 and also, to a lesser
extent, to p73. Mutations of p53 were detected in 4 of 42
(10%) pleomorphic adenomas, in 3 of 12 (25%) myoepi-
theliomas, and in 1 of 8 (13%) basal cell adenomas but
not in other tumors. We failed to detect specific muta-
tions of p63 and p73. Using isoform-specific PCR, we

found that all isoforms of p63 were expressed in normal
parotid tissue whereas the pleomorphic adenomas, myo-
epitehliomas, and basal cell adenomas dominantly ex-
pressed the transactivation-incompetent truncated iso-
forms. Our data indicate that p63 and p73 are upregulat-
ed in salivary gland tumors and may serve as a marker of
epithelial and myoepithelial progenitor cells in salivary
glands. The prevalence of p53 mutations and the obser-
vation of the expression of ∆Np63 isoforms only in pleo-
morphic adenomas, myoepitheliomas, and also basal cell
adenomas may reflect their possible malignant potential.

Keywords Salivary gland tumor · Pleomorphic 
adenoma · p53 · p63 · p73 · Isoforms

Introduction

Tumors of the salivary gland represent 2–3% of head and
neck neoplasms and usually occur in the major salivary
glands [16]. The fact that these tumors arise in organs lo-
cated in an ontogenetic transitional zone, a region where
endoderm and ectoderm meet, might be one of the rea-
sons for the often-problematic histopathological classifi-
cation. It is known from epidemiological studies that
some salivary gland tumors have a tendency towards ma-
lignant transformation (e.g., pleomorphic adenoma,
myoepithelioma), whereas others never transform into
malignant tumors (e.g., adenolymphoma) [16, 17].

Due to the fact that salivary gland tumors are relative-
ly rare diseases little is known about the underlying mo-
lecular mechanisms leading to tumorigenesis [3]. Muta-
tions of p53, the by far best examined tumor suppressor
gene, have been reported in a subset of benign and ma-
lignant salivary gland tumors [6, 9, 13]. Recently two
p53-related genes, p63 and p73, have been discovered.
Both genes encode multiple proteins arising from alter-
native promoter use and splicing, with transactivation,
DNA binding, and tetramerization domains [4]. While
some isoforms of p63 (TAp63) and p73 (TAp73) are ca-
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pable of transactivating p53 target genes and inducing
apoptosis, other isoforms (∆Np63 and Np73) act in a
dominant-negative fashion to counteract the transactiva-
tion-competent isoforms of not only p63 and p73 but p53
as well [3, 8]. It has been reported that Np63-encoding
transcripts are down-regulated during the irreversible
growth arrest and differentiation of human keratinocytes
[15].

No data on p63 and p73 expression in salivary gland
tumors are available as yet. We therefore analyzed p53,
p63, and p73 in a broad spectrum of salivary gland tu-
mors.

Materials and methods

Patients

This retrospective study was carried out between 1991 and 2001
and included 42 patients with pleomorphic adenoma of the parotid
salivary gland (ICD-O-C 8940/0), 12 with myoepithelioma (ICD-
O-C 8982/0) of the parotid gland, 8 with basal cell adenoma (ICD-
O-C 8147/0), 5 with oncocytoma (ICD-O- 8290/0), 5 with canalic-
ular adenoma, and 20 with adenolymphoma (Warthin tumor, ICD-
O-C 8561/0) undergoing partial parotidectomy. Each tumor was
reevaluated with regard to typing [16]. In all cases hematoxylin
and eosin stained slides prepared from eight different tumor areas
were examined. Immunohistochemistry was performed on paraf-
fin-embedded sections of tissue microarrays. For microdissection,
reverse transcriptase (RT) polymerase chain reaction (PCR) and
direct sequencing of p63 and p73 we used fresh-frozen material.
Paraffin-embedded tissue was used for direct sequencing of p53.

DNA/RNA samples

For each salivary gland tumor sample the histopathological lesions
of interest were first identified on routinely stained rapid frozen
sections. The 12-µm sections cut from frozen-tissue blocks were
mounted on glass slides with a thickness of 0.17 mm (very thin
glass slides are needed to prevent laser energy from being dis-
persed before reaching the section of tissue). An ultraviolet laser
microscope system was then used to isolate particular cell popula-
tions (UV-laser microbeam; PALM, Bernried, Germany). In brief,
a pulsed UV laser of high beam quality (nitrogen laser, wave-
length 337 nm, maximum frequency 20 pulses/s, pulse duration
3 ns) was combined with an inverse microscope and focused

through an objective of high numerical aperture into the tissue
plane. Beam spot diameter measured approximately 0.3–0.5 µm.
Because of the extremely high energy density within the focal
point (laser energy at object plane approximately 5 µJ) all biologi-
cal material is completely destroyed. Using the UV laser beam at a
high repetition rate (approximately 20 pulses/s) a circle was cut
around the target cells. This resulted in complete separation of the
target population from neighboring tissues (Fig. 1). The approxi-
mate number of cells was estimated to be at least 1000 per sample
for PCR analysis. After microdissection the tissue samples were
then put into Eppendorf tubes and incubated with proteinase K at
37°C overnight. Proteinase K activity was inactivated by heating
at 95°C for 10 min. For DNA extraction standard methods were
used; after incubation with proteinase K at 37°C overnight the tis-
sue was extracted twice in phenol and twice in chloroform, fol-
lowed by ethanol precipitation.

Sequencing analysis

DNA was extracted according to standard procedures [19]. Of the
p53 gene mutations in diverse types of cancers 98% have been
found in exons 5–8 [2]; we therefore focused our study exons 4–9.
Each exon, 4–9, of the p53 gene was amplified by 35 cycles of
PCR using 5′-end labeled primers and Taq polymerase (Perkin El-
mer/Cetus, Norwalk, Conn., USA). The primers that we used to
amplify p53 exons 4–9 have been described in detail previously
[18]. The primer sequences for p73 were adopted from those de-
scribed by Kaghad et al. [5] and Nomoto et al. [12]. Mutation
analysis was performed sequencing both strands of the entire p73
RT-PCR fragments from parotid gland tumor and corresponding
nonneoplastic tissue. For p63 six sets of primers according to [7]
covering the whole coding region of Tap63γ were used. DNA se-
quencing of the PCR products were performed using the DNA-
Sequenase-Kit (Amersham, Germany) and an automatic sequenc-
ing analyzer (ABI 373; Applied Biosystems, Perkin-Elmer).

RNA isolation and RT-PCR

Total RNA was extracted from microdissected tissue samples by
TRIZOL reagent (Life Technologies, Grand Island, N.Y., USA)
according to manufacturer’s specifications. Total RNA (1 µg) was
then amplified using p63 isoform-specific primers with the Super-
script One-Step RT-PCR Kit with Platinum Taq (Life Technolo-
gies) according to the manufacturer’s protocol (50-µl reaction vol-
ume). All reverse transcription reactions were carried out for
30 min at 50°C and then 3 min at 94°C, followed by isoform-spe-
cific PCR conditions for each primer set:

● TAp63 (nucleotides 3–269 of TAp63), 40 cycles at 94°C for
30 s, 57°C for 40 s, and 72°C for 30 s, using SKO32 (sense; 5′-
GTCCCAGAGCACACAGACAA-3′) and SKO33 (antisense;
5′-GAGGAGCCGTTCTGAATCTG-3′) primers

● Np63 (nucleotides 10–207 of Np63), 40 cycles at 94°C for 30 s,
57°C for 40 s, and 72°C for 30 s, using SKO26 (sense; 5′-
CTGGAAAACAATGCCCAGAC-3′) and SKO27 (antisense;
5′-GGGTGATGGAGAGAGAGCAT-3′) primers

Fig. 1 Microdissection of the tumor compartments. Microdissec-
tion of the epithelial tumor component of a pleomorphic adenoma
of the parotid gland. Outlined areas Microdissected by the laser
system (Palm microbeam system) as described in the text
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● p63-tail (nucleotides 1380–1568 of Np63), 2 cycles at 94°C for
30 s, 57°C for 40 s, and 72°C for 30 s, followed by 38 cycles at
94°C for 30 s, 55°C for 40 s, and 72°C for 30 s, using SKO28
(sense; 5′-GAGGTTGGGCTGTTCATCAT-3′) and SKO29 (an-
tisense; 5′-AGGAGATGAGAAGGGGAGGA-3′) primers

● p63β-tail (nucleotides 1345–1550 of TAp63β), 2 cycles at 94°C
for 30 s, 57°C for 40 s, and 72°C for 30 s, followed by 38 cycles
at 94°C for 30 s, 55°C for 40 s, and 72°C for 30 s, using SKO30
(sense; 5′-AACGCCCTCACTCCTACAAC-3′) and SKO31 (an-
tisense; 5′-CAGACTTGCCAGATCCTGA-3′) primers

● p63-tail (nucleotides 1057–1270 of TAp63), 2 cycles at 94°C
for 30 s, 57°C for 40 s, and 72°C for 30 s; 2 cycles at 94°C for
30 s, 55°C for 40 s, and 72°C for 30 s, and 36 cycles of 94°C
for 30 s, 53°C for 40 s, and 72°C for 30 s, using SKO22 (sense;
5′-ACGAAGATCCCCAGATGATG-3′) and SKO23 (antisense;
5′-GCTCCACAAGCTCATTCCTG-3′) primers.

The GAPDH gene was chosen as an endogenous expression RT-
PCR standard and was amplified using SKO36 (sense; 5′-GA-
AGGTGAAGGTCGGAGT-3′) and SKO37 (antisense; 5′-GA-
AGATGGTGATGGGATTTC-3′) primers. Isoform-specific RT-
PCR (including GAPDH and a one primer-only control) was per-
formed in triplicate. Of the RT-PCR products 25 µl was resolved
in 1.8% agarose gels.

Tissue microarray construction und immunohistochemistry

Tumor and normal tissues were embedded in paraffin, and 5-µm
sections stained with hematoxylin and eosin were obtained to
identify viable, representative areas of the specimen. From the de-
fined areas core biopsy specimens were taken with a precision in-
strument (Beecher Instruments, Silver Spring, Md., USA) as de-
scribed previously [20]. Tissue cores with a diameter of 0.6 mm
were punched from each specimen and arrayed in triplicate on a
recipient paraffin block [20]; 5-µm sections of these tissue array
blocks were cut and placed on charged polylysine-coated slides

(Fig. 2). These sections were used for immunohistochemical anal-
ysis. Tissues and cell lines known to express p63 were used as
positive controls.

For immunohistochemical analysis of p73, p53, and p63 the
tissue microarrays were covered with normal goat serum for
20 min and then incubated with the primary antisera against p73,
p63, or the p53-antibody, respectively (p53: clone DO-7, dilution
1:100, Dianova, Hamburg, Germany, p63: clone 4A4, dilution: 1:
60, Santa Cruz, Calif., Biotechnology, USA, p73: dilution: 1: 10,
Santa Cruz, Biotechnology) [19].

After blocking and incubation with the primary antibody the
sections were washed with phosphate-buffered saline, incubated
with biotinylated goat anti-mouse (for p53, p63) and anti-rabbit
(p73) immunoglobulin G (BioGenex, Germany) for 30 min, and
covered with peroxidase-conjugated streptavidin (Dako, Den-
mark). The peroxidase reaction was allowed to proceed for 8 min,
with 0.05% 3,3 diaminobenzidine tetrahydrochloride solution as
substrate. Slides were counterstained with hematoxylin and finally
mounted. The slides were examined and scored independently by
two of us (A.T., L.L) who were blinded to clinical and pathologi-
cal information.

Results

Normal parotid tissue

Using an antibody that detects all p63 and p73 isoforms
in normal salivary gland (parotid), both proteins were
found in very few basal cells and in the myoepithelial
cells. Both acinus cell and luminal duct cells were nega-
tive for p63 and for p73. No p53-positive cells were
found. A strong nuclear staining of both basal and myo-
epithelial cells surrounding intercalated and striated
ducts and excretory ducts was observed (Fig. 3A–D). A
gradual diminution of p63 and p73 staining in the more
terminally differentiated cell layers occurred. Cells local-
ized to the most superficial layers of intercalated ducts
had undetectable p63/p73 levels. RT-PCR for p63 iso-
forms displayed an equal distribution of all six isoforms
(Fig. 5, Table 1). 

Pleomorphic adenomas

In pleomorphic adenomas epithelial and modified myo-
epithelial elements intermingle with tissue of mucoid,
chondroid, squamous, or myxoid appearance. A strong
p63 nuclear staining of nearly all spindle-shaped or sol-
id-sheets forming myoepithelial cells was observed
(Fig. 4A). To a lesser extent the myoepithelial cells were
also positive for p73. Epithelial duct forming cells were
only occasionally positive for p63 and for p73. We failed
to detect specific immunostaining in those areas with
mucoid, chondroid, or myxoid differentiation. Squamous
cell metaplasia exhibited specific p63 but not p73 stain-
ing. Mutations of the p53 gene were detected in 4 of 42
cases (10%). In all cases the mutations were point muta-
tions, clustered within evolutionary conserved regions,
especially in exons 4, 5, 6, and 8 (Tables 1, 2).

Fig. 2 Tissue microarray of pleomorphic adenoma; stained with
hematoxylin-eosin (above) and with p63 (immunohistochemistry)
(below)
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Myoepithelioma

Mutations of p53 were detected in 3 of 12 myoepitehlio-
mas examined (25%). In all cases point mutations oc-
curred in exons 4, 6, and 7 (Table 2). Those tumors ex-
hibited a strong nuclear p53 immunostaining (Fig. 4B).
Neither p63 nor p73 mutations were detected in myoepi-
theliomas. p63-protein positive cells were observed in all

Fig. 3A–D Immunostaining of p73 and p63 in normal parotid
gland. A p73 immunostaining of the normal parotid gland. Posi-
tive cell nuclei (brown) at the basal layer of cells within a striated
duct; original magnification ×20. B p73 immunostaining of an ex-
tralobular duct. Few positive basal ductal cells; original magnifi-
cation ×20. C p63 immunostaining of the normal parotid gland.
Positive cell nuclei (brown) at the basal ductal cells of an interca-
lated duct and positive myoepithelial cells; original magnification
×25. D p63 immunostaining within basal cell nuclei of a striated
duct; original magnification ×30

Table 1 Immunohistochemical
expression of p53, p63, and
p73 in benign salivary gland tu-
mors

Tumor no of cases p53 (mutation) p63 p73

Pleomorphic adenomas n=42 4/42 + +
Myoepithelial cells – + +
Duct cells + – –
Basal cells – + +
Metaplastic: squamous – + +
Metaplastic: mucoid, chondroid – – –

Myoepitheliomas n=12 3/12
Myoepithelial cells + + +

Basal cell adenomas n=8 1/8
Basaloid cells + + +

Oncocytomas n=5 – – –
Canalicular adenomas n=5 – – –
Adenolymphomas n=20 – +a –a

a Lymphoid follicles
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Fig. 4A–F Legend see page 434
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12 cases examined, especially within tumor areas exhib-
iting a solid growth pattern (Fig. 4B). Spindle cells with-
in tumors with a more reticular pattern were p63 nega-
tive. p73 immunostaining was observed in 10 of 12 myo-
epitheliomas, predominantly within the more epitheloid
cells. p73 immunoreactivity was observed to a lesser de-
gree than p63 immunoreactivity.

Basal cell adenoma

The isomorphic basaloid cells were positive for p63 and,
to a lesser extent, for p73. The strongest immunoexpres-
sion of both p63 and p73 occurred in solid tumor areas
consisting of uniform-appearing, small palisaded cells
(Fig. 4C). In the trabecular subtype both glandular and
tubular differentiated tumor areas were occasionally p63
and p73 positive. We failed to detect specific p53 muta-
tions or p53 immunostaining within the basal cell adeno-
mas.

Oncocytoma and canalicular adenoma

We failed to detect specific mutations of p53 and its ho-
mologues within these rare tumors of the salivary gland.
In canalicular adenomas p63 and p73 expression oc-
curred within the columnar beading pattern forming epi- thelial cells (Fig. 4D). In oncocytoma very few p63- and

p73-positive cells were observed. Few eosinophilic cells
exhibited a faint nuclear expression of p63 but not of
p73 (Fig. 4E). Due to the intense eosinophilic cytoplasm,
a strong nonspecific staining was observed.

Adenolymphoma

We detected specific p63 and p73 staining within very
few basal cells of the typically eosinophilic double-lay-
ered epithelium of adenolymphoma. p63 immunoreactiv-
ity was also observed occasionally within the lymphoid
tissue (Fig. 4F). Neither p53, p63, nor p73 mutations
were observed.

p53 Mutation analysis Immunohistochemistry

Diagnosis Exon Codon Mutation Amino acid p53 p63
substitution

Pleomorphic adenoma 8 273 CGT→AGT Arg-Ser ++ ++
Pleomorphic adenoma 4 82 CCG→CTG Pro-Leu ++ ++
Pleomorphic adenoma 5 163 TAC→TGC Tyr-Cys ++ ++
Pleomorphic adenoma 6 209 del(–2) Frameshift – ++
Myoepithelioma 4 82 CCG→CTG Pro-Leu ++ ++
Myoepithelioma 6 179 CAT→CTT His-Leu ++ ++
Myoepithelioma 7 245 GGC→AGC Gly-Ser ++ ++

Table 2 Mutation pattern of
p53 in benign salivary gland tu-
mors

Fig. 4A–F Immunostaining of p73 and p63 in salivary gland tu-
mors. A p63 and p73 immunostaining of the epithelial component
of a pleomorphic adenoma. Positivity of myoepithelial and, to a
lesser extent, of some epithelial (ductal) cells. Inset Positive spin-
dle-formed myoepithelial cells. B p63 and p73 immunostaining of
myoepithelioma. Strong p63 and p73 immunoreactivity of spindle-
shaped epitheloidlike cells. C p63 and p73 immunostaining of a
basal cell adenoma (trabecular variant). p63 and p73 immuno-
staining visible in the basaloid cells. p73 staining occurred at the
outer layer of glandular differentiated trabecular cells. D p63 and
p73 immunostaining of a canalicular adenoma: positive cell nuclei
of the basal layer of the columnar-appearing epithelial cells. E p63
and p73 immunostaining of an oncocytoma. Very few positive
cells observed with a high degree of staining due to intense eosi-
nophilic cytoplasm. F p63 and p73 immunostaining of an adeno-
lymphoma. Very few basal cells of the typically eosinophilic dou-
ble-layered epithelium were positive for p63 and for p73. Positive
lymphocytes served as built-in positive control

▲

Fig. 5 Expression of p63 in normal parotid tissue and salivary
gland tumors: RT-PCR analysis for p63 using isoform-specific
primers. Lane 1 Normal parotid gland; lanes 2, 3 pleomorphic ad-
enoma; lanes 4, 5 myoepithelioma; lanes 6, 7 basal cell adenoma;
lanes 8, 9 adenolymphoma. GAPDH was used as an endogenous
standard. A representative result from four experiments is shown



p63 isoforms

To determine which p63 isoforms were present in our
samples we performed RT-PCR using isoform-specific
primers on total RNA from normal parotid tissue and
pleomorphic adenomas, myoepitheliomas, adenolympho-
ma, basal cell adenoma, and oncocytoma after microdis-
section. All six splice variants of p63 were found in nor-
mal parotid tissue and also in adenolymphomas. We de-
tected the truncated Np63 isoforms as the dominant spe-
cies expressed in all pleomorphic adenomas, myoepithe-
liomas, and basal cell adenomas but not in adeno-
lymphomas or nomal parotid tissue (Fig. 5).

Discussion

The identification of two homologues, p63 and p73, re-
vealed that p53 is a member of a family of related tran-
scription factors. Since they share amino acid sequence
identity of 63% in the DNA-binding domain, p53, p63,
and p73 could have redundant functions in the regulation
of protein expression. In contrast to p53, somatic muta-
tions of the p63 gene are very rare, while germline muta-
tions in TP63 have been reported for patients with limb
mammary syndrome, split-hand/split-foot malformation,
ankyloblepharo-ectodermal dysplasia-clefting syndrome,
and EEC syndrome [10, 23]. We also failed to detect spe-
cific mutations of p63 or p73 in all salivary gland tumors
examined. It appears that alterations in p63 expression
are epigenetic in nature. Our data confirm earlier results
showing that p63 and p73 expression follows a restricted
pattern in normal tissues [1, 3]. We observed intense p63
and p73 nuclear localization only within the myoepithe-
lial cells and the basal cells of the normal salivary gland,
with a gradual diminuition of nuclear intensity in the
more terminally differentiated duct cells within striated
and excretory ducts, while the most apical cells had unde-
tectable p63 levels. Acinus as well as luminal cells were
negative for both p63 and p73. The identification of both
proteins in myoepithelial and basal cells is significant be-
cause some of these cells may act as progenitors of the
suprabasal cells, which undergo differentiation and cell
death. Recent data from p63 knockout mice elucidate p63
as a key regulator of proliferation and differentiation pro-
grams acting to maintain the regenerative or “immortal”
quality of epithelial stem cells [10, 23]. Data from other
studies regarding p63 overexpression in tumor cells sup-
port an important role for p63 in the development of hu-
man primary tumors, including squamous and transitional
cell carcinomas [11, 14, 21]. Our observation of an in-
creased expression of p63 and p73 pleomorphic adenoma,
myoepithelioma, and basal cell adenoma, all benign sali-
vary gland tumors, supports the concept of a neoplastic
and proliferative potential of aberrant p63/p73 expression
even in nonmalignant tumors.

It has been reported that p63/p73 overexpression can
mimic p53 activities by binding DNA, activating tran-
scription, and inducing apoptosis [4]. Unlike p53, both

p63 and p73 can undergo alternate splicing. For p63
three C terminal variants (α, β, and γ), two N terminal
variants (TA and ∆N), and an interstitial splice variant in
which 12 bases (encoding four amino acids) may be de-
leted from exon 9, leading to six different isoforms that
have been reported [4]. The three aminoterminal truncat-
ed isoforms of p63 are unable to transactivate and to in-
duce apoptosis. Furthermore, the same truncated iso-
forms appear to act in a dominant-negative manner to in-
hibit the transactivation potential of wild-type p53 and
p63 [22]. Our observation that the ∆N form of p63 de-
void of the transcriptional activation domain is the pre-
dominant form of p63 in a subset of salivary gland tu-
mors with a malignant potential, i.e., pleomorphic ade-
noma, myoepithelioma, and basal cell adenoma but not
in normal parotid tissue, may suggest that this represents
an endogenous dominant negative regulator of p53 activ-
ity, an endogenous “anti-p53 protein.”

In this context, one may speculate that when certain
p63 isoforms are expressed, such as dominant-negative
∆Np63, they could bind to and inhibit transactivation by
p53 and TAp63. Alternatively, these Np63 isoforms, by
binding to specific promoter elements, could block the
transcription of otherwise critical genes, such as those
involved in the apoptotic response and terminal differen-
tiation. The observation that ∆Np63 is present in pleo-
morphic adenoma, myoepithelioma, and basal cell ade-
noma – benign tumors with a possible malignant poten-
tial – but not in adenolymphoma and normal parotid tis-
sue might underline this hypothesis.

This is the first report concerning the expression of
p53 and relatives in benign salivary gland tumors. We
found an greater expression of p63 and p73 in pleomor-
phic adenoma, myoepithelioma, and basal cell adenoma
than in normal parotid gland. Furthermore, the dominant
isoform of p63 expressed within these tumors was the
∆N-isotype. We speculate that these isoforms suppress
wild-type p53 functions and lead to an abrogation of p53
downstream targets, including apoptosis, transient
growth arrest, and sustained growth arrest or senescence.
Further studies are necessary to elucidate the exact mo-
lecular mechanisms of p63/p73 overexpression not only
in malignant but also in benign tumors.
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Abstract Histological criteria for subclassification of in-
traductal papillary mucinous tumor (IPMT) and mucinous
cystic tumor (MCT) of the pancreas remain ambiguous in
the absence of apparent invasion or metastasis. To eluci-
date this issue, we evaluated clonality and K-ras muta-
tions in 11 cystic tumors of the pancreas from female pa-
tients, including 7 IPMTs and 4 MCTs. The analyses were
performed on DNA from laser microdissected epithelia
showing different degrees of atypia as well as normal-ap-
pearing epithelia (NAE) in the individual tumors. The
grades of atypia were classified into three groups on con-
ventional hematoxylin-eosin staining. Clonality was as-
sessed using the methylation-induced polymorphic inacti-
vation of the X-linked phosphoglycerate kinase gene. The
incidence of monoclonality increased with the grades of
atypia: 27% for NAE, 43% for grade 1, and 100% for
grades 2 and 3. In three of four MCTs, foci of NAE were
polyclonal, while monoclonality was seen in each one of
grades 1 and 2. The frequency of K-ras mutation depend-
ed on the grades of atypia: 0% for NAE, 29% for grade 1,
50% for grade 2, and 75% for grade 3. Polyclonal epithe-
lia were devoid of K-ras mutation in 92% of sites, while
monoclonality was associated with both wild and muta-
tional types in an approximately equal ratio. Both IPMT
and MCT seem to arise from polyclonal epithelia and to
be replaced by monoclonal neoplastic cells as they under-
go dysplastic changes and K-ras mutation. These data
suggest that the monoclonal expansion precedes K-ras
mutation.

Keywords Pancreas · IPMT · MCT · Clonality · 
X chromosome inactivation · PGK · K-ras

Introduction

Cystic tumors of the pancreas have increasingly been de-
tected due to advances in diagnostic imaging technology
[11, 14, 32]. Intraductal papillary mucinous tumor (IPMT)
and mucinous cystic tumor (MCT) are among the repre-
sentative cystic neoplasms of the pancreas. IPMT and
MCT can be distinguished by their clinicopathological fea-
tures [13, 23, 35, 45], and invasive characteristics of both
tumors seem to be defined or predicted by clinical aspects
[13, 42]. However, histopathological criteria for subclassi-
fication of IPMT and MCT without invasion remain am-
biguous and seem to differ by institution or pathologist. In
other words, it may sometimes be difficult to differentiate
adenoma from carcinoma in situ, dysplasia from neoplasm,
or hyperplasia from dysplasia. IPMT easily extends
through the pancreatic duct. This is often a problem when
dysplastic epithelia are seen at the surgical margin. In addi-
tion, the discrepancy between histological atypia and bio-
logical behavior has been pointed out in MCT [6, 31, 40].

To date, there have been few reports studying genetic
abnormalities that occur in pancreatic cystic tumors. A
stepwise increase in K-ras mutation at codon 12 (GGT
to GTT or GAT), which is highly associated with pancre-
atic duct cell carcinoma, has also been found in both
IPMT and MCT with increased epithelial dysplasia [2,
18, 30, 33, 39, 44], although several other studies have
shown that K-ras mutation occurs even in a remarkably
high percentage of non-neoplastic tissue [3, 22, 37]. Im-
munohistochemical overexpression of oncogenes and tu-
mor suppressor genes, such as p53, c-erbB-2, and Dpc-4,
has been reported in IPMT [16, 19, 33]. Allelic losses of
3p, 6q, 8p, 9p, 17p and 18q in atypical epithelia in each
stage of neoplastic evolution to adenocarcinoma are
pointed out in IPMT [10]. However, these somatic alter-
ations do not seem to be essential to the development of
IPMT and lack of these alterations in epithelia does not
necessarily mean the mass is non-neoplastic.
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Neoplasm develops by autonomous growth and is
supposed to be monoclonal. Therefore, investigation of
clonality is expected to differentiate monoclonal neo-
plasm from polyclonal non-neoplastic lesions. To date,
clonality analysis based on X chromosome inactivation
has demonstrated that various neoplastic conditions are
monoclonal, and can be used to distinguish neoplasm
from non-neoplasm [5, 9, 17, 20, 24, 26, 27, 28].

To elucidate the neoplastic nature of pancreatic cystic
tumors we analyzed clonality in epithelia with varying

degrees of atypia which constituted IPMT and MCT of
female patients. We also examined a correlation between
clonality and K-ras mutations.

Materials and methods

Definition of IPMT and MCT

The histopathological classification was based on the Atlas of 
Tumor Pathology, Tumors of the Pancreas [35], in which classifi-
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Table 1 Clinicophathological features of intraductal mucinous papillary tumor (IPMT) and mucinous cystic tumor (MCT). borderline
tumor with moderate dysplasia, Ph pancreatic head, Pb pancreatic body, Pt pancreatic tail

No. Age Pathological Site Size Subtype Communication Ovarian Stromal 
diagnosis (cm) with duct type stroma invasion

1 63 IPMT (carcinoma) Pt 6.0 Branch + – +
2 71 IPMT (carcinoma) Pb 24 Main + – +
3 65 IPMT (carcinoma) Ph 3.0 Main + – –
4 55 IPMT (carcinoma) Ph 9.0 Main + – +
5 78 IPMT (borderline) Ph 4.0 Branch + – –
6 53 IPMT (borderline) Pt 2.0 Branch + – –
7 56 IPMT (borderline) Ph 4.0 Branch + – –
8 47 MCT (adenoma) Pb 3,5 – + –
9 52 MCT (borderline) Pt 5.0 Unknown + –

10 57 MCT (adenoma) Pb 3,5 – + –
11 41 MCT (adenoma) Pt 6.0 – + –

Fig. 1 A Low-power micro-
scopic figure of intraductal
papillary mucinous tumor (car-
cinoma) of case 3 in Table 1
and Table 2 (hematoxylin and
eosin, ×16). Various grades of
epithelial atypia are seen. The
letters a–c correspond to those
in B. B a Grade 1: columnar
epithelia and/or papillary 
structure with nuclei arranged
along the basal membrane; 
b grade 2: epithelia with en-
larged nuclei and pseudostrati-
fication; c grade 3: epithelia
with a loss of nuclear polarity
and cribriforming (hematoxylin
and eosin, ×200)



cation is based on World Health Organization (WHO) proposals.
Therefore, IPMT was defined as an intraductal pancreatic tumor
formed of papillary proliferations of mucin-producing epithelial
cells. According to the degree of epithelial dysplasia, IPMT was
classified as adenoma, borderline, or carcinoma. MCT was de-
fined as a cystic pancreatic tumor formed of epithelial cells pro-
ducing mucin, representing gastroenteropancreatic differentiation
and an ovarian-type stroma. According to the degree of epithelial
dysplasia, MCT was classified as adenoma, borderline, or carci-
noma.

Patients

Between 1985 and 2000, we resected cystic pancreatic tumors in
33 patients (23 females and 10 males). The histopathological diag-
nosis included IPMT for 26 tumors (16 females and 10 males) and
MCT for 7 (all females).

Since clonal investigation was based on X chromosome inacti-
vation, as described below, only cases of females were included in
the present study. Among the 23 female patients with IPMT or
MCT, 11 showed informative polymorphism of the X-linked phos-
phoglycerate kinase gene (PGK; see below). The clinicopathologi-
cal features of these 11 patients are shown in Table 1.

Histological investigations

We investigated archival materials of resected specimens fixed in
10% formalin and embedded in paraffin. Histological diagnosis
was based on 4-µm-thick sections, made from three to six differ-
ent blocks per patient and stained with hematoxylin and eosin
(HE).

Since the lining epithelia of IPMT and MCT demonstrated var-
ious degrees of atypia (Fig. 1A), we classified these findings into
three grades. Grades 1, 2, and 3 were basically equivalent to Pan-
IN1 (columnar epithelia and/or papillary structure with nuclei ar-
ranged along the basal membrane), 2 (epithelia with nuclear
crowding, enlarged nuclei, pseudo-stratification and hyperchroma-
tism), and 3 (epithelia with loss of nuclear polarity and true cribri-
forming, budding of small clusters of epithelial cells into the lu-
men and luminal necrosis), respectively, as defined by Hruban et
al. [15] (Fig. 1B, labeled a, b, c). Lining cells with scanty atypia
and flat arrangement were defined as normal-appearing epithelia
(NAE) when present within the cystic tumors. Normal epithelia
distant from the tumors were sampled as normal control. All the 7
IPMT cases and 1 of the 4 MCT cases demonstrated a diversity of
grades in one tumor.

Laser capture microdissection and DNA extraction

The 10-µm-thick samples were cut from formalin-fixed, paraffin-
embedded tissues, corresponding to the HE-stained slides for his-
tological investigations described above.

Employing the laser-capture, microdissection system (LCM)
(PixCell II, Arcturus, Mountain View, Calif., USA), approximate-
ly 200 epithelial cells from each of several serial sections focusing
on various grades were harvested to analyze clonality and K-ras
mutation in the cell population. Dissection with LCM facilitated
obtaining only target cells from the specimen with minimal con-
tamination (Fig. 2) [8].

According to the genomic DNA extraction method at the Na-
tional Institutes of Health (NIH) web site (http://www.nih.gov), the
microdissected tissues were digested with proteinase K buffer
[0.04% proteinase K, 10 mM Tris-HCl (pH 8.0), 1 mM ethylene di-
amine tetraacetic acid (EDTA) and 1% Tween-20, final pH 8.0].
The lysate was inactivated for 8 min at 95°C and purified with a
DNA purification kit (QIAquick PCR Purification Kit, Qiagen, Va-
lencia, Calif., USA).

Clonality analysis

The purified lysate was used as a template for restriction endonu-
clease reaction and polymerase chain reaction (PCR). According
to the method described by Tamura et al. [38], we evaluated clo-
nality based on methylation-induced inactivation of either allele of
X-chromosome-linked PGK [4, 7, 21, 34, 41]. Each DNA sample
was incubated for 12 h at 37°C in a total volume of 2 µl buffer
with 10 U methylation-sensitive restriction endonuclease SnaB I
[25] (TaKaRa, Tokyo, Japan) to completely digest non-methylated
(i.e., activated) alleles. A duplicate sample was subjected to incu-
bation under the same conditions but without SnaB I.

The digested and non-digested products were amplified with
nested PCR as follows. The first PCR employed 4B (3′-
cctgcaaatctctaggcttca-5′) and 3B (3′-gccagcagaacgcctgttac-5′) as
primers in 5 µl 10× buffer, 2,5 mM dNTP, 2.5 U Taq polymerase
(0.5 µl; TaKaRa) for 35 cycles (30 s at 95°C, 30 s at 55°C, 1 min
at 72°C) preceded by denaturation for 5 min at 95°C and followed
by extension at 72°C. One microliter of the first PCR product was
amplified with a second PCR using 4C (3′-cacggaagggaccttgaaa-
5′) and 3C (3′-acgcctgttacgtaagctctg-5′) as primers (1.0 pmol
each). Second PCR products were precipitated with ethanol. Pre-
cipitates were incubated for 12 h at 45°C in a total volume of 20 µl
buffer with 10 U of restriction endonuclease BstX I (TaKaRa). The
reaction was terminated by heating at 65°C for 20 min, after
which the resulting DNA fragments (238 bp, 197 bp) were sub-
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Fig. 2 Laser capture microdissection before (a) and after (b) micro-
dissection. Foci were harvested with minimal contamination for
DNA analysis



jected to electrophoresis in an 8% polyacrylamide gel and stained
with ethidium bromide (Fig. 3). We confirmed PCR products of
PGK with an ABI PRISM BigDye Terminator Cycle Sequencing
FS Ready Reaction kit (Applied Biosystems, Norwalk, Conn.,
USA) and an automated sequencer (ABI PRISM 310, Applied
Biosystems). We confirmed the reproducibility of clonality twice.

K-ras mutation analysis

According to the method described by Fukushima et al. [12], K-ras
analyses at codons 12 and 13 in all samples were performed with
nested PCR as follows. This method has the sensitivity to detect at
least one K-ras mutation in 100 cells [12]. The first PCR was car-
ried out with a 50-µl reaction volume containing 1 µl DNA tem-
plate, 5 µl 10× PCR buffer [100 mM Tris-HCl (pH 8.3), 500 mM
KCl, 15 mM MgCl2], 4 µl 2.5 mM dNTP, and primers K1 (3′-ta-
aggcctgctgaaaatg-5′) and K3 (3′-tcaaagaatggtcctgcacc-5′) (1.0 pmol
each), and 1.25 U Taq polymerase (TaKaRa). The second PCR was
performed with primers K5 (3′-actgaatataaacttgtggtagttggagct-5′)
and K4 (3′-gatttacctctattgttgga-5′). After the bands (117 bp) were
confirmed on an 8% polyacrylamide gel, direct sequencing was per-
formed with an ABI PRISM BigDye Terminator Cycle Sequencing
FS Ready Reaction kit (Applied Biosystems) and analyzed on an
ABI PRISM 310 Automated sequencer (Applied Biosystems).

Results

Grades of atypia

All seven IPMTs included two to three grades of atypia:
three cases contained all grades from 1 to 3 and NAE,
while the other four cases showed either grades 1–2 or
grades 2–3. Three of four MCTs demonstrated only
NAE. The remaining one included grade-1 and grade-2
epithelia and NAE.

Clonality

Even NAE had monoclonality in 27% (3 of 11), and the
incidence of monoclonality increased with the grades of
atypia: 43% for grade 1 and100% for grades 2 and 3 (Ta-
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Table 2 Clonal analysis and 
K-ras mutations in intraductal
papillary mucinous tumor
(IPMT) and mucinous cystic
tumor (MCT). borderline
tumor with moderate dysplasia,
NAE normal-appearing epithe-
lia, mono monoclonal, poly
polyclonal, wild wild type 
(K-ras codon12), / no corre-
sponding focus. There were no
K-ras mutations at codon13 in
any of the 30 foci in 11cases

No. Age Pathological NAE Grade 1 Grade 2 Grade 3
diagnosis

1 63 IPMT Clonality Mono Mono Mono Mono
(carcinoma) K-ras Wild GTT GTT GTT

2 71 IPMT Clonality Poly Poly Mono Mono
(carcinoma) K-ras Wild Wild Wild Wild

3 65 IPMT Clonality Poly Poly Mono Mono
(carcinoma) K-ras Wild Wild GAT GAT

4 55 IPMT Clonality Poly / Mono Mono
(carcinoma) K-ras Wild / CGT CGT

5 78 IPMT Clonality Mono Poly Mono /
(borderline) K-ras Wild Wild Wild /

6 53 IPMT Clonality Poly Mono Mono /
(borderline) K-ras Wild Wild Wild /

7 56 IPMT Clonality Poly Poly Mono /
(borderline) K-ras Wild TGT TGT /

8 47 MCT Clonality Mono / / /
(adenoma) K-ras Wild / / /

9 52 MCT Clonality Poly mono Mono /
(borderline) K-ras Wild Wild Wild /

10 57 MCT Clonality Poly / / /
(adenoma) K-ras Wild / / /

11 41 MCT Clonality Poly / / /
(adenoma) K-ras Wild / / /

Fig. 3 Clonality assay (top) and direct sequencing of K-ras at co-
don 12 (bottom) in case 3. n Normal duct epithelium distant from
intraductal mucinous papillary tumor (IPMT) has polyclonality
and K-ras (GGT). N Normal-appearing epithelia (NAE) within
IPMT also has polyclonality and wild K-ras (GGT). a Grade-1
epithelium within IPMT also has polyclonality and wild K-ras
(GGT). b Grade-2 epithelium exhibits monoclonality and K-ras
mutation (GTT). c Grade-3 epithelium also reveals monoclonality
and K-ras mutation (GTT)
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ble 2 and Table 3). In IPMT, five cases that showed poly-
clonality in NAE acquired monoclonality at atypical
grades. Monoclonality at a lower grade was maintained
at higher grades, as seen in case 1. This principle of
monoclonality progression or maintenance was not ap-
plicable in only one case (case 5) where clonality fluctu-
ated from mono- (NAE) to poly- (grade 1) and then to
monoclonal state (grade 2). 

In MCTs, only one (25%) NAE site showed monoclo-
nality whereas the other three (75%) indicated polyclo-
nality. In case 9, NAE showed polyclonality, and grades
1 and 2 showed monoclonality.

K-ras mutation

K-ras mutation, if present, was observed at codon 12,
but not at codon 13. K-ras mutation as well as clonality
increased with grades of atypia; 29% for grade 1, 50%
for grade 2, and 75% for grade 3, whereas NAE had no
K-ras mutation (Table 2 and Table 3). The mutation pat-
terns were different in all four IPMTs. The patterns in in-
dividual cases remained identical throughout the grade
transformation once the mutation appeared. In MCT,
there were no cases of K-ras mutation even at codon 12.

Correlation of clonality and K-ras mutation

The relationships of atypical grades and the incidence of
monoclonality and K-ras mutation are summarized in
Table 3 and Table 4. Compared with K-ras mutation,
monoclonality was more frequent at each grade of atyp-
ia. Polyclonal epithelia were almost invariably devoid of
K-ras mutation (92% [11 of 12]) while monoclonality
was associated with both wild and mutational types in an
approximately equal ratio (56% [10 of 18] vs 44% [8 of
18]) (Table 4).

Discussion

A number of investigators have reported that clonal analy-
sis can offer a contributory means of differential diagnosis
for tumor-like lesions that are clinically and histologically
difficult to diagnose as neoplasm or non-neoplasm [5, 17,
20, 24, 26, 27, 28]. Therefore, we applied this method to
pancreatic cystic tumors including IPMT and MCT. Theo-
retically, clonal analysis can be performed for women ei-
ther by PGK or human androgen receptor gene (HUM-
ARA) so long as they are heterozygous or informative with
different polymorphisms derived from parents. However,
PGK was far superior to HUMARA in our preliminary ex-
periments in terms of the stability of data obtained from
formalin-fixed, paraffin-embedded materials. In our study
of HUMARA, since several non-specific bands emerge on
PCR assay, the judgement of clonality is difficult and un-
stable. A demerit of PGK analysis, relative to HUMARA,
is a lower percentage of informative cases among the Jap-
anese female population (PGK 50% vs HUMARA 90%)
[27]. In the present series we found that 48% (11 of 23) of
female patients with IPMT/MCT were informative.

Our initial hypothesis before the present clonality
analysis was that NAE and epithelia of grade 1 in IPMT
would be non-neoplastic and all grades of epithelia in
MCT were neoplastic. The results were somewhat con-
trary to our expectation.

All IPMTs and one MCT demonstrated several grades
of atypia, and the incidence of monoclonality increased
with the grade, reaching 100% for grades 2 and 3. On
conventional HE-stained sections, grades 2 and 3 of
atypia may be interpreted as adenoma and carcinoma, re-
spectively. Therefore, the conventional diagnosis of ade-
noma or carcinoma seems to be confirmed by the present
clonality analysis.

However, NAE and epithelia of grade 1, conventional-
ly interpreted as “epithelia with no or scanty atypia” and
“hyperplastic” epithelia, respectively, showed monoclo-
nality in some cases, suggesting that the monoclonal foci
may represent neoplasms whereas polyclonal foci may not
be neoplastic. The mixture of monoclonal and polyclonal
features in NAE and epithelia of grade 1 seems to indicate
tumorigenesis from polyclonal cells with no or scanty
atypia accompanied by monoclonal cells progressing to a
definite neoplasm of adenoma or carcinoma. This progres-
sion theory may be supported by the finding that mono-
clonality in lower grade epithelia was almost invariably
maintained at higher grades (cases 1, 2, 3, 4, 6 and 9).

Table 3 Frequency of mono-
clonality and K-ras mutations
by grade. IPMT intraductal 
papillary mucinous tumor, 
MCT mucinous cystic tumor, 
NAE normal-appearing 
epithelia

NAE Grade 1 Grade 2 Grade 3

IPMT Monoclonality 2/7 (29%) 2/6 (33%) 7/7 (100%) 4/4 (100%)
K-ras 0/7 (0%) 2/6 (33%) 4/7 (57%) 3/4 (75%)

MCT Monoclonality 1/4 (25%) 1/1 (100%) 1/1 (100%) /
K-ras 0/4 (0%) 0/1 (0%) 0/1 (0%) /

Total Monoclonality 3/11 (27%) 3/7 (43%) 8/8 (100%) 8/8 (100%)
K-ras 0/11 (0%) 2/7 (29%) 4/8 (50%) 3/4 (75%)

Table 4 Correlation of clonality and K-ras mutation

Clonality K-ras

Wild Mutation Total

Polyclonal 11 1 12
Monoclonal 10 8 18
Total 21 9 30



The above discussion is mainly based on findings of
IPMT and can be applied to MCT for the most part.
However, MCT deserves some further comment. Three
of four MCTs had only NAE, and two of the three
showed polyclonality. Despite polyclonality and normal
appearance in these two cases, the conventional histolog-
ical diagnosis was adenoma. This is apparently because
the histological diagnosis of MCT was made not by cel-
lular or structural atypism of epithelia, but by the pres-
ence of ovarian-like stroma [43]. The traditional concept
of MCT has been such that the tumor is definitely neo-
plastic. Riddler et al. speculated that MCT might be a
hamartoma with dispersed sex-cord stroma [29]. Zam-
boni et al. also hypothesized that MCT might originate
from ovarian residues [45]. At any rate, the issue of
whether MCT is neoplastic or not, at least at the early
stage, seems to require reappraisal. Our results tend to
support that histological examination accurately predicts
prognosis in MCT [42, 45]. Commencement from poly-
clonal cells followed by replacement by monoclonal
neoplastic cells might occur in MCT, in the same way as
suggested for IPMT. However, to confirm the validity of
this speculation more data on MCT are needed.

K-ras mutation, a key genetic abnormality in pancre-
atic cancer [1, 36], was also detected in IPMT, but its
frequency depended on the grades of atypia. In the pres-
ent study, there were no cases of MCT showing K-ras
mutation probably due to the lower grades of atypia and
the very small sample size. In this study, as previously
reported, mutation patterns in IPMT seem to differ from
those in the common type of duct cell carcinoma of the
pancreas (mostly GAT, occasionally GTT, and excep-
tionally other kinds) [2, 18, 30, 33, 39]. It is to be noted
that those cases of IPMT that had K-ras mutation did not
show a change in pattern even when the grade of atypia
increased. However, K-ras mutation was less frequent
than monoclonality at all grades of atypia in IPMT. This
means that monoclonality is superior to K-ras mutation
as a more sensitive marker to detect neoplastic character-
istics.

In conclusion, both IPMT and MCT seem to arise
from polyclonal epithelia and to be replaced by mono-
clonal neoplastic cells as they undergo dysplastic chang-
es and K-ras mutation. These data show that monoclonal
expansion precedes K-ras mutation.
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Abstract Somatostatin receptors (SS-Rs) are expressed
in neuroendocrine tumour tissues where they can be tar-
getted for diagnosis and therapy. This study investigated
the presence of SS-Rs in nasopharyngeal carcinoma
(NPC), a common cancer in South-East Asia. Nasophar-
ynx biopsy specimens were obtained from 12 NPC pa-
tients and 5 patients without tumours. Somatostatin re-
ceptor autoradiography was performed using 125I-la-
belled [Tyr3]-octreotide and 125I-labelled [Leu8, DTrp22,
Tyr25]-somatostatin-28 as radioligands. Of the 12 NPC
samples 9 showed moderate to high expression of SS-Rs.
These were of the sst2 type, based on the rank order of
potency of subtype-selective analogues. The 5 non-neo-
plastic samples, consisting primarily of granulomatous
tissue, did not express measurable amounts of SS-Rs.
This study demonstrates for the first time the presence of
type 2 SS-R in NPC. These receptors may play a role in
the management of NPC, as is the case for other somato-
statin-expressing tumours.

Keywords Diagnosis · Scintigraphy · Somatostatin 
receptors · Treatment · Nasopharyngeal carcinoma · 
Peptides

Introduction

Nasopharyngeal carcinoma (NPC) is a common cancer in
South-East Asia. It is the fifth most common cancer in
Singapore [2] and by far the most common type of head
and neck cancer. In common with the rest of South-East
Asia and southern China, the vast majority of NPC diag-

nosed in the Head and Neck Tumour Clinic, National Uni-
versity Hospital, is of the undifferentiated type (World
Health Organization type 2b). NPC is frequently diag-
nosed at an advanced stage of disease, with two-thirds of
the patients having stage 3 or 4 disease, using the 1997
American Joint Commission on Cancer (AJCC)/Interna-
tional Union Against Cancer (UICC) staging system. A
good correlation has been shown to exist between early
disease and 5-year survival [5]. Current methods of inves-
tigation of NPC utilize the more established techniques of
imaging, such as computer tomography (CT) and magnet-
ic resonance imaging (MRI). However, these techniques
have their limitations. New investigative tools to improve
the diagnostic process need to be sought.

Somatostatin is a peptide that functions as a neuro-
transmitter in the central nervous system and as a regula-
tor of endocrine and gastrointestinal functions. It has
also been suggested to have antiproliferative effects on
the growth of tumour cells [19]. The function of somato-
statin is dependent on the presence of somatostatin re-
ceptors (SS-Rs). There are five subtypes of SS-Rs,
termed sst1–sst5, respectively. SS-Rs are not only found
in normal tissues [17], but it is also well established that
these receptors are present in some tumour tissues, in
particular neuroendocrine tumours, although their pres-
ence has been demonstrated in other malignancies such
as breast cancer [10, 13]. Head and neck tumours with
SS-Rs include medullary thyroid carcinomas [8] and
paragangliomas [21]. The identification of these recep-
tors in NPC has not been reported before. This study was
conducted to assess the presence of SS-Rs in NPC using
in vitro receptor autoradiography.

Materials and Methods

Materials

Aliquots of nasopharynx biopsy specimens submitted for diagnos-
tic histopathology were collected from the Department of Otolar-
yngology, National University Hospital, in Singapore. In total 17
nasopharynx specimens were included in this study, of which 12
were NPC and 5 were non-tumoural nasopharynx tissue consisting
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mainly of granulomatous tissue (Table 1). The nasopharynx biop-
sies were performed based on the clinical suspicion of NPC. In-
formed consent was obtained. Under direct visualization with a
rigid endoscope the suspicious area in the nasopharynx was
grasped with a non-cutting cupped forceps. The diagnoses were
reviewed and formulated according to the guidelines of the WHO
[20]. The histology of all the 12 NPC specimens corresponded to
undifferentiated carcinoma. The tissues were frozen in liquid ni-
trogen immediately after endoscopically guided biopsy of the na-
sopharynx, stored at –70°C, and shipped in dry ice to Switzerland.
Receptor autoradiography was performed on 10- and 20-µm-thick
cryostat (Leitz 1720, Rockleigh, N.J., USA) sections of the tissue
samples, mounted on microscope slides, and then stored at –20°C
for at least 3 days to improve adhesion of the tissue to the slide, as
previously described [14]. Adjacent sections stained with haema-
toxylin-eosin were used to classify the tumours.

Somatostatin receptor autoradiography

The radioligands used were the somatostatin analogues 125I-labelled
[Tyr3]-octreotide and 125I-labelled [Leu8,D-Trp22,Tyr25]-somatosta-
tin 28 (125I-[LTT]-SS-28) known to label somatostatin receptors
specifically [11, 12]. Both ligands were iodinated and purified by
Anawa (Wangen, Switzerland) and characterized in standard bind-
ing assays as described previously [12]. Specific activity was
2000 Ci/mmol. Sections were incubated for 2 h at ambient tempera-
ture in the presence of 65 pM iodinated ligand [14]. The incubation
solution was 170 mmol/l Tris-HCl buffer (pH 8.2) containing 1%
bovine serum albumin, bacitracin (40 µg/ml), and MgCl2
(10 mmol/l) to inhibit endogenous proteases. Non–specific binding
was checked by adding 1 µmol/l solution of unlabelled [Tyr3]-oct-
reotide or somatostatin 28 (Bachem, Bubendorf, Switzerland). Incu-
bated sections were washed twice for 5 min in cold incubation buff-
er containing 0.25% bovine serum albumin, then in buffer alone,
and dried quickly. Finally, the sections were apposed to 3H-Hyper-
films (Amersham, Little Chalfont, UK) and exposed for 1 week in
X-ray cassettes. Adjacent sections from all samples were tested with
125I-[Tyr3]-octreotide and with the somatostatin 28 radioligand 125I-
[LTT]-SS-28 to evaluate whether the same tissue elements were
identified by both ligands. In selected cases displacement experi-
ments were performed in successive tissue sections using increasing
concentrations of various biologically active (somatostatin 14, so-
matostatin 28, or [Tyr3]-octreotide) or biologically inactive [somato-
statin 28 (1–12)] somatostatin analogues. In addition, subtype-selec-

Table 1 Somatostatin receptors in nasopharyngeal carcinoma and
non-tumoural nasopharyngeal tissues. The reported results corre-
spond to receptor autoradiography with 125I-[Tyr3]-octreotide and
125I-[Leu8, DTrp22, Tyr25]-SS-28 as radioligands. (EBV VCA Ep-

stein-Barr virus viral capsid antigen titre in blood, EBV Ea Ep-
stein-Barr virus early antigen titre in blood, +++ high receptor
density, ++ moderate density, + low density, – no receptors)

Code no. Histology T N M Stage EBV VCA EBV Ea SS-R in tumours

14 2b T1 N1 M0 2 1:40 1:160 ++
19 2b T1 N1 M0 2 1:40 1:10 ++
20 2b T1 N0 M0 1 1:160 1:160 +
29 2b T1 N0 M0 1 1:160 1:640 +++
27 2b T1 N0 M0 1 1:160 1:160 –
13 2b T1 N1 M0 2 1:40 1:160 +++

5 2b T1 N1 M0 2 1:640 1:640 –
26 2b T1 N1 M0 2 1:160 1:160 –
22 2b T1N2M0 3 1:640 1:640 ++
G 2b T1 N2 M0 3 1:160 1:160 ++
I 2b T2b N2 M0 3 1:160 1:640 +
K 2b T2b N1 M0 2 1:160 1:160 ++
23 Non-tumoural – – 1:5 1:5 Absent

3 Non-tumoural – – 1:10 Negative Absent
A Non-tumoural – – 1:40 Negative Absent
B Non-tumoural – – 1:5 Negative Absent
10 Non-tumoural – – 1:5 Negative Absent

Fig. 1A–C Receptor autoradiography in one case of a somatosta-
tin receptor-positive NPC. A Haematoxylin-eosin stained section;
bar 1 mm. B Autoradiography showing total binding of 125I-
[Tyr3]-octreotide. C Autoradiography showing non-specific bind-
ing
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tive analogues for each of the five receptors were included to per-
form displacement experiments to identify the sst receptor subtype
predominantly expressed, as reported previously [18]. The autora-
diograms were quantified using a computer-assisted image process-
ing system, as previously described [14]. Tissue standards for iodi-
nated compounds (Amersham) were used for this purpose.

Results

Table 1 shows the results of the expression of SS-Rs in
the indicated NPC tumours. Of 12 the tumours 9 (75%)

expressed SS-Rs, in many cases in moderate to high den-
sity, predominantly of the sst2 subtype. None of the 5
non-tumoural nasopharynx specimens showed any ex-
pression of SS-R. Comparable results were obtained with
the universal ligand 125I-[LTT]-SS-28 and with 125I-
[Tyr3]-octreotide. Figure 1 illustrates a receptor autoradi-
ography with 125I-[Tyr3]-octreotide in a somatostatin-
positive NPC with homogeneous receptor distribution in
the whole tumour. Figure 2 shows the typical histopatho-
logical features found in the tested NPC. Figure 3 is a
displacement curve showing 125I-[Tyr3]-octreotide dis-

Fig. 2 Typical histopathological features of one of the tested un-
differentiated NPC. Haematoxylin-eosin staining. Cytologically
uniform tumour cells with round to oval nuclei and medium-sized
nucleoli. Inflammatory infiltrate consisting of lymphocytes and
plasma cells. Bar 0.1 mm

Fig. 3 Somatostatin receptors in one representative case of NPC.
Displacement curve of 125I-labelled [Tyr3]-octreotide binding to
tissue sections using increasing concentration of [Tyr3]-octreotide
(circles), SS-28 (squares), or 100 nM of the inactive SS-28 (1–12)
(diamonds). Each point represents the optical density of binding
measured in the tumour area. Non-specific binding was subtracted
from all values

Fig. 4A–H Representative ex-
ample of an NPC expressing
predominantly sst2. Receptor
autoradiography with 125I-
[LTT]-SS-28 as radioligand and
displacement with five somato-
statin analogues selective for
each of the five ssts was per-
formed. A Haematoxylin-eosin
stained section; bar 1 mm. 
B Autoradiography showing to-
tal binding of 125I-[LTT]-SS-
28. Note the strong labelling of
tumour cell tissue. C Nonspe-
cific binding (in presence of
100 nM SS-28). D–H Binding
of 125I-[LTT]-SS-28 in presence
of an excess of sst1 (D), sst2
(E), sst3 (F), sst4 (G) or sst5
(H) selective analogue. The
sst2 analogue, but not the oth-
ers, displaces completely the
binding in the tumour tissue



placed by nanomolar concentrations of [Tyr3]-octreotide
or SS-28. The receptors were identified as being of the
sst2 subtype, as demonstrated by the rank order of poten-
cy of five somatostatin analogues selective for each of
the five ssts [18] in competition experiments (Fig. 4).
The sst2-selective ligand L-779,976 completely dis-
placed 125I-[Leu8, DTrp22, Tyr25]-SS-28, while the sst1-
selective ligand CH288, the sst3-selective sst3-ODN8,
the sst4-selective L-803,087 and the sst5-selective 
L-817,818 were inactive. The complete displacement of
the radioligand by the sst2-selective ligand L-779,976 in
the majority of the cases suggests the sole presence of
sst2 in these tumours; as mentioned previously [18] we
cannot, however, completely exclude that a small per-
centage of other ssts remains undetected with this meth-
od; we therefore describe the somatostatin receptor sub-
type pattern present in these tumours as “predominant
sst2”. 

Discussion

This study shows the presence of SS-Rs in NPC. Of the
12 NPC specimens 9 (75%) expressed SS-Rs. This rate
of expression is impressive given the fact that the cells
from which NPC arises from are not thought to be of
neuroendocrine origin nor to be a somatostatin target.
However, SS-Rs are expressed in mesenchymal tumours
[16], and hence their presence in NPC is not entirely sur-
prising. This demonstration that NPC cells express SS-
Rs opens new possibilities for exploration of the man-
agement of this disease. NPC can clearly be added to the
list of somatostatin receptor-expressing human tumours
of interest for receptor targetting.

SS-R scintigraphy using somatostatin analogues has
yielded considerable progress in the diagnosis of SS-R
positive tumours. The somatostatin analogue 111In-la-
belled diethylene triaminopentoacetic acid octreotide has
been used to detect carcinoids and pancreatic islet cell
tumours such as glucagonomas and gastrinomas [6, 25].
Our study shows that NPC cells express mainly sst2. The
dominant SS-R type found in tumours is usually sst2 [15,
18]. This type shows a high affinity for specific somato-
statin analogues used in the clinic, such as octreotide.
The use of SS-R scintigraphy has been shown to have a
high sensitivity and specificity in detecting certain tu-
mours such as gastrinomas [4]. The potential use in NPC
of this diagnostic method is in the detection of local, re-
gional and distant metastases. The present NPC staging
system uses a combination of clinical examination and
radiological investigations involving primarily CT and
MRI. These investigations have high sensitivity and
specificity, especially in pre-treatment cases. However,
in the post-irradiated cases difficulty arises in detecting
local and even regional recurrences with both CT and
MRI. Much of this confusion lies in the fact that post-
irradiated inflammatory tissues and recurrent tumour in
the nasopharynx share similar appearances [3]. It is not
uncommon to encounter the clinical scenario of suspect-

ed recurrence in an area deep in the skull base that is in-
accessible to biopsy. Similar clinical dilemmas are en-
countered in patients with indeterminate radiological
metastatic lesions. The identification of NPC by SS-R
scintigraphy may therefore significantly augment the di-
agnostic capability in such situations. Of even greater
clinical significance is the potential role of SS-R scintig-
raphy in the detection of early NPC. Present methods for
early detection are based on the association of NPC with
Epstein-Barr virus (EBV). Most of these involve the de-
tection of EBV DNA in the bloodstream. Other methods
have made use of the detection of EBV DNA from cells
recovered from the nasopharynx by swabbing or brush-
ings [1, 24]. None of these methods as yet has an estab-
lished role in the detection of early NPC. A positive SS-
R scintigraphy can potentially serve as a screening tool,
selecting the suspicious patients and allowing an image-
guided biopsy to be performed.

Although the anti-proliferative effects of somatostatin
analogues such as octreotide and lanreotide have been
documented, the use of these agents has not shown sig-
nificant clinical promise [9, 22] in terms of tumour re-
duction. However, the use of radiolabelled octreotide
therapy in phase 1 studies has shown the potential for re-
duction in the size of SS-R positive tumours [7, 23] and
may represent a much more attractive strategy than the
use of non-radioactive octreotide. As sst2 has been dem-
onstrated in moderate to high density in NPC cells, there
is potential to use the same radiolabelled therapeutic
agents for treatment. These agents would be expected to
target only the tumour cells, thus sparing the surrounding
normal tissues. The present results open the way to per-
forming preclinical studies on the effect of radiolabelled
somatostatin analogues on NPC tumour cells.

Conclusion

This study has established the presence of SS-Rs in
NPC, identified them as sst2, and showed the absence of
SS-R in non-neoplastic adjacent tissues. It represents a
starting point in the investigation of clinical applications
of SS-Rs in NPC, in particular in the potential manage-
ment of NPC both from the standpoint of diagnosis and
that of therapy.
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Abstract Molecular evidence has recently suggested a
number of different pathways leading to the development
of ductal carcinoma of the breast. The links between atypi-
cal ductal hyperplasia and low-grade ductal carcinoma in
situ and lobular neoplasia and lobular carcinoma are well
known pathologically, but high-grade in situ and invasive
carcinomas appear to have a different biological oncoge-
netic pathway. Morphologically there is a similarity be-
tween apocrine cells and some cases of high-grade ductal
carcinoma. In order to investigate this possibility a number
of different biological markers known to occur in high-
grade breast carcinomas were assessed in both apocrine
metaplasia (APM) and a putative premalignant lesion
called apocrine change within sclerosing adenosis (AA). In
64 cases of APM and 18 cases of AA we examined for ex-
pression of c-erbB2, p53, Bcl-2, Bax, c-myc and Ki-67
proteins using immunocytochemistry. c-erbB2 expression
was seen in 55.6% of AA cases and in 10.9% of APM
cases. p53 expression was detected in 27.8% of AA cases
but only 1.6% of APM cases. All cases of AA and APM
were negative for the anti-apoptotic protein Bcl-2, but all
the APM and 33.3% of AA cases showed cytoplasmic pos-
itivity for Bax, a pro-apoptotic protein. All the cases of AA
and APM were positive for c-myc oncoprotein, however,
the mean percentage of nuclear positivity was 50% in AA
and 37% in cases of APM cases. The mean percentage
positivity for Ki-67, a proliferation associated antigen, was
3.6% in AA and 1.3% in APM. The results indicate that a
subset of breast lesions containing APM epithelium show
abnormal oncoprotein and apoptosis-related protein ex-
pression and have a higher proliferation rate.

Keywords Breast · Apocrine change within sclerosing
adenosis · Apocrine metaplasia · Oncogenes · Proliferation

Introduction

Fibrocystic change (FCC) is an extremely common find-
ing and is clinically evident in about 50% of women of
reproductive age. The basic morphological changes in
FCC are cyst formation, apocrine metaplasia (APM),
stromal fibrosis and epithelial hyperplasia. APM is a
very common change which is most often seen in dilated
cystic structures, but which may appear in normal-sized
tubules as well [32]. Although APM epithelium may
present as a single layer of cells, groups of apocrine cells
sometimes form papillary configurations (papillary apo-
crine metaplasia). The terms papillary apocrine change
[26] and apocrine hyperplasia [39] have been applied to
such papillary changes. Haagensen [14] showed a rela-
tionship between large cysts of the breast, which are of-
ten lined by APM epithelium, and an increased risk of
subsequent development of breast cancer. The evidence
for this association, however, is conflicting. While an un-
expectedly high number of cancers have been reported
after a short follow-up of women with cystic disease [15,
31], by contrast, Dupont and Page [10] in their long-term
follow-up study of women with benign breast disease
found an increased relative risk of only 1.7 for those
with cystic disease. A slightly increased relative risk of
2.4 for subsequent development of breast carcinoma has
been noticed for those with complex patterns of papillary
apocrine change, however [27].

Apocrine change within sclerosing adenosis (AA) is a
rare breast lesion, defined as the presence of apocrine
cytology in a recognisable lobular unit associated with
sclerosing adenosis [33, 43]. Wells et al. [43] have sug-
gested AA as a possible precancerous lesion for high-
grade breast carcinomas, based partly on the expression
of the protein product of c-erbB2 oncogene and on mor-
phological grounds. The cases studied in this series were
substantially different from the cases in this former study
apart from two cases which were included in both. Sub-
sequently Seidman et al. [34] reported on the follow-up
of 37 patients with “atypical apocrine changes superim-
posed on sclerosing adenosis’’, “atypical apocrine
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change within sclerosing adenosis’’. Four patients, all of
whom were aged over 60 years, developed carcinoma af-
ter a median of 5.6 years (relative risk of 5.5). To be
classified as atypical the apocrine cells had to have en-
larged nucleoli and a three-fold variation in nuclear size.

Atypical ductal hyperplasia has been suggested as a
precursor lesion of low-grade ductal carcinoma in situ
(DCIS) [17]. Several studies have shown that high-grade
DCIS but not low-grade DCIS express c-erbB2 oncopro-
tein and lack the expression of oestrogen receptor and
progesterone receptor protein [5, 45]. We have recently
shown that not only high-grade DCIS but also AA loses
oestrogen receptor and progesterone receptor expression
[35, 36]. Atypical ductal hyperplasia of the breast is
thought to be a precursor of low-grade DCIS precursor
lesions for high-grade DCIS, and hence a proportion of
invasive breast cancers have not been identified [17].
This study was undertaken to investigate some of the bi-
ological findings which are known to occur in breast
cancer particularly in high-grade in situ and invasive car-
cinomas. We have previously published findings of c-
erbB2 overexpression without amplification in the cases
of AA included in this series [37] but have extended the
study to APM and other markers. These include abnor-
mal expression of c-myc [11], the tumour suppressor
gene p53 [22, 37] and the apoptosis related genes (Bcl-2
and Bax) [4] in APM and AA. In addition, we assessed
the rate of proliferation in these lesions by testing the
proliferation related antigen Ki-67 [35, 36] using immu-
nohistochemistry.

Materials and methods

Case selection

We collected 64 cases of APM, most of which had a papillary pat-
tern, and 18 cases of AA, 3 of which were atypical according to
the criteria of Seidman et al. [34], from the files of the Histopa-
thology Department of St Bartholomew’s Hospital, London. Some
of the AA cases had been sent to Dr. C.A. Wells for referral opin-
ion. The age of the APM patients ranged from 21 to 81 years
(mean 47.3) and that of AA patients from 32 to 63 years (mean
50.3 years). Of the 64 APM patients 14 had DCIS elsewhere in the
same breast while 10 further cases had concomitant infiltrating
ductal carcinoma. Three cases of AA had DCIS elsewhere in the
same breast, but none was associated with invasive carcinoma.

Immunohistochemistry

Formalin-fixed, paraffin-embedded blocks of APM and AA were
selected from the files and sectioned at a nominal 4 µm. The stan-

dard avidin-biotin-peroxidase complex method [18] was used.
Heat-mediated antigen retrieval using the pressure cooker method
[25] was employed only for Bcl-2 and Ki-67, not for p53 or c-
erbB2 due to the risk of detecting normal low level c-erbB2 and
wild-type p53. Bax staining was also performed without antigen
retrieval according to the manufacturer’s advice. Appropriate posi-
tive and negative controls omitting the primary antibodies were in-
cluded with each slide run.

Primary antibodies against c-erbB2, p53, Bcl-2, Bax, c-myc
and Ki-67 proteins were used and summarised in Table 1. Staining
was assessed for the different antibodies as follows:

● c-erbB2: Complete staining of cell membranes in more than 10%
of the cells was taken as positive as described by Allred et al. [2]
and Persons et al. [29]. Cytoplasmic staining was disregarded.

● p53: Nuclear staining was taken as positive, and any cytoplas-
mic staining ignored. Lesions were classified as positive when
at least 5% of cells stained positive, as in other studies [30,
36], as the presence of occasional positive cells may represent
detection of normal (wild-type) p53.

● Bcl-2 and Bax: Distinct cytoplasmic staining in more than 25%
of the cells was taken as positive.

● c-myc: Nuclear staining in more than 20% of the cells was tak-
en as positive. Cytoplasmic staining was also seen but was not
considered as a positive result. Cases showing stronger nuclear
staining were, however, usually associated with increased lev-
els of cytoplasmic staining.

● Ki-67: Nuclear staining was taken as positive and assessed quan-
titatively by counting the number of positive nuclei in 200 cells.
This was expressed as a percentage; the proliferative index.

Statistical analysis

To evaluate statistical significance the χ2 and Wilcoxon-Mann-
Whitney (for Ki-67 and c-myc) tests were applied as appropriate.
A P value less than 0.05 was considered as significant.

Results

The results of 18 cases of AA and 64 cases of APM de-
tailed with each marker studied are summarised in Table 2.
Only 15 AA and 33 APM cases were available for testing
with antibodies to Ki-67 and c-myc protein due to lack of
material.

c-erbB2

Using the monoclonal antibody (CB11) which recognises
the internal domain of the c-erbB2 oncoprotein, cell
membrane c-erbB2 positivity in more than 10% of the
cells was seen in 10 of 18 AA cases (55.6%), as previous-
ly reported and confirmed in this previous study with
three antibodies [37]. Also, 7 of 64 APM cases (10.9%)
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Antibody against Mono-/polyclonal Source Clone Dilution Positive control

c-erbB2 Mono Novocastra CB 11 1:200 Breast carcinoma
p53 Mono Dako DO-7 1:100 Breast carcinoma
Bcl-2 Mono Dako 124 1:50 Tonsil
Bax Poly Santa Cruz – 1:500 Tonsil
c-myc Mono Zymed 9E10 Prediluted Breast carcinoma
Ki-67 Poly Dako – 1:200 Tonsil

Table 1 Details of the primary
antibodies used



showed cell membrane positivity (Fig. 1; P<0.0001). Oc-
casional cases of AA (n=1) and APM (n=4) showed cyto-
plasmic positivity without membrane staining and were
counted as negative. Normal ducts and lobules were in-
variably c-erbB2 negative. All the three cases specifically
designated as atypical AA were c-erbB2 positive.

p53

Nuclear immunoreactivity for p53 was detected in 5 of
the 18 AA cases (27.8%); however, only one of the 64

APM cases (1.6%) was p53 positive (P>0.0001; Fig. 2).
Normal epithelium was p53 negative. One of the three
atypical AA cases was p53 positive.

Bcl-2 and Bax

All the cases of the 18 AA cases (Fig. 3) and 64 APM
cases were Bcl-2 negative. However, all the APM cases
and 6 of the 18 (33.3%) of AA cases (Fig. 4) studied
showed cytoplasmic positivity for Bax protein
(P<0.0001). Normal ducts and lobules were uniformly
positive for Bcl-2 and heterogeneously positive for Bax.
Two of the atypical AA cases were Bax negative. 
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Table 2 Analysis of apocrine adenosis and apocrine metaplasia
cases studied

Apocrine adenosis Apocrine metaplasia 
(n=18/15a) (n=64/33b)

n % n %

Lesion
c-erbB2
Positive 10 55.6 7 10.9
Negative 8 44.4 57 89.1
p53
Positive 5 27.8 1 1.6
Negative 13 72.2 63 98.4
Bcl-2
Positive 0 0.0 0 0.0
Negative 18 100 64 100
Bax
Positive 6 33.3 64 100
Negative 12 66.7 0 0.0
c-myc
Positive 15 100 33 100
Negative 0 0.0 0 0.0
Ki-67
Range (%) 0.0–8.5 0.0–5
Mean ±SD (%) 3.6±0.05 1.3±0.19

a n=18, except in Ki-67 and c-myc: n=15
b n=64, except in Ki-67 and c-myc: n=33

Fig. 1 c-erbB2 membrane staining in apocrine metaplasia of the
breast. Immunoperoxidase

Fig. 2 p53 nuclear staining in apocrine metaplasia of the breast.
Immunoperoxidase

Fig. 3 Lack of Bcl-2 cytoplasmic staining in apocrine adenosis of
the breast. Intervening lymphocytes show Bcl-2 staining. Immu-
noperoxidase



c-myc

Normal breast epithelium showed nuclear positivity in
up to 16% of the cells with or without cytoplasmic stain-
ing. Hence cases of AA or APM showing nuclear posi-
tivity in more than 20% of the cells were counted as pos-
itive regardless of whether associated with cytoplasmic
staining. All the 15 cases of AA (Fig. 5) and 33 cases of
APM were positive for c-myc protein; however, the
mean percentage of nuclear positivity was 50% (range
28–74%) in AA and 37% (range 21–68%) in APM cases.
There was a significant statistical difference between the
percentage of nuclear positivity in AA and APM
(P=0.021). The range of c-myc nuclear positivity in the
three atypical AA cases was 34–74%

Ki-67

Fifteen cases of AA were available for staining with Ki-
67 antibody. The mean proportional positivity of these
lesions was 3.6% (range 0–18.5%). The three atypical
cases showed a range of 1.5–4% positivity. Thirty-three
cases of unselected APM (Fig. 6) stained had a mean
percentage positivity of 1.3% (range 0–8.5%). Normal
epithelium was available for assessment in 42 cases and
showed a mean percentage positivity of 0.9% (range
0–7%). There was a significant statistical difference be-
tween the percentage of Ki-67 positivity in AA and
APM (P=0.016), and between AA and normal breast epi-
thelium (P=0.002) but not between APM and normal
breast epithelium (P=0.356).

Discussion

Apocrine epithelium in the breast has been intensely
studied due to its role in gross cystic disease of the breast
and its possible relationship to breast carcinoma. Wel-
lings et al. [42] considered apocrine cells to be the pro-
genitors of breast cystic disease. They reported that apo-
crine epithelium associated with the accumulation of se-
cretions may favour the progressive unfolding of lobules,
formation of microcysts and finally the appearance of
macrocysts. The relationship between apocrine cystic
changes and breast carcinoma has always been contro-
versial. Clinical follow-up studies of women with breast
apocrine cystic disease have shown an increased risk of
subsequent breast carcinoma [7, 24, 42]. Wellings and
Alpers [41] discovered that cystic APM is more common
in cancer-associated breasts than in the normal breast,
and the number of foci of apocrine cysts was more nu-
merous in cases of breast carcinoma. Some hypotheses
regarding the relationship between apocrine epithelium
and carcinoma of the breast have been proposed by Haa-
gensen [14]. Apocrine epithelium may be a precursor of
malignant transformation, it may reflect a response to the
same stimulus which promotes carcinomas, or, thirdly, it
could reflect an instability of the breast epithelium,
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Fig. 4 Bax cytoplasmic staining in aprocrine adenosis of the
breast. Immunoperoxidase

Fig. 5 c-myc nuclear staining in apocrine adenosis of the breast.
Immunoperoxidase

Fig. 6 Ki-67 nuclear staining in apocrine metaplasia of the breast.
Immunoperoxidase



which causes the development of alterations with a high-
er propensity for cancer. The data regarding the relation-
ship between apocrine epithelium, cysts and cancer of
the breast are unclear and the stimuli which lead to these
processes are unknown.

Metaplasia throughout the human body is associated
with the development of certain types of carcinoma in
lung, stomach and cervix. It would therefore not be too
surprising if metaplastic apocrine epithelium were impli-
cated in the genesis of breast carcinoma. In support of
this view, Haagensen [13] reported a fivefold increase
incidence of breast carcinoma associated with papillary
APM in fibrocystic change. In a long-term follow-up
study of patients diagnosed with atypical AA there was
also an increased relative risk of 5.5 for the subsequent
developing breast carcinoma [34]. A more recent study
has also shown molecular cytogenetic changes in some
papillary apocrine change and related this to those seen
in apocrine carcinoma [20].

AA has been previously shown to overexpress c-
erbB2 [19, 37, 43] at a remarkably similar level in each
study. In addition, 10.9% of APM cases studied showed
positivity for c-erbB2, confirming the results of McCann
et al. [23] who noted occasional c-erbB2 positivity in
APM. These findings appear to indicate upregulation of
gene expression in AA compared to APM. Coene et al.
[8] reported the lack of c-erbB2 expression in 100 sam-
ples of normal breast tissue and in 72 cases of breast hy-
perplasia with and without atypia. In a previous study
neither normal breast epithelium nor well differentiated
DCIS showed c-erbB2 expression by immunohistochem-
istry [36]. It appears therefore that overexpression of c-
erbB2 is not essential for the genesis, evolution and pro-
gression of breast hyperplasia with or without atypia into
well differentiated DCIS.

Accumulation of p53 protein in the nuclei of cells
within areas of AA in 27.8% of the studied AA cases is
also unusual for a benign lesion. Antibody detection of
accumulated protein is generally thought to be related to
the formation of a mutant protein which is not destroyed
effectively or due to stabilisation of the wild-type protein.
Very sensitive enhanced immunocytochemical technique
could theoretically detect small amounts of wild-type
protein especially in lesions with DNA damage; however,
the method followed is the standard technique without
enhancement or antigen retrieval, and no positive cases
were detected in normal epithelium. The finding therefore
of 27.8% of AA and 1.6% of APM showing accumula-
tion of immunoreactive protein suggests that some of
these cases may have a mutation of the p53 gene. It
should be noted that antibodies against p53 cannot detect
cases in which both alleles of the p53 gene are absent and
may also not detect occasional cases in which the muta-
tion is in the region recognised by the antibody used.

The Bcl-2 proto-oncogene encodes for a 26-kDa pro-
tein which is suggested to inhibit apoptosis. All the cases
of AA and APM cases studied were negative for Bcl-2
protein. Also, most cases of poorly differentiated DCIS
previously studied were Bcl-2 negative [36]. The investi-

gation of other genes of the Bcl-2 related gene family
with proapoptotic and antiapoptotic functions could ex-
plain the absence of Bcl-2 in these lesions. The finding
of positivity for Bax protein, which is supposed to in-
duce apoptosis, in all cases of APM but only 33.3% of
the cases of AA may indicate that APM but not all cases
of AA are programmed to die. Without knowing the pro-
file of other regulators of apoptosis this will, however,
remain a matter of uncertainty. The finding that most
cases of AA (66.7%) had lost the pro-apoptotic effect of
Bax and may therefore be more prone to further genetic
alterations. This is not, however, a full picture as apopto-
sis is uncommon in APM even though Bax is expressed.

Abnormal oncogene expression has been discovered
before in APM epithelium of the breast by Papamichalis
et al. [28] using an antibody to c-myc oncoprotein and by
Agnantis et al. [1] using antibodies to ras and c-myc
oncoproteins. In keeping with these findings, using the
pressure cooker, heat-mediated antigen-retrieval method
rather than the enzymatic pre-treatment of tissue sections,
we found positivity for c-myc in a higher percentage of
cells than normal epithelium all cases of AA and APM
tested. The percentage of nuclear positivity was higher in
AA than in APM. Increased c-myc expression may play a
role in the early, intermediate or late stages of malignant
transformation of normal cells, as demonstrated by in vi-
tro cell transformation studies and in vivo assays of tu-
mourigenicity and metastasis [12, 38, 44]. It is therefore
possible that its activation in APM epithelium, particular-
ly in AA, might play a role in the increased proliferation
seen in this study. In addition, it has been thought that c-
myc acts as a bivalent regulator of both cell proliferation
and apoptosis depending on the availability of growth
factors. If cells driven by overactivity of c-myc do not
have sufficient growth factors in their environment, they
undergo apoptosis depending on the availability of other
apoptosis related factors [6, 9]. As APM epithelium usu-
ally lines type-1 breast cysts which contain high amounts
of growth factors this may suggest a proliferative role for
increased c-myc expression in APM.

Using the cell cycle related nuclear antigen Ki-67 to
identify the rate of cell proliferation within AA and
APM, we found that the mean percentage of positivity
within AA was 3.6%, which was higher than that of
APM (1.3%). The mean percentage positivity within AA
was also higher than that of normal epithelium (0.9%),
but there was no significant difference between APM
and normal epithelium. This indicates a higher prolifera-
tion rate in cases of AA than in APM and normal breast
epithelium. Interestingly, the mean percentage of Ki-67
positivity (5.0%) in the ten Bax-negative AA cases was
higher than the mean percentage positivity of Ki-67
(1.2%) in the five Bax-positive AA cases, indicating a
higher proliferation rate within Bax negative AA cases,
which may not be subject to programmed cell death.

We therefore conclude that a subset of breast lesions
with APM epithelium, in particular AA, appears to show
abnormal oncoprotein and apoptosis-related protein ex-
pression associated with a high proliferation rate. This
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subset of cases may reflect an instability of the breast
epithelium creating an environment favouring further on-
cogenic alterations. Clinical follow-up of these particular
cases of AA and APM with abnormal findings will be of
utmost importance for confirmation.
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Abstract Primary cardiac lymphoma is an extranodal
non-Hodgkin’s lymphoma exclusively located in the
heart and/or pericardium, extremely rare in immunocom-
petent patients, and more frequent in immunodepressed
patients. We present 3 retrospectives cases of primary
cardiac lymphoma in immunocompetent patients and re-
view 35 cases reported in the literature. Two patients
were adults and one was a child. Primary cardiac 
lymphoma presented with constitutional symptoms in
two cases and superior vena caval syndrome in one case.
Diagnosis of a tumor mass was made in all cases by
transthoracic echocardiography. Primary cardiac lym-
phoma arose in the heart right chambers in two cases.
Histological diagnoses, obtained after thoracotomy, were
diffuse large B-cell lymphoma in two cases, and Burkitt’s
lymphoma in one case. All three cases received chemo-
therapy, combined with radiotherapy in one patient. Of
our patients, 2 are alive and asymptomatic 12 months
and 33 months after diagnosis. In conclusion, diagnosis
of primary cardiac lymphoma is difficult due to non-
specific clinical manifestations and should be considered
in patients with a cardiac mass sometimes with pericar-
dial effusion. It is confirmed using transthoracic echocar-
diography and magnetic resonance imaging and certified
using cytology or open biopsy. The only effective treat-
ment is chemotherapy, but prognosis remains poor.

Keywords Cardiac lymphoma · Heart tumor · Burkitt’s
lymphoma

Introduction

Primary cardiac lymphoma is exceptionally rare. It is an
extranodal lymphoma involving only the heart and/or the
pericardium [5]. We report 3 cases of primary cardiac
lymphoma and review 35 cases from the literature [1, 2,
3, 6, 7, 8, 9, 10, 11, 12, 15, 17, 18, 19, 20, 21, 22, 23, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 41].

Case report

Case 1

A 72-year-old woman was referred in May 1993 to Louis Pradel
hospital with a 1-month history of unexplained superior vena caval
syndrome associated with cough. Chest X-ray revealed a mild left
pleural effusion. Electrocardiogram (ECG) showed atrial fibrilla-
tion. Computed tomography and magnetic resonance imaging indi-
cated a large right atrial tumor without mediastinal lymphadenopa-
thy. Transthoracic echocardiography showed a voluminous right
atrial mass with a broad base adhering to the atrial septum and the
superior vena cava. Because of rapid impairment of cardiac func-
tion, the patient underwent urgent thoracotomy. A polypoid friable
masse was resected by oblique right atriotomy (Fig. 1).

Microscopically, the tumor consisted of a dense proliferation
of large and intermediate-sized cells invading myocardial muscle
bundles. Cell nuclei were round, sometimes angular. Chromatin
was irregular, dense and coarse with one or several nucleoli. Cyto-
plasm was large and basophilic. Frequent mitoses were observed
(Fig. 2). The malignant cells stained positive for CD 45 (anti-hu-
man leucocyte common antigen), CD 20 (L26), CD5, and bcl2. 
No staining for CD3, CD 10, CD23, CD43, or cycline D1 was 
observed. Thus, a diagnosis of lymphoma was made. No hybrid-
ization signal for the Epstein-Barr Virus (EBV) EBER-1 probe
was detected. Diffuse large B-cell lymphoma was diagnosed [16].

Transthoracic echocardiography demonstrated complete disap-
pearance of the intracardiac mass. Laboratory findings showed an
elevation of lactate deshydrogenase (LDH) (860 UI/l), alkaline
phosphatases (130 UI/l), β2 microglobulin (3.3 mg/l), and an im-
munoglobulin-M monoclonal gammapathy (4.11 g/l). The patient
tested negative for human immunodeficiency virus (HIV) infec-
tion. Staging by abdominal computed tomography scan, brain
scan, gastroscopy with gastric and duodenal biopsy and bone mar-
row biopsies showed no systemic lymphomatous involvement. Six
cycles of standard chemotherapy with cyclophosphamide, doxoru-
bicin, vincristine, and prednisone were administered.
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The patient did well until November 1993, when she devel-
oped a left pleural effusion. Pleural fluid showed large lymphoma
cells. Computed tomography and magnetic resonance imaging
were normal. The same chemotherapy was reintroduced. In 
January 1994, transthoracic echocardiography revealed a recur-
rence of the atrial tumor which was confirmed by magnetic reso-
nance imaging, and further treated by a course of 40 Gy mediasti-
nal irradiation in February 1994 and an oral chemotherapy with
vepeside in April 1994. The patient continued to deteriorate with
development of cardiac failure and died in May 1994, 1 year after
diagnosis.

At post-mortem examination, the tumor had invaded the anteri-
or wall of the right atrium, the free wall of the right ventricle, the
superior vena cava, the posterior wall of the left atrium, the right
coronary artery, and the pericardium. No extrathoracic lymphoma
was found.

Case 2

A 65-year-old man without previous cardiac disease was admitted
in October 1999 for myalgia and arthralgia. LDH level was 
normal at 447 UI/l (240–485 UI/l). Chest X-ray disclosed bilater-

al pleural effusion. ECG showed a complete atrioventricular
block. Transthoracic echocardiography complemented by trans-
esophageal echocardiography indicated the presence of a large
right-atrial polypoid tumor implanted on the interatrial septum.
On thoracotomy, frozen sections revealed the tumor to be malig-
nant, so it was resected with reconstruction of the interatrial sep-
tum. Grossly, the tumor was white and friable and weighed 100 g.
The samples consisted of a compact proliferation of large round
cells, with vesicular chromatin, multiple nucleoli, and a high mi-
totic index. Neoplastic cells were positive for CD45, CD20, CD5,
and bcl2. Stains for CD10, CD23, and cyclin D1 were negative.
No hybridization signal for the EBV EBER-1 probe was detected.
Diagnosis was diffuse large B-cell lymphoma [16]. Abdominal
echography and bone-marrow biopsy were negative. A test 
for HIV antibody was negative. Eight chemotherapy courses with
cyclophosphamide, vincristine, procarbazine, and prednisone
were administrated. In July 2002, 33 months later, the patient was
in complete clinical remission, confirmed by transthoracic 
echocardiography, magnetic resonance imaging and computed 
tomography.

Case 3

A 9-year-old boy consulted in October 1999 with a 1-month histo-
ry of fever, asthenia, and weight loss. Transthoracic echocardiog-
raphy showed three cardiac tumoral masses: one was located un-
der the mitral valve with a broad base implanted on the interatrial
septum, a second was in the right atrial chamber, and the third was
in the pulmonary infundibulum. The ECG was normal, but LDH
was elevated (3711 UI/l). On thoracotomy, surgical biopsy of the
cardiac mass showed a proliferation of small monomorphic cells
with scanty basophilic cytoplasm. Nuclei were round with small
nucleoli and were highly mitotic (Fig. 3). Tumor cells strongly ex-
pressed CD45, CD20, and CD10. Bcl2 was not expressed; neither
were CD5 nor CD23. Mib1 reacted positively with 90–100% of
the cells. No hybridization signal for the EBV EBER-1 probe was
detected. The diagnosis was Burkitt’s lymphoma [16]. Physical
examination, bone-marrow aspirates, and abdominal echography
showed no systemic involvement. The patient was included in a
protocol of chemotherapy with cyclophosphamide, vincristine,
methylprednisolone, adriamycin, folinic acid, hydrocortisone, and
methotrexate. Two months later, transthoracic echocardiography
showed disappearance of both mitral and pulmonary tumors, but a
small remnant lesion persisted in the right atrium. At present, the
patient is well, 1 year after surgery and 7 months after the end of
chemotherapy.

Fig. 1 Gross specimen shows a solid, white–tan mass with areas
of hemorrhage

Fig. 2 Biopsy of heart tumor of patient 1, showing diffuse infiltra-
tion by large round lymphoid cells with high mitotic activity (he-
matoxylin and eosin ×40), Scale bars 20 µm

Fig. 3 Biopsy of heart tumor of patient 3. The cells are uniform in
size and shape with multiple small basophilic nucleoli (hematoxy-
lin and eosin ×40), Scale bars 20 µm
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Literature review

Case selection

Only lymphomas strictly confined to the heart and/or pericardium
were considered for analysis in the current study. Our review
found only 35 cases reported in the English and French language
literature that met these criteria (Table 1). Thirty-eight other 
reported cases did not fit this strict definition because of mediasti-
nal invasion or adenopathy and were excluded.

Discussion

Primary cardiac lymphoma is a very rare disease, de-
fined as an extranodal malignant lymphoma of any cell
type involving only the heart and pericardium without
dissemination, estimated to account for 2% of primary
cardiac tumors [5]. Cardiac involvement in disseminated

lymphoma is more frequent [5]. Recently, the incidence
of lymphoma or atypical lymphoid proliferation associat-
ed with immunosuppression by HIV infection or in
transplant recipients has increased [5]. Only very few
cases of primary cardiac lymphoma have been reported
in immunocompetent patients.

Primary cardiac lymphoma usually occurs in adults
(mean age 62.1 years; range 13–90 years) with a slight
male predominance (22 males:13 females). Bone marrow
is not involved and there are no enlarged superficial
lymph nodes. Primary cardiac lymphoma remains
asymptomatic until it produces a mass effect when the
tumor obstructs cardiac output or causes local invasion,
embolization, or systemic manifestations. Chest pain is
the most common symptom occurring in 26% [6, 10, 18,
27, 28, 29, 30, 31, 38], dyspnea in 20% [7, 8, 9, 28, 34,
36, 37], superior vena caval syndrome in 9% [3, 15, 17]

Table 1 Clinical characteristics of 35 patients reviewed in the liter-
ature. D dyspnea, SD sudden death, CP chest pain, SVCS superior
vena cava syndrome, CS constitutional symptoms, LH left hemi-
paresia, AP abdominal pain, CHF congestive heart failure, Dizz diz-
ziness, Hem hemoptysia, VT ventricular tachycardia, RH right hemi-
paresia, RA right atrial, LA left atrial, RV right ventricle, LV left ven-
tricle, SVC superior vena cava, P pericardium, L lymphoma, SCL

small cell lymphoma, LCL large cell lymphoma, LCBL large cell B
lymphoma, BCL B-cell lymphoma, SCBL small cell B lymphoma,
EMB endomyocardial biopsy, CPF cytology of pericardial fluid, PB
pericardial biopsy, TVB transvenous biopsy, ttt treatment, ChT che-
motherapy, RT radiotherapy, CR complete remission, nd not de-
scribed

Sex/Age Chief  Location Tumor Diagnosis by Treatment Outcome Refer-
(years) presenting ence

symptom

Somers 1960 Female/66 D RA, LA, RV L Autopsy No ttt Dead (1 month) 37
Roh 1981 Male/64 SD RV SCL Autopsy No ttt Dead (nd) 33
Chou 1983 Female/62 CP RA, RV LCL EMB No ttt Dead (2 months) 10
Pozniak 1985 Male/55 CP RV, LV L CPF ChT Dead (1 month) 31
Castelli 1988 Female/64 CP RA, RV LCBL CPF+Thoracotomy Surgery + ChT CR (nd) 6
Hamada 1988 Male/77 SVCS RA L Thoracotomy Surgery Dead (1 month) 15
Molinié 1989 Male/50 CP RA, RV LCBL Thoracotomy Surgery Dead (2 months) 27
Proctor 1989 Female/72 CS RA LCBL Thoracotomy No ttt Dead (1 month) 32
Curtsinger 1989 Male/80 LH RA LCBL Autopsy No ttt Dead (1 month) 11
Hwang 1990 Male/63 SVCS RA, SVC LCL PB ChT+RT Dead (4 months) 17
Bishop 1990 Male/71 SVCS RA LCL Thoracotomy Surgery + ChT + RT CR (18 months) 3
Roller 1991 Male/82 D P LCBL CPF RT CR (15 months) 34
Nand 1991 Female/64 CP RA, RV LCBL CPF+Thoracotomy ChT CR (18 months) 29
Takagi 1992 Male/43 CS RA LCBL Thoracotomy Surgery + ChT Dead (7 months) 39
Kasai 1992 Male/75 AP RA, RV LCBL Autopsy No ttt Dead (1 month) 21
Medolago 1992 Female/47 LH RV BCL EMB ChT+ RT CR (12 months) 25
Moore 1992 Male/80 D RA, LA, RV LCBL Autopsy No ttt Dead (1 month) 28
Moore 1992 Male/13 CP LA SCL Mediastinoscopy Unknown CR (nd) 28
Bestetti 1992 Female/55 CS RA SCL Autopsy No ttt Dead (1 month) 2
Serrano 1994 Female/33 CHF LA LCBL Thoracotomy Surgery CR (72 months) 35
Pavlidis 1994 Male/62 CP P LCBL PB ChT CR (40 months) 30
Chao 1995 Male/57 D RA, LA SCBL CPF+TVB ChT CR (6 months) 8
Sommers 1996 Female/59 CP RA LCBL Thoracotomy Surgery + ChT+RT CR (3 months) 38
Ito 1996 Male/90 CP LA, LV LCBL Autopsy No ttt Dead (1 month) 18
Ito 1996 Male/64 CS RV LCBL TVB No ttt Dead (1 month) 18
Ceresoli 1996 Male/64 D RA LCBL Thoracotomy ChT Dead (7 months) 7
Margolin 1996 Male/63 CS RA LCBL Thoracotomy Surgery Dead (1 month) 23
Chim 1997 Female/69 D RA LCBL Thoracotomy Surgery +ChT Dead (1 month) 9
Begueret 1998 Female/62 CHF RA LCBL Mediastinoscopy ChT Dead (1 month) 1
Unger 1998 Female/64 Dizz RA LCBL TVB ChT CR (6 months) 41
Daus 1998 Male/69 CS RV, LV LCL TVB ChT CR (3 months) 12
Skalidis 1999 Male/54 D RA LCBL Autopsy No ttt Dead (1 month) 36
Jurkowitch 2000 Male/75 Hem RA LCBL TVB ChT CR (32 months) 20
Miyashita 2000 Female/70 VT RV BCL EMB ChT+RT CR (30 months) 26
Jamet 2000 Male/35 RH RA LCBL Thoracotomy Surgery + ChT Dead (nd) 19
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– including case 1 in the current study, congestive heart
failure in 6% [1, 35], and sudden death in 3% [24].
Hemiparesia occurs in 9% [11, 19, 25]. Constitutional
symptoms are reported in 17% [2, 12, 18, 23, 32, 39], 
including cases two and three in the current study. Twen-
ty-six percent of cases were diagnosed post-mortem.
LDH level was elevated in two cases in the current study
(cases one and three) and in 23% of the reviewed cases.
ECG findings were normal in our three cases, as in 6%
of the reviewed cases. Primary cardiac lymphoma can
frequently show non-specific symptoms including atrio-
ventricular block in 14% [1, 6, 10, 29, 41], right bundle
branch blocks in 14% [2, 15, 17, 18, 36], or rhythm dis-
turbances in 14% [3, 8, 26, 30, 31].

Chest X-ray is not usually helpful for the detection of
cardiac tumor. It can reveal non-specific signs such as
pleural effusion and/or cardiomegaly. Two-dimensional
transthoracic echocardiography is currently the most
widely used diagnostic procedure for the detection of
heart tumors. Intracavitary tumoral masses were reported
in 74% of the cases in the literature and in three of our
three cases. However, the pulmonary vessels, superior
vena cava, and upper part of the right atrium are often
difficult to analyze [7]. Transesophageal echocardiogra-
phy was performed only in case one in our series. Trans-
esophageal echocardiography is reported to provide 
superior diagnostic imaging to transthoracic echocardi-
ography [20], since it is not influenced by patient’s body
structure and can provide excellent images of the cardiac
base [7]. Transesophageal echocardiography can also be
useful for monitoring cardiac mass removal during surgical
resection. Recently, three-dimensional transesophageal
echocardiography has been reported to provide addition-
al information important for diagnosis and treatment [4].
As an alternative imaging technique, computed tomogra-
phy has a better accuracy than transthoracic echocardi-
ography in detection and delineation of pericardial masses
[7], and 93% of the cases were detected in the literature.
In our study it contributed to diagnosis in one case. Mag-
netic resonance imaging gives 100% of positive results
in the literature despite a non-specific appearance on 
T1- and T2-weighted imaging and heterogeneous en-

hancement after contrast injection [14]. Nuclear medi-
cine techniques are potentially useful additional proce-
dures for the assessment of cardiac tumors [7]. If Thalli-
um-201 scans may have contradictory results [15, 24],
Gallium-67 and Tc-99m Sestamibi have been reported to
be valid myocardial perfusion tracers for detecting 
primary cardiac lymphoma and during the follow-up
[25]. In the reviewed cases, diagnosis was performed by
nuclear medicine techniques in four cases.

The tumor forms a single focus in 66% of cases and
multiple foci in 24%. Its size ranges from 3 cm to 12 cm
(mean size 7 cm). In our three patients, primary cardiac
lymphoma was located in the right chambers of the
heart. This is similar to the reviewed cases, in which, in
69%, the right atrium is involved (with or without the
right ventricle). The reason for this distribution is un-
known [7]. This right-side predominance is in contrast to
left-side predominance in cardiac myxoma [22] and to
primary cardiac sarcoma which can affect any area of the
heart [13]. The main characteristics of these tumors are
summarized in Table 2.

From our literature review, primary cardiac lympho-
ma can present as a mass without pericardial effusion
(51%) as in our three cases, with a concomitant pericar-
dial effusion (43%) or with pericardial effusion alone
(6%). Drainage of pericardial effusion can have both
therapeutic and diagnostic purposes [7]. A diagnostic 
cytologic sample is obtained in 14% of primary cardiac
lymphoma [6, 8, 29, 31, 34]. It may be difficult to differ-
entiate primary cardiac lymphoma from benign reactive
lymphocytosis or other neoplasms by cytology alone. In
doubtful cases, especially concerning large cells, immu-
nohistochemistry can allow differentiation from other
neoplasms and a more precise classification of the exact
phenotype. Furthermore, cytogenetic analysis could be
performed on centesis fluid to analyze specific transloca-
tions. In our study, as well as in 40% of the reviewed
cases, diagnosis of primary cardiac lymphoma was ob-
tained by biopsy of cardiac tissue during an explorative
thoracotomy or mediastinoscopy [1, 3, 6, 7, 9, 15, 19,
23, 28, 29, 32, 35, 38, 39]. Less invasive procedures may
be used in critically ill patients, small children, or preg-

Table 2 Characteristics of primary cardiac lymphoma compared with the two most frequent primary cardiac tumors. MRI magnetic res-
onance imaging, CT computed tomography

PCL Myxoma Primary cardiac sarcoma

Incidence 2% of primary cardiac tumors 29% of primary cardiac tumors 35% of primary cardiac tumors
Mean age of patients 62 years 50 years 41 years
Sex Male predominance Female predominance No sex predilection
Localization of the tumor Right side predominance Left side predominance Any area of the heart
in the heart (right atrium 69%) (left atrium 73%)
Presenting symptoms Chest pain, dyspnea, Constitutional symptoms, valvular Dyspnea, cardiac tamponade, 

constitutional symptoms obstruction, cardiac failure, embolism chest pain
Diagnosis MRI, CT, echocardiography Echocardiography, MRI MRI, echocardiography
Treatment Chemotherapy Surgical excision Surgical excision and chemotherapy
Prognosis Poor Good Poor
Recurrence Frequent Rare Frequent
Cause of death Local recurrence – Local recurrence and metastasis



nant women and may provide diagnosis in 23% of cases.
Three cases were diagnosed by means of endomyocardic
biopsy [10, 25, 26]. Transvenous biopsies under simulta-
neous fluoroscopic and echocardiographic guidance 
represent a minimally invasive procedure including left-
side samples [8] and provided diagnosis in five patients
[8, 12, 18, 20, 41]. Pericardial biopsy was performed in
four reviewed cases, with a 50% success rate [17, 30]. A
pericardial window fails to obtain a diagnosis in most
cases and therefore should not be performed [7].

Of the 35 patients reviewed, 22 patients are reported
as having diffuse large B-cell lymphoma. Small cell
lymphomas are described in only four cases: noncleaved
small cell lymphoma in two cases [2, 28], non-specified
in the others [8, 34]. The nine others are diagnosed as
“lymphomas”, “B lymphomas” or “large cell lympho-
mas” (Table 1). We report two cases (cases one and two)
of diffuse large B-cell lymphoma with CD5 expression.
Staining for CD5 suggests mantle cell lymphoma with
blastoid variant, but lack of staining with cyclin D1
eliminates this possibility. Diffuse large B-cell lympho-
ma with expression of CD5 is a recently identified 
subgroup of diffuse large B-cell lymphomas, which dif-
fer by their clinical characteristics (elderly, female and
extranodal involvement) and aggressive clinical course
[42]. Takai et al. [40] reported a case of diffuse large 
B-cell lymphoma mainly involving the heart with cells
which were CD5+ and CD20+ with a c-myc rearrange-
ment and t(8 ;14) (q24 ;q32). Our case three is the first
case describing cardiac localization of Burkitt’s lympho-
ma in an immunocompetent patient.

Many very heterogeneous therapeutic regimes have
been described [7]. Late diagnosis appears to be a major
factor in the poor outcome in primary cardiac lymphoma
patients [7]. In the reviewed cases, ten patients under-
went surgery with no evidence of improvement in survival
[3, 6, 9, 15, 19, 23, 27, 35, 38, 39]. Prompt anthracy-
cline-based chemotherapy has been administrated in
51% of the reviewed cases [1, 3, 6, 7, 8, 9, 12, 17, 19,
20, 25, 26, 29, 30, 31,38, 39, 41], resulting in 61% of
complete remission (mean follow-up times 17 months;
range 3–40 months). Radiotherapy was delivered to 17%
of patients, alone or combined with chemotherapy, with
a further improvement in survival [3, 17, 25, 26, 34, 38].
Radiation dose, when specified, ranges from 20–40 Gy.
Our three patients all received chemotherapy, and two of
them are alive. Whatever the treatment, 60% of the 
patients died of their tumor 1.8 months after diagnosis.
Primary cardiac lymphoma should be treated like other
bulky aggressive lymphomas arising in other primary
sites [7].

Histogenesis of cardiac lymphomas is unclear though
extranodal lymphoma can occur in every organ of the
human body [10], even organs that normally lack lym-
phoid tissue. Lymphoid tissue may appear after immune
dysfunction or after an infection. The transformation of
lymphoid tissue to a lymphoma occurs secondarily. 
Recently, pyothorax-associated lymphomas have been
described. These lymphomas are pleural B large cell

lymphomas that contain EBV DNA and express latent
gene products of EBV. However, no cases of primary
cardiac lymphoma have been associated with chronic 
inflammatory disorders or EBV infection, including the
cases reported here [18].

Extranodal lymphomas have been described in immu-
nocompromised patients, including those with acquired
immunodeficiency syndrome, immunosuppressed cardiac
and renal transplant recipients or congenital immunode-
ficiency disease. The defect of the immune surveillance
system in some extranodal sites may be explained by 
a relative lack or impairment of homing by the immuno-
competent cells. Although immunodeficiency is not con-
firmed in our present cases, subclinical immunosuppres-
sive states may be postulated in our two elderly patients
[18].

Conclusion

Primary cardiac lymphoma is very rare and difficult to
diagnose because of its non-specific clinical manifesta-
tions. Since primary cardiac lymphoma most frequently
shows the histologic features of high-grade lymphoma,
the survival of these patients should improve with
prompt anthracycline-based chemotherapy. Pathogenesis
is unclear and further studies of large series of primary
cardiac lymphoma are necessary to elucidate its patho-
genesis.
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Abstract We report a unique case of a gastric collision
tumor composed of an intramural gastrin-secreting tumor
and a papillotubular adenocarcinoma of the intestinal
type discovered at autopsy in a patient with Zollinger-
Ellison syndrome. There was extensive metastatic dis-
semination of the neuroendocrine component to regional
lymph nodes and to the liver. The unusual macroscopi-
cal, histological, and immunohistochemical features of
this case and its specific clinical setting are discussed

Keywords Carcinoma-carcinoid spectrum · Gastric 
collision tumor · Intramural gastrin-secreting tumor · 
Papillotubular adenocarcinoma · Zollinger-Ellison 
syndrome

Introduction

Admixtures of neoplastic endocrine and nonendocrine
epithelial cells have been found frequently in digestive
tumors, leading to the concept of a “carcinoma-carcinoid
spectrum” [8]. This spectrum encompasses four main
categories: (a) carcinomas with interspersed endocrine
cells, (b) carcinoids with interspersed nonendocrine
cells, (c) mixed tumors comprising both carcinoma and
carcinoid areas, and (d) amphicrine tumors consisting of
cells exhibiting both endocrine and nonendocrine differ-
entiation. The first category is by far the most frequent
one, comprising a large number of adenocarcinomas
containing varying proportions of endocrine cells scat-
tered among mucin-secreting cells and special entities
such as goblet cell carcinoids of the appendix. The cate-
gory of mixed tumors can be further subdivided into

composite-type tumors, showing an admixture of the two
histological components with frequent histological tran-
sitions, and collision-type tumors, where the two compo-
nents, while intimately juxtaposed with a “side-by-side”
or “one-upon-another” pattern, are not intermixed. Colli-
sion-type tumors are usually considered as double coex-
istent and independent tumors. Collision tumors of the
gastrointestinal tract are much less common than the
composite variety; several cases have been reported in
the stomach [3, 10, 15], and in all of these cases the neu-
roendocrine component was either a carcinoid tumor or a
malignant neuroendocrine carcinoma. To our knowledge,
no such case has been associated with a specific clinical
syndrome related to hormone hypersecretion.

We report here what we believe is the first case of a
gastric collision tumor composed of an intramural gas-
trin-secreting tumor and a well-differentiated papillotu-
bular adenocarcinoma of the intestinal type in a patient
with Zollinger-Ellison syndrome (ZES).

Materials and methods

Clinical history

The patient came to medical attention at the age of 87 years when
he presented with massive digestive bleeding due to diffuse gas-
tric, duodenal, and jejunal ulcerations, prompting a surgical antiul-
cer procedure (vagotomy and pyloroplasty). During this surgery a
1-cm intramural gastric nodule and a sessile duodenal polyp
(1.5 cm) were incidentally found and resected. The gastric lesion
proved to be a benign c-Kit positive stromal tumor, and the duode-
nal polyp was diagnosed as a villous adenoma with severe dyspla-
sia. Following surgery and under antiulcer medication (20 mg/day
omeprazole) digestive bleeding recurred, originating from upper
jejunal ulcerations. ZES was then suspected. The diagnosis was
confirmed definitively by marked elevation in fasting serum gas-
trin level (>3500 pg/ml), elevated basal acid output (16 mmol/h)
despite the vagotomy, and paradoxical increase in gastrin levels
and acid output (to 36 mmol/h) after intravenous secretin infusion
(3 U/kg). At the time of diagnosis, echoendoscopy, abdominal
computed tomography with intravenous contrast, and selective ce-
liac and superior mesenteric arteriography remained negative in
the search of an abdominal tumor. Somatostatin receptor scintigra-
phy performed with 111In-labeled octreotide identified a single fo-
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cus of increased uptake in the upper right abdomen considered to
be of duodenal or paraduodenal origin. The patient had no familial
history and no associated endocrine disorders suggestive of multi-
ple endocrine neoplasia type 1. Due to his general condition the
patient was ineligible for surgery and was kept under high doses
of antisecretory medications (40 mg/day omeprazole), which ef-
fectively prevented ulterior bleeding. He was readmitted to our
hospital 4 years after the initial diagnosis, with cachexia, abdomi-
nal pain and clinical evidence of metastatic liver disease, con-
firmed by abdominal computed tomography. Surprisingly, gastros-
copy revealed a large antral fungating mass, biopsy specimens of
which showed in situ intestinal-type papillary adenocarcinoma.
The patient died in a context of hepatorenal failure shortly after
his admission. An autopsy was performed.

Histology

At the time of necropsy special attention was paid to the dissection
of the upper abdomen in order to find the primary gastrinoma, to
characterize the extent of the neoplastic villous gastric tumor, and
to define the extent and origin of the metastatic dissemination.
Tissue for histological examination was fixed overnight in 10%
formalin, sectioned at 0.2-cm intervals, and embedded in paraffin.
Sections 5 µm thick were stained with hematoxylin-eosin and by
immunohistochemistry. Immunoperoxidase stains were performed
using a three-step indirect immunoperoxidase technique after anti-
gen retrieval by microwaving the slides in citrate buffer for
20 min. Primary antibodies against the following antigens were
used: monoclonal antibody neuron-specific enolase (Dako), mono-
clonal antibody chromogranin A (Dako), and monoclonal antibody
gastrin (Immunotech).

Results

Examination of the stomach revealed a 5.5-cm polypoid
tumor on the greater curvature of the antrum. Cut surface
showed a fungating villous pedunculated lesion and
thickening of the underlying gastric wall by nodular and
diffusely infiltrative whitish firm tumoral tissue (Fig. 1).
There was no macroscopic extension through the serosa.
The remainder of the gastric mucosa appeared smooth,
and no other mucosal or intramural gastric lesion was
identified. Three enlarged tumoral lymph nodes, measur-
ing 1–4 cm in their greatest diameter, were found in the
vicinity of the stomach (in retropyloric, retroduodenal,
and lateroaortic locations). Most of the liver parenchyma
was replaced by large metastatic tumor masses. Exami-
nation of the duodenum and pancreas was performed by
serial sectioning into 3-mm slices and failed to show any
tumor in these organs. Macroscopical appearance of the
duodenal wall was unremarkable, with no evidence of
residual or recurrent mucosal tumor. The pancreas was
atrophic with ductular distension and mucoid retention.
The small bowel and colon were unremarkable. There
was no evidence of tumor outside the abdomen.

Histopathological examination of the gastric tumor re-
vealed two distinct microscopic appearances. The upper
exophytic part consisted of a well-differentiated papillotu-
bular adenocarcinoma of the intestinal type with no exten-
sion through the muscularis mucosae (Fig. 2a). The intra-
mural tumor displayed microscopic features suggestive of a
neuroendocrine proliferation (Fig. 2b). It was composed of
a relatively uniform population of small- to medium-sized

cells with an organoid, trabecular or acinar, or focally solid
pattern, and frequent rosette formation. The nuclei had ho-
mogeneous chromatin with small or indistinct nucleoli, and
showed slight variation in size and shape; mitoses were in-
frequent (<10/10 hpf) and no necrosis was seen. The latter
component extensively infiltrated into submucosal and
subserosal lymphatic vessels and extended into the pedicle
of the upper villous tumor. The two tumor components
were abutting each other with no transition between them
(Fig. 2c). The neoplastic proliferation in all lymph nodes
and in the liver exhibited an exclusively neuroendocrine
pattern. The nontumoral gastric mucosa, macroscopically
unremarkable, was found to contain exclusively fundic-
type glands and showed nodular hyperplasia of enterochro-
maffin-like endocrine cells. There was no evidence of Hel-
icobacter pylori gastritis or intestinal metaplasia.

A strong immunoreactivity for neuroendocrine mark-
ers (chromogranin-A, neuron-specific enolase) and posi-
tivity for the Grimelius silver stain were found in the in-
tramural gastric tumor as well in lymph nodes and liver
metastasis, whereas the gastric epithelial tumor con-
tained only scattered neuroendocrine cells (Fig. 2d).
About 15% of gastric neuroendocrine neoplastic cells
and 50% of lymph nodes tumor cells displayed strong
cytoplasmic immunoreactivity to gastrin (Fig. 2e). Gas-
trin was not detected in liver metastasis.

Discussion

We report here the unique case of a gastric well-differen-
tiated papillotubular adenocarcinoma of the intestinal
type in collision with an intramural gastric gastrinoma.
Evidence that this tumor indeed belongs to the “collision-
type” category of mixed endocrine-nonendocrine tumors
is supported by the following: (a) the tumor comprised
two components with clearly different histological and
immunohistological patterns; (b) the two components
were macroscopically abutting each other with no histo-
logical transition between them; the upper adenocarcino-
ma was strictly intramucous in contrast to the intamural
extent and the extensive lymphatic permeation by the un-
derlying neuroendocrine proliferation; and (c) lymph

Fig. 1 Macroscopic view of the gastric tumor
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nodes and liver metastasis were monomorphic, displaying
a neuroendocrine differentiation. To our knowledge, this
case represents the first report of a collision tumor with a
functional, secreting neuroendocrine component.

Another peculiar feature of this case was the finding of
a gastrinoma in a gastric location. Somewhat paradoxical-
ly, the stomach, which under physiological conditions
contains most of the G cells of the organism, appears as a
very rare site of origin for gastrinomas [7, 14, 16]. A re-
view of the literature disclosed fewer than 20 reported
gastric gastrinomas presenting as a mucosal polyp or as
unique or multiple intramural nodules [9, 12, 13, 14]. The
possibility of a primary paraduodenal nodal gastrinoma,
which might have been considered from the scintigraphic
data, was positively ruled out by the finding of a paren-

chymal gastrin-producing neuroendocrine tumor and the
involvement of multiple locoregional lymph nodes. Inter-
estingly, a study on the sensitivity and specificity of pre-
operative somatostatin receptor scintigraphy in detecting
small duodenal and primary or metastatic nodal gastrino-
mas indeed found that primary duodenal tumors were
missed more frequently than nodal metastasis at scintigra-
phy [2]. In the present case it is therefore much plausible
that the gastric gastrinoma was of small size at the time of
diagnosis of ZES and was not recognized at scintigraphy.

The occurrence of a gastrinoma in our patient was as-
sociated with the development of three other primary di-
gestive tumors: a benign c-kit positive gastric stromal tu-
mor and a duodenal villous adenoma concurrent of the di-
agnosis of the ZES and a gastric adenocarcinoma several
years later. It has been reported that patients diagnosed
with carcinoid tumors are at increased risk for the devel-
opment of concurrent malignancies, especially gastroin-
testinal tumors [1, 4, 5, 11]. In a series of 2837 carcinoid
cases concurrent and nonconcurrent neoplasms were
found, respectively, in 7% and 4% of the patients studied
[6]. Carcinoid tumors in vitro can produce substances
with a growth-promoting effect, and this might account
for the increased incidence of tumors in patients with car-
cinoids. Gastrin has a trophic effect on the gastric muco-
sa, and its uncontrolled production might promote cell
proliferation and neoplastic transformation in the adjacent

Fig. 2 a Upper villous portion of the gastric tumor showing papillo-
tubular adenocarcinoma; hematoxylin and eosin, original magnifica-
tion ×100. b Intramural neuroendocrine portion of the gastric tumor
showing rosette formation; hematoxylin and eosin, original magnifi-
cation ×200. c Collision area between the two portions of the tumor;
hematoxylin and eosin, original magnification ×25. d Chromogranin
immunohistochemistry of the collision area showing strong staining
of the intramural neuroendocrine tumor and isolated endocrine cells
in the upper adenoma; immunoperoxidase, original magnification
×25. e Gastrin immunohistochemistry showing strong staining of
some cells in the neuroendocrine component of the gastric tumor;
immunoperoxidase, original magnification ×400
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mucosa by a direct paracrine effect. Indeed, this rare case
brings additional support to this hypothesis as all associ-
ated neoplasms were found in the vicinity of the gastric
neuroendocrine tumor. The generally low incidence of
adenomas in the small intestine and stomach argues
against unrelated events. Moreover, the absence of endo-
scopic evidence of gastric tumor at the time of diagnosis
of the ZES indicates that the development of the villous
tumor was subsequent to that of the gastrinoma.

In conclusion, this is the first report of a gastric colli-
sion tumor functionally expressing as ZES. The addition-
al finding of associated neoplasms in the immediate vi-
cinity of the gastrinoma emphasizes the possible impli-
cation of gastrin in tumor growth.
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Abstract Secreted protein, acidic and rich in cysteine
(SPARC), which functions in tissue remodeling, has
been reported to be expressed by myofibroblasts in liver
cirrhosis and hepatocellular carcinoma. This study aimed
to reveal its expression in chronic hepatitis. Immuno-
light and electron microscopy demonstrated that SPARC
was expressed by nerve fibers and hepatic stellate cells
(HSCs) in the liver parenchyma and myofibroblasts in
the fibrous septa. Reaction products were localized in 
the rough endoplasmic reticulum and nuclear envelope.
Serial section analysis demonstrated that SPARC, platelet-
derived growth factor receptor-beta, and alpha-smooth
muscle actin were co-expressed by HSCs. Quantitative
analysis demonstrated that, while SPARC-positive HSCs
were sparse in control livers, they significantly increased
in number in the livers with chronic hepatitis. There
were, however, no significant differences in number
among the grades of activity, the stages of fibrosis, or
etiology (virus-infected or autoimmune, hepatitis B virus
or hepatitis C virus). In liver cirrhosis, however, they
significantly decreased in number. The present results 
indicate that SPARC is expressed by activated HSCs in
chronic hepatitis, suggesting the involvement of SPARC
in hepatic fibrogenesis after chronic injuries.

Keywords Human · SPARC/osteonectin · Chronic 
hepatitis · Activated hepatic stellate cells · 
Immunohistochemistry

Introduction

Chronic hepatic injuries usually lead to a prominent 
accumulation of extracellular matrix (ECM) materials
composed of collagens, proteoglycans, and fibronectins
in the necrotic lesions. In the liver parenchyma, these
ECM components are synthesized and released by acti-
vated hepatic stellate cells (HSCs), which express ECM-
binding proteins such as integrins [4], neural cell adhe-
sion molecule (N-CAM) [20, 25, 26], and secreted pro-
tein, acidic and rich in cysteine (SPARC) [10, 17] and 
induce fibrotic reconstruction of the liver lobule [1, 9, 11,
30]. It is reported that SPARC, a Ca2+-binding 43-kDa
glycoprotein also termed osteonectin and BM-40 [3, 6], is
released from the platelets and mesenchymal cells as are
the osteoblasts and fibroblasts and functions in tissue re-
modeling [36, 37, 38, 40, 43]. By binding collagens,
SPARC enhances cell migration to lesions via its anti-
adhesive property [34] and induces ECM remodeling
through interactions with matrix metalloproteases [39]
and a plasminogen-activating system [13]. Accordingly,
this substance is likely to be deeply implicated in the de-
velopment of fibrosis. SPARC expression has been re-
ported in human livers with various fibrotic diseases such
as liver cirrhosis [2, 10], biliary cirrhosis of biliary atresia
[22], and hepatocellular carcinoma [23]. As revealed by
immunohistochemistry and in situ hybridization, SPARC
was expressed by myofibroblasts in the fibrous septa of
liver cirrhosis [2, 22] and the capsule of hepatocellular
carcinoma [23], while it was generally weak [23] or scat-
tered in the liver parenchyma [2]. Prior to the establish-
ment of fibrotic tissue in liver cirrhosis, fibrogenesis pro-
ceeds to various degrees with ECM deposition in the liver
parenchyma during chronic hepatitis. There are, however,
no reports on SPARC expression in the liver with chronic
hepatitis except a brief description on high SPARC ex-
pression in a few patients [23]. In this study, in order to
reveal SPARC expression in chronic hepatitis and its cor-
relation with the grades of inflammatory activity and the
stages of fibrosis, we immunohistochemically identified
SPARC-positive cells in the liver parenchyma, and con-
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ducted quantitative analyses. The results demonstrated
that SPARC was highly expressed by activated HSCs in
human livers with chronic hepatitis and might be in-
volved in the fibrogenesis in the liver parenchyma.

Patients and methods

Liver specimens

Human liver specimens were obtained by either surgical resection
or laparoscopy from three patients with Gilbert’s disease, 32 pa-

tients with chronic viral hepatitis [hepatitis C virus (HCV) 25,
hepatitis B virus (HBV) 7], 14 patients with autoimmune chronic
hepatitis, eight patients with liver cirrhosis after viral hepatitis
(HCV 7, HBV 1), three patients with liver cirrhosis after autoim-
mune hepatitis, and one patient with liver metastasis. Informed
consent was obtained from each patient. The study was approved
by the local ethics committee and was carried out according to the
provisions of the Declaration of Helsinki.

Histological evaluation

Histological diagnosis was done in hematoxylin–eosin-stained
sections. The histology of the liver with Gilbert’s disease and a
non-cancerous portion of liver metastasis were almost normal and
therefore used as control livers. Chronic hepatitis was scored for
the grades of inflammatory activity and stages of fibrosis accord-
ing to Desmet and colleagues [5]. We also assessed the grade of
inflammatory activity using the histological activity index (HAI)
according to Knodell and colleagues [21].

Immunohistochemistry

Fresh liver specimens were fixed in a periodate–lysine 2% parafor-
maldehyde (PLP) solution for 6–24 h at 4°C. They were then im-
mersed in 0.1 M phosphate buffer (pH 7.4) containing 8.5%, 15%,
and 20% sucrose, successively, each for 1 day. For light microscopy,
PLP-fixed materials were embedded in OCT compound (Sakura
Finetek USA, Torrance, Calif.) and frozen in dry ice/99.5% ethanol.

Fig. 1 Immunohistochemistry for secreted protein, acidic and rich
in cysteine (SPARC) in control livers (a), livers with chronic hepati-
tis (b, c) and livers with cirrhosis (d). a Positive staining was found
in the nerve fibers (arrowheads) in the portal tract. Inset is S-100-
positive nerve fibers (arrowheads) in a serial section. Only a few
positive hepatic stellate cells (HSCs) were located around the portal
tract as indicated by an arrow. P portal vein, ×220. b In chronic
hepatitis, positive HSCs (arrows) increased in number and distribut-
ed throughout the liver parenchyma. ×220. c Higher magnification
of a SPARC-positive HSC, which is star-shaped and contains vacu-
oles representative of lipid droplets (small arrows). ×1900. d In 
liver cirrhosis, positive cells (arrowheads) are found in the fibrous
septa and the liver parenchyma near the septa (arrows). Positive
HSCs decreased in number in the regenerative nodules. ×220
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Frozen samples were cut into 5-µm-thick sections with a Cryostat
(Leica, Nussloch, Germany) and air dried immediately. After being
washed with 0.01 M phosphate-buffered saline (PBS) three times
for 10 min, they were treated with 10% normal fetal bovine serum
for 1 h and incubated overnight with 10 µg/ml mouse anti-bovine
osteonectin monoclonal antibody (IgG1, ON1–1 clone, Takara Bio-
medicals, Shiga, Japan), which recognizes both bovine and human
SPARC [18], 20 µg/ml mouse anti-human platelet-derived growth
factor receptor-beta (PDGFRβ) monoclonal antibody (IgG1, Gen-
zyme, Cambridge, Mass.), 1 µg/ml mouse anti-human alpha-smooth
muscle actin (αSMA) monoclonal antibody (IgG2a, Dako, Glos-
trup, Denmark), or 0.0475 µg/ml rabbit anti-cow S-100 polyclonal
antibody (Dako). As negative controls, specimens were incubated
with mouse IgG1, IgG2a monoclonal antibody (Dako), or rabbit
IgG polyclonal antibody (Santa Cruz Biotechnology, Santa Cruz,
Calif.), none of which recognize human proteins. They were rinsed
with PBS twice for 5 min. Endogenous peroxidase was then
blocked by incubating sections in methanol containing 0.3% hydro-
gen peroxide for 30 min. They were rinsed with PBS once for
5 min, with 0.075% BRIJ35 solution (Sigma diagnostics, St. Louis,
Mo.) in PBS four times for 15 min [29], and then with PBS three
times for 5 min. In following reactions, we used an LSAB-2 kit (for
peroxidase method, Dako). They were then treated with biotinylated
donkey polyclonal antibody against mouse and rabbit Igs for 1 h.
After being rinsed with BRIJ in PBS and then with PBS, the speci-
mens were incubated with horseradish peroxidase-conjugated strep-
tavidin for 1 h. After being rinsed with BRIJ in PBS and then with
PBS, they were treated with 0.25 mg/ml 3,3’-diaminobenzidine 
tetrahydrochloride (DAB, Wako Pure Chemical Industries, Osaka,
Japan) in the presence of 0.003% hydrogen peroxide in 0.05 M 
Tris buffer (pH 7.4) for 10 min. They were counterstained for 
nuclei with 5% methyl green (Muto Pure Chemicals, Tokyo, Japan).
For electron microscopy, liver specimens fixed with a PLP solu-
tion were cut into 50-µm-thick sections by a Microslicer (Dosaka,
Kyoto, Japan). After being washed with PBS three times for 20 min
at 4°C, they were treated with 10% normal fetal bovine serum for
1 h at room temperature and incubated with anti-SPARC monoclo-
nal antibody for two nights at 4°C. After rinsing with PBS three
times for 20 min at 4°C, they were treated with biotinylated donkey
polyclonal antibody to mouse Igs overnight at 4°C. The sections

were rinsed with PBS three times for 20 min at 4°C and incubated
with horseradish peroxidase-conjugated streptavidin for 1 h at room
temperature. After rinsing three times for 20 min each at 4°C with
PBS, sections were incubated with 0.5 mg/ml DAB in 0.05 M Tris
buffer for 30 min and then with the same medium in the presence of
0.01% hydrogen peroxide for 1–2 min at room temperature. They
were rinsed three times for 20 min each at 4°C with PBS, postfixed
in 1% osmium tetroxide for 1 h at room temperature, and dehydrat-
ed in ethanol series prior to embedding in Polybed (Polyscience
Inc., Warrington, Penn.). Ultrathin sections were stained with satu-
rated lead citrate and observed under a JEM-1200EX electron 
microscope (JEOL, Tokyo, Japan) at 100 kV.

Enumeration of SPARC-positive cells

The number of SPARC-positive cells and αSMA-positive cells 
in the liver parenchyma was counted under a light microscope. 
We counted the cells which displayed nuclei on the section. For
each patient, several microscopic fields were randomly chosen. The 
average number of positive cells was calculated and expressed as
the number per unit square (1 mm2) of liver parenchyma. Data were
expressed as the mean ±SD. Significant difference was obtained us-
ing the unpaired Student’s t-test. The correlation between the num-
ber of SPARC-positive cells and αSMA-positive cells was assessed
using Pearson’s correlation coefficient (r) with Fisher’s r to z.

Results

SPARC expression in control and diseased livers

In control livers, SPARC was expressed by fibrous struc-
tures, which entered the liver parenchyma from the por-
tal tract, and few sinusoidal cells in the periportal liver
parenchyma (Fig. 1a). These fibrous structures were
identified as nerve fibers from the positive immunostain-
ing for S-100 protein in serial sections (Fig. 1a inset).
Positive sinusoidal cells displayed the nuclei within them
and had several vacuoles in the cytoplasm. In the livers
with chronic hepatitis, SPARC-positive sinusoidal cells
appeared not only in the periportal zone of the liver lob-
ule but also in the intermediate and pericentral zones.
They increased in number and were evenly distributed in
the liver parenchyma (Fig. 1b). In higher magnification,
they extended well-developed cytoplasmic processes

Fig. 2 Immunoelectron microscopy for secreted protein, acidic
and rich in cysteine (SPARC) in the liver parenchyma. a, b Hepat-
ic stellate cells (HSCs, SC) with lipid droplets (asterisks) in the
space of Disse between the hepatocytes (H) and sinusoidal endo-
thelial cells (E). Immune reactions are found in dilated rough en-
doplasmic reticulum (arrows) and nuclear membrane (arrow-
heads). Hepatocytes, endothelial cells, and Kupffer cells (KC) are
negative for SPARC. a ×5000, b ×14,000
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along the sinusoidal wall and contained several vacuoles
indicative of lipid droplets in the cytoplasm (Fig. 1c). In
the livers with cirrhosis, SPARC was preferentially ex-
pressed by myofibroblasts within the thick fibrous septa.
In the regenerative lobules, however, SPARC-positive
HSCs were only detected near the fibrous septa
(Fig. 1d). In the negative control specimens treated with
mouse IgG1 antibody, mouse IgG2a antibody, or rabbit
IgG antibody, there were no detectable immuno-positive
structures (data not shown).

Fig. 3 Immunohistochemistry for secreted protein, acidic and rich
in cysteine (SPARC, a, d), platelet-derived growth factor receptor-
beta (PDGFRβ, b, e) and alpha-smooth muscle actin (αSMA, c) in
serial sections from two portions (a–c, d, e) of the livers with chron-
ic hepatitis. a–c SPARC-positive cells, PDGFRß-positive cells, and
αSMA-positive cells showed similar distribution in the liver paren-
chyma, while the latter two are more abundant than the former in
the fibrous septa as indicated by arrows. ×220. d, e SPARC and
PDGFRβ are co-expressed by HSCs as indicated by arrowheads.
×950
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Fig. 4 Quantitative analysis of secreted protein, acidic and rich in cys-
teine (SPARC)-positive cells per unit square (1 mm2) of liver paren-
chyma. a Comparison with control livers (n=4) including Gilbert’s dis-
ease and non-cancerous portions of liver metastasis, livers with virus-
infected (VI) chronic hepatitis (n=32), those with autoimmune (AI)
chronic hepatitis (n=14), those with cirrhosis after virus-infected hepa-
titis (n=8), and those with cirrhosis after autoimmune hepatitis (n=3).
Significant differences were given between control and virus-infected
and autoimmune hepatitis, virus-infected hepatitis and virus-infected
cirrhosis, and autoimmune hepatitis and autoimmune cirrhosis. There
was a significant difference between controls and autoimmune cirrho-
sis, while no significant difference was detected between controls and
virus-infected cirrhosis. There were no significant differences between
virus-infected hepatitis and autoimmune hepatitis and between virus-
infected cirrhosis and autoimmune cirrhosis. CH chronic hepatitis, 
LC liver cirrhosis, * P<0.01, ** P<0.05. NS, no significant difference.
b Type of viruses in virus-infected chronic hepatitis. No significant dif-
ference was given between hepatitis B virus (HBV, n=7) and hepatitis
C virus (HCV, n=25). c Grades of inflammatory activity in chronic
hepatitis. There were no significant differences among minimal (n=7),
mild (n=17), moderate (n=20), and severe (n=2) activities. d Stages of
fibrosis in chronic hepatitis. There were no significant differences
among no fibrosis (n=3), mild (n=21), moderate (n=14), and severe
(n=8) fibrosis. e Histological activity index (HAI) in chronic hepatitis.
There are no significant differences among HAI
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Subcellular localization of SPARC-positive reactions

Immunoelectron microscopy revealed that SPARC-posi-
tive sinusoidal cells were HSCs as indicated by charac-
teristic lipid droplets (Fig. 2a). Immunoprecipitates were
localized in dilated rough endoplasmic reticulum and the
nuclear envelope (Fig. 2a, b). There were, however, no
reaction products in ECM around HSCs. However,
Kupffer cells, sinusoidal endothelial cells, and hepa-
tocytes were negative for SPARC (Fig. 2a).

Serial section analysis on SPARC, PDGFRβ, 
and αSMA expression

To investigate the relationship of SPARC expression
with HSC activation, we performed immunohistochemi-
cal staining of the liver for SPARC, PDGFRβ, and
αSMA in serial sections. In control livers, PDGFRβ-pos-
itive HSCs were sparsely distributed in the liver paren-
chyma at a frequency similar to that of SPARC-positive
HSCs, while αSMA-positive HSCs were more frequent,
preferentially distributing in the periportal and interme-
diate zones of the liver lobule (data not shown). In the
livers with chronic hepatitis, both SPARC-positive HSCs
(Fig. 3a) and PDGFRβ-positive HSCs (Fig. 3b) in-
creased in number, distributing throughout the liver lob-
ule. In higher magnification of serial sections, it was
clearly shown that SPARC (Fig. 3d) and PDGFRβ
(Fig. 3b) were co-expressed in HSCs. Alpha-SMA-posi-
tive HSCs (Fig. 3c) also increased in number, showing

Fig. 5 Quantitative analysis on the correlation between the num-
ber of secreted protein, acidic and rich in cysteine (SPARC)-posi-
tive cells and that of alpha-smooth muscle actin (αSMA)-positive
cells. a In the stages of no and mild fibrosis, there was no signifi-
cant correlation. b In the stages of moderate and severe fibrosis, a
significant correlation was detected

the intralobular distribution similar to that of SPARC-
and PDGFRβ-positive HSCs. In the fibrous septa, how-
ever, there were more abundant PDGFRβ-positive cells
and αSMA-positive cells than SPARC-positive cells.

Quantitative analysis

Quantitative analysis demonstrated that the number of
SPARC-positive HSCs per square unit of liver paren-
chyma significantly increased in the livers with chronic
hepatitis (both virus-infected and autoimmune) com-
pared with control livers (Fig. 4a). There was, however,
a significant difference between control livers and liver
cirrhosis after autoimmune hepatitis. Between virus-in-
fected and autoimmune hepatic diseases (Fig. 4a) or be-
tween HBV and HCV (Fig. 4b), no significant differ-
ences in the number of positive HSCs were found in
chronic hepatitis. In liver cirrhosis, there was also no 
significant difference between virus-infected and auto-
immune hepatic diseases. It was noted that, as the dis-
ease advanced from chronic hepatitis to liver cirrhosis,
the number of positive HSCs significantly decreased 
independent of etiology, either virus-infected or auto-
immune. Values were also compared among the grades
of inflammation activity (Fig. 4c) and stages of fibrosis
(Fig. 4d) in chronic hepatitis. Statistic analysis was con-
ducted by joining virus-infected and autoimmune diseas-
es and by joining HBV and HCV because of no signifi-
cant differences between them. The results demonstrated
that no significant differences were found among the
grades (Fig. 4c) and the stages (Fig. 4d). Furthermore,
SPARC expression was not related to HAI in chronic
hepatitis (Fig. 4e). Moreover, no significant differences
in HAI were detected among the livers with HBV infec-
tion (9.43±3.05, n=7), those with HCV infection
(8.56±3.00, n=25), and those with autoimmune hepatitis
(7.43±5.23, n=14). By serial section analysis, significant
correlation was found between the number of SPARC-



positive HSCs and that of αSMA-positive HSCs in late
stages (moderate and severe) of fibrosis (Fig. 5b), while
not in early stages (no and mild, Fig. 5a). 

Discussion

A previous in situ hybridization study of SPARC expres-
sion in human cirrhotic livers demonstrated that signals
were the strongest in myofibroblasts within the fibrous
septa, but were weaker or scattered within the liver pa-
renchyma [2]. As shown using immunostaining, howev-
er, SPARC was only weakly expressed by the sinusoidal
cells of non-cirrhotic livers in contrast to intense stain in
the stromal cells of hepatocellular carcinoma [23]. The
present immunohistochemical study was designed to re-
veal SPARC expression in pre-cirrhotic stages of chronic
hepatitis. The results demonstrated that SPARC was
highly expressed by sinusoidal cells within the liver pa-
renchyma as well as myofibroblast-like cells within the
fibrous septa. Immunoelectron microscopy revealed that
SPARC-positive sinusoidal cells in the parenchyma were
HSCs. Reaction products were localized in the endoplas-
mic reticulum and nuclear envelope, representing the
synthetic process of this protein. They were, however,
not detected in ECM components around HSCs, which is
in agreement with a previous study [2]. The reason for
this is not known, but the concentration of SPARC at
these sites might be lower or it is more easily washed
away during preparation of samples.

It is reported that SPARC is secreted by various kinds
of ECM-producing cells [34] and modulates the cell-to-
matrix interactions after binding collagens [12, 43]. Be-
cause activated HSCs are capable of producing an excess
amount of ECM during liver fibrosis [30], SPARC ex-
pression by activated HSCs in chronic hepatitis must be
related to ECM production by them [30]. Serial section
analysis demonstrated that SPARC and PDGFRβ were
co-localized in HSCs, exhibiting similar intralobular 
distribution between them both in control livers and the
livers with chronic hepatitis. Because PDGFRβ is a
marker for HSC activation [8, 41], this finding indicates
that SPARC is expressed by activated HSCs. Both
PDGF-AB, a heterodimer of PDGF A- and B-chain, and
-BB, a homodimer of PDGF B-chain, bind PDGFRβ on
HSCs and induce migration, proliferation, and activation
in them [14, 15].

It is reported that SPARC binds a B-chain of PDGF
and thereby interferes with the binding of PDGF-AB and
-BB to PDGFRβ [33]. As the consequence, SPARC in-
hibits the augmentation effect of PDGF on activated
HSCs, raising the possibility that SPARC might be an
endogenous inhibitor for PDGF. This interpretation is
supported by the previous observation that SPARC in-
hibited PDGF-induced proliferation of cultured mesan-
gial cells that expressed both SPARC and PDGFRβ [31].
It is also reported that SPARC induces expression of
plasminogen activator inhibitor (PAI)-1 [2]. Activated
HSCs possess a plasminogen-activating system com-

posed of PAI-1, an urokinase plasminogen activator 
(u-PA), and a u-PA receptor, which contributes to the 
remodeling of ECM components in liver fibrosis through
the proteolytic activity of plasminogen [24], suggesting
that SPARC-induced PAI-1 expression in activated HSCs
may inhibit the degradation of ECM deposition. Thus,
SPARC possibly constitutes both positive and negative
feedback systems in HSCs during the progression of 
liver fibrogenesis.

To quantitatively analyze SPARC expression in the
liver parenchyma, we counted the number of positive
cells in immunostained sections. Although immunostain-
ing does not necessarily correlate with the quantity of
protein expression, it is well established that the increase
in the number of positive cells must parallel enhanced
production. In this study, SPARC-positive cells in the
liver parenchyma significantly increased in number in
chronic hepatitis independent of etiology, i.e., virus-
infected or autoimmune. There were, however, no signif-
icant differences among the grades of inflammatory ac-
tivity and stages of fibrosis. It was also noted that posi-
tive cells in the liver parenchyma significantly decreased
in number in liver cirrhosis compared with chronic hepa-
titis, indicating that SPARC seems to be expressed by 
activated HSCs during active fibrogenesis before the
completion of fibrotic reconstruction in cirrhotic livers.

We previously observed that another marker for HSC
activation, prion protein, similarly showed no differences
in expression among the stages of fibrosis in chronic
hepatitis and a significant decline in liver cirrhosis [19].
However, a well known activation marker αSMA is al-
ready shown to be expressed by several HSCs in normal
human livers and is enhanced by HSC activation during
chronic hepatitis [7, 35, 42]. This molecule gives con-
tractility to activated HSCs, which contribute to the con-
traction of fibrous tissue. A significant correlation was
found between the number of SPARC-positive cells and
that of αSMA-positive cells in late stages (moderate and
severe) of fibrosis, while not in early stages (no and
mild). Such differences in the manner of expression be-
tween SPARC and αSMA suggest that their expression
may represent different phases of activation in HSCs.
This fact may represent that in late stages activated
HSCs acquire both the capacities of collagen production
and cell contraction.

It was also observed that SPARC was expressed by
nerve fibers in the liver consistent with the previous
finding of SPARC expression by human astrocytes [32].
It has been recently proposed that HSCs are related to
the neural crest cells in origin [28] based on the fact that
HSCs and neural cells have several common markers
like N-CAM [20, 25, 26], prion protein [16, 19], glial fi-
brillary acidic protein [27], and nestin [28]. The present
finding of SPARC expression by neural cells and activat-
ed HSCs is consistent with this view. In conclusion, this
study has demonstrated that SPARC expression dramati-
cally increases in activated HSCs independent of stages
of fibrosis during chronic inflammation of human liver,
while it declines in liver cirrhosis, indicating that
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SPARC expression by activated HSCs represents active
fibrogenesis in the liver parenchyma before establish-
ment of fibrotic reconstruction in liver cirrhosis.
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Abstract Tenosynovial giant cell tumor (TGCT) is the
most common benign tumor of synovium and tendon
sheath. Cytogenetic data indicate that 1p11–13 is the re-
gion most frequently involved in structural rearrange-
ments. With the aim of eventually identifying the genes
associated with TGCT development, we have investigat-
ed 1p11–13 breakpoints using fluorescence in situ hybrid-
ization (FISH) analysis, with a panel of yeast artificial
chromosome (YAC) probes covering 1p11–21. Twenty-
six tumors were analyzed by G-banding, and 24 of these
showed a breakpoint in 1p11–13. The cytogenetic find-
ings add to previous observations that, among a variety of
translocations involving 1p11–13, chromosome 2 is the
most common translocation partner, with a breakpoint in
2q35–37. This aberration was found in eight cases. Other
recurrent translocation partners, found in two or three
cases, were 5q22–31, 11q11–12, and 8q21–22. Material
from 21 tumors was available for FISH analysis, which
revealed that the breakpoints clustered to one region
spanned by two YAC probes, 914F6 and 885F12 located
in 1p13.2, in 18 cases. Bacterial artificial chromosome
probes were used to map the recurrent breakpoint on
chromosome 2. In four of seven cases there was a break-
point within the sequence covered by probe 260J21,
where the RDC1 gene is located, a gene reported to fuse
with HMGIC in lipomas with a 2;12 translocation.

Keywords Tenosynovial giant cell tumor · Cytogenetics ·
FISH · Breakpoint mapping

Introduction

Tenosynovial giant cell tumors (TGCTs) involve the 
fibrous sheaths of tendons. They are benign lesions, with
some capacity for local recurrence, but rare malignant
forms have been described [1]. TGCTs occur as a local-
ized form, predominantly involving the fingers, and a
less-common, diffuse form affecting various sites, pri-
marily the knee, ankle, and foot [3, 23]. These tumors
may occur at any age but affect mainly middle-aged per-
sons, and the sex ratio for localized tumors in particular
is skewed toward women [3].

To date, 30 cases of TGCT with clonal chromosome
aberrations have been reported [15]. All cases have had
near- or pseudodiploid karyotypes, mostly with simple
structural and/or numerical aberrations. The most com-
mon numerical changes are gain of chromosomes 5 and
7, which in some cases occur as the sole anomalies.
Among the structural aberrations, the short arm of chro-
mosome 1 is frequently involved, with a clustering 
of breakpoints in the chromosome segment 1p11–13. 
Although 1p11–13 has been found to recombine with
several other chromosome segments, a recurrent t(1;2)
(p11;q35–36) has been identified [2]. Among published
cases, there are no karyotypic differences between local-
ized and diffuse tumors, except for trisomies 5 and/or 7
being more common in the diffuse form [22]. It has been
debated whether TGCT is a neoplastic lesion or a reac-
tive, proliferative process [3]. Although the observation
of polyclonal X-chromosome inactivation in pigmented
villonodular synovitis [19] might seem to favor the latter
view, the frequent findings of non-random, clonal chro-
mosome aberrations can be taken as strong support for a
neoplastic origin [4, 17, 22].

In the present study, we have analyzed TGCTs cyto-
genetically using chromosome banding. These tumors
and those previously analyzed in our laboratories were
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then subjected to fluorescence in situ hybridization
(FISH) in order to map the breakpoints in more detail.
The aim was to find out whether the breaks were scat-
tered or clustered within a narrow region, which could
indicate the presence of a tumor-associated gene.

Materials and methods

Patients

Tissue samples from 26 cases, 17 women and 9 men, with TGCTs
were obtained from orthopedic centra in Lund and Leuven 
(Table 1). The ages of the patients ranged from 13 years to
88 years (mean 46 years). Fifteen tumors were classified as diffuse
lesions and eleven were localized, all of them showing the typical
histological features of TGCT. All cases were investigated by
means of chromosome banding, and material for FISH analysis
was available from 21 cases.

Chromosome preparations and G-banding

The cells were short-term cultured, harvested and G-banded as de-
scribed previously [11]. In brief, the tumor tissue was disaggregat-
ed mechanically and then enzymatically in collagenase II for
3–5 h. RPMI 1640 medium, supplemented with fetal bovine serum
(17%), L-glutamine and antibiotics, was added to the cell suspen-
sion. The cells were cultured for 4–10 days in plastic flasks and
chamber slides at 37°C in a humidified atmosphere containing 5%

CO2. Colcemid (0.02 µg/ml) was added to arrest dividing cells in
metaphase. Prior to banding, chromosome preparations were treat-
ed in 2×saline sodium citrate (SSC) at 60°C to remove remaining
cytoplasm. The chromosomes were stained according to a G-band-
ing technique using Wright’s stain solution. The description of
chromosome aberrations was according to ISCN (1995) [8].

Probes for FISH

Whole chromosome painting probes (WCP; Cambio, Cambridge)
were used to unequivocally identify derivative chromosomes con-
taining material from chromosome 1 and to identify the transloca-
tion partners. Yeast artificial chromosome (YAC) clones were pro-
vided by the Centre d’Etude du Polymorphisme Humain (CEPH,
Paris). The chromosome 1 YAC probes 665D8, 906D6, 914F6,
885F12, 970D12, 931C5, 953F3, 942H6, 959C4, 802C2, 796D1,
886D7, and 947C9, all located within the chromosome segment
1p11–21, were used for breakpoint mapping at the megabase level
(Fig. 1). Bacterial artificial chromosome (BAC) probes 4H21,
205L13, 260J21, 346I14, and 514F21 (BACPAC Oakland) were
used for investigation of the breakpoint on chromosome 2 in cases
with t(1;2). To find out whether HMGIC was rearranged in a case
with t(1;12), probes 27E12 and 142H1 [21] were used.

A physical map of the proximal portion of the short arm of
chromosome 1 was constructed. The locations of the probes were
defined by database searching and by a YAC contig map of chro-
mosome 1, using several different databases (Table 2). Informa-
tion from these was compared and processed to construct a con-
sensus physical map (Fig. 1).

Human DNA from YAC clones was amplified by interAlu
PCR, using the primers ILA3′ and ILA5′ [7]. The probe DNA was
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Table 1 Clinical and karyotypic data. Aberrations involving 1p are shown in bold type

Case no. Age/sex Type Localization Karyotype

1a 45/Female Diffuse Foot 46,XX,t(1;19)(p11;p12)/47,idem,+12
2a 68/Male Localized Finger 46,XY,ins(5;1)(q31;p13p34)/46,idem,t(2;4)(p23;q21)/45,X,-Y
3a 13/Female Diffuse Knee 46,XX,t(1;2)(p22;q35-37)
4a 27/Female Localized Hand 46,XX,t(1;11)(p11;q11),t(8;16)(p11;q22)
5a 54/Male Localized Finger 46,XY,t(1;16)(p22;q24),t(7;15)(p13;p11),-12,+mar/46,XY,del(2)(q31),

der(10)t(10;16)(p15;?q?),inv(13)(q12q22),der(16)t(2;16)(?q?;q24)
6a 31/Male Diffuse Hip 46,XY,add(1)(p11),add(19)(p13)
7 15/Female Diffuse Foot 46,XX,t(1;11)(p11-12;q12)
8 45/Male Localized Finger 46,XY,t(1;2)(p13;q35),t(5;11;10)(q33;q23;p15)
9a 76/Female Diffuse Thigh 47,X,-X,del(1)(p32),der(3)add(3)(p21)add(3)(q21),add(5)(q31),

+der(5)t(5;8)(p15;q22),+i(7)(q10),der(8)t(1;8)(p13;q11),
der(13)t(5;13)(q11;p11),add(5)(q31),der(16)add(16)(p11)add(16)(q13),
add(21)(q22)/46,idem,-10,add(19)(q13)

10a 46/Female Diffuse Knee 48,XX,t(1;12)(p13;q24),+5,+7
11 65/Female Localized Hand 46,XX,t(1;2)(p13-22;q35-37)/47,XX,+r
12 33/Male Localized Toe 46,XY,t(1;2)(p12;q36)
13a 57/Female Diffuse Knee 46,XX,add(1)(q32),add(1)(p11),der(22)t(1;22)(q21;q13)ins(1;?)(q32;?)
14a 60/Male Localized Finger 46,XY,t(1;2)(p11;q37)
15a 88/Female Localized Hand 46,XX,t(1;2)(p11;q36)
16a 32/Male Diffuse Toe 46,XY,t(1;5)(p11;q22)
17a 53/Female Localized Finger 46,XX,t(1;2)(p11;q36-37)
18a 41/Female Diffuse Knee 46,XX,t(1;11)(p11;q12),t(2;5)(p24;q31)
19a 47/Male Localized Finger 46,XY,t(1;5)(p11;q31)
20 47/Female Diffuse Knee 46,XX,t(1;9)(p11;q32)
21 30/Female Diffuse Knee 46,XX,t(1;2)(p11;q35)
22 15/Female Diffuse Knee 46,XX,t(1;8)(p12;q22)
23 68/Female Diffuse Knee 46,XX,t(1;12)(p13;q15)
24 56/Male Localized Finger 46,XY,t(1;8)(p13;q21)
25 40/Female Diffuse Knee 46,XX,der(1)t(1;6)(p11;q13)t(1;15)(q22;q12),der(3)t(1;3)(p11;q11),

der(6)t(6;19)(q13;q11),der(15)del(15)(q12)t(3;15)(q11;p11),
der(19)t(15;19)(p11;q11)

26 37/Female Diffuse Hip 46,XX,t(1;2)(p13;q37)

a Karyotype previously published, see references [14] and [20]



labeled with either dUTP or dCTP coupled with biotin-16-dUTP
or digoxigenin-11-dUTP (Boehringer Mannheim), dCTP-Cy3
(Amersham) and dethylaminocoumarin (DEAC)-5-dUTP (NEN)
using Amersham’s megaprime kit.

FISH analyses

Hybridization to metaphase chromosomes were as previously de-
scribed [5]. Posthybridization washing was performed in 0.4×SSC
at 72°C for 2 min before detection of indirectly labeled probes. 
Biotin-labeled probes were detected by 1 µg/ml Cy5-conjugated
avidin (Amersham). Digoxigenin was detected by fluorescein iso-
thiocyanate (FITC)-conjugated sheep antidigoxigenin antibodies
(Boehringer Mannheim). As an unspecific counterstaining of chro-
mosomes, 0.5 mg/l 4,6-diamino-2-phenyl-indole (DAPI; Boehrin-
ger Mannheim) in 2% 1,4-diazabicyclo-[2, 2, 2]-octan (DABCO;
Sigma) was used. The signals from the probes were detected in an
epifluorescence microscope (Zeiss), coupled to a Cytovision
ChromoFluor System (Applied Imaging) and a CCD camera. For
each hybridization, 3-25 metaphase cells were analyzed.

Results

Cytogenetics

All 26 tumors analyzed by means of G-banding showed
abnormal karyotypes (Table 1). The chromosome num-
ber was diploid in 24 cases and hyperdiploid in two
cases. Seemingly balanced karyotypes were found in 21
cases, whereas five cases had partial or total gain and/or
loss of chromosomes. A breakpoint in 1p11–13 was
found in 24 cases, and four cases had more distal break-

points (1p22–32); cases 2 and 9 had two breaks in 1p. In
the 24 cases with a break in 1p11–13, the translocation
partner could be identified, except in case 13. Recurrent
aberrations were observed. Thus, 1p11–13 recombined
with 2q35–37 (eight cases), 5q22–31 (three cases),
11q11–12 (three cases), and 8q21–22 (two cases). In 
another two cases, these chromosomes were involved in
other rearrangements, interpreted as t(1;2)(p22;q35–37)
in case 3 and der(8)t(1;8)(p13;q11) in case 9.

Fluorescence in situ hybridization

In 18 of the 21 tumors available for FISH analysis, the
probe signal pattern showed that the chromosome 1
breakpoints clustered to one common region, spanned by
the two YAC probes 914F6 and 885F12, hybridizing to
sequences in 1p13.2 (Fig. 1). Examples of split signals
are shown in Fig. 2. The three remaining cases had
breakpoints outside the cluster region, two being more
distal (cases 5 and 23) and one more proximal (case 4).
In the former cases, signals for all probes used were
present on the derivative chromosome 1, whereas in case
4 split signals were seen for probe 802C2.

Of the nine cases with a 2q35–37 breakpoint, material
for FISH analyses was available from seven. In four
cases – 11, 17, 21, and 26 – there was a breakpoint with-
in the sequence covered by probe 260J21 (Table 3). In
case 26, a split signal was seen also when using probe
514F21, which partly overlaps 260J21. In case 11, the

477

Fig. 1 Results of fluorescence
in situ hybridization (FISH) 
analyses of chromosome seg-
ment 1p11–21 showing the
breakpoint distribution in 21
tenosynovial giant cell tumors
(TGCTs). YAC clones are rep-
resented by horizontal lines
and the breakpoints by arrows

Table 2 World Wide Web resources used for localization of YAC probes, bacterial artificial chromosome probes and sequence-tagged
sites and construction of the physical map of the involved region on chromosome 1 (status as of 25 May 2001)

Database Uniform resource locator

Entrez http://www.ncbi.nlm.nih.gov/Entrez/
Foundation Jean Dausset CEPH http://www.cephb.fr
Gene map ‘99 http://www.ncbi.nlm.nih.gov/genemap99/
The genome database http://www.gdb.org
Human physical mapping project at the Whitehead Institute/MIT http://www-genome.wi.mit.edu/
The Sanger Centre http://www.sanger.ac.uk/HPG/Cytogenetics/Bacset.shtml



514F21 signal was seen only on the der(1), but remained
on der(2) in cases 12, 14, and 15; material was not avail-
able for additional analyses in cases 17 and 21. The
probes 205L13, 4H21, and 346I14 gave no split signal in
any of the cases. The signals remained on the der(2) in
cases without split 260J21 signals, but were located 
on the der(1) in cases with a breakpoint in the 260J21 
sequence.

Discussion

The breakpoint distribution in 31 TGCT with structural
aberrations, including the present tumors and cases from
other previous reports [2, 14, 16, 18, 22] shows a clearly
non-random pattern (Fig. 3). The combined data confirm
the previous notion that at least two distinct cytogenetic
subgroups of TGCT can be distinguished, one major char-
acterized by rearrangements involving 1p11–13 and a mi-
nor subgroup with 16q22–24 aberrations. In both sub-
groups, these chromosome segments recombine with a va-
riety of other segments, but so far recurrent translocations
have involved only 1p11–13. These include 2q35–37,
5q22–31, 8q21–22, and 11q11–12, with t(1;2) being the
preferred rearrangement. Similar observations of different
cytogenetic subgroups, each characterized by recombina-
tion between one chromosome segment and one preferred
and many alternative translocation partners, have been
made in several other benign solid tumors [15].

The four chromosome segments mentioned above, re-
currently recombining with 1p11–13 in TGCT, are also in-
volved in rearrangements in lipoma, uterine leiomyoma,
pleomorphic adenoma of the salivary gland, and pulmona-
ry hamartoma, but, apart from a dic(1;11)(p12;q11) in an
adenoma [9], never together with 1p11–13 [15]. In partic-
ular, 2q35–37 is frequently involved in lipomas and leio-
myomas, most often recombining with 12q13–15. In anal-
ogy with the involvement of the HMGIC gene in lipomas
characterized by 12q13–15 rearrangements, it seems rea-
sonable to suggest that 1p11–13 in TGCT contains a gene
that becomes involved in a gene fusion or is dysregulated
as a consequence of the translocations and is of signifi-
cance in TGCT tumorigenesis.

Available cytogenetic data indicate that the localiza-
tion of breakpoints in 1p in TGCT is heterogeneous with
a concentration to 1p11, 1p12, or 1p13. However, the
FISH results demonstrated a greater uniformity, with a
breakpoint clustering to sequences corresponding to the
YAC probes 914F6 and 885F12 located in 1p13.2 in 18
of 21 cases. This discrepancy could be explained, at least
partly, by the difficulty to identify cytogenetically break-
points close to the centromere, as this region is variable
due to repetitive sequences.
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Table 3 Fluorescence in situ
hybridization (FISH) analyses
of tumors with t(1;2) by chro-
mosome 2-specific bacterial 
artificial chromosome probes.
split signal present on both
der(1) and der(2), der(1) signal
only on der(1), der(2) signal
only on der(2), n.d. not deter-
mined

Probe Signal distribution

Case 11 Case 12 Case 14 Case 15 Case 17 Case 21 Case 26

260J21 split der(2) der(2) der(2) split split split
514F21 der(1) der(2) der(2) der(2) n.d n.d split
205L13 der(1) der(2) der(2) der(2) n.d n.d der(1)
4H21 der(1) der(2) n.d der(2) n.d n.d n.d
346I14 n.d der(2) n.d der(2) n.d n.d der(1)

Fig. 2 Metaphase fluorescence in situ hybridization (FISH) show-
ing split signals with 1p probes. Case 7 (top) showing a split
885F12 signal (red). Case 20 (bottom) showing a split 914F6 sig-
nal (yellow). Whole chromosome painting probe (WCP) signals
for chromosomes 1 and 9 are shown in green

Fig. 3 Ideogram showing the breakpoint distribution in tenosyno-
vial giant cell tumor (TGCT) based on all available cytogenetic
data. Filled circles indicate breakpoints involved in recombination
with 1p11–13 and open circles indicate all other breakpoints

▲
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FISH analysis showed that three cases had break-
points outside the cluster region. In case 5, the break was
more distal (1p22) as determined by both banding and
FISH analyses. Cases 4 and 23 had cytogenetic breaks in
1p11 and 1p13, respectively, and the FISH analyses
showed the breakpoints to be proximal and distal, re-
spectively, to the cluster region. Whether it is a coinci-
dence or not, that two of these three cases had a rear-
rangement of 16q22–24 could at present not be deter-
mined. If, in these cases, the rearrangement of 16q22–24
is the pathogenetically important event the 1p rearrange-
ments may have been chance secondary aberrations, ex-
plaining why the breakpoints were outside the cluster re-
gion on 1p. The third case was the only TGCT with a
breakpoint in 12q15. However, no involvement of the
HMGIC gene could be detected by FISH analyses (data
not shown). Bearing in mind that dysregulation of the
HMGIC gene has been observed previously in tumors
with breakpoints outside the coding sequence [20], it is
still conceivable that the translocation resulted in altered
HMGIC expression. Recombination between 1p11–13
and 12q13–15 has been reported in one case each of 
lipoma, uterine leiomyoma, pleomorphic adenoma of 
the salivary gland, and hamartoma of the lung [10, 12,
13, 24].

An attempt was made to localize the breakpoints in
2q35–37. Split signals were seen in four cases when hy-
bridizing to probe 260J21 and in one case when 514F21
was used. These two overlapping probes span a sequence
where the G-protein-coupled receptor gene RDC1 is lo-
cated [6], a gene that was found to fuse with HMGIC in
a subset of lipomas with t(2;12) (Broberg, personal com-
munication).
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Abstract The objective of this study was to investigate
the expression of the arylhydrocarbon receptor (AhR)
and its partner AhR-nuclear translocator (ARNT) in left
ventricle specimens from explanted hearts from patients
with cardiomyopathy (CMP). Explanted hearts from 
16 patients with ischemic (n=9, age 63±12 years) and 
dilative (n=7, age 54±12 years) CMP, undergoing heart
transplantation were examined. Healthy donor hearts
from five accident victims served as controls. As these
donors were of younger age (32±11 years), additionally,
donor hearts from three older accident victims (age
48±15 years) without clinical symptoms but with signs
of ventricular hyperthrophy (n=1) or atherosclerotic le-
sions (n=2) were included (“pathological controls”). Ex-
pression of AhR and ARNT was analyzed using semi-
quantitative immunohistochemistry, and in selected sam-
ples, Western blot- and reverse-transcription polymerase
chain reaction analysis were performed to confirm AhR
and ARNT expression. Immunohistological analysis re-

vealed weak to intermediate staining of anti-AhR in con-
trol, but weak to intense staining in CMP- and “patho-
logic control” specimens, indicating significantly in-
creased AhR levels in the diseased heart. Moreover, in
CMP specimens, the percentage of AhR-positive cells
was strongly increased. Higher anti-AhR staining was
also seen in two atherosclerotic “pathologic control”
specimens. In all groups, the intensity of anti-ARNT
staining was more pronounced than AhR staining, but
significant differences or any age-related alterations
were not observed. In conclusion, the increased cellular
content of AhR in left ventricular specimens from CMP
patients suggests a role for AhR in heart disease.

Keywords Cardiomyopathy · Ventricular function · 
Receptors · AhR

Introduction

The aryl hydrocarbon receptor (AhR) and its partner
AhR nuclear translocator (ARNT) belong to the 
Per-ARNT-Sim (PAS) family of basic helix-loop-helix
transcriptional regulators, whose members play a key
role in development, adaptation to hypoxia, control of
circadian rhythms, and phototransduction [11]. AhR has
been found to be expressed in nearly all tissues and cells
from humans and various vertebrate species [4, 12, 13].
The physiological function of AhR in the absence of an
external ligand is not known, but an important role of the
AhR in mammalian development and normal cellular
metabolism has been suggested from transgenic AhR-
deficient mice [8]. At maturity, null AhR allele mice 
exhibited immune system impairment, portosystemic
shunting, and an altered liver pathology, and that was as-
sociated with accelerated rates of apoptosis [5, 20, 37].
At the cellular level, increased secretion of growth fac-
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tors such as transforming growth factor-β (TGF-β)
changed the cell cycle control [45]. AhR regulates a vari-
ety of biological responses to 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) and related environmental toxins. It is
generally assumed that nearly all of the effects of TCDD,
which in mammals include induction of xenobiotic me-
tabolizing enzymes, tumor promotion, epithelial hyper-
plasia, suppression of the immune system, teratogenesis,
and wasting syndrome, are mediated through this intra-
cellular receptor [25, 27, 30, 35, 36]. In fact, AhR-defi-
cient mice were resistant to TCDD-mediated toxicity and
had an altered teratogenic response after their exposure
[7, 23, 29]. Binding of TCDD and activation of AhR re-
sults in the transcriptional activation of TCDD-inducible
cytochrome P450 (CYP) genes CYP1A1, CYP1A2, and
CYP1B1 [22, 24, 35, 43, 44]. In the absence of TCDD,
AhR forms a complex with two heat-shock protein 90
molecules and other receptor-associated proteins. In this
form, AhR is predominately localized in the cytoplasm.
After TCDD binding, these proteins dissociate from the
AhR and the activated receptor heterodimerizes with
ARNT in the nuclear compartment. The activated com-
plex recognizes dioxin-responsive elements in the 5′-reg-
ulatory region of TCDD responsive genes, leading to
their increased transcription.

Through this adaptive pathway, the AhR upregulates
xenobiotica, drugs, and hormone-metabolizing enzymes.
As many of these AhR agonists are biotransformed to
more soluble and generally less toxic products, these en-
zymes play a role in the elimination of many environ-
mental toxins. However, it has to be noted that toxic me-
tabolites can be formed also by CYP1B1-, CYP1A1-,
and CYP1A2-mediated hydroxylation [7, 9, 24, 25].
While the role of the AhR in the induction of drug-
metabolizing enzymes is well studied, it is less clear how
the AhR can mediate toxic effects observed after TCDD
exposure. As bHLH proteins function in highly complex
signaling networks, AhR activation by TCDD may inter-
fere with other signaling pathways by sequestering limit-
ing factors [10]. An example is the cross talk between
the dioxin- and the hypoxia signal-transduction pathway
mediated by ARNT. In response to hypoxia, ARNT,
identical with hypoxia-inducible factor-1beta (HIF-1β),

dimerizes with another bHLH-transcription factor, the
HIF-1α, to the homodimer HIF, which binds to hypoxia
response elements and activates the transcription of 
hypoxia-sensitive genes including vascular endothelial
growth factor and erythropoetin [38].

In human hearts, AhR was found to be highly ex-
pressed [4] and also CYP1A1 was identified [41], indi-
cating a role of AhR in the adaptive pathway in this 
organ. Although, due to the low expression level of
CYP1A1 and other non-AhR-regulated CYP isoenzymes
in heart (relative to the liver), these enzymes might not
significantly contribute to the plasma clearance of drugs
and xenobiotics. However, they could modulate cellular
concentrations locally within the organ. In addition to
the regulation of CYP expression, AhR together with
ARNT could also regulate other cellular pathways,
which might play a role in hearts of patients with dilative
and ischemic cardiomyopathy (CMP).Therefore, we in-
vestigated localization and staining intensity of AhR and
its partner transcription factor ARNT using semi-quanti-
tative immunohistochemistry in a heart region of in-
creased environmental stress, critically related to heart
function. Western blot- and reverse-transcription poly-
merase chain reaction (RT-PCR) analysis were per-
formed to confirm AhR and ARNT expression in select-
ed samples.

Methods

Specimens and patients

Approval was obtained from the ethics committee of the Universi-
ty of Vienna. In total, specimens from 24 human hearts were ana-
lyzed. Tissue specimens were obtained from 16 explanted hearts
from patients with dilative and ischemic CMP, undergoing ortho-
topic heart transplantation at the General Hospital of the Universi-
ty of Vienna (for anamnestic data see Table 1). Sections used for
immunohistology were dissected from the central region of the left
ventricle and were immediately fixed in formaldehyde. The major-
ity of specimens were fixed in formaldehyde and only from a lim-
ited number of frozen tissue specimens (shock frozen and stored
in liquid nitrogen) tissue was available for Western blotting and
RT-PCR (ischemic CMP n=4; dilative CMP n=4; controls n=3).
All sections were examined by the pathologist and classified by
routine histology. CMP specimens were grouped into ischemic
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Table 1 Clinical characteristics
of the study population Variablesa Patient groups

Dilative Ischemic Healthy Pathological
CMP CMP controls controls
n=7 n=9 n=5 n=3

NYHA 3.62±0.23 3.19±0.59 – Not known
Sex (male/female) 7/2 6/1 4/1 2/1
Age (years) 54±12 63±12 32±11 48±15
Cigarette smoking (yes/no) 6/1 7/2 3/2 3/0

Medication
Furosemide (mg/day) 87.36±39.26 110.63±41.90 Not known
Angiotensin converting enzyme-I, 31.65±7.21 34.38±8.72 Not known
Enalapril (mg/day)
Digitalis (mg/day) 0.07±0.15 0.07±0.15 Not known

a Values are presented as
mean±SD



CMP (n=9, 7 male and 2 female patients, mean age 63±12 years)
and dilative CMP (n=7, 6 male and 1 female patients, mean age
54±12 years).

Healthy donor heart samples were derived from five accident
victims (four male and one female, mean age 32±11 years, Ta-
ble 1). These hearts showed no pathologic alterations. Originally,
these healthy hearts were intended for transplantation, but were
not used due to increased risk of contamination during explanta-
tion and transport. Left ventricular samples derived from these
hearts were used as controls. Additionally, donor hearts from 
older accident victims (n=3, 2 male and 1 female, mean age
48±15 years, Table 1) were explanted and were originally intended
for transplantation. As signs of left ventricle hypertrophy were
seen in one case and the heart was suspected of coronary sclerosis
by macroscopic examination in two other cases, these hearts were
regarded as “pathologic controls”.

Clinical characteristics

The clinical characteristics of the patients are presented in Table 1.
As indicated, only 5 of 24 patients were non-smokers (ischemic
CMP n=1; dilative CMP n=2; controls n=2; pathological controls
n=0).

Immunoperoxidase staining

Serial sections of formaldehyde-fixed, paraffin-embedded speci-
mens were incubated either with anti-AhR or anti-ARNT anti-
bodies [17, 18, 32, 34]. Equal concentrations of non-immune
mouse serum (DAKO) and nonsense mouse IgG1 (anti-KLH,
clone X40, Becton Dickinson, San Jose, Calif.), respectively,
served as negative controls. After repeated washes, sections 
were incubated with streptABComplex/HRP (Dakopatts a/s, Den-
mark) developed in 3,3-diaminobenzidine or aminoethylcarbazole
(Dako). Counterstaining was performed with hematoxylin. Sec-
tions of all groups were stained simultaneously to work with iden-
tical procedures and to generate comparable staining intensities.

Three independent experiments were performed. All three ex-
periments revealed a comparable staining pattern and intensity;
therefore, only the results of one representative experiment are
shown. The intensity and extent of staining were graded semi-
quantitatively by two independent pathologists and, in the case of
differences, the section was re-evaluated together. Grading of the
intensity of staining was performed blind to the source of the 
samples. Reactivity was graded semi-quantitatively: + for light,
++ for moderate, and +++ for strong staining.

Western blot analysis

Frozen heart tissue was homogenized in a 50-mM Tris/HCl, 
pH-7.5 buffer (containing phenylmethylsulfonyl fluoride 0.2 mM,
leupeptin 1 µM, pepstatin 1 µM, aprotinin 0.2 µM, and calpain in-
hibitors I and II 10 µg/ml, Boehringer Mannheim, Germany) [18].
Protein concentration was measured with the Biorad-protein assay
system DC (Biorad, Hercules, Calif.). Protein (65 µg/lane) was
separated on a 7.5% polyacylamide gel electrophoresis system for
AhR and ARNT Western blotting. The following antibodies were
used: polyclonal mouse anti-AhR (Affinity BioReagents, Golden,
Colo.); monoclonal anti-ARNT, clone 2B10, and mouse IgG1
(ABR). Detection was performed with a peroxidase-labeled anti-
mouse Ig (Amersham Life Sciences, Amersham, UK) using ECL
(Amersham Life Sciences).

Reverse-transcription polymerase chain reaction

RNA of tissues was prepared using Trizol Reagent (Gibco BRL,
N.Y.) followed by DNAse (Sigma, Deissenhofen, Germany) diges-
tion. For reverse transcription, 1 µg total RNA and GeneAmp

RNA PCR kit were used. The amounts of cDNA were adjusted us-
ing RT-PCR with β2-microglobulin or β-actin specific primers.
Amplification of AhR and ARNT coding cDNA was performed
with Taq polymerase (AmpliTaq Gold, Perkin Elmer) using 30 cy-
cles of PCR, similar amounts of cDNA, and specific intron span-
ning primers. cDNAs, derived from untreated and lectin-activated
peripheral blood lymphocytes and from the prostate carcinoma
cell lines PC-3 and DU-145, were used as controls.

Primers

● β2-Microglobulin

(1)

● β-Actin

(2)

● AhR

(3)

● ARNT

(4)

Resulting PCR fragments and adequate size markers (Advanced
Biotechnologies, Surrey, UK; 123-bp DNA ladder, Gibco BRL,
AUT) were separated on 1.5% agarose gels (Bio-Rad Laborato-
ries, Hercules, Calif.) and visualized by ethidium bromide stain-
ing. The specificity of the PCR reaction in the case of AhR and
ARNT was confirmed by restriction enzyme digestion of the re-
sulting PCR products.

Statistical analysis

Values are presented as mean ± standard deviation (SD). Statisti-
cal analysis was performed using the Mann-Whitney U test con-
sidering a P value of <0.05 as significant. Correlation between age
and expression of AhR and ARNT was determined using Spear-
man rank correlation analysis.

Results

Semi-quantitative immunohistochemistry of AhR
and ARNT in left ventricular vesicles from controls
and CMP patients

Distribution and intensity of AhR expression was ana-
lyzed semi-quantitatively using immunohistochemistry
of serial sections. In total, 24 specimens were analyzed.
The specificity of the staining reaction of both, the anti-
AhR and the anti-ARNT antibody, was controlled with
equal amounts of mouse serum or nonsense mouse IgG,
which revealed no staining at all in all our experiments
(data not shown). In Fig. 1, representative examples 
of the staining pattern for AhR (A, C, E, G) and ARNT
(B, D, F, H) are shown in corresponding areas.

Quantitiative evaluation of data (mean±SD) is given
in Fig. 2 for AhR and ARNT. Assessment of the staining
pattern of the five healthy donor heart specimens re-
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vealed weak, mainly cytoplasmic staining in all samples
(mean % of positive cells 28±14%). Intermediate anti-
AhR reactivity was found in four of five samples (mean
% of positive cells 6±4%). We did not see any areas of
strong anti-AhR staining in these heart specimens and,

moreover, extensive areas with AhR-negative cardio-
myocytes were present in all samples (mean % of nega-
tive cells 66±17%, data not shown on the graph).

To analyze whether AhR expression is altered during
clinically non-manifest heart disease, we included three
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Fig. 1 Immunohistochemical
staining of arylhydrocarbon re-
ceptor (AhR) and AhR-nuclear
translocator (ARNT) in left
ventricular tissue sections of
patients with dilative and isch-
emic cardiomyopathy (CMP).
Serial sections of formalin-
fixed, paraffin-embedded left
ventricular tissue sections were
stained using anti-AhR (A, C,
E, G) and anti-ARNT (B, D, 
F, H) antibodies. Samples from
healthy donor controls are
shown in A, B; “pathological
donor controls” in C, D; isch-
emic CMP in E, F; and dilative
CMP in G, H. Arrows indicate
areas with strong positive stain-
ing for AhR and ARNT, re-
spectively



specimens of donor hearts that were not transplanted due
to hyperthrophy or atherosclerotic lesions, detected by
macroscopic examination. In Fig. 1B, a typical staining
pattern is shown. In comparison with Fig. 1A, anti-AhR
reactivity is increased in these samples, with a mean of
7±6% strong and 10±10% intermediate positive cells,
found in two of three samples. Weak staining was seen in
all three samples (mean of positive cells 40±10%),
whereas the percentage of negative cells was reduced to
43±23% relative to the healthy controls.

To address the question whether severe artery disease
can affect AhR expression, specimens from 16 patients
with either ischemic (n=9) or dilative (n=7) CMP were
analyzed. Representative samples for the anti-AhR reac-
tivity of ischemic and dilative CMP specimens are given
in Fig. 1E and G, respectively. We observed a significant
increase of weak (mean % of positive cells 43±10%,
P<0.05) and intermediate (mean of positive cells
23±16%, P<0.01) anti-AhR staining in ischemic CMP
when compared with the control hearts and strong anti-
AhR reactivity was found in four of nine samples (mean
% of positive cells 4±6%; Fig. 2). The percentage of 

anti-AhR negative cells was reduced to a mean of
28±25%, and negative cells were completely absent in
seven of nine samples.

In specimens from dilative CMP hearts, staining was
even more intensive. When compared with the controls, a
significant increase in the percentage of weak (mean
56±24%, P<0.05), intermediate (mean 31±12%, P<0.01),
and strong (mean 11±9%, P<0.05) AhR positive cells was
found (Fig. 2). Negative cells were seen only in one of
seven samples (mean 3±8%), and strong AHR staining
was found in the majority of samples (five of seven), mak-
ing the staining more prominent, even when compared
with the ischemic CMP samples. As observed in controls,
anti-AhR reactivity in dilative as well as in ischemic CMP
samples was mainly cytoplasmic, and nuclear anti-AhR
staining was found in less than 5% of myocardial cells.

Anti-ARNT reactivity of control, ischemic, 
and dilative CMP specimens

To investigate the distribution pattern of ARNT at corre-
sponding areas, serial sections of all left ventricular
specimens were stained using a monoclonal antibody di-
rected against ARNT. Examples of the anti-ARNT reac-
tivity for the ischemic CMP are shown in Fig. 1F and for
the dilative CMP specimen in Fig. 1H. Control IgG re-
vealed no reactivity in all our experiments (data not
shown). As shown in Fig. 2, in contrast to the moderate
anti-AhR staining in control samples, strong anti-ARNT
reactive myocardial cells with a mean percentage of
weak 18±16%, intermediate to 40±12% and strong to
42±26% positive cells were observed in all healthy con-
trol hearts. A similar pattern was observed in “pathologic
samples” (mean percentage of cells with 23±6% weak,
17±15% intermediate and 60±20% strong staining). The
percentage and intensity of staining was not significantly
different between the ischemic and dilative CMP groups
with a mean percentage of 21±20% (weak), 37±13% (in-
termediate), and 42±27% (strong staining) in ischemic
CMP, and 9±12% (weak), 27±17% (intermediate), and
64±23% (strong staining) in dilative CMP samples.

AhR and ARNT expression related to the age of patients

In order to compensate for a possible influence of the
age of individual patients on the expression of AhR and
ARNT, the number of cells with anti-AhR and anti-
ARNT reactivity was plotted against the age of the indi-
vidual patients. Statistical analysis revealed no signifi-
cant correlation between age and AhR or ARNT expres-
sion in any group (Fig. 3).

Expression of AhR and ARNT mRNA

In order to assess whether mRNA coding for AhR and
ARNT is produced by myocardial cells in situ, total
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Fig. 2 Comparison of the anti-arylhydrocarbon receptor (AhR) re-
activity (upper blot) and anti-AhR-nuclear translocator (ARNT) re-
activity (lower blot). Semi-quantitative grading of anti-AhR and -
ARNT staining intensity was done as described in the Methods
(mean±SD). The percentage of anti-AhR and anti-ARNT reactivity
was calculated from weak-, intermediate- and strong positive areas
in all samples of (1) healthy control, (2) “pathological control”, (3)
dilative, and (4) ischemic cardiomyopathy (CMP) patients. *Note
that strong staining is not observed in the control group



RNA preparations of representatives of the control, 
ischemic, and dilative groups were reverse transcribed
and analyzed by means of RT-PCR. AhR and ARNT
coding cDNA was amplified using 30 cycles of PCR
with equal amounts of cDNA (Fig. 4A), as controlled by
amplification of β2-microglobulin specific primers (data
not shown). All primers were set intron spanning in or-
der to exclude amplification of contaminating genomic
DNA. The size of the amplification product of AhR was
2363 bp and of ARNT 2390 bp. The specificity of the re-
action was controlled by restriction enzyme digestion re-
vealing a 1500-bp and 818-bp fragment in the case of

AhR and a 1765-bp and 625-bp fragment in the case of
ARNT (data not shown). Irrespective of the primers
used, no PCR products were detected in the reagent
(Fig. 4a, lane 4). As clearly shown in Fig. 4A (lanes 1, 2,
3), heart specimens of all three groups expressed mRNA
coding for AhR and ARNT. cDNA derived from the
prostate cancer samples (Fig. 4A, lane 5) served as posi-
tive controls [18].

AhR and ARNT, analyzed by Western blotting

Western blotting experiments were performed to identify
AhR and ARNT in homogenates prepared from left ven-
tricular samples of hearts from different groups. Repre-
sentative results are depicted in Fig. 4B, upper blot AhR,
lower blot ARNT.

Equal amounts of proteins prepared from control
heart tissue (Fig. 4B, lane 1) and from dilated and isch-
emic CMP heart specimens (Fig. 4B, lanes 2 and 3), re-
spectively, were separated under reducing conditions and
blotted onto nitrocellulose membranes. Mouse anti-AhR,
but also rabbit anti-AhR (data not shown), reacted
strongly with a protein at approximately 97 kDa. Corre-
sponding Western blots probed with a monoclonal anti-
ARNT revealed a dominant immunoreactive band at ap-
proximately 90 kDa (Fig. 4B, lower blot lanes 1–3) cor-
responding to human ARNT [16]. Analyzing the intensi-
ty of representative Western blots revealed a 1.9–2.2 and
1.5–1.7 times stronger AhR immunreactivity in the dilat-
ed and ischemic CMP groups, respectively, than the con-
trols. In contrast, no evident difference between the
groups was observed in the ARNT-intensity values in
samples from the same patients.
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Fig. 3 Arylhydrocarbon receptor (AhR) and AhR-nuclear translo-
cator (ARNT) expression related to the age of patients. AhR and
ARNT immunoreactivity was determined semi-quantitatively as
described in the Methods. To evaluate the correlation between
AhR and patient’s age, myocardial cells with weak, intermediate
and strong staining for this transcription factor were blotted
against the age of individual patients (A). As 100% of cells
stained positively for ARNT, only cells that revealed an intermedi-
ate and strong ARNT staining are shown in plot B. Non-smokers
are marked by asterisks. There was no significant correlation be-
tween age and AhR and ARNT expression

Fig. 4 A Demonstration of arylhydrocarbon receptor (AhR) and
AhR-nuclear translocator (ARNT) mRNA expression by reverse-
transcription polymerase chain reaction. The sizes of the amplifi-
cation products for AhR and ARNT were 2363 bp and 2390 bp,
respectively. Control (lane 1); dilative cardiomyopathy (CMP;
lane 2); ischemic CMP (lane 3); solvent control (lane 4); human
prostate (lane 5). B Representative Western blots of heart tissue
extracts stained using anti-AhR and anti-ARNT antibodies. Heal-
thy control heart (lane 1); dilative CMP (lane 2); ischemic CMP
(lane 3), negative control (lane 4). Whole tissue extracts were re-
solved by means of sodium dodecyl sulfate polyacrylamide gel
electrophoresis under reducing conditions and blotted onto nitro-
cellulose. Protein (65 µg) was used to detect the protein levels of
AhR and ARNT. Immunoreactivity was determined using ECL. In
all analyzed human heart tissue extracts, anti-AhR specifically
recognized a protein of approximately 97 kDa, while the ARNT
antibody recognized a protein at approximately 90 kDa



Discussion

After analyzing the cellular distribution of AhR and
ARNT in 24 left ventricular specimens from explanted
hearts by means of semi-quantitative immunohistochem-
istry, where AhR and ARNT antibodies caused specific
and distinct staining patterns, we demonstrated an in-
crease in the number of AhR-positive myocardial cells in
hearts from patients with ischemic and dilative CMP rel-
ative to control specimens. Further analysis revealed that
enhanced expression of AhR or ARNT in CMP patients
is not due to age-related changes. In general, anti-ARNT
staining was more uniform and the staining intensity was
not significantly different in ventricles from control and
dilative and ischemic CMP patients. We also showed ac-
tive AhR and ARNT mRNA synthesis in selected sam-
ples.

Heart samples were obtained from patients with dilat-
ed and ischemic CMP, which, before transplantation, had
been treated with digitalis, angiotensin converting en-
zyme inhibitors, and diuretics. As these drugs are neither
known ligands for the AhR, nor do they affect AhR-
mediated induction of CYP1A1 and CYP1B1 expres-
sion, an influence of the patients’ medications on the
AhR distribution in hearts of CMP patients is unlikely.
Furthermore, these particular CYP isoenzymes are not
involved in the regulation of metabolism of these com-
pounds [21]. The majority of these patients, but also
three of five controls and three of three “pathological
controls”, were cigarette smokers. Therefore, polyaro-
matic hydrocarbons (PAHs) in cigarette smoke could
have resulted in an activation of the AhR adaptive path-
way to stimulate CYP1 expression, although it does not
explain the increased expression of AhR in CMP pa-
tients. It must also be noted that short time exposure of
cell lines to TCDD rather results in a downregulation of
AhR [31]. Therefore, it could be speculated that, with in-
creasing age, the exposure of individuals to AhR activa-
tors derived from cigarette smoke or background pollu-
tion with environmental toxins would rather lead to a
downregulation of AhR expression. While various stud-
ies confirmed the toxic effects of the AhR ligands,
TCDD and related PAHs on hearts of chickens and ro-
dents [14, 19], an effect of these environmental toxins on
the human hearts is still a matter of debate. Recent epi-
demiological studies in industrial cohorts highly exposed
to PAHs revealed significant trends for cancer and heart
disease, and in other studies a strong dose-dependent re-
lationship between mortality due to ischemic heart dis-
eases and exposure to PAHs was described [6, 15, 39,
40, 42]; in yet another study, no direct correlation be-
tween TCDD exposure and coronary heart disease was
found [1].

This raises the question about the AhR function on
the metabolism of endogenous and exogenous com-
pounds in human hearts. Although, it has been frequently
hypothesized that either endogenous or perhaps plant
substances are likely to be the “true” targets for the met-
abolic enzymes encoded by the AhR pathway, no clear

candidates have emerged. However, constitutive and
PAH-induced expression of cytochromes of family 1
could be critical as they process a high catalytic activity
for the metabolic activation of crucial environmental
chemicals, especially of PAHs. Formation of highly reac-
tive epoxides, free radicals, and oxidative stress could
result in cellular toxicity [24, 35]. Nevertheless, from
both an evolutionary perspective and from a teleological
outlook, it is difficult to support the view that the AhR
gene systems have evolved to operate in the hydrocarbon
substrates on which they now work so effectively. An-
other point to be considered is the function of the AhR in
context with its partner transcription factor ARNT, as a
crosstalk between the activation of the AhR/ARNT by
AhR ligands and by hypoxia of the HIF-1α/ARNT-sig-
naling pathway exists [26, 28].

It has been discussed that dimerization of ARNT
with AhR would impair the hypoxia-induced transcrip-
tional activation of genes that regulate the adaptive re-
sponse to low oxygen, while at the same time hypoxia
would decrease the availability of ARNT for the TCDD
response, preventing an upregulation of the CYP 1A1
gene [2]. Although CYP1A1 upregulation is prevented
by activation of the hypoxia pathway, activation of the
AhR increased the mRNA of erythropoietin, a hypoxia-
inducible gene [38]. It seems that even in the absence of
an agonist, the high level of constitutive human AhR ac-
tivity can inhibit HIF-1α–ARNT interactions. Another
study revealed that functional interference between hyp-
oxia AHR-mediated signaling does not occur through
competition for ARNT protein [33]. Considering our re-
sults where the increase in AhR expression in hearts of
patients with ischemic CMP is moderate relative to
“pathological control” hearts, we suggest that any effect
of ischemia on AhR expression is not specific. Addi-
tionally, another transcription factor that interacts with
ARNT and for which AhR may compete, the cardiovas-
cular helix-loop-helix factor 1 (CHF1), has recently
been cloned from mouse heart. CHF1, which is located
in the ventricle and vasculature, seems to regulate the
vascular evolvement and works as a transcriptional re-
pressor in terminating the smooth muscle development
[3]. Finally, AhR itself could also be involved in the
regulation of the myocardial development, as studies in
AhR-deficient homozygous mice showed that these ani-
mals developed cardiovascular alterations after 9 months
of age, including CMP with hypertrophy and focal fi-
brosis, while none of the AhR-expressing controls ex-
hibited similar pathologic alterations [8]. However, it
can only be speculated that increased AhR levels in the
left ventricle of CMP patients could also point to a role
for the receptor.

In conclusion, our findings that the expression of the
transcription factor AhR, but not of its partner ARNT, is
increased in the left ventricular specimens from CMP pa-
tients suggest a role for AhR in the pathophysiology of
the disease and provide a basis for further investigations
on the role of both transcription factors in heart failure,
including dilative CMP.
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Abstract Cross sections of 112 coronary artery seg-
ments from 65 human hearts with coronary thromboses
were investigated after postmortem coronary angiogra-
phy. In almost all cases the inner layers of coronary ar-
tery walls adjacent to the obstructing thrombi or to pari-
etal thrombi were infarcted. These infarctions followed
nearly the same course as classical infarctions. From 13
hearts with segments occluded by thrombi but without
atherosclerotic lesions, 19 specimens were found suit-
able for quantitative investigations. The 2 segments with
the thinnest intima were lacking in inner layer infarc-
tions. The other 17 specimens contained areas of inner
layer necrosis of increasing diameter, depending on the
thickness of the wall. In each case the media was com-
pletely preserved. The mean thickness of the noninfarct-
ed wall tissue was 190±28 µm. This noninfarcted wall
tissue was supplied by vasa vasorum in the adventitia lo-
cated at an average distance of approximately 40 µm
from the media. The knowledge of the supplying areas of
the vasa vasorum could help us understand the pathogen-
esis of necroses in atherosclerotic plaques.

Keywords Infarction of coronary arteries · Coronary
thrombosis · Blood supply to arterial walls

Introduction

Today it is well known that myocardial infarction is usual-
ly caused by coronary thrombosis and that coronary throm-
bosis occurs due to rupture of the fibrous cap. As far as we
know, the question has not yet been answered whether in
the case of coronary thrombosis there is, in addition to

myocardial necrosis, inner wall infarction of the involved
coronary artery while the outer wall remains intact.

Materials and methods

From a large series of hematoxylin and eosin-stained slides of cor-
onary artery segments, well-preserved sections with coronary
thrombi were selected for investigation. They were obtained from
112 coronary artery segments from 65 human hearts on which
postmortem coronary angiography had been performed between
1972 and 1976 with a barium sulphate Micropaque and gelatin
mixture at a pressure of 100 mmHg [3]. The coronary artery seg-
ments were fixed in 4% formalin and embedded in paraffin. Mea-
surements of the thickness of the media of the surviving and ne-
crotic intima were performed using an eye-piece micrometer.

Results

Histology

In cases of very fresh thrombi characterized by well-rec-
ognizable fibrin networks and containing leukocytes
with well-preserved nuclei, necrosis was lacking in the
adjacent intima. The structure of slightly older thrombi
was somewhat condensed and included a few or several
fragments of granulocyte nuclei.

As a rule, the following alterations led to the diagnosis
of fresh necrosis of the inner layers of the intima: distinct
eosinophilia, modified intimal smooth muscle cells (“fi-
bro-muscular cells”) with pyknotic oval nuclei and nucle-
ar fragments especially in subendothelial areas and areas
near thrombi with many granulocytes. Nuclear fragments
were, however, also found in central and deeper necrotic
areas and in the presence of thrombi containing few
granulocytes. Sometimes older areas of necrosis were
completely devoid of nuclear remnants (Fig. 1).

Under thick parietal thrombi, an inner layer necrosis
was absent in the bordering areas that were obviously
nourished by the neighboring lumen. Under old thrombi
that were already in the process of organization, inner
layer necrosis was lacking.
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In coronary atherosclerotic lesions with old central
necrotic areas – for example lipid cores – a thrombotic
occlusion caused total necrosis of the fibrous cap, which
extended over to the old necrosis, becoming indistin-
guishable from it.

Quantitative investigations

Examining obstructions of coronary arteries may make it
possible to determine the areas supplied by the vasa
vasorum. Optimum results can be obtained with coro-
nary artery segments without atherosclerotic lesions in
which the surviving tissue is distinctly demarcated from
the inner layer necrosis. From 13 hearts (mean age of
subjects 72 years; 7 women, 6 men), 19 specimens (13
from the right coronary artery, 3 from the left descend-
ing, 2 from the left circumflex and 1 from a diagonal
branch of the left descending artery) fulfilled these crite-
ria. Figure 2 summarizes the results arranged by the
thickness of the arterial walls. The lines in the diagram

represent the thickness of the surviving and necrotic tis-
sue of inner layer infarctions. Each line is based on two
to six measurements.

In the two segments with the thinnest inner layer, ne-
crosis was entirely lacking (media thickness: 70 µm in the
one and 158 µm in the other; intima thickness: 5 µm and
44 µm). In the other 17 artery segments, the intima was
completely necrotic in 5 cases and largely necrotic in 11
cases. In only one case (no. 6) was the surviving part of
the intima almost as large as the necrotic part. In each
case the media was completely intact. Table 1 shows the
mean values obtained for the 17 thicker segments.

The mean thickness of the surviving tissue (media
plus surviving basal intima) in the 17 thicker segments
was 190±28 µm. The measured thickness increased
slightly according to the thickness of the arterial wall.
The increase in the diameter of the necrotic parts of the
intima was more pronounced. The standard deviations
were quite different. They were not remarkable in the
sum of the surviving area of the intima and media, and in
the media alone, but they were rather pronounced in the
necrotic intima and most obvious in the surviving basal
areas of the intima.

Discussion

Inner layer infarctions of coronary artery walls follow a
course similar to that of classical myocardial infarctions.
When the hypoxic myocardial lesions become irrevers-

Table 1 Mean thickness of various layers of coronary artery walls
adjacent to thrombi

Media thickness 160±38 µm
Thickness of the areas of surviving basal intima 030±33 µm
Thickness of the necrotic intima 173±59 µm
Total thickness of media and intima 363±76 µm

Fig. 1 Inner-layer infarction of the right coronary artery (man,
86 years) with complete thrombotic obstruction of the lumen. 
Thr small parietal remnants of the thrombus, the larger part of it
was removed by the preparation, NI necrotic intima, SI surviving
intima, M media. Hematoxylin and eosin ×375

Fig. 2 Quantitative investigations of 19 coronary artery segments
occluded by thrombi. The measurements were performed on areas
without arteriosclerotic lesions
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ible, insudation of serum proteins causes increased eosi-
nophilia [5, 9, 10] and granulocytes begin to immigrate
into the infarcted area, followed already on the first day
by macrophages and on the fourth day by capillaries [6].
For an estimation of the age of inner layer infarctions in
coronary arteries, structural changes in the thrombi could
prove useful, although often structural variations of the
thrombi are pronounced and make an accurate determi-
nation of the age difficult [4].

There are several ways for granulocytes to immigrate
into the infarcted area, including from the lumen of the
coronary artery, from the vasa vasorum and probably from
adjacent areas of younger thrombi containing many leuko-
cytes. The morphologic diagnosis of an inner layer infarc-
tion of a coronary artery is based on the combination of in-
creased eosinophilia, pyknotic and fragmented nuclei, and
immigration of leukocytes. One single criterion is not suf-
ficient. For example, the loss of interstitial nuclei in inner
intimal layers may also be due to postmortem autolysis.

The normal media and intima of coronary arteries do
not contain capillaries. The inner layers are nourished by
means of diffusion from the lumen, the outer layers by
the vasa vasorum. The extent and boundaries of these
different supplying areas are still unknown. Physiologi-
cal investigations with thin electrodes provided first in-
sights into the O2 distribution of arterial walls. In larger
arteries, a decrease in the O2 tension in the inner layers
of arterial walls and a re-increase in the outer layers has
been observed [7, 8]. In human coronary arteries with an
intima thickness greater than 0.45 mm, reduced nicotina-
mide adenine dinucleotide (NADH) and ATPase activity
has been detected in inner and central areas of the media
[1]. For further references see other reports [2].

In coronary arteries that are completely obstructed by
thrombi the diffusion of O2 and of nutrients from the lu-
men is interrupted. Therefore the only sources that can
nourish the surviving underlying wall layers are the vasa
vasorum.

In obstructed coronary arteries (Fig. 2) with an inti-
mal thickness between 0.2 mm and 0.4 mm the surviving
area, composed of the media and mostly of an additional
narrow part of the basal intima, measured almost con-
stantly about 0.19 mm. In thinner arterial walls, areas of
intimal necrosis were usually thinner than the surviving
areas, and in thickest walls an inverse relationship was
found. Where the intima was very thin necrosis was
lacking (Fig. 2, nos. 1–2).

The O2 demand is variable. It depends above all on
the tissue type, the number of cells per volume, and the
age. O2 diffusion might be favored by the higher intra-
mural pressure in the inner layers. In the outer layers the
intramural pressure is low and depends on the lower in-
tracapillary pressure. Because of this difference in pres-
sure, capillaries are lacking in normal inner layers of ar-
teries; the higher intramural pressure in the surrounding
area would empty the blood out of the capillaries. 

Probably inner layer infarctions are not confined to
the coronary arteries. In a similar manner they should be
found in other large arteries.

Limitations

Our measurements were performed on postmortem coro-
nary arteries. They were filled with contrast medium at
physiological pressure. Thus the postmortem diameters
of coronary arteries correspond well with the intravital
ones after application of nitroglycerin [3]. However, tis-
sues shrink when embedded in paraffin. For a better esti-
mation of the degree of shrinkage, exact quantitative in-
vestigations are needed.

Our investigations were restricted to the intima and
media. The adventitia was not examined intensively. Un-
der normal conditions, however, the coronary vasa vaso-
rum are situated in the adventitia. In the 19 segments in
our study that were occluded by thrombi (Fig. 2) the sur-
viving area of the basal intima and media was supplied by
capillary vasa vasorum (filled with blood) located at an
average distance of 37±24 µm from the media. Pathologic
changes in small arteries, arterioles, and capillaries of the
vasa vasorum were not detected. In our postmortem spec-
imens we did not succeed in labeling the capillary endo-
thelial cells using immunohistochemical methods.

To date, it is unknown whether in cases of coronary
thrombosis the surviving areas in the coronary arteries
perform their function completely or whether they lead
only a vita minima. Probably there are all grades depend-
ing on the distance from the vasa vasorum.

Outlook

In the center of large atheroslerotic lesions, necrotic ar-
eas are often much thicker than inner layer necroses of
obstructed coronary arteries. The central necroses in ath-
eroscerotic lesions are surrounded by the fibrous cap ad-
jacent to the lumen and the surviving basal parts of the
intima. Having gained an idea of the area supplied by the
coronary vasa vasorum, a comparison of these values
with those of the surviving areas around atherosclerotic
necrosis could be of interest. So far it has not been ascer-
tained whether the atherosclerotic necrosis is caused by
lipoproteins, e.g., oxidized low density lipoproteins, or
by an insufficient supply of oxygen and nutrients due to
the thickening of the arterial wall.
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Abstract The objective of this forensic autopsy study
was to determine the immunohistochemical expression
pattern of lactoferrin (LF) in pulmonary tissue sections
deriving from fatal slow-onset asthma (time interval be-
tween onset of asthma attack and death >2.5 h) and fatal
sudden-onset asthma (cases in which death occurred
within 1 h of the onset of an asphyxic asthma attack) rel-
ative to controls (sudden death due to diseases other than
respiratory disorders). LF was applied to paraffin sec-
tions using a standard peroxidase-labelled streptavidin-
biotin technique. LF immunoreactivity was graded semi-
quantitatively in relation to different histoanatomic dis-
tribution sites of LF on a five category ordinal scale
(maximum score of 15). We found a statistically signifi-
cant difference between an enhanced expression of LF in
both asthma groups relative to the controls (P<0.004 and
P<0.001, respectively). When comparing both asthma
groups, there was a statistically significant difference in
LF immunoreactivity between the slow-onset and sud-
den-onset asthma group (P<0.001). Since LF immunore-
activity was far less intense in the sudden-onset asthma
group (mean expression ±SD: 7.3±1.3) than in the slow-
onset asthma group (12.5±1), and an absent or weak LF
expression pattern was observed in the control group
(1.4±1.3), we assume that our results permit the follow-
ing cautious estimations: (1) pulmonary LF expression is
enhanced in asthma attacks with fatal outcome relative to
controls and (2) a different expression pattern of LF can
be observed in fatal sudden-onset asthma compared to
slow-onset asthma in so far as the pulmonary expression
of LF seems to be positively correlated with the preced-
ing period of time between the asphyxic asthma attack
and death. Further clinicopathologic studies including 

in-patient asthma fatalities with a well-known medical
history are required to scrutinize if the pulmonary ex-
pression of LF is in fact positively associated with the
time span of the asthma attack, thus possibly providing
further therapeutic opportunities to intervene in severe
asphyxic asthma.

Keywords Lactoferrin · Asthma · Sudden-onset · 
Slow-onset · Forensic autopsy

Introduction

Asthma is a disease characterized, in part, by reversible
airflow obstruction, hyperresponsiveness and inflamma-
tion. Although it is well established that infiltration by
eosinophils, activated T-lymphocytes and mast cells
plays the central role in the inflammatory process by re-
leasing mediators that cause exaggerated bronchocon-
striction and induce airway smooth muscle cell prolifera-
tion [2, 5, 11, 12, 15, 19, 28], more recent studies have
suggested that leukocytes such as neutrophils, basophils
and macrophages that express cytokines and cellular 
adhesion molecules are important in modulating sub-
mucosal airway inflammation [9, 10, 14, 16, 22]. Some 
authors have described histological differences regarding
the time interval from the onset of an asthma attack to
fatal outcome by investigating the airways of patients
who died from slow-onset asthma relative to cases of 
fatal sudden-onset asthma, the latter characterized by a
relative paucity of eosinophils in the face of an excess of
neutrophils in the airway submucosa [6, 24].

The airway secretions produced in association with
acute asthma attacks are rich in proteins regulating the
host response to infection and inflammation. One such
protein is lactoferrin (LF), a non-specific modulator of
airway inflammation, located in subepithelial seromu-
cous glands of the bronchi and in specific granules of
leucocytes. The aim of the present study was to (1) in-
vestigate LF immunoreactivity in autopsy cases of fatal
asthma and controls, and (2) determine whether a differ-
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ent expression pattern of LF can be observed in sudden-
onset asthma relative to slow-onset fatal asthma.

Materials and methods

Study groups

Lung tissue sections were obtained from four different lung lobes
at autopsy from 16 individuals separated into three study groups:

1. Fatal slow-onset asthma: four non-consecutive autopsy cases
(two males, two females; individual ages 7–66 years) in which
the time interval between onset of asthma attack and death was
more than 2.5 h (maximum 8 h).

2. Fatal sudden-onset asthma: four non-consecutive autopsy cases
(three males, one female; individual ages 24–58 years) in
which death occurred within 1 h of the onset of an asphyxic
asthma attack.

3. Control subjects: eight non-consecutive autopsy cases (seven
males, one female; individual ages 6–79 years) with sudden
death due to diseases other than respiratory disorders. The in-
dividuals had no medical history of asthma and in none of the
cases was suspicion of an underlying infectious disease
aroused by autopsy findings. No other disease was found at 
autopsy except for the cause of death (myocardial infarction
n=2; electrocution n=2; subdural hemorrhage n=1; positional
asphyxia n=1; gun shot wounds n=1; peritoneal shock n=1).
The survival times following the fatal incident ranged between
a few seconds and a few minutes. Cardiopulmonary resuscita-
tion attempts were not performed in any of the cases.

All individuals included in study groups 1 and 2 were outpatients
and had a previous medical history of asthma. Based on autopsy
findings, death was attributed to asthma in all cases and no other
concomitant diseases contributing to death were revealed by 
autopsy or a thorough histological examination of the relevant 
internal organs.

Routine histology

The lung specimens from the three study groups, including at least
two bronchi in each histological slide, were fixed in 4% buffered
formalin, embedded in paraffin, cut into 4- to 5-µm sections and
stained with hematoxylin and eosin (HE) and periodic acid-schiff
(PAS) for routine histological examination.

Immunohistochemistry

Details of the immunohistochemical staining procedure have been
described elsewhere [27]. In brief, antibodies against LF (Dako,
Glostrup, Denmark) were applied using a standard peroxidase-
labelled streptavidin-biotin technique. Two negative control sec-
tions were used in each case. One was incubated only with the sec-
ond antibody, the other only with the primary antibody. For posi-
tive controls, sections of human submandibular gland were used.

All slides were randomly coded and examined without knowl-
edge of their origin from each study group. Five representative 
visual fields including bronchi were randomly selected from the
center of the slides and analyzed at 20× magnification.

LF immunoreactivity was graded separately on a five-category
ordinal scale in relation to the different histoanatomic distribution
sites of LF, namely in (a) bronchial submucosa, (b) peribronchial
tissue, (c) serous parts of subepithelial seromucous glands of the
bronchi, (d) mucous parts of subepithelial seromucous glands of the
bronchi, and (e) mucous plugs in the bronchial lumen. In each of the
five anatomic sites evaluated, the intensity of LF immunostaining
was assessed semi-quantitatively using a scale from 0 to 3, with (0)
representing no staining, (1) weak, (2) moderate and (3) strong
staining reaction. The total grading score of LF immunoreactivity

was achieved in each case by addition of the five variables [staining
intensity (0–3) in a–e] and the results were graded from 0 (no im-
munoreactivity in any of the anatomic sites) to a maximum score of
15 (strong-staining reaction in each of the histoanatomic sites).

Statistical analysis

Statistical analysis of the data was performed using descriptive
statistics and an unpaired sample t-test and the Mann-Whitney
rank sum test with P values <0.01 considered significant.

Results

Routine histological examination

Hyperplasia of submucosal seromucous glands and
smooth muscle cells of the bronchi, hyaline thickening
of the subepithelial basement membrane and mucous
plugs occluding the bronchial lumen was similar in both
asthma groups. The slow-onset asthma group showed an
intense infiltration of eosinophils, lymphocytes, mast
cells and monocytes in the bronchial submucosa and
peribronchial tissue (Fig. 1). Distinct from the slow-on-
set asthma group containing numerous eosinophils, a
clear neutrophil predominance in the inflammatory cell
infiltrate within the bronchial submucosa and peribron-
chial tissue was present in two cases of the sudden-onset
asthma group (Fig. 2). In none of the cases included in
both asthma groups were pneumonic tissue alterations or
any co-existent lung diseases detected. 

In the control group, no pneumonic tissue alterations
or pre-existing lung diseases were found; in one case
(death due to positional asphyxia) the pulmonary micro-
vasculature was engorged and showed considerable 
hyperemia; a mild to moderate alveolar edema was pres-
ent in three cases (myocardial infarction n=2; subdural
hemorrhage n=1).

Fig. 1 Representative histological section from an individual 
dying of slow-onset asthma. Predominance of eosinophils within
the bronchial submucosa and peribronchial tissue. Hematoxylin
and eosin, original magnification ×25
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Immunohistochemistry

Differences in LF immunoreactivity in slow-onset 
asthma, sudden-onset asthma and controls in relation
to the different histoanatomic distribution sites of LF

In the slow-onset asthma group, LF reacted strongly with
leukocytes within the bronchial submucosa and peribron-
chial tissue (Fig. 3), whereas LF immunoreactivity was

weak to moderate at these regions in the cases included
in the sudden-onset asthma group (Fig. 4). While no LF
positive cells were detectable in the bronchial submu-
cosa of the control cases, occasionally a weak to moder-
ate staining for LF in fewer such positive cells was seen
in leukocytes (mostly located intravascular) within the
peribronchial tissue. 

Mucous plugs in the bronchial lumen were strongly
positive for LF in three cases of slow-onset asthma,
whereas no staining with LF was seen in the mucous
plugs in any of the sudden-onset asthma cases. While 
serous parts of subepithelial seromucous glands of the
bronchi expressed a strong positive homogeneous reac-
tion pattern in slow-onset and sudden-onset asthma, a
weak to moderate heterogeneous LF staining was detect-
able in only a limited number of mucous parts of sub-
epithelial seromucous glands in both asthma groups
(Fig. 5a, b). In the controls, the prevailing number of
mucous and serous parts showed no immunoreactivity.
However, an infrequent weak to moderate LF expression
was seen occasionally in mucous and serous parts of
subepithelial bronchial glands in a limited number of 
visual fields in two of the control cases.

Differences in slow-onset asthma, sudden-onset asthma
and controls in relation to the total grading score of LF
immunoreactivity

LF was strongly expressed in the slow-onset asthma
group (mean expression ± standard deviation (SD):

Fig. 2 Sudden-onset asthma case. Neutrophil predominance in the
bronchial submucosa. Hematoxylin and eosin, original magnifica-
tion ×25

Fig. 3 Representative immunohistochemical section from an indi-
vidual dying of slow-onset asthma. Strong lactoferrin (LF) immu-
noreactivity in leukocytes within the bronchial submucosa and
peribronchial tissue. LF, original magnification ×25

Fig. 4 Representative immunohistochemical section from an indi-
vidual dying of sudden-onset asthma. Weak to moderate lactofer-
rin (LF) immunoreactivity in leukocytes within the bronchial sub-
mucosa and peribronchial tissue. LF, original magnification ×25
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12.5±1), whereas the cases included in the sudden-onset
asthma group displayed a preponderant moderate immu-
noreaction pattern (7.3±1.3). An absent or weak LF 
immunoreactivity was observed in the control cases
(1.4±1.3). Concerning the enhanced expression of LF in
the slow-onset asthma group, there was a statistically
significant difference in LF immunoreactivity referring
to the total grading score between the slow-onset and
sudden-onset asthma group (P<0.001). In comparison
with the control group, immunoreactivity of LF differed
significantly in the slow-onset asthma group (P<0.004)
and in the sudden-onset asthma group (P<0.001).

The immunohistochemical expression of LF in the
three study groups is shown in Fig. 6. The results of the
semi-quantitative grading of the immunohistochemical
expression of LF in the three study groups are given in
Table 1. 

Discussion

Airway mucus from asthmatic patients is qualitatively
and quantitatively abnormal, reflecting the interactions
between the inflammatory cells infiltrating the airway
wall and the pathologic changes in secretory cells and in
blood vessels in the airway epithelium and submucosa
[7, 8]. In airway inflammation LF is substantially en-
riched on mucosal surfaces [25]. LF is found in subepi-
thelial seromucous glands of the bronchi and in specific
granules of leucocytes [1, 3, 13, 18, 27] and plays a cen-
tral role in the modulation of airway inflammation refer-
ring to its ability of binding free iron, thus preventing
iron-mediated catalysis of hydroxyl radical formation
and promoting leucocyte adherence to endothelial cells,
hence amplifying the cellular response at inflammatory
sites [4, 17, 20, 21]. Interest in the inflammatory re-
sponse mediated by cytokines and endothelial adhesion
molecules has been aroused recently in the light of their
possible role in asthmatic bronchial obstruction [22, 26]
but little is known about the role of LF in asphyxic 
asthma attacks with fatal outcome.

In the present study we found a statistically signifi-
cant difference between an enhanced expression of LF in
slow-onset asthma and sudden-onset asthma in compari-
son to the controls (P<0.004 and P<0.001, respectively),
and, when comparing both asthma groups, there was 

Fig. 5 Lactoferrin (LF) staining of subepithelial seromucous
glands of the bronchi in fatal asphyxic asthma. a Strong positive
homogeneous reaction pattern in serous parts. Sudden-onset 
asthma case. b Weak to moderate heterogeneous LF staining in
mucous parts. Sudden-onset asthma case. LF, original magnifica-
tion ×100

Fig. 6 Immunohistochemical expression of lactoferrin (LF) in the
three study groups

Table 1 Results of the semi-quantitative grading of the immuno-
histochemical expression of lactoferrin in the three study groups
using descriptive statistics. SD standard deviation

Study group Mean Range 95% 
expression Confidence
±SD interval

Slow-onset asthma 12.5±1 11–13 10.9–14.1
Sudden-onset asthma 7.3±1.3 6–9 5.3–9.3
Controls 1.4±1.3 0–3 0.3–2.5



a statistically significant difference in LF immunoreac-
tivity referring to the total grading score between the
slow-onset and sudden-onset asthma group (P<0.001).
For that reason we assume that our results are indicative
of a positive association between an enhanced expres-
sion of LF and the time interval between the onset of
asthma attack and death: in the sudden-onset asthma
group, where death occurred within 1 h of the onset of
the asphyxic asthma attack, LF immunoreactivity was far
less intense (7.3±1.3) than in the slow-onset asthma
group (12.5±1), the latter including cases with a mini-
mum time interval of 2.5 h between onset of asthma 
attack and fatal outcome.

Concerning LF immunopositivity in subepithelial sero-
mucous glands of the bronchi, we found no differences in
the secretory product of serous (strong homogeneous stain-
ing for LF) and mucous parts (weak to moderate hetero-
geneous staining in a limited number of cells) in the two
asthma groups, in contrast to no or relatively sparse LF im-
munopositivity in the controls. Probably the most striking
finding was that in three slow-onset asthma cases, mucous
plugs occluding the bronchial lumen showed an intense LF
immunoreactivity, but no staining for LF was seen in mu-
cous plugs in any of the sudden-onset asthma cases.

There were no obvious differences in LF immunore-
activity in the two cases of the sudden-onset asthma
group showing a neutrophil predominance in the bron-
chial submucosa and peribronchial tissue that was not
found in the remaining cases included in this study group
where the number of eosinophils exceeded neutrophils in
the airway submucosa. Because of the small sample size,
it was not possible to demonstrate any statistically sig-
nificant trends between gender and age, or between other
individual parameters within the different study groups.

Undoubtedly, the present forensic autopsy study has
several potential weaknesses attributable to the fact that
all cases presented as sudden death and occurred out of
hospital. Apart from the knowledge of the time interval
between onset of asthma and death that was reconstructed
from witness reports using police files and prosecution
department records, making it possible to divide the 
asthma fatalities in two study groups, no data concerning
the previous medical history (e.g. regular anti-asthmatic
drug intake, pre-existing individual risk factors) were
available from the subjects included in our study and
therefore we are unable to comment on these points.

The current immunohistochemical investigation rep-
resents a first look at the pulmonary expression of LF in
autopsy cases of fatal asthma. Taking the aforementioned
factors and the small number of cases investigated into
consideration, the results of our study permit some 
cautious estimations: (1) pulmonary LF expression is 
enhanced in asthma attacks with fatal outcome relative 
to non-asthmatic fatalities, and (2) a different expression
pattern of LF can be observed in sudden-onset asthma
relative to slow-onset fatal asthma in so far as the 
pulmonary expression of LF seems to be positively 
correlated with the preceding period of time between 
the onset of the asphyxic asthma attack and death.

Since a recent study has shown that topical gluco-
corticoids such as budesonide and beclomethasone di-
propionate decrease bronchial LF secretion in vitro [23]
further studies on pulmonary LF expression in severe
asthma, including in-patients with a well-known history
of anti-inflammatory drug intake, may provide a basis
for a clearer understanding whether the observed altera-
tions of LF immunoreactivity simply represent epiphe-
nomena without any causal relationship concerning the
time span of the asphyxic asthma attack or whether the
present findings may have future diagnostic or therapeu-
tic implications in severe asthma.

Acknowledgements This study was supported in part by a grant
from the Freundes- und Förderkreis des Universitäts-Kranken-
hauses Eppendorf e.V., Hamburg, Germany.

References

1. Baynes RD, Bezwoda WR (1994) Lactoferrin and the inflam-
matory response. In: Hutchens TW, Rumball SV, Lönnerdal B
(eds) Lactoferrin. Structure and function. Plenum Press, New
York, pp 133–141

2. Bousquet J, Chanez P, Lacoste JY, Barneon G, Ghavanian N,
Enander I, Venge P, Ahlstedt S, Simony-Lafontaine J, Godard P,
Michel FB (1990) Eosinophilic inflammation in asthma. N Engl
J Med 323:1033–1039

3. Bowes D, Clark AE, Corrin B (1981) Ultrastructural localisa-
tion of lactoferrin and glycoprotein in human bronchial glands.
Thorax 36:108–115

4. Boxer LA, Coates TD, Haak RA, Wolach JB, Hoffstein S, 
Baehner RL (1982) Lactoferrin deficiency associated with 
altered granulocyte function. N Engl J Med 307:404–410

5. Carroll N, Elliot J, Morton A, James A (1993) The structure of
large and small airways in nonfatal and fatal asthma. Am Rev
Respir Dis 147:405–410

6. Carroll N, Carello S, Cooke C, James A (1996) Airway struc-
ture and inflammatory cells in fatal attacks of asthma. Eur 
Respir J 9:709–715

7. Fahy JV (2001) Remodeling of the airway epithelium in asth-
ma. Am J Respir Crit Care Med 164:S46–S51

8. Fahy JV, Corry DB, Boushey HA (2000) Airway inflammation
and remodeling in asthma. Curr Opin Pulm Med 6:15–20

9. Faul J, Tormey V, Leonard C, Burke C, Horne S, Poulter L
(1997) Lung immunopathology in cases of sudden asthma
death. Eur Respir J 10:301–307

10. Glare EM, Divjak M, Bailey MJ, Walters EH (2001) The use-
fulness of competitive PCR: airway gene expression of IL-5,
IL-4, IL-4?2, IL-2, and IFN? in asthma. Thorax 56:541–548

11. Jeffery PK (1992) Pathology of asthma. Br Med Bull 48:23–
39

12. Jeffery PK, Wardlaw AJ, Nelson FC, Collins JV, Kay AB
(1989) Bronchial biopsies in asthma: an ultrastructural, quanti-
tative study and correlation with hyperreactivity. Am Rev 
Respir Dis 140:1745–1753

13. Jeremy B (1995) Lactoferrin: a multifunctional immunoregu-
latory protein? Immunol Today 16:417–419

14. Kepley CL, McFeeley PJ, Oliver JM, Lipscomb MF (2001)
Immunohistochemical detection of human basophils in post-
mortem cases of fatal asthma. Am J Respir Crit Care Med
164:1053–1058

15. Kroegel C (1990) The role of eosinophils in asthma. Lung
168[Suppl]:5–17

16. Lamblin C, Gosset P, Tillie-Leblond I, Saulnier F, 
Marquette CH, Wallaert B, Tonnel AB (1998) Bronchial 
neutrophilia in patients with noninfectious status asthmaticus.
Am J Respir Crit Care Med 157:394–402

498



comparison between human upper and lower airways. J Aller-
gy Clin Immunol 106:1053–1062

24. Sur S, Crotty TB, Kephart GM, Hyma BA, Colby TV,
Reed CE, Hunt LW, Gleich GJ (1993) Sudden-onset fatal 
asthma. A distinct entity with few eosinophils and relatively
more neutrophils in the airway submucosa? Am Rev Respir
Dis 148:713–719

25. Thompson AB, Bohling T, Heires A, Linder J, Rennard SI
(1991) Lower respiratory tract iron burden is increased in 
association with cigarette smoking. J Lab Clin Med 117:493–
499

26. Tonnel AB, Gosset P, Tillie-Leblond I (2001) Characteristics
of the inflammatory response in bronchial lavage fluids from
patients with status asthmaticus. Int Arch Allergy Immunol
124:267–271

27. Tsokos M, Anders S, Paulsen F, Fehlauer F, Püschel K (2001)
Comparative evaluation of pulmonary lactoferrin and lyso-
zyme immunoreactivity for the post-mortem diagnosis of
death due to sepsis. Virchows Arch 438: 376–381

28. Wardlaw AJ, Dunnette S, Gleich GJ, Collins JV, Kay AB
(1988) Eosinophils and mast cells in bronchoalveolar lavage
in subjects with mild asthma. Relationship to bronchial hyper-
reactivity. Am Rev Respir Dis 137:62–69

499

17. Lehrer RI, Ganz T, Selsted ME, Babior BM, Curnutte JT
(1988) Neutrophils and host defense. Ann Intern Med
109:127–142

18. Masson PL, Heremans JF, Prignot JJ, Wauters G (1966) Im-
munohistochemical localization and bacteriostatic properties
of an iron-binding protein from bronchial mucus. Thorax
21:538–544

19. Oddera S, Silvestri M, Balbo A, Jovovich BO, Penna R,
Crimi E, Rossi GA (1996) Airway eosinophilic inflammation,
epithelial damage, and bronchial hyperresponsiveness in pa-
tients with mild-moderate, stable asthma. Allergy 51:100–107

20. Oseas R, Bullen JJ, Armstrong JA (1979) The role of lactofer-
rin in the bacterial function of polymorphonuclear leucocytes.
Immunology 36:781–791

21. Oseas R, Yang HH, Baehner RL, Boxer LA (1981) Lactofer-
rin: a promoter of polymorphonuclear leukocyte adhesiveness.
Blood 57:939–945

22. Popper HH, Pailer S, Wurzinger G, Feldner H, Hesse C,
Eber E (2002) Expression of adhesion molecules in allergic
lung diseases. Virchows Arch 440:172–180

23. Roca-Ferrer J, Mullol J, Perez M, Xaubet A, Molins L, 
de Haro J, Shelhamer J, Picado C (2000) Effects of topical
glucocorticoids on in vitro lactoferrin glandular secretion:



Abstract To define mediator profiles in inflamed and
noninflamed areas in inflammatory bowel disease (IBD)
we analyzed the expression of 35 messenger-RNAs
(mRNAs) encoding cytokines, chemokines, and some re-
lated molecules in transmural gut tissues (n=138) from
patients with ulcerative colitis (UC), Crohn’s disease
(CD), and inflammatory and normal controls by real-
time quantitative reverse transcription polymerase chain
reaction. Using sample collectives with a comparable de-
gree of inflammation, most parameters investigated
showed similarly increased mRNA expression levels in
both active UC and CD. This included proinflammatory
cytokines, but also interferon (IFN) γ and several IFN-γ
inducible chemokines. Only macrophage inflammatory
protein (MIP)-2α mRNA was expressed at higher levels
in inflamed UC vs. CD. IH revealed that MIP-2α protein
was produced mainly by intestinal epithelial cells. Im-
portantly, in histologically noninflamed/inactive IBD
samples mRNAs for several mediators were significantly
enhanced, accompanied by elevated levels of migration-
inhibition factor related protein (MRP) 14 transcripts.
CD14 positive macrophages were found especially in

noninflamed/inactive UC, many of which coexpressed
the RFD-7 antigen. Our results indicate a substantial
overlap in cytokine/chemokine mRNA expression in UC
and CD. Elevated mediator expression is evident in non-
inflamed/inactive areas in both diseases. Local recruit-
ment of MRP-14 positive leukocytes might contribute to
this phenomenon. In inactive UC a phenotypically al-
tered population of macrophages expressing CD14 might
play an additional role.

Keywords Crohn’s disease · Ulcerative colitis · 
Cytokines · Chemokines

Introduction

Impaired intestinal immunoregulation plays a central role
in the pathogenesis of chronic inflammatory bowel diseas-
es (IBD) such as ulcerative colitis (UC) and Crohn’s dis-
ease (CD) [19]. A breakdown of mucosal “tolerance” with
development of an unphysiological immune response
against components of the resident intestinal microbial
flora and/or the multitude of additional luminal antigens
seems to be involved [17]. Given, however, the apparent
differences in clinical and histopathological features in
UC vs. CD, attempts have been made to detect distinctive
immunological alterations in these entities, especially with
respect to the local cytokine network. In this regard, sever-
al studies indicate a predominant role of so-called T-help-
er-1 (Th1) cytokines in CD, for example, interleukin (IL)
2, and especially interferon (IFN) γ and cytokines known
to be involved in IFN-γ induction and Th1 clone develop-
ment such as IL-12 and IL-18 [3, 8, 9, 20, 26, 29, 30, 31,
32, 34, 35]. On the other hand, in both UC and CD proin-
flammatory cytokines such as IL-1β, IL-6, tumor necrosis
factor (TNF) α, IL-8 and others are clearly upregulated in
inflamed areas [3, 9, 10, 15, 26, 27, 38]. In addition, ex-
perimental data suggest that a dysregulation of contrain-
flammatory mediators, for example, IL-1 receptor antago-
nist (IL-1Ra) and IL-10, might favor such pathogenic cy-
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tokine production [11, 44]. Finally, chemokines which ac-
tivate and attract granulocytes and mononuclear cells, for
example, monocyte-chemoattractant protein (MCP) 1, epi-
thelial neutrophil-activating protein 78 (ENA-78), and
RANTES (regulated upon activation, normal T cell ex-
pressed and presumably secreted) have also been found el-
evated in inflamed IBD tissues [28, 39, 49].

Although as yet not investigated in much detail, in-
creased production of proinflammatory mediators such
as IL-1, IL-6, and TNF-α has also been detected in non-
inflamed/inactive IBD, preferentially in CD [37, 38].
This indicates that subclinical immune alterations can
exist in such patients.

The availability of the technology of real time quanti-
tative reverse-transcription polymerase chain reaction
(RT-PCR) along with a large panel of recently established
mediator-specific reaction systems motivated us to under-
take a comprehensive and detailed expression analysis of
messenger-RNAs (mRNAs) in gut tissues from patients
with UC and CD. Samples from patients with other caus-
es of gut inflammation and from normal noninflamed
specimens served as controls. With this approach we
aimed at identifying distinctive, characteristic cytokine
expression profiles in active UC vs. CD. Furthermore, we
wanted to investigate whether RT-RCR analysis allows
the detection of “subclinical” alterations in mediator ex-
pression in samples from histologically noninflamed/in-
active IBD areas as compared with normal, noninflamed
gut. To establish UC and CD sample collectives with a
comparable degree of inflammation, all samples included
in the study were characterized by histopathology prior to
the PCR analysis. In addition, the leukocyte-restricted
molecule CD45 was employed to further verify the histo-
logical classification of the collectives.

A substantial yet limited panel of parameters was in-
vestigated. Our data indicate a large degree of overlap in
cytokine/chemokine mRNA expression in UC vs. CD,
including lymphokines such as IFN-γ and several IFN-γ
inducible chemokines. Only few parameters showed dif-
ferent expression levels in UC vs. CD and in IBD vs. in-
flammatory controls (IFC). Our results clearly demon-
strate the existence of an elevated production of inflam-
matory mediators in histologically noninflamed/inactive
areas in both UC and CD. This is accompanied by in-
creased levels of granulocyte/macrophage-associated
transcripts such as migration-inhibition factor related
protein (MRP) 14, which indicates a local recruitment of
peripheral blood leukocytes to such sites. Especially in
inactive UC a phenotypically altered population of mac-
rophages expressing CD14 might play an additional role.

Materials and methods

RT-PCR

IBD tissues

A total of 107 intestinal tissue samples from 83 different IBD pa-
tients (34 with UC, 49 with CD) undergoing surgical resection of

the gut were included in the PCR study and were taken from the
tissue files of the Institute of Pathology, Heidelberg University.
The use of human tissue for the analysis was approved by Heidel-
berg University. In all cases the diagnosis was established by con-
ventional clinical and histopathological criteria. Patients with UC
(15 women, 19 men) had a median disease duration of 11.5 years
(range 1–28) and a mean age at surgery of 42 years (range 10–59).
Patients with CD (28 women, 21 men) had a median disease dura-
tion of 9 years (range 0.5–46) and a mean age at surgery of
36 years (range 19–81). Of 34 the UC patients 18 received immu-
nosuppressive therapy before the operation (corticosteroids, aza-
thioprine in 6 cases, cyclosporine A in 3 cases) while 16 patients
did not. Of the 49 CD patients 23 received immunosuppressive
therapy (corticosteroids, azathioprine in 4 cases) while 25 patients
did not. The majority of IBD patients had medication with non-
steroidal antiphlogistics [5-aminosalicylates, (5-ASA); mesalaz-
ine), sulfasalazine in 7 cases]. Seven UC patients and 18 CD pa-
tients had no medical therapy.

Transmural gut tissue samples from macroscopically inflamed
and noninflamed areas were used (snap-frozen in liquid nitrogen
immediately after resection). All samples included in the study
were characterized by histopathology prior to the PCR analysis.
Samples considered to be inflamed all had typical features of ac-
tive IBD and were histologically characterized by unequivocally
increased mononuclear infiltrates accompanied by active lesions
such as crypt abscesses/cryptitis, erosions or ulcerations. IBD
samples considered as noninflamed/inactive histologically had no
such lesions and no or only a marginal increase in the content of
mononuclear cells as compared with normal control tissues (NC).
This histological classification was carried out independently by
two investigators. All UC samples analyzed by PCR originated
from colon (n=40) and included samples from actively inflamed
(n=25) and noninflamed/inactive areas (n=15). In CD 38 samples
were derived from ileum/jejunum (actively inflamed, n=25; nonin-
flamed/inactive, n=13), and 29 from colon (actively inflamed,
n=15; noninflamed/inactive, n=14).

Control tissues

As NC (n=21), transmural samples from nonaffected ileum/jeju-
num (n=11) and colon (n=10) from 21 patients undergoing bowel
resection for colon cancer (n=16, all adenocarcinomas), adenoma
(n=1), mesenterial liposarcoma (n=2), mesenterial fibromatosis
(n=1), and chronic obstipation (n=1) were used. As IFC (n=10),
samples from patients with recurrent sigma diverticulitis (n=3),
ischemic colitis/enteritis (n=4), nonspecific ileitis (n=2), and re-
current appendicitis (n=1) were used (7 samples from colon, 3
from ileum).

Isolation of RNA and quantitative RT-PCR

From each sample 20 mg gut tissue was obtained by collecting
transmural slices from the freshly obtained frozen tissue blocks at
–25°C in sterile tubes. Additional cryostat sections were cut from
the same blocks to analyze the respective tissue morphology and
degree of inflammation. For PCR analysis the 20-mg slices were
immersed in 1 ml TRI-Reagent (Sigma, Deisenhofen, Germany),
transferred to polypropylene tubes containing silica particles
(Hybaid, distributed by AGS, Heidelberg, Germany), and homoge-
nized using a Hybaid-ribolyser (Hybaid). After extraction with
chloroform and precipitation with isopropanol (both from Merck,
Darmstadt, Germany) total RNA was further purified using the
high-pure RNA isolation kit (Roche Applied Science, Mannheim,
Germany) according to the manufacturer’s instructions (elution
volume 50 µl). An aliquot of 8.2 µl RNA was reverse transcribed
using AMV reverse transcriptase and oligo-(dT) as primer (first-
strand cDNA synthesis kit for RT-PCR, Roche Applied Science,
used according to the manufacturer’s instructions). Reactions per-
formed without the use of reverse transcriptase served as controls
(no-RT control). The obtained cDNA was diluted 1:25 with dis-
tilled water and 10 µl were used for amplification.



ber of transcripts) of the amplified products is calculated from a
standard curve obtained by plotting known input concentrations of
four different representative plasmids (log dilutions) to the PCR
cycle number at which the detected fluorescence intensity reaches
a fixed value (=crossing point; CP). Using over 300 data points
generated in repetitive (×50) experiments, the actual copy number
of a transcript per microliter of cDNA is calculated from the stan-
dard curve with the LightCycler software package as follows:
X=e(–0.6553×CP+20.62). This approach dramatically reduces variations
due to dilution errors over several logarithmic dilution steps,
which are more likely to occur with individually prepared standard
samples. To further correct for differences in the content of total
RNA the calculated copy numbers were normalized according to
the average expression of the two housekeeping genes β-actin and
cyclophilin-B (CBP) in a given sample. To this end, the mean
number of transcripts in the entire series of samples was calculat-
ed for β-actin and for CBP. The mean percental deviation of an in-
dividual sample from these values was calculated and used as a
correction factor. Values for the different targets were thus calcu-
lated as input adjusted copy number per microliter of cDNA.

Statistics

Median and mean values of the respective RT-RCR results were
statistically analyzed using the SAS program (Statistical Analysis
System for Windows, version 6.11, SAS Institute, Cary, N.C.,
USA) and the SPSS program (version 8.0 and 10.0, SPSS, Mu-
nich, Germany). The t test procedure (TT) for unpaired samples
was used to compare the overall expression of parameters in in-
flamed (UC, CD, and IFC) vs. noninflamed samples. The Mann-
Whitney U test (MWU) for unpaired samples (two-tailed) was
performed for the comparative analysis of the different disease
groups. P values less than 0.01 were considered as significant.

Immunohistochemistry

Tissues

Protein expression of some of the investigated molecules was also
studied by IH. Material from the same specimens which were ana-
lyzed by PCR was used. The exceptions were two additional cases
with UC (both male; mean age 42 years; median disease duration
6.5 years; one had corticosteroids plus sulfasalazine, one only 5-
ASA) and five cases with CD (two women, three men; mean age
30 years; median disease duration 10 years; one patient treated
with corticosteroids, one with 5-ASA, three patients were without
medication). As controls, samples from one additional IFC case
(nonspecific ileitis) as well as nine additional NC (normal colon
and ileum from adenocarcinoma specimens; one case with intesti-
nal endometriosis) were used.

Antibodies

The following primary monoclonal antibodies (MAbs) were used:
mouse anti-human CD14, 1:10 (clone TÜK 4; Dako, Hamburg,
Germany); mouse anti-human macrophage-mature, 1:100 (clone
RFD-7, Serotec, Kidlington, UK); mouse anti-human MRP-14,
1:200 (clone S36.48; Dianova, Hamburg, Germany); mouse anti-
human IFN-γ, 1:400 (clone D9D10, Serotec). As polyclonal re-
agent, rabbit anti-human MIP-2α (GRO-β), 1: 400 (DPC-Bier-
mann, Bad Nauheim, Germany) was used. Mouse immunoglobu-
lin G1 (IgG1) and IgG2a negative control MAbs as well as normal
rabbit immunoglobulins (Dako) served as negative controls.

CD14 and MRP-14

IH for CD14 was performed on a large set of samples (n=78) with
UC (inflamed: n=9; noninflamed: n=11) and CD (14 inflamed, 7
ileum and 7 colon; 19 noninflamed, 9 ileum and 10 colon), 6 IFC,
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Parameter specific primer sets optimized for the LightCycler
instrument (Roche Applied Science) were developed and pur-
chased from Search-LC (Heidelberg, Germany). A list of the in-
vestigated parameters with the abbreviations used in the text is
shown in Table 1 (information available under: www.Search-
LC.com). The primer sets amplify fragments of about 300 bp from
the respective coding regions and are designed to be intron over-
spanning. The PCR was performed as recently described [23] us-
ing the LightCycler FastStart DNA Sybr Green I kit (Roche Ap-
plied Science) according to the protocol provided with the param-
eter-specific kits (35 amplification cycles, denaturation at 96°C,
primer annealing at 68°C with touchdown to 58°C, amplicon ex-
tension at 72°C). To control for specificity of the amplification
products a melting curve analysis was performed. No amplifica-
tion of unspecific products was observed. The copy number (num-

Table 1 Parameters investigated by RT-PCR using commercial
light cycler primer sets

Proinflammatory cytokines
Interleukin 1β (IL-1β)
Interleukin 6 (IL-6)
Interleukin 8 (IL-8)
Tumor necrosis factor α (TNF-α)

Contrainflammatory cytokines
Interleukin 10 (IL-10)
Interleukin 1 receptor antagonist (IL-1Ra)
Transforming growth factor β (TGF-β)

Regulatory and further cytokines:
Interferon γ (IFN-γ)
Interleukin 7 (IL-7)
Interleukin 12 (IL-12 p35 and IL-12 p40)
Interleukin 15 (IL-15)
Interleukin 18 (IL-18)
Early T lymphocyte activation protein 1 (ETA-1)
Platelet-derived growth factor B (PDGF-B)

Chemokines
Macrophage inflammatory protein 1α (MIP-1α)
Macrophage inflammatory protein 1β (MIP-1β)
Macrophage inflammatory protein 2α (MIP-2α)/growth-related
oncoprotein β (GRO-β)
Macrophage inflammatory protein 3β/EBI-1-ligand chemokine
(MIP-3β/ELC)
Alternative-activated macrophage associated chemokine 1
(AMAC-1/ MIP-4)
Monocyte chemoattractant protein 1 (MCP-1)
Epithelial neutrophil-activating protein 78 (ENA-78)
Interferon-inducible protein-10 (IP-10)
Monokine induced by interferon γ (MIG)
Interferon-inducible T cell α chemoattractant (I-TAC)
Thymus and activation regulated chemokine (TARC)

Matrix metalloproteinases (MMPs)
MMP-1
MMP-2
MMP-3

Calgranulins
Migration inhibition factor related protein-8/calgranulin A (MRP-8)
Migration inhibition factor related protein-14/calgranulin B/
calprotectin (MPR-14)

Leukocyte receptors
CD45
CD53
CD14
4-1BB (CDw137)
C-C-chemokine receptor R7 (CCR7)



and 19 NC (9 ileum, 10 colon) using the alkaline phosphatase an-
ti-alkaline phosphatase (APAAP) procedure [13]. MRP-14 was
immunostained on corresponding paraffin sections from the same
specimens with UC (7 inflamed, 6 noninflamed), CD (8 inflamed,
8 noninflamed), and NC (n=22).

Native cryostat sections 4 µm thick (fixed in –20°C acetone for
10 min) were used for CD14 stainings. The primary MAb was dilut-
ed in Tris-buffered saline with addition of 2.5 mg/ml normal human
immunoglobulins (γ-venin, Behring, Marburg, Germany) and 0.2%
bovine serum albumin (BSA; Sigma, Deisenhofen, Germany) and
incubated for 1 h at room temperature, followed by washing and
postfixation of the slides in 2% paraformaldehyde (PFA; Merck,
Darmstadt, Germany) buffered with 2× SSPE, pH 7.4 (1× SSPE
contains 0.15 mol/l NaCl, 0.01 mol/l NaH2PO4*H2O, 1 mmol/l ED-
TA; Sigma) for 10 min at room temperature. As secondary reagents,
polyclonal rabbit anti-mouse bridging antibodies (Dako, 1:25) and
the APAAP complex (Dako, 1:50) were incubated in two incubation
cycles of 30 and 15 min. Naphthol AS-biphosphate (Sigma) and
new fuchsin (Merck) was used as the substrate for alkaline phospha-
tase [13], followed by counterstaining with hematoxylin. MRP-14
was immunostained after the same protocol, except that dewaxed
paraffin sections were used and postfixation with PFA was omitted.

To quantify the expression of CD14 and MRP-14 the number
of positive cells was analyzed on coded slides using a Zeiss photo-
microscope III (Zeiss, Oberkochem, Germany). In each case frac-
tions of 500 nucleated cells were counted in two different repre-
sentative areas in the gut lamina propria (epithelia were excluded)
over adjacent high power fields (objective ×25) using a calibrated
grid and the relative percentage of immunostained cells to the total
number of nucleated cells was determined. Median values of the
respective results were statistically analyzed using the SPSS pro-
gram. The MWU for unpaired samples (two-tailed) was performed
for the comparative analysis of the different disease groups. P val-
ues less than 0.05 were considered as significant.

In situ double immunofluorescence and laser scan microscopy

Cryosections were incubated for 1 h with a mixture of monoclonal
mouse anti-CD14 (IgG2a isotype) and anti-RFD-7 (expressed by
resident tissue macrophages; IgG1 isotype) in Tris-buffered sa-
line/0.2% BSA/2.5 mg/ml γ-venin. Isotype-matched negative con-
trol MAbs were included. As secondary antibodies, a combination
of biotinylated rabbit anti-mouse IgG1, 1:200 (Zymed; distributed
by Cytomed, Berlin, Germany) and sheep anti-mouse IgG2a
1:1000 (Binding Site, Heidelberg, Germany) plus γ-venin was
used, followed by simultaneous incubation with Cy3-conjugated
streptavidin, 1:1000 (red fluorescence, Dianova) and Cy2-conju-
gated donkey anti-sheep antibodies, 1:50 (green fluorescence,
Dianova) for 30 min, washing, and mounting. Slides were viewed
with a Laserscan microscope (Ernst Leitz, Wetzlar, Germany) us-
ing 570 nm (red emission) and 508 nm (green emission) filters.

IFN-γ and MIP-2α

Immunostaining for IFN-γ was performed on a randomly selected
subset of samples with actively inflamed UC (n=8) and CD (n=14;
7 ileum and 7 colon) and 16 NC (8 ileum, 8 colon) using the para-
formaldehyde-saponin procedure [1, 4]. Native cryostat sections
were fixed in 4% PFA in 2× SSPE for 15 min at room temperature,
followed by a wash in Earle’s balanced salt solution (EBSS, Gibco,
Life technologies, Eggenstein, Germany) supplemented with
0.01 mol/l hydroxyethylpiperazine ethanesulfonic acid (HEPES)
buffer (Gibco) and 0.02% BSA. Permeabilization was achieved by
incubation of the slides in 0.1% saponin (Riedel de Haen, Seelze,
Germany)/EBSS/0.01% HEPES/0.02% BSA. This buffer was used
for all washing and dilution of mAb and secondary reagents. The
primary mAb were incubated overnight at room temperature with
addition of 2.5 mg/ml γ-venin. After washing, the sections were in-
cubated for 20 min with 10% inactivated normal sheep serum
(Dianova). After pouring off the blocking serum biotinylated sheep

anti-mouse Ig (1:100; Amersham, Braunschweig, Germany) was
added for 30 min, followed by streptavidin complexed with biotin-
ylated horseradish peroxidase (30 min; Dako, complex prepared
according to the manufacturer’s instructions). The color reaction
was developed using 3,3′diaminobenzidine tetrahydrochloride
(1 mg/ ml; Dako) with 0.02% hydrogen peroxide (Sigma) as chro-
mogen, followed by counterstaining with hematoxylin. Positive
cells were enumerated on coded slides as described above for
CD14 by two independent observers and statistically analyzed.

Immunostaining for MIP-2α was performed on tissue sections
from a randomly selected subset of samples with actively inflamed
UC (n=14) and CD (n=13; 7 ileum and 6 colon), and 8 NC (4 co-
lon, 4 ileum). The staining procedure was identical to that de-
scribed for IFN-γ, except that 10% inactivated normal goat serum
and biotinylated goat anti-rabbit IgG (1:200) (Dianova) were used
as blocking reagent and secondary antibody.

Results

An overview of the PCR results in the different sample
groups based on the respective median values is shown
in Figs. 1 and 2. Since the average cDNA copy number
varied between individual parameters, the results in the
different groups are presented as median ratio (log 2) to
the expression in normal, noninflamed control gut. 

CD45 mRNA

All samples included in the study were basically charac-
terized by histopathology prior to the PCR analysis and
classified as actively inflamed or noninflamed/inactive
using the above morphological criteria. The measurement
of CD45, a molecule which is restricted to leukocytes,
was employed as one additional parameter in the PCR
study to verify the histological classification. As shown
in Fig. 3, the mRNA expression profile in the different
groups precisely reflected the histopathological classifi-
cation of the samples as inflamed or noninflamed/inac-
tive. An approx. two- to threefold increase in CD45 tran-
scripts were found in inflamed UC, CD, and IFC (median
cDNA copy numbers of 1366, 1326, and 1092 per micro-
liter, respectively) as compared with noninflamed/inac-
tive samples (median cDNA copy numbers of 608, 562,
and 464 per microliter in noninflamed UC, CD, and NC,
respectively; TT, MWU: P<0.001). There was no statisti-
cally significant difference in CD45 mRNA expression
between inflamed UC vs. inflamed CD and IFC or be-
tween noninflamed UC vs. noninflamed CD and NC (TT,
MWU: P>0.1). These results confirm the histological
classification and indicate that the investigated sample
groups (inflamed vs. noninflamed/inactive) were matched
with respect to the content of leukocytes present in the
gut. The leukocyte-restricted product CD53 had a similar
expression pattern as CD45 (not shown in detail).

Parameters with increased expression in inflamed gut

Concerning the panel of parameters investigated, the vast
majority of these mediators showed a significantly great-
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er mRNA expression in areas with active inflammation
(UC, MC, IFC) than samples from noninflamed/inactive
areas and normal noninflamed gut. According to the
ranked t values, the best discrimination in this respect
was observed with MMP-2, CD45, MIP-1α, CD53,
AMAC-1, MIP-1β, IL-1β, MMP-1, MMP3, IL-1Ra, and
ENA-78 (t values >6.0; TT and MWU: P<0.001). Such

mediators were generally elevated in inflamed UC and
CD as well as in IFC, with no statistically significant dif-
ferences between these groups. Detailed expression pro-
files for MIP-1β, MMP-1, ENA-78, and IL-β are shown
exemplary in Fig. 4.

Only few mediators did not show an increased mRNA
expression in inflamed vs. noninflamed samples, namely
IL-7, IL-12p35, IL-12p40, IL-15, IL-18, ETA-1 (except
IFC), and PDGF-B (Fig. 1).

Expression profile in inflamed UC vs. inflamed CD

Compared with noninflamed normal gut, most parameters
showed a likewise increased expression of mRNAs in
both inflamed UC and CD (Fig. 1). In addition to the

Fig. 1 Overview of the RT-PCR results in inflamed UC, inflamed
CD, and inflammatory controls in relation to normal gut. Based on
the respective median values (cDNA copies/µl), the expression
level for each parameter is presented as median ratio (log 2) to the
expression in normal gut. Note that differences in parameter ex-
pression between disease groups in the diagram do not always im-
ply a statistical significance. Ordinate values of 1–8 are equivalent
to a 2-, 4-, 8-, 16-, 32-, 64-, 128-, and 256-fold median increase,
respectively
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above mediators, these included mRNAs such as IL-6 and
IL-8, IL-10, TGF-β, ELC, TARC, MRP-14, and MRP-8,
4-1BB, and CCR7. Remarkably, also cytokines such as
IFN-γ and IFN-γ inducible chemokines such as IP-10,
MIG, and I-TAC were, at varying expression levels, found
to be elevated in inflamed IBD vs. NC (MWU: P<0.001)
and no significant differences concerning these markers
appeared between UC and CD, even when subgroups ac-
cording to different localizations (colon, ileum), or patient
characteristics were analyzed. Similar results for these
mediators were obtained also when only mucosal samples
(not transmural tissues) were used (data not shown). Con-
cerning the parameters investigated, no significant differ-
ences were observed in UC or CD between patients re-
ceiving immunosuppressive therapy and those who did
not (nonsteroidal antiphlogistics or no medication). In
spite of elevated IFN-γ mRNA levels no increased expres-
sion of transcripts for IL-15, IL-18, or IL-12 was apparent,
although mRNAs for IL-15, IL-18, and IL-12p35 were
regularly detected in the samples. IL-12p40 mRNA was
found in only 9 of 138 investigated samples at the lowest

level of detection (maximum: 1 cDNA copy/µl; median of
0 cDNA copies/µl in all subgroups). Transcripts for IL-2,
IL-4 and IL-5 were below the detection limit and were
thus not included in the study (data not shown).

Fig. 2 Overview of the RT-PCR results in noninflamed/inactive
UC and CD in relation to normal gut. Based on the respective me-
dian values (cDNA copies/µl), the expression level for each pa-
rameter is presented as median ratio (log 2) to the expression in
normal gut. Changes in parameter expression in the diagram do
not always imply a statistical significance. Ordinate values of 1–4
are equivalent with a 2-, 4-, 8-, and 16-fold median increase, re-
spectively

Fig. 3 Expression of CD45 mRNA in IBD and controls. Boxplot
diagram (median, 25th and 75th percentiles, minimum and maxi-
mum) of the RT-PCR results (cDNA copies/µl) determined in the
different sample groups. UCi Ulcerative colitis, inflamed, n=25;
UCni ulcerative colitis, noninflamed/inactive, n=15; CDi Crohn's
disease, inflamed, n=40; CDni Crohn's disease, noninflamed/inac-
tive, n=27; IFC inflammatory controls, n=10; NC normal controls,
n=21. Bold lines Medians (extreme values are not shown)
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The RT-PCR results for IFN-γ, IP-10, and MIG are
shown in Fig. 5. In view of the relatively low expression
level of INF-γ mRNA (median values of 4.5 and 3
cDNA copies per microliter in inflamed CD and UC, re-
spectively, vs. 0 in NC, MWU: P<0.001) we investigated
the expression of IFN-γ also at the protein level by IH in
a number of actively inflamed IBD samples and controls.
A positive staining was generally found on a relatively
small subset of mononuclear cells in the gut, which
matches the determination of low copy numbers by RT-
PCR. Quantitative enumeration of immunostained lami-
na propria cells by two independent observers revealed a
moderate but highly significant increase in IFN-γ ex-
pressing cells in inflamed IBD as compared with nonin-
flamed normal gut, without apparent differences between
UC and CD, which confirms our PCR data (medians of
3.25% and 3.1% positive cells in inflamed UC and CD,
respectively, vs. 0.45% in normal gut; P<0.001; staining
examples are shown in Fig. 6). 

One parameter, MIP-2α, showed a significantly dif-
ferent expression level in inflamed UC than in inflamed
CD (MWU: P<0.001). MIP-2α mRNA was increased

preferentially in inflamed UC and IFC as compared with
normal noninflamed gut. However, a minor increase in
MIP-2α mRNA in this context was also detected in in-
flamed CD, whereas no significant elevation in this me-
diator was found in noninflamed IBD samples (median
values of values of 90, 41, and 93 cDNA copies/µl in in-
flamed UC, CD„ and IFC vs. 28, 24, and 15 in nonin-
flamed UC, CD, and NC, respectively). The immunohis-
tochemical analysis confirmed the expression of MIP-2α
at the protein level. Whereas the staining was largely
negative in normal gut, an upregulated expression of
MIP-2α protein was apparent in inflamed gut, predomi-
nantly in UC (representative immunostainings are shown
in Fig. 7). Remarkably, we found that MIP-2α is ex-
pressed predominantly by intestinal epithelial cells
(IEC). Epithelial stainings for MIP-2α in active CD were
mostly restricted to few circumscribed foci, whereas a
multifocal expression predominated in UC, sometimes
displaying a diffuse epithelial staining pattern over larger
mucosal areas (11 of 14 UC cases vs. 3 of 13 CD cases
showed prominent multifocal/diffuse epithelial stain-
ings). Positive immunoreactivity for MIP-2α included

Fig. 4 Expression of mRNAs
for MIP-1β, MMP-1, ENA-78,
and IL-1β in IBD and controls.
Boxplot diagrams (median,
25th and 75th percentiles, 
minimum and maximum) of the
RT-PCR results (cDNA
copies/µl) determined in the
different sample groups.
Abbreviations and sample
numbers are identical to Fig. 3;
bold lines medians



especially sites of cryptitis/crypt abscesses or incomplete
erosions.

Expression profile in inflamed IBD vs. IFC

The vast majority of the investigated mediators showed
no statistically significant differences in their expression
level between inflamed IBD and the group of IFC. How-
ever, a few parameters were remarkable in this respect:
the chemokines ELC and TARC as well as 4-1BB, a
molecule which is produced by activated T cells. Con-
cerning 4-1BB, mRNAs for this molecule were found to
be slightly but significantly increased in inflamed IBD as
compared with IFC, at relatively low expression levels
(median values of 18 and 17.5 cDNA copies/µl in in-
flamed UC and inflamed CD vs. 7 copies/µl in IFC;
MWU: P<0.01). A similar tendency was observed for
TARC but did not reach full statistical significance
(P=0.04). ELC mRNA was significantly increased in in-
flamed CD vs. IFC (MWU: P=0.005), but only moder-
ately elevated (not significant) in UC (median values of
952, 652, 1290, 298, 405, and 213 cDNA copies/µl in in-
flamed and noninflamed UC, CD, IFC, and NC). A ten-
dency for an increased expression in IFC vs. IBD sam-
ples existed for ETA-1 (MWU: P<0.05).

Expression profile in noninflamed/inactive UC and CD
vs. NC

Concerning noninflamed/inactive areas in IBD, a subset
of the investigated mRNAs was found to be increased in
such samples as compared with noninflamed NC (over-
view shown in Fig. 2). In noninflamed UC a statistically
significant elevation in transcripts was observed for IL-
1β, IL-1Ra, TGF-β, IL-18, MMP1, MMP-3, MRP-14,
and CD14 (MWU: P<0.001–<0.01). In noninflamed CD
a significantly increased expression vs. NC was found
for IL-1β, TGF-β, MIP-1α, ENA-78, MMP-1, and MRP-
14 (MWU: P<0.001–0.01). Further mediators, for exam-
ple, IL-8, ELC, or CCR7 were also somewhat increased
in such samples, but the values did not reach statistical
significance. MRP-14 and CD14 are molecules which
are expressed preferentially by peripheral blood mono-
cytes and granulocytes but rather not by normal mucosal
mononuclear phagocytes [21, 40]. These markers were
employed basically as an indicator for the presence of
activated, recently recruited leukocytes, which may con-
tribute to the production of inflammatory mediators in
such samples.

Our immunohistochemical results revealed that in fact
a small but significantly increased number of mucosal
leukocytes expresses MRP-14 protein in noninflamed/in-
active areas as compared with NC, both in UC and CD
(median values of 4.1% and 3.7% in noninflamed UC
and CD vs. 1.5% in NC; MWU: P<0.001; medians in in-
flamed UC and CD were 6.5% and 9.3%, respectively).
An increase appeared also for CD14-positive cells in
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Fig. 5 Expression of mRNAs for IFN-γ, IP-10, and MIG in IBD
and controls. Boxplot diagrams (median, 25th and 75th percen-
tiles, minimum and maximum) of the RT-PCR results (cDNA cop-
ies/µl) determined in the different sample groups. Abbreviations
and sample numbers are identical to Fig. 3; bold lines medians
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noninflamed areas vs. NC. This affected more promi-
nently noninflamed/inactive UC (MWU: P<0.001),
while the percentage of CD14 positive cells in nonin-
flamed CD was less significantly increased (MWU:
P<0.05; median percentage of 19.1, 14.9, 15.3, 10.6,
16.5, and 7.0 in inflamed and noninflamed UC and CD,
IFC, and NC, respectively). Elevated CD14 transcripts
were found in noninflamed/inactive UC also at the
mRNA level (MWU: P<0.001; the boxplot results for
MRP-14 mRNA and CD14 at the mRNA (RT-PCR) and
protein level (IH) are shown in Fig. 8). At the protein
level CD14 was expectedly elevated in actively inflamed
IBD samples and expressed by both infiltrating granu-
locytes and mononuclear phagocytes, whereas the latter
morphological phenotype largely predominated in nonin-
flamed/inactive areas. Remarkably, using double immu-
nofluorescence we found that in inactive UC many of the
CD14-positive cells coexpress the RFD-7 molecule, a
marker which is known to be expressed by resident tis-
sue macrophages (double-staining trials with MRP-14
mAb yielded unsatisfactory results due to interstitial
stainings of soluble protein which are known to occur in
cryosections). Representative immunostainings for
CD14 and MRP-14 are shown in Fig. 9. 

Discussion

In this study we evaluated the expression of mRNAs for
a substantial number of cytokines and chemokines in
IBD tissues and controls. Using a large panel of transmu-
ral intestinal tissues, we established collectives of sam-
ples from patients with UC, CD, and controls which
were classified as actively inflamed or noninflamed/inac-
tive according to defined histomorphological criteria.
Similarly increased levels of mRNAs for CD45, a mole-
cule exclusively expressed by leukocytes, were found in
inflamed UC, CD, and IFC vs. noninflamed samples,
which confirms the histological classification and indi-
cates that the investigated collectives were matched with
respect to the content of leukocytes present in the tissue.
These collectives can thus be considered to contain a
comparable degree of inflammation.

Based on these preconditions, most of the parameters
analyzed showed a likewise increased expression of
mRNAs in inflamed tissues both in UC and CD, which
indicates a substantial degree of overlap in cytokine/che-
mokine expression in these disease entities. Elevated
mRNA expression was found for proinflammatory medi-
ators such as IL-1β, IL-8 and IL-6, which are well docu-
mented to be upregulated in UC and CD [9, 10, 15, 26,
27, 38], as well as for a variety of further parameters in-
cluding chemokines such as MIP-1α, MIP-1β, and ENA-
78, AMAC-1, matrix metalloproteinases, lymphocyte-at-
tracting chemokines such as TARC and ELC, IL-10, IL-
1Ra, TGF-β, calgranulins, and other mRNAs such as
CD14, 4-1BB and CCR7, some of which have been de-
scribed to be upregulated in IBD [5, 6, 11, 21, 28, 39, 45,

Fig. 6A–C Expression of IFN-γ protein in normal gut and in IBD.
A Few lamina propria MNC express IFN-γ in normal control gut
(colon; arrow one positive MNC). B Negative control to A with
use of an isotype-matched control MAb. C, D Compared with nor-
mal gut, a similarly increased number of MNC is stained for IFN-γ
protein in the inflamed lamina propria in CD (C, colon) and in UC
(D, colon). Asterisk A crypt abscess in UC (D). Paraformalde-
hyde-saponin–peroxidase; ×100
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49]. Remarkably, this included mRNAs for IFN-γ and
IFN-γ inducible chemokines such as IP-10, MIG and I-
TAC [12, 18, 43] which, at varying expression levels,
were all found to be significantly elevated in both in-
flamed UC and CD. No increased expression in inflamed
IBD as compared with normal gut appeared for IL-18,
IL-15, or IL-12p35/p40 mRNAs in our material. Our da-
ta thus did not reveal a distinctive pattern for IFN-γ and
such related cytokines/chemokines (which are induced
by IFN-γ and/or associated with IFN-γ induction and
Th1-clone development) in UC vs. CD, contrasting with
previous results [8, 20, 25, 29, 30, 32, 34, 35]. Also con-
cerning ETA-1, another mediator which has been report-
ed to be involved in Th1 responses [2], no elevated ex-

Fig. 7A–D Expression of MIP-2α protein in normal gut and in
IBD. A, B Whereas no immunostaining for MIP-2α exists in non-
inflamed normal gut (A; colon), a strong diffuse immunostaining
is apparent in inflamed colon in a case with active UC (B). Here
MIP-2α is predominantly expressed by IECs, including sites with
crypt abscesses (asterisk) as well as epithelia at the luminal sur-
face. C Inflamed colonic mucosa in a case with CD: positive epi-
thelial staining for MIP-2α is restricted to a circumscribed focus at
a site with onset erosion of the surface epithelium (arrow; some
exsudate granulocytes appear in the vicinity at the luminal sur-
face). D Corresponding negative control to B with use of normal
rabbit immunoglobulins as negative control. Paraformaldehyde-sa-
ponin–peroxidase, ×40 (A, B, D) and ×25 (C)

Fig. 8 Expression of MRP-14 mRNA, CD14 mRNA (RT-PCR), and
CD14 protein (IH) in IBD and controls. MRP-14 and CD14 (RT-
PCR). Boxplot diagrams (median, 25th and 75th percentiles, mini-
mum and maximum) of the RT-PCR results (cDNA copies/µl) in the
different sample groups. Abbreviations and sample numbers are iden-
tical to Fig. 3. CD14 (IH). Boxplot diagram of the immunohistochem-
ical data (percentage of CD14-positive lamina propria cells) in the
different sample groups. UCi Ulcerative colitis, inflamed, n=9; UCni
ulcerative colitis, noninflamed/inactive, n=11; CDi Crohn's disease,
inflamed, n=14; CDni Crohn's disease, noninflamed/inactive, n=19;
IFC inflammatory controls, n=6; NC normal controls, n=19



510

pression in IBD as compared with control gut was appar-
ent. The PCR-data for IFN-γ were confirmed by IH.

Our results revealed some heterogeneity in the ex-
pression levels of IFN-γ (and other mediators) from case
to case, a phenomenon which might in part explain data
from earlier reports indicating a predominant expression
of IFN-γ in CD but not in UC [8, 20, 32]. Focally accen-
tuated mediator expression might in addition lead to

sampling problems when small biopsy specimens are
used as tissue source. In our view, the establishment of
morphologically defined, representative sample series
from a sufficient number of individuals is an important
requirement which should be considered more carefully
in cytokine expression studies in IBD. However, our
work primarily addressed the pattern analysis of cyto-
kines in tissue samples and does not exclude the exis-

Fig. 9A–I Expression of MRP-
14 protein and CD14 protein in
normal colon, noninflamed/in-
active UC and in inflamed UC.
A, B, C Whereas only few
lamina propria leukocytes show
a weak positive staining for
MRP-14 in normal colonic
mucosa (A; arrow positive red
cell), a moderately increased
number of mucosal leukocytes
expresses MRP-14 in a case
with noninflamed/inactive UC
(B). Even more elevated levels
of MRP-14 positive cells are
apparent in inflamed UC,
including MNC and granu-
locytes, for example, at
erosions or crypt abscesses
(asterisks, C). APAAP, paraffin
sections, ×40 (A, B) and ×50
(C). D, E, F Whereas only few
MNC show a weak positive
staining for CD14 in normal
colonic mucosa (D; arrows
positive red cells), a signifi-
cantly increased number of
lamina propria MNC, mainly
macrophages, express CD14 in
a case with inactive UC 
(E; same case as in B). Also in
actively inflamed UC (F),
elevated levels of CD14-posi-
tive cells are apparent, includ-
ing mononuclear phagocytes as
well as granulocytes, for exam-
ple, within a crypt abscess
(asterisk, F). Note that crypt
epithelia display a nonspecific
red labeling in these APAAP
stainings on cryosections. 
APAAP, magnifications, ×50
(D, E) and ×40 (F). G, H, I
Double immunofluorescence
for CD14 (Cy2; green signal,
G) and the macrophage marker
RFD-7 (Cy3; red signal, H)
reveal that a substantial amount
of CD14-positive cells
coexpress RFD-7 in nonin-
flamed/inactive UC (same case
as shown in B and E; double-
positive cells appear yellowish
in the overlay in I). ×340



tence of functional differences between UC and CD T
cells, which have been reported [7, 24]. It must further
be considered that we investigated cases with typical,
chronic inflammatory disease. Thus our results might not
necessarily also reflect the situation in initial disease
stages. However, in CD it has been emphasized that a
distinct (“Th1-like”) cytokine profile with increase in
IFN-γ is particularly a feature of established chronic (and
not early) disease [16].

One parameter, MIP-2α, showed a different mRNA ex-
pression level in inflamed UC vs. CD in our system. This
chemokine, also termed GRO-β, is known to be produced,
for example, by activated macrophages and to be extreme-
ly chemotactic for neutrophilic granulocytes [47]. Using
IH we found that the major source of MIP-2α in inflamed
gut are IECs, especially in UC. Positive immunoreactivity
typically included sites with cryptitis/crypt abscesses. Our
data indicate that, due to their production of MIP-2α,
IECs are a major factor influencing neutrophil infiltration
and the generation of such lesions. In accordance with our
results, recent work has shown that murine IECs produce
MIP-2 and can be induced to secrete MIP-2 in response to
lipopolysaccharide or IL-1β [33].

Compared with the group of IFC, our data did not re-
veal a typical IBD specific profile concerning the media-
tors analyzed in the study. However, some mRNAs were
moderately increased preferentially in inflamed IBD
samples in this respect. This included especially 4-1BB
(CDw137), an inducible costimulatory molecule ex-
pressed on the surface of activated T cells, and chemo-
kines such as ELC and TARC, molecules known to be
involved in leukocyte traffic to secondary lymphoid tis-
sues [14, 22]. Functional studies have indicated that 4-
1BB inhibits activation-induced cell death and maintains
the long-term growth of T cells under chronic stimula-
tion [46]. Increased expression of 4-1BB in IBD might
thus be a factor which contributes to the chronification
of the inflammation. However, a detailed in situ investi-
gation of these molecules at the protein level was not
performed in this study.

Concerning noninflamed/inactive areas in IBD, the
majority of the investigated mRNA products were not
significantly altered compared with NC. However, a sub-
set of parameters showed a minor but statistically signif-
icant increase in such samples, which indicates the pres-
ence of immune alterations even in the absence of histo-
logically established inflammatory lesions. Remarkably,
such changes were found both in UC and CD and includ-
ed mediators such as IL-1β and TGF-β as well as MMP-
1, MMP3, and IL1Ra (predominantly in UC) or MIP-1α
and ENA-78 (in CD). Our results extend data from earli-
er reports which have shown an increased production of
proinflammatory cytokines by organ cultures or isolated
MNC from normal appearing mucosa in CD and/or UC
[37, 38] or demonstrated increased proteolytic activity of
metalloproteinases in such samples [6].

Increased expression of such mediators in nonin-
flamed/inactive areas is accompanied by elevated levels
of MRP-14 transcripts and in part CD14 according to our

results. Both types of molecules are known to be ex-
pressed preferentially by peripheral blood monocytes and
granulocytes but rather not by resident normal mucosal
mononuclear phagocytes. Leukocytes expressing calp-
rotectin (L1), the complexed form of MRP-14 and MRP-
8 subunits, and CD14 are known to be increased in in-
flamed IBD and have been characterized as cells which
are apparently recruited from the peripheral blood, carry
respiratory burst activity and are primed for the produc-
tion of proinflammatory cytokines [21, 40, 41, 42]. Our
data confirm a strongly elevated expression of MRP-14
and CD14 transcripts in both inflamed UC and CD. In ad-
dition, we found some minor but significant increase in
such mRNAs also in noninflamed/inactive areas. Since
CD45 transcripts were not simultaneously elevated, the
PCR results indicate the existence of an influx of a small
subpopulation of leukocytes from the peripheral blood in
such tissues, which presumably contributes to the ob-
served alterations in mediator production. Using IH we
confirmed an increased presence of MRP-14 positive
cells in such samples, both in noninflamed UC and CD.
CD14-positive cells were also increased but were detect-
ed more prominently in inactive UC than in CD. Remark-
ably, we found that many of the CD14-positive cells in
noninflamed/inactive areas in UC coexpress the RFD-7
antigen, a macrophage marker which is normally not ex-
pressed by peripheral blood monocytes (respectively
freshly emigrating cells) [36]. The detection of this phe-
notype indicates that the mucosa in such samples contains
an increased amount of cells which show at least some
characteristics of resident tissue macrophages and have
an upregulated expression of CD14. Due to the function
of CD14 as the lipopolysaccharide receptor [48], such
cells could probably have an increased potential for ab-
normal immune responses against luminal bacterial con-
stituents and might thus contribute to disease chronicity
and disease relapses especially in patients with UC.
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Abstract We report a fetal autopsy case that was diag-
nosed with a mole coexistent with a live fetus at an early
gestation and finally showed coexisting true hermaphro-
ditism of 46,XX/46,XY mosaicism and partial hydatidi-
form mole, developing metastatic gestational trophoblas-
tic tumors in the lungs of the mother. A 23-year-old Jap-
anese female had a mole coexistent with a fetus and
showed a high chorionic gonadotropin titer in urine and
serum at 10 weeks of gestation. The fetus was interrupt-
ed for gestational toxicosis and genital bleeding at
20 weeks of gestation. A chromosome analysis demon-
strated 46,XX and 46,XY mosaicism in both umbilical
cord blood and mole samples. Intrapelvic organs con-
tained a testis in the one gonad, and an ovotestis in the
other gonad microscopically. The testis had seminiferous
tubules containing primitive germ cells, immature Sertoli
cells, and cytomegalic Leydig cells. The ovary in the
ovotestis had numerous primitive germ cells and a few
stromal cells. Cortical cytomegaly and medullary neuro-
blastoma in situ were seen in the adrenals. The placenta
showed focal villous hydrops and focal trophoblast hy-
perplasia. The patient presented multiple metastatic pul-
monary tumors at 1 month after the interruption, and was
treated with chemotherapy for the clinical diagnosis of
gestational trophoblastic tumor metastases. She respond-
ed well and is alive without any symptoms.

Keywords True hermaphroditism · Partial hydatidiform
mole · 46,XX/46,XY mosaicism · Metastatic gestational
trophoblastic tumors · Ovotestis

Introduction

True hermaphroditism is a rare form of intersex disorder.
Affected patients have ambiguous genitals, varying from
normal female to normal male external genitalia [15]. Of
324 cases with abnormalities of sex differentiation,
Turner's syndrome accounted for 87, Klinefelter's syn-
drome 12, mixed gonadal dysgenesis 11, true hermaph-
roditism only 4 (1.2%), male pseudohermaphroditism
66, and female pseudohermaphroditism 138 [14]. The
cause of true hermaphroditism is unknown. The most
frequently encountered gonad in true hermaphroditism is
an ovotestis, which may be bilateral; if unilateral, the
contralateral gonad is usually an ovary but may be a tes-
tis [15].

During early pregnancy, cases with a hydatidiform
mole coexistent with a live fetus are clinically diagnosed
by means of an ultrasound echography without any rela-
tive difficulty. We report a fetal case that was clinically
diagnosed as having a mole and finally as true hermaph-
roditism coexistent with partial hydatidiform mole.

Clinical summary

A 23-year-old Japanese woman, gravida 3, para 0, was diagnosed
as having a mole coexistent with a live fetus by means of ultrason-
ic examination at 10 weeks and 4 days of gestation on 8 July 2000
and had a high human chorionic gonadotropin (hCG) titer in urine.
She was admitted to the Perinatology Center of Mito Saiseikai
General Hospital at 16 weeks and 1 day of gestation on 16 August
2000, for the clinical diagnosis of hydatidiform mole coexist-
ing with a live fetus as determined by ultrasound echography 
and magnetic resonance imaging (Fig. 1). Her hCG was
639,600 mIU/ml in urine and was 603.84 mIU/ml in serum. The
couple was counseled regarding the possible outcome. An inter-
ruption was done at 20 weeks and 1 day of gestation on 13 Sep-
tember 2000 because of gestational toxicosis and genital bleeding.

Chromosome analysis demonstrated both karyotypes of sex
chromosomes – 46,XX and 46,XY – in the following two samples.
The umbilical cord blood study showed a female predominance of
46,XX:46,XY=17:13; however, the partial hydatidiform mole
study showed a male predominance of 46,XX:46,XY=6:24. Exter-
nal genitalia were not identifiable as either male or female and
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consisted of the genital tubercle, labioscrotal folds, urogenital si-
nus, and anus.

hCG was 2112 mIU/ml in urine and 6584 mIU/ml in serum on
30 September 2000, and 1657 mIU/ml in urine and 8830 mIU/ml
in serum on 12 October. On 12 October, the woman presented
with 27 nodular lesions, up to 2 cm in diameter, in both lungs as
determined by chest roentgenogram and computed tomography
(CT) (Fig. 2). She was treated with one course of a combination
chemotherapy of methotrexate, etoposide, and actinomycin-D
starting 15 October for the clinical diagnosis of gestational tropho-
blastic tumor metastases to the lungs, although neither transbron-
chial lung biopsy nor brushing cytology were a noteworthy find-
ing. On 28 February 2001, chest CT demonstrated multiple tumors
up to 1 cm in diameter. On 19 September 2001, only two small
nodules, less than 1 cm in diameter, were present in the inferior
lobes of both lungs, and they were considered to be necrotic be-
cause her hCG had been maintaining a normal level in both urine
and serum from 24 February 2001 until 18 February 2002. As of
April 2002, she was alive and well without any symptoms.

Pathological findings

Autopsy was performed at 18 h after the interruption.
The fetus was 380 g in weight, 24 cm in height, the cir-
cumference of the head was 16.8 cm, with an abdominal
girth of 17 cm. As the differential diagnosis of internal
genitalia could not be determined macroscopically, an in-
trapelvic tissue sample was embedded as one paraffin
block. Examination of more than 300 serial sections was
carried out. Microscopically, the intrapelvic organs con-
tained a large gonad measuring 9×6 mm in cut size, a
small gonad measuring 5×1.5 mm, two uteruses measur-
ing 6×3 mm and 5×2 mm, fallopian tubes, ureters, uri-
nary bladder, mesonephros, and Wolffian and Müllerian
ducts. The large gonad was a testis that had seminiferous
tubules containing primitive germ cells, immature Sertoli
cells, a large number of Leydig cells, and small stromal
cells (Fig. 3). The small gonad was an ovotestis that
comprised the ovary measuring 3.5×1.3 mm in cut size

Fig. 1 Enhanced magnetic resonance imaging shows a fetus (ar-
rowheads), umbilical cord (arrow), and partial hydatidiform mole
(M)

Fig. 2 Chest computed tomography shows multiple tumors in
both lungs

Fig. 3 Testis has seminiferous tubules containing germ cells (ar-
rowheads) and immature Sertoli cells and a large number of 
Leydig cells (arrows) with huge bizarre nucleus and abundant 
eosinophilic cytoplasm. Hematoxylin-eosin stain ×200

Fig. 4 Ovary in ovotestis has numerous ovocytes and a few stro-
mal cells. Hematoxylin-eosin stain ×400



and the testis measuring 1.5×1 mm. The ovary in the
ovotestis had numerous primitive germ cells; ovocytes
and a few stromal cells (Fig. 4); however, the testis had
seminiferous tubules containing immature Sertoli cells
and a few germ cells, Leydig cells, and small stroma
cells similar to immature Sertoli cells. Cytomegaly was
observed in numerous Leydig cells and showed a huge
bizarre nucleus and abundant eosinophilic cytoplasm
(Fig. 3). Two uteruses were separately observed adhering
to the ureter or testis. The adrenal cortex showed diffuse
cytomegaly, having nuclear gigantism and a large inclu-
sion in the eosinophilic cytoplasm (Fig. 5). The adrenal
medulla showed numerous aggregates of neuroblasts
with rosette formation and was diagnosed as neuroblas-
toma in situ (Fig. 5). No prostate was observed. 

The placenta was 550 g in weight and 17 ×16 ×4 cm,
and contained multiple vesicles 3–15 mm in diameter. It
was a mixture of large, edematous villi and small, nor-
mal-sized and sclerotic or fibrotic villi (Fig. 6a). The hy-
dropic villi showed the central, acellular cistern with an
irregular, scalloped outline. Trophoblast hyperplasia was
focal and mild to moderate (Fig. 6b). It was diagnosed as
a partial hydatidiform mole and lacked gestational tro-
phoblastic tumors and intraplacental choriocarcinomas.

From a chromosome analysis and morphologic find-
ings, the fetus was diagnosed as coexisting true her-
maphroditism showing 46,XX/46,XY mosaicism and
partial hydatidiform mole. Transbronchial lung cytology,
uterine cervical cytology and biopsy specimens excised
from the patient showed no noteworthy finding.

Discussion

A mixture of both 46,XX and 46,XY cells in an amniotic
fluid culture was reported to occur at a frequency of
about 1.5 per 1000. Most cases were of a normal male
infant. This finding was suggested to be the result of
contamination with maternal cells in a normal male fetus
[1]. There was one case report that was prenatally diag-
nosed as a true 46,XX/45,XY chimera at amniocentesis
and postnatally as true hermaphroditism by exploratory
laparoscopy at the age of 6 months [1]. In the present fe-
tus, 46,XX/46,XY mosaicism was demonstrated from
two autopsy samples – the umbilical cord blood and
mole samples – and an amniocentesis was not per-
formed.

True hermaphroditism, in general, shows both ovarian
and testicular tissue in the same individual, and the term
is applied independently of chromosomal constitution.
About 70% of all the cases with true hermaphroditism
have a 46,XX karyotype, fewer than 10% are 46,XY, and
about 20% have 46,XX/46,XY mosaicism [15]. The
present fetus was diagnosed as true hermaphroditism be-
cause a testis in one gonad and an ovotestis in the other
gonad were detected microscopically.

Approximately 1 in 1000 pregnancies in the United
States are complicated by the presence of a hydatidiform
mole [8]. The case incidence of hydatidiform mole with a
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Fig. 5 The adrenal shows diffuse cytomegaly, having nuclear gi-
gantism and large inclusion in eosinophilic cytoplasm in the cor-
tex, and numerous aggregates of neuroblasts with rosette forma-
tion in the medulla. Hematoxylin-eosin stain ×200

Fig. 6 a Partial hydatidiform mole shows focal large hydropic vil-
li with an irregular scalloped outline and cisterns and focal tropho-
blastic hyperplasia between hydrops (arrow). b It depicts tropho-
blastic hyperplasia composed of syncytiotrophoblasts and cytotro-
phoblasts. Hematoxylin-eosin stain a ×20, b ×200



coexistent fetus varies from 1:22,000 to 1:100,000 preg-
nancies [4]. The mother of the present fetus was clinically
diagnosed as having gestational trophoblastic tumor me-
tastases to the lungs and responded well to chemotherapy.
There were three reports that gestational trophoblastic tu-
mor and its metastases developed in hydatidiform mole.
(1) Of 15 cases with complete hydatidiform mole and a
coexistent viable fetus, 8 patients developed persistent
gestational trophoblastic tumors and 4 developed meta-
static diseases. It was suggested that hydatidiform mole
and a coexistent fetus was associated with an increased
risk of persistent gestational trophoblastic tumors [4]. (2)
Of 11 cases with metastatic trophoblastic disease follow-
ing partial hydatidiform mole, all had lung metastasis, on-
ly 1 died of the disease, and the other 10 patients re-
sponded well to chemotherapy [12]. (3) Of 207 women
with persistent gestational trophoblastic tumors, 6 had
partial hydatidiform moles during the antecedent preg-
nancy and 2 of 6 developed pulmonary metastasis. Of
these 6, 1 achieved remission after hysterectomy and 5
after chemotherapy. The mean interval from starting
treatment to remission was 68 days [5]. Wong et al. re-
ported that 20.7% of the complete mole patients and
11.4% of the partial mole patients required chemotherapy
because of persistent or metastatic trophoblastic disease.

From the above-mentioned findings, it was finally
suggested that the fetus was coexistent with true her-
maphroditism having a testis and an ovotestis and partial
hydatidiform mole with 46,XX/46,XY mosaicism. Giltay
et al. [9] analyzed an infant with true hermaphroditism
having 46,XX/46,XY mosaicism using microsatellite
DNA polymorphisms and concluded that the most likely
mechanism involved a single haploid ovum dividing par-
thenogenetically into two haploid ova, followed by dou-
ble fertilization and fusion of the two zygotes into a sin-
gle individual at the early embryonic stage.

The differentiation of the gonads into testes is appar-
ent at about 7 weeks of gestation. Leydig cells differenti-
ate from the stromal component, become apparent at
about 8 weeks of gestation, and attain maximal develop-
ment between the fourth and fifth months of gestation,
regress following birth, and reappear at puberty [13, 17].
No Leydig cell cytomegaly in a fetus, infant, adolescent,
or adult was described in any literature reviewed. There-
fore, this is probably the first documented case having
Leydig cell cytomegaly.

Adrenal cytomegaly is a frequent incidental finding at
autopsy, and is also found in adrenal hypoplasia; when
severe, it is usually part of the Beckwith-Wiedemann
syndrome [7]. It was suggested that adrenal cytomegaly
of the present fetus occurred by adrenal hypoplasia.
Bech [3] reported that adrenal cytomegaly was detected
in 25 of 927 fetuses or infants. Fasano et al. [6] conclud-
ed that no proliferative activity of the cytomegalic cells
supported the cellular exhaustion following hyperactivity
in relation to an unknown stimulus.

The adrenal medulla is formed from immature dark
cells called neuroblasts. In normal fetal development,
nodules of neuroblasts were found in adrenal glands

from 7 weeks of gestation; these nodules increased in
size and number, and in all specimens from fetuses of
14–18 weeks of gestation, aggregates of nodules showed
rosette formation, closely resembling neuroblastoma in
situ [10]. The majority regress or mature, but some may
be the nidus of malignant neuroblastoma [7].

There are various kinds of diseases in abnormal sex
determination and differentiation [16]. Serum testoster-
one and estrogen levels may be help to differentiate
among gonadal dysgenesis, complete and partial andro-
gen insensitivity, and true hermaphroditism. Pure gonad-
al dysgenesis (Swyer syndrome) has bilateral streak go-
nads in a 46,XY individual, female external genitalia,
and normal Müllerian derivatives. The testicular ele-
ments are absent or vestiges and ovarian elements are
usually stroma only. The testosterone and estrogen levels
may be decreased but follicle-stimulating hormone is
more than 40 mIU/ml [11]. Complete androgen insensi-
tivity, also known as testicular feminization, is the most
common type of male pseudohermaphroditism, and re-
sults from mutations in the gene for the androgen recep-
tor. The testicular elements are present and ovarian ele-
ments are vestiges. The testosterone level is in the nor-
mal male range and estrogen level may be decreased [2].
Partial (incomplete) androgen insensitivity shows a de-
gree of androgen responsiveness and is one-tenth as
common as complete androgen insensitivity. The testicu-
lar elements are present and ovarian elements are vestig-
es. The testosterone level is in the normal male range or
may be increased and estrogen level may be decreased.
True hermaphroditism has both ovarian follicles and tes-
ticular tubules. Both testosterone and human chorionic
gonadotropin-stimulated testosterone levels are in the
normal male range or may be increased [15]. We did not
analyze the hormonal tests of the present fetus.
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Abstract We report a unique, previously unreported
pancreatic tumor with hepatoid differentiation associated
with serous microcystic adenoma in a 70-year-old man.
These two lesions localized, respectively, at the body and
the tail of the pancreas, were found incidentally on ab-
dominal ultrasonography. Serum alpha-fetoprotein was
not increased and no hepatic lesion was displayed on
computed tomography. A subtotal pancreatectomy with
splenectomy was performed. The patient is alive and
well 12 months after resection. Pathological examination
showed a very unusual encapsulated solid tumor with
hepatocytic differentiation, bile production and immuno-
reactivity for hepatocyte paraffin-1 antibody. The tumor
cells were negative for endocrine (neuron-specific eno-
lase, chromogranin A, synaptophysin) and acinar (amy-
lase, trypsin) markers. Ultrastructurally, zymogen and
neurosecretory granules were absent. The features of the
tumor were almost indistinguishable from those of hepa-
tocellular adenoma; therefore, we believe that this solid
hepatoid tumor may represent a variant of pancreatic ad-
enoma. Recognition of this entity is important because
the only reported pancreatic hepatoid tumors to date
have been malignant. The main differential diagnoses in-
clude hepatoid ductal adenocarcinoma, hepatoid acinar
cell carcinoma, primitive hepatoid endocrine tumor, and
metastatic hepatocellular carcinoma.

Keywords Pancreas · Adenoma · Hepatoid · 
Serous microcystic adenoma

Introduction

Some tumors of the gastrointestinal tract, especially gas-
tric adenocarcinoma, can exhibit hepatocytic differentia-
tion. This phenomenon is often associated with alpha-fe-
toprotein (AFP) secretion and with a more aggressive
course [10]. Hepatocytic differentiation is very uncom-
mon in pancreatic tumors. To our knowledge, only five
cases have been reported in the literature to date, all with
malignant behavior [2, 8, 9, 11]. These neoplasms are
characterized by double morphological and/or functional
differentiation: hepatocytic on the one hand, acinar, duc-
tal, or endocrine on the other hand. We report here a case
of a pancreatic non-secreting, apparently benign, solid,
hepatoid tumor coexisting with a microcystic adenoma.
The diagnosis of pancreatic hepatoid adenoma is pro-
posed for this neoplasm.

Clinical history

Two pancreatic lesions were incidentally discovered by abdominal
ultrasonography in a 70-year-old man during follow-up for pros-
tatic adenocarcinoma which was treated by prostatectomy 5 years
ago. Hepatic biochemical tests were normal, and serological tests
for hepatitis B and C virus were negative. Computed tomography
(CT) revealed an ovoid pancreatic tumor with irregular margins in
the tail and a second solid, round, well-circumscribed mass in the
body (Fig. 1). No lesions were found in liver, kidneys, or adrenal
glands. The preoperative serum glucose level was 1.2 g/l. Serum
levels of carcinoembryonic antigen (CEA), CA19–9 and AFP
were, respectively, 1.9 ng/ml (n<5,5), 1 U/ml (n<60), and
2.4 ng/ml (n<10). The serum prostate-specific antigen (PSA) val-
ue was 1 ng/ml. Amylasemia was 50 U/l (n<80), and lipasemia
was 15 U/l (n<60). A distal two-thirds pancreatectomy with sple-
nectomy was performed. The postoperative course was unevent-
ful, and the patient is alive and well 12 months after surgery.

Materials and methods

The surgical specimen was fixed in buffered formaldehyde and
embedded in paraffin. Sections were stained with hematoxylin and
eosin. In addition, alcian blue, periodic acid-Schiff (PAS) with and
without diastase pretreatment, and Hall’s stains were performed.
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For immunohistochemical studies, sections were incubated with
antibodies against cytokeratin (KL1, 1:200; Immunotech), alpha-
1-antitrypsin (1:1600; Dako), alpha-1-antichymotrypsin (1:100;
Dako), hepatocyte paraffin-1 (1:50; Dako), CD10 (1:10; Tebu),
cytokeratin 7 (CK7, 1:800; Biogenex), cytokeratin 19 (CK19,
1:40; Sigma), trypsin (1:20000; Dako), alpha-amylase (1:500;
Sigma), synaptophysin (1:100; Dako), chromogranin A (1:400;
Dako), neuron-specific enolase (NSE, 1:200; Dako), CD56 (1:50;
Novocastra), MUC1 (H23, 1:5000; gift from Transgene SA, Stras-
bourg, France), vimentin (1:120; Dako), alpha-fetoprotein (AFP,
1:1600; Dako), monoclonal carcinoembryonic antigen (CEA,
1:10; Eurodiagnostic), CA19–9 (prediluted serum; Microm) and
detected by the avidin-biotin-peroxydase complex method (ABC).
Ultrastructural examination was performed on tissues previously
fixed in formalin. The samples were post-fixed with osmium te-
troxide, processed routinely, and examined using transmission
electronic microscopy.

Pathological findings

Grossly, the resected pancreas contained, in the body, a
2.5-cm-sized encapsulated solid mass. This tumor was
firm and grayish with a few green areas. A second spon-
gy microcystic lesion that measured 4 cm in diameter
was noted in the tail. The cyst walls were thin, translu-
cent, glistening, and contained watery fluid.

Microscopically, the lesion in the body was confined
to the pancreatic gland near the duct of Wirsung and was
entirely circumscribed by a thick fibrous capsule. The tu-
mor was composed of monomorphic round to polygonal
cells with abundant finely granular eosinophilic or clear
cytoplasm (Fig. 2). The nuclear-cytoplasmic ratio was
low, and nuclei were regular and round with small nucle-
oli. Some neoplastic cells were filled with fat globules,
glycogen, or lipofuscin. Mucin production and hyaline
globules – PAS-positive and diastase-resistant – were not
observed. The tumor cells were arranged in plates two or
three cells thick lined by compressed sinusoid-like capil-
laries. Small foci of hemorrhage and peliosis were noted.
A number of acinar arrangements were seen around lu-
mens that sometimes contained bile as confirmed by
Hall’s stain. Scattered within the lesion in a fairly regular
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Fig. 1 Abdominal computed tomography scan reveals two well-
enhanced masses in the head (arrow) and in the tail (arrowhead)
of the pancreas
Fig. 2 Bland hepatoid cells proliferating in a trabecular fashion
(hematoxylin and eosin ×100)
Fig. 3 Strong cytoplasmic hepatocyte paraffin-1 reactivity in tumor
cells (×200)
Fig. 4 Bile canaliculi with microvilli (arrow). Glycogen, lyso-
somes, and lipid droplets are seen in the cytoplasm of tumor cells
(×3500)



distribution were solitary arteries and veins. No portal
tract was found. Mitotic activity was absent. Perineural
sheaths, vessels, and peripancreatic lymph nodes were
not involved.

Immunohistochemical studies showed that hepatoid
cells of the tumor exhibited focal and weak staining for
KL1. Alpha-1-antitrypsin, alpha-1-antichymotrypsin, he-
patocyte paraffin-1 (Fig. 3), and CD10 were diffusely
expressed in all tumor cells. Staining for CK7 and CK19,
trypsin, alpha-amylase, synaptophysin, chromogranin A,
NSE, CD56, MUC1, vimentin, AFP, CEA, and CA19–9
was uniformly negative in the neoplastic cells.

Electron microscopic examination showed cells with
cytoplasmic lipid droplets of varying sizes, dense gran-
ules of glycogen, mitochondria, numerous lysosomes, a
few Golgi complexes, and clusters of rough endoplasmic
reticulum. Small microvilli were observed on the adja-
cent surfaces of neighboring cells around canaliculi with
tight junctions (Fig. 4). Zymogen granules, filamentous
inclusions, and neurosecretory granules were not found.

The tumor of the tail consisted of numerous tiny cysts
lined by a single layer of cuboidal or flattened epithelial
cells. Their cytoplasm was clear and contained a central-
ly located, regular, round-to-slightly oval nucleus with
inconspicious nucleoli. PAS and PAS-diastase revealed
large amounts of cytoplasmic glycogen.

Discussion

The diagnosis of a hepatoid tumor largely depends on
recognition of characteristic histological features. The
trabecular arrangements of cells with abundant eosino-
philic cytoplasm and sinusoid-like endothelial linings are
important diagnostic clues [9]. Canaliculi formation and
bile production are sometimes detected [9]. Cellular pos-
itivity for hepatocyte paraffin-1 antibody or albumin
mRNA demonstration by in situ hybridization, two sen-
sitive and specific methods, are very useful in confirm-
ing hepatocytic differentiation [6, 10].

Only five cases of pancreatic tumors with hepatocytic
differentiation have been reported to date. Three hepa-
toid ductal adenocarcinomas with local invasion or me-
tastases but without typical areas of mucin-producing
glands merging with the hepatoid components have been
described [8, 9, 11]. The only reported hepatoid acinar
cell carcinoma displayed characteristics of hepatocytes
and was diagnosed on fat necrosis and polyarthritis, a
syndrome resulting in lipase production. Interestingly, no
zymogen granules were found using electron microscopy
[2]. The unique endocrine tumor with hepatocytic differ-
entiation showed immunoreactivity for glucagon as well
as cytoplasmic neurosecretory granules using electron
microscopy and was associated with necrolytic migrato-
ry erythema [9].

A heterogeneous group of neoplasms may occasional-
ly be associated with the production of AFP, but the term
“hepatoid” is restricted to extrahepatic tumors that derive
from hepatoid-differentiated cells of the foregut. More-

over, in the pancreas, AFP secretion is sometimes report-
ed in acinar, endocrine, and ductal tumors without mor-
phological hepatoid features [4].

In our case, the tumor exhibits a unique and exclusive
hepatoid differentiation. Acinar differentiation character-
ized by pancreatic enzyme secretion and cytoplasmic zy-
mogen granules was not found. Mucin production, a
characteristic feature of ductal differentiation, was also
not apparent. In the same way, CA19–9, MUC1, CK7,
and CK19, usually positive in ductal tumors, were not
expressed. Negativity of endocrine markers (synaptophy-
sin, chromogranin, NSE) and lack of neurosecretory
granules did not indicate an endocrine tumor.

In this case, one difficulty lay in predicting the po-
tential behavior of the tumor which is well demarcated
without vascular permeation, perineural invasion, or
metastases to the regional lymph nodes. Cytological
atypia and mitosis were absent. For these reasons, the
diagnosis of hepatoid primitive or metastatic carcinoma
seemed unlikely. Direct spread of gastric hepatoid ade-
nocarcinoma could be excluded based on the gross spec-
imen examination. Moreover, immunostain for CEA,
usually expressed in hepatoid adenocarcinoma of gastric
origin, was negative [10]. Pancreatic metastatis from an
occult hepatocellular carcinoma (CHC) could also be
excluded. Indeed, thick liver cell plates, diffuse pseudo-
glandular structures, mitotic figures, cytological atypia,
positivity for AFP, and vascular permeation that would
indicate CHCs [3] were not encountered in this case.
Moreover, there has been only one reported case of
CHC initially presenting as a pancreatic mass in which
the primitive hepatic tumor was discovered at the same
time on the CT scan [5]. A final hypothesis is the devel-
opment of a tumor from intrapancreatic ectopic liver.
These heterotopia occur at various sites near the liver,
such as the gallbladder, the stomach, hepatic ligaments,
omentum, retroperitoneum, and the thorax, and the inci-
dence of CHC seems to be high in these lesions, even in
the absence of chronic hepatitis or CHC in the mother
liver [1]. Nevertheless, they are usually linked to the
liver by a stalk, and no such case has been described in
the pancreas. Therefore, based on histological findings,
the diagnosis proposed is pancreatic hepatoid adenoma.
However, a long follow-up is required before formally
excluding malignancy.

Histogenesis of pancreatic hepatoid tumors is a matter
of debate. Both the liver and the pancreas have a com-
mon embryological origin. They derive from the foregut
endoderm. Pancreatic multipotent cells possess normally
repressed genes of hepatocytic differentiation, but these
genes may be activated during tumorigenesis [2]. This
hypothesis has been largely demonstrated in animal
models [7]. In our case, no phenotypical link to any of
the three main pancreatic cells (endocrine, ductal, or aci-
nar) was established. We therefore suggest that this neo-
plasm may represent one extremity of the spectrum of
pancreatic pluriphenotypical tumors, in which the only
genes expressed are those associated with hepatocytic
differentiation.
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In summary, we describe a pancreatic tumor with sol-
id architecture and cytological, immunohistochemical,
and ultrastructural features very similar to those of hepa-
tocellular adenoma. We believe it may represent a new
variant of pancreatic adenoma.
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Keywords Breast · Eosinophilia

Sir, the presence of eosinophils encountered in female
genital organs has been the subject of little attention.
Their appearance in such tissues is considered to be an
occasional accompaniment of a non-specific inflamma-
tion. In mammary tumors, eosinophilic inflammatory re-
action has not been described as a peculiar feature. We
describe a unique case of a fibroepithelial breast tumor
with a striking eosinophilic infiltration in a 29-year-old
female who had been taking oral contraceptives. A mam-
mographic study showed a well-delimited nodule in her
left breast. A fine-needle aspiration biopsy (FNAB) was
performed, and a diagnosis of fibrocystic disease was
rendered. The patient did not receive any intra-mammary
injection of antibiotics or other medicaments during the
FNAB. A chest X-ray was normal, as was her hemato-
logical profile. History of allergy and parasitic infesta-
tion was denied.

Nine months later, the nodule was surgically re-
moved. On gross examination, the nodule measured
1 cm in diameter and at cut surface exhibited a central
solid tan-colored area with cystic spaces containing fluid
at the periphery. Microscopically, the lesion showed bi-
phasic architecture (Fig. 1). The stromal component was
monomorphic and fibrous, with bland nuclear features
and contained a polymorphous inflammatory cell infil-
trate of lymphocytes, plasma cells, histiocytes and a
striking number of eosinophils, particularly in the pe-
riphery of the cysts (Fig. 2). The epithelial component
showed small cysts lined by hyperplastic epithelium and
apocrine metaplasia. The epithelial cells showed in-
creased proliferative activity with scattered typical mito-
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Fig. 1 Low-power view showing a nodular appearance of the fi-
broepithelial lesion containing microcysts with micropapillary
projections. Note the striking inflammatory stromal reaction rich
in eosinophils. Hematoxylin and eosin ×100

Fig. 2 The epithelium component shows hyperplasia and inter-
mixed eosinophils. The stroma shows a heavy inflammation. He-
matoxylin and eosin ×200
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ses. The nuclei showed fine chromatin with prominent
nucleoli. Also the eosinophils were interspersed in be-
tween the epithelium (Fig. 3). The epithelial changes
along with microcysts and intraluminar secretion ob-
served in this case may be due to the intake of oral con-
traceptives, although those features are not specific [2,
3]. One may speculate that the stromal component may
have induced such changes as occur in some biphasic
breast proliferations, such as in phyllodes tumors and
complex fibroadenomas. In fact, it has been suggested
that the specialized mammary stroma has the capacity
for epithelial induction [1, 5], and it is not unusual to ob-
serve some grade of hyperplastic changes in phyllodes
tumors [1]. Concerning with the striking eosinophilic
stromal infiltration, we do not have any apparent cause.
Eosinophils are granulocytes that normally are associat-
ed with allergic diseases or responses to parasitic infec-
tions. The presence of eosinophils in tumors does not ap-
pear to play a major role in prognosis, but may be the
promoter of angiogenesis and connective tissue [6]. The
appearance of eosinophils may be caused by the produc-
tion of cytokines by the tumor cells. In the current case,
some possible interpretations may be related to the
FNAB performed 9 months before, but we suspect that
the interval between the FNAB and the surgery was too
long to observe remaining eosinophils as a result of me-
chanical injury. Another possible cause may be due to
systemic eosinophilia, but this possibility was ruled out.
An alternative explanation would be a local eosinophilic

reaction parallel to that seen in angiolymphoid hyperpla-
sia with eosinophilia, similar to the one in the skin [7].
Finally, the most common cause of eosinophilic infil-
trate, apart from allergy, is parasitic infestation. In the
breast, rare cases of dirophylariosis have been reported
[4] and, in these cases, the inflammation gave origin to a
nodular pseudotumor that was clinically suspicious for
malignancy. In the current case, the central yellow tan
core had features of an old granulation tissue. This could
suggest that the eosinophilic inflammation has been in-
duced by something that is (or has been) within the core.
The nodule was removed 9 months after the initial pre-
sentation. Therefore, it is not possible to exclude a previ-
ous parasite. Interestingly, in one of the cases of breast
dirophylariosis, the parasite was extracted by fine-needle
aspiration. 

In summary, we report an undescribed lesion of the
breast, characterized by biphasic architecture with a stro-
mal component rich in eosinophils and microcysts lined
by a hyperplastic epithelial component, which tentatively
we called benign fibroepithelial lesion with inflammato-
ry eosinophilic infiltration. We think that this lesion did
not occur in a pre-existing fibroepithelial lesion, there-
fore more likely it is a sort of inflammatory pseudotu-
mor. Although the presence of a striking eosinophilic in-
filtration in breast lesions is an exceptionally rare phe-
nomenon, its biological significance is uncertain. The
study of further similar cases might shed additional light
on this intriguing subject.
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Fig. 3 The microcysts are lined by hyperplastic epithelium-con-
taining eosinophils. The stroma shows inflammatory infiltrates
with a large number of eosinophils. Hematoxylin and eosin ×200



Sir:

We read with interest the article by Damiani and 
Eusebi dealing with the occurrence of multinucleated gi-
ant cells in gynecomastia from two patients with type 1
neurofibromatosis (NF1). We observed a case of cutane-
ous neurofibroma in a 52-year-old man affected by NF1,
showing numerous floretlike multinucleated giant cells
(FMGCs) similar to those described by Damiani and 
Eusebi. To the best of our knowledge, FMGCs have not
been previously reported in neurofibroma. The tumor,
with 10 cm the greatest diameter, was a typical neurofi-
broma of the diffuse type (Fig. 1) involving both the der-
mis and subcutaneous tissue. Wagner-Meissner bodies
were frequently observed. Numerous FMGCs, scattered
throughout the tumor, were an unexpected finding
(Figs. 1, 2). In the low-power view, the admixture of
neurofibromatous spindle cells with FMGCs in subcuta-
neous areas was closely reminiscent of a spindle cell/
pleomorphic lipoma (Fig. 2). Nuclear atypia and mitoses
were absent in both spindle cells and in FMGCs. At im-
munocytochemistry, the spindle cells were diffusely pos-
itive to vimentin and S-100 protein, while FMGCs
stained only with vimentin and CD34. As previously re-
ported [5], a subpopulation of non-Schwannian S100-/
CD34+ dendritic cells were extensively detected as an in-
tegral part of the neurofibroma.
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Fig. 1 Typical neurofibroma with scattered floretlike multinucle-
ated giant cells (FMGCs). Hematoxylin & eosin; original magnifi-
cation, ×30. Inset: high power

Fig. 2 The admixture of neurofibromatous spindly cells with
FMGCs and adipocytes of subcutaneous tissue resembling a spin-
dle cell/pleomorphic lipoma. Hematoxylin & eosin; original mag-
nification, ×30
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Although it is well known that randomly dispersed
atypical cells may be encountered as the result of degen-
erative changes in a neurofibroma [4], the occurrence of
FMGCs is a hitherto unrecognized feature that contrib-
utes to widen the spectrum of soft-tissue tumors contain-
ing such cell types, including spindle-cell/pleomorphic
lipoma, giant-cell fibroblastoma, giant-cell angiofibro-
ma/solitary fibrous tumor and giant-cell collagenoma
[4]. This unusual finding in a neurofibroma should not
be misinterpreted by pathologists as a feature of malig-
nant transformation, a potential event that may occur in
this tumor if the patient has NF1 [4]. For this reason,
careful cytological assessment of the FMGCs, which
should not show either nuclear pleomorphism or mitoses,
is helpful in ruling out malignancy. Immunocytochem-
istry, revealing the fibroblastic nature of such cells 
(vimentin+; CD34+; S100-), may be an ancillary diagnos-
tic tool.

Notwithstanding these diagnostic considerations, the
detection of FMGCs in a neurofibroma from a patient
with NF1 is an intriguing finding when we remember

that similar cells have been described in gynecomastia in
four patients with this genetic disorder [1, 2, 3]. We ad-
vise searching for FMGCs in tissues from patients with
NF1 to establish if they are typical or only an occasional
finding.
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“Does His Majesty already know what is old?” respond-
ed Argelander, astronomer at the University of Bonn,
when the Prussian king asked him, “what is new in heav-
en?” Persons interested in the future of pathology in the
twenty-first century can now arm themselves against
such wile by not only purchasing this wonderful book,
but also reserving several evenings to read it. It is worth
it. To be sure, historical remarks on the local develop-
ment of our discipline are a tradition at the annual meet-
ings of the German Society of Pathology. Compared
with these “medallions,” as we might call them, the vol-
ume Geschichte der Histopathologie represents a colos-
sal panoramic, the fruit of many years of immense and
indefatigable labor, in which both meticulous details and
splendidly drawn general lines of development are fasci-
nating.

Confining the theme to “histopathology” proves less
restrictive than may be expected by the reader (and per-
haps even by the author himself). In the end what we are
presented is a comprehensive history of pathologists and
pathology in the nineteenth and twentieth centuries. As it
turns out, the discovery of the microscopic dimension
was the driving force (a) for overcoming premicroscopic
pathology (F.X. Bichat’s famous tissue classification, for
instance, was still based exclusively on macroscopy); (b)
for reforming concepts in pathology and learning and
practicing “the new language” and for the ensuing dis-
cussions of the nature and origin of cancer cells and of
the significance of histopathology for practical diagnos-
tic work, and (c) for the advancement of scientific and
applied pathology to an established and institutionalized
discipline.

The principal part of the volume (ten chapters) is de-
voted to the different paths followed in various coun-
tries. Interestingly, ideas and experience were exchanged
much more intensively than one might assume today in
view of the currently available communication tech-

niques. As befits its central role in the second half of the
nineteenth century, histopathology in Germany is dealt
with in five chapters. The greatest amount of space 
(115 pages, 343 figures, 512 bibliographical footnotes) is
devoted to Virchow’s disciples and contemporaries. In
contrast to the other chapters, this one is organized main-
ly according to the sequence in which chairs of patholo-
gy were established. The remarkable mobility – it was
not exceptional for one person to hold leading positions
at three or more different institutions within his lifetime
– and the attractiveness of the established, “old” chairs
compared with the younger ones (e.g., E. Rindfleisch:
Zurich, Bonn, Würzburg), make it unavoidable that some
biographies are presented in reverse order in this chap-
ter; however, this does not detract from the fascination.
A large number of cross-references help to preserve 
clarity.

The subsequent chapter on Virchow’s heirs is further
evidence of the cardinal significance of the pathology
practice in the German-speaking countries. Depending
on his age, the reader will note the gradual transition
from “ancient times” to the era of his own recollections.
The progressing twentieth century is exemplified by se-
lected outstanding personalities. Of especial merit are
notes on Prosektors, i.e., the heads of hospital pathology
departments (outside the universities) and their role in
broadening the diagnostic and scientific basis of our dis-
cipline. Finally, the author calls to mind the emigrants of
the 1930s and the victims of World War II.

In all of this there is no inkling of nationalism. Dhom
is a European in the true sense of the word, and the con-
cept of the book was European from the beginning. He
begins with France, which played much more of a pio-
neering role in the early nineteenth century than is gener-
ally known. The developments there are described with
almost loving devotion and enthusiasm. Such names as
H. Lebert, H. Doné, M.P. Masson, and J. Delarue im-
press themselves on the reader’s mind, and one cannot
help admiring the highly developed art of illustration.
The reader learns that the first microphotographs (dagu-
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errotypes) were used only as patterns for the elaborate
drawings and is inspired by the high quality facsimiles of
the front pages of important textbooks and handbooks in
this and other chapters, which bear witness to the high
standard of the art of typography in the nineteenth century.

In relation to these developments, the chapter on 
Vienna and Austria is placed between Rudolf Virchow,
on the one hand, and Virchow’s disciples and contempo-
raries (already mentioned) on the other. Pathology there
had its roots in both “lower” (macroscopic) and “higher”
(microscopic) anatomy, which was more closely related
to physiology. The work of C. Rokitansky is presented,
including his quarrels and his gradual reconciliation with
and recognition by R. Virchow. The reader is also in-
formed about the very special constellations leading to
the establishment of the first Department of General and
Experimental Pathology and about the developments in
Prague (which at the time still belonged to the Habsburg
Empire), Graz, and Innsbruck.

That the development of pathology in Great Britain
was no less vigorous, although – especially in London –
somewhat more arduous than on the continent, is de-
tailed in a chapter following those on the German-speak-
ing countries. The reader learns many details about the
famous “Scottish School” and about the developments at
the top universities, Oxford and Cambridge. Of special
interest are the circumstances in the rapidly growing in-
dustrial towns and the ultimately unsuccessful attempts
to establish the growing but insufficiently defined field
of “clinical pathology.”

With good reason the history of histopathology in the
United States comes at the end of this book, with its na-
tion-based approach. The knowledge accumulated in the
European countries was naturally the most important ba-
sis for the further developments. Anyone with ambitions
in the field trained for a while in Europe, and European
experts sometimes even acted as advisors when top posi-
tions had to be staffed. The medical schools of Johns
Hopkins in Baltimore and Harvard in Boston represent
the “European Period.” American pathology gained in-
ternational standing by consistently pursuing the concept
of “surgical pathology.” Largely free of theoretical bal-
last, large-scale studies systematically analyze the clini-
cal course in correlation with histopathological findings.
They set standards that have been accepted step by step

all over the world, and, as recent developments show,
their effect on pathology in Europe and elsewhere has
not been only debilitating. In this chapter, too, Dhom’s
presentation is extremely well informed, and at the same
time it is characterized by fairness and – where appropri-
ate – by great respect.

The 534 pages so far are not enough. They are fol-
lowed by chapters on the developments in special fields
of histopathology. References had already been made to
some of them in earlier chapters. The consequences and
implications do not become clear, however, until we look
at the roots of surgical pathology and at surgeons work-
ing with microscopes in the early nineteenth century not
only in France and Great Britain but also in Germany.
Who still knows, for instance, that T. Billroth, later a fa-
mous surgeon, was a competitor of R. Virchow’s for the
chair at Berlin in 1856 (he took second place)? Even still
more impressive is the chapter on microscopic gyneco-
pathology, which is the third largest of the whole book
(65 pages, 18 figures, 310 quotations). If one adds the
well written chapter on dermatopathology, which is
based partly on a compilation of the most important text-
books over the decades of the twentieth century in addi-
tion to the relevant biographies, it is obvious that the
book does not only deal with scientific and applied pa-
thology. It also contains ample material related in some
manner or other to professional quarrels of the past and
even present. Finally, the reader can browse year by year
through the selected bibliography, which comprises 291
titles and keyword-like summaries, beginning in 1800
with F.X. Bichat’s Traité des Membranes and ending in
1989 with Lymphadenopathy in HIV Infection by A.C.
Öst and many coworkers. Also in this personal compila-
tion the reader gains additional information on items not
dealt with in the full-length chapters.

With a total of 812 pages, 159 excellent and illustra-
tive figures (e.g., the admirable drawings in the sections
on M. P. Masson, K. Landsteiner, R. Rössle, and F.B.
Mallory), 2900 bibliographic footnotes, and 1150 names
in the register the makeup of this book is excellent and
the price is reasonable. This is an important book for all
pathologists and for interested clinicians. It should be
made available in an English translation. We owe Georg
Dhom a debt of gratitude for the service he has done to
pathology in the twenty-first century.
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12–23 May 2003
International Course on Laboratory Animal Science
Utrecht, The Netherlands
A two-week intensive course on laboratory animal science will be
organized at the Department of Laboratory Animal Science – Ut-
recht, The Netherlands in May 2003. This course has been offered
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their own institution. For this purpose, dur-
ing the course the acquisition of teaching materials can be dis-
cussed with the course committee.

For information and application forms please contact:
Prof. Dr. L.F.M. van Zutphen or
Mr. Stephan van Meulebrouck
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Phone: *31-30-2532033
Fax: *31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click ‘Education’).

Virchows Arch (2002) 441:529 © Springer-Verlag 2002

A N N O U N C E M E N T S

9–11 May 2003
6th International Course on Bone Marrow Biopsy Pathology
Hanover, Germany
Under the auspices of the European Association 
for Hematopathology
Bone marrow histology has evolved into an integral part of mod-
ern haematological diagnostics. Moreover, it affords unique access
to a biological understanding of important diseases affecting the
haematopoietic system. The courses offered by the European Bone
Marrow Working Group under the auspices of the European Asso-
ciation for Hematopathology are intended to provide high quality
educational sessions in bone marrow histopathology and to bring
together people who have a particular interest in this field. In addi-
tion to state-of-the-art lectures focusing on selected topics, there
will be workshops where participants are invited to contribute
their own interesting and instructive cases. Topics will be chronic
myeloproliferative disorders, lymphoma, hypoplastic states and
MDS, reactive and therapy-related changes.
Course fee: 300 E
For further information see http://www.mh-hannover.de/institute/
pathologie/kongress or contact Institute of Pathology, Medizini-
sche Hochschule Hannover, Carl-Neubergstr. 1, 30625 Hannover,
Germany, 
E-Mail: Laenger.Florian@MH-Hannover.de,
Tel.: 0049 511 532-4501; Fax: -5799 
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Editors
Prof. Niki J. Agnantis
University Department of Pathology
Medical School of Ioannina
GR-45110 Ioannina, Greece
Tel.: +30-651-097792
Fax: +30-651-097858

Prof. Sir Colin Berry
Department of Morbid Anatomy
The Royal London Hospital
London E1 1BB, UK
Tel.: +44-207-3777 349
Fax: +44-207-3770 949

The newsletter of the
European Society of Pathology,
EUROPATH NEWS, is sponsored by
Leica Microsystems Nussloch GmbH

Dear Colleagues,

We are very pleased to convey to
you the fourth issue in 2002 of our
ESP Newsletter. This issue begins
with the Presidential Address of
Prof. Gianni Bussolati. It continues
with a report from Prof. B. Krušlin
on the 13th Ljudevit Jurak Interna-
tional Symposium on Comparative
Pathology, which was held in Za-
greb, Croatia, between 7 and 8 June
2002. Also included are announce-
ments of forthcoming conferences,
seminars and tutorial courses. Fur-
thermore, information is presented
about the constituted Working
Groups. Do not hesitate to provide
us with material on the activities of
your department and even share with
us, through Europath News, your
problems. Last but not least, remem-
ber that we must increase the number
of ESP members. This is a vital mat-

Virchows Arch (2002) 441:530–540

ter for the continuity of our Society.
You can easily sign up by using the
application form for membership
(which is included in each issue of
the Europath News) or going to our
new website (whose address is also
included). At the same time, you
could exert influence on the younger
staff in your department to join us.

With warmest thanks and regards,
The Editors

European Society
of

Pathology

Newsletter of the European Society of Pathology

Prof. Niki J. Agnantis Prof. Sir Colin Berry

Address by the President of the European Society of Pathology, 
Gianni Bussolati

Dear Member,

Several Officers (specifically, the
President-elect and the Treasurer) and
four members of the Executive Com-
mittee (in replacement of the Mem-
bers whose terms have elapsed) will
have to be nominated at the Ljubljana
Congress (September 2003).

The Statutes and Bylaws foresee
that names of candidates, proposed
by either the Executive Committee
or ESP members in good standing,
should be presented to the Nomina-
tion Committee, made up of former
Presidents of the Society. The Nomi-
nation Committee will make a final
proposal “taking into account scien-
tific and geographical considerations
so as to maintain a balance between
all European countries”.

I am therefore asking you to send
me your proposal, in the best interest
of our Society. Please fill in the form
below and send it to me by either let-

Gianni Bussolati
President of the European Society 
of Pathology

ter or fax. I will regard your Propos-
al as a personal communication to
myself and as something not to be
publicized. Proposals from Member-
ship will be collected until the dead-
line of 31 December 2002 and Can-
didates’ names will be presented to
the Nomination Committee.

Thank you for your kind interest.
Yours, Gianni Bussolati
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13th Ljudevit Jurak International Symposium on Comparative Pathology, Zagreb, Croatia, 7–8 June 2001

http://www.kbsm.hr/Jurak/symposium.htm
e-mail: juraks@kbsm.hr

The 13th Ljudevit Jurak Internation-
al Symposium on Comparative Pa-
thology was held in Zagreb, Croatia,
on 7–8 June 2001, under the aus-
pices of the European Society of Pa-
thology and the Academy of Medical
Sciences of Croatia. The Symposium
offered a good opportunity for shar-
ing experiences and comparing the
investigational results and ideas of
human and veterinary science.

The main topic of the Symposium
was breast pathology. After the
opening ceremony, the Ljudevit
Jurak Award ceremony took place,
recognizing contributions to the ad-
vancement of comparative patholo-
gy. Professor M. Štulhofer, Vice-
President of the Academy of Med-
ical Sciences of Croatia, presented
the awards to Prof. J. Talan-
Hranilović (Zagreb, Croatia) and Dr.
N. Pavletić (Trieste, Italy).

The memorial lecture on the orga-
nization of breast pathology units
was held by Prof. G. Bussolati, the
President of the ESP. He stressed the
role of the pathologist as part of the
core team in the diagnosis of breast
cancer and in the pre- and postopera-
tive planning of the therapeutic ap-
proach to it. Professor V. Eusebi
(Bologna, Italy) held the second me-

morial lecture, on soft tissue tumors
of the breast. Invited speakers K.
Pavelić (Croatia) and E.A. Blomme
(USA) presented lectures on recent
advances in molecular genetics and
the application of new genomic tech-
nologies, including DNA microarray
and molecular transcription profiling
for the rational identification of mo-

lecular targets in the treatment of
breast cancer. J. Lamovec (Slovenia)
held a lecture on malignant lympho-
ma of the breast. J. Jakić-Razumović
(Croatia) presented data on the prog-
nostic value of HER-2/neu in breast
carcinoma patients. S. Frković-
Grazio (Slovenia) discussed the fac-
tors influencing prognosis and sur-
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vival in early (T1N0M0) breast car-
cinoma. F. Schmitt summarized the
advances in breast FNA. Further in-
vited speakers, H. Denk (Austria)
and R.H. Poppenga (USA), held
talks on drug-induced liver diseases
and the application of the “one medi-
cine” concept to veterinary and hu-
man clinical toxicology, respectively.
Veterinary pathologists, F. Del Piero
(USA) and C.M. Bussadori (Italy)
presented lectures on mammary neo-
plasm in cats and dogs and diagnos-
tic imaging for the identification of
cardiac tumors in humans and dogs.
Free papers were presented as post-
ers. Authors from Spain, Italy, Mace-
donia, Slovenia, and Croatia present-
ed recent data on the diagnosis, pro-
tocols, and pathohistologic and im-
monunochemical findings in differ-
ent human and animal diseases, pre-
dominantly breast cancer.

In a session entitled the “Herman
Jurak Round Table on Rheumatolog-
ic Diseases,” Prof. W.G. Fassbender
(Germany) led a workshop on rheu-
matologic pathology.

The Symposium included two
slide seminars. Dr. A. Pogačnik
(Ljubljana, Slovenia) organized the
slide seminar on breast cytopatholo-
gy, and he, along with Ž. Marinšek-
Pohar (Slovenia) and F. Schmitt
(Portugal) presented the cases. Pro-
fessors S. Lax and F. Moinfar (both
from Austria) organized the slide
seminar on the comparative patholo-
gy of human and animal tumors and
presented the cases of human pathol-
ogy, whereas F. Del Piero (USA) and
K. Koehler (Germany) presented the
animal cases. G. Mikuz (Austria) or-
ganized and conducted the quiz on
pathology.

At the end of the Symposium, a
poster discussion and poster presen-
tation award session was held. The
Poster Presentation Award was given
to A. Krvavica (Zadar, Croatia) and
colleagues.

The Symposium dinner took
place at the very well-known Mim-
ara Museum. On Sunday, an excur-
sion to the famous Plitvice Lakes
was organized for all participants.

The next Symposium will be held
on 6–7 June 2003 on the topic of
dermatopathology.

All data on the Symposium can
be found at our web site: http://www.
kbsm.hr/Jurak/symposium.htm.

Conference papers and abstracts
are published in the journal Acta
Clinica Croatica (Acta Clin Croat)
and can be found at the following
website:
http://www.acta-clinica.kbsm.hr.

Božo Krušlin, M.D.
Department of Pathology
Sestre milosrdnice University
Hospital
Vinogradska 29, 10000 Zagreb,
Croatia
e-mail: bkruslin@kbsm.hr
Fax: 385-1-3787-244



Dear Colleagues, Members of ESP

The 13th EuroCellPath Course will
be held in Cagliari on 10–13 May
2003. Under the title “Molecular
mechanisms and molecular diagnos-
tic tools in pathology”, it will ex-
plore the following topics:

1. Molecular mechanisms in carci-
nogenesis

2. Genetic disregulation as a diag-
nostic tool in surgical pathology

3. Molecular pathology of metabolic
diseases

4. Subjects of proffered papers

All of you are cordially and strongly
invited to participate, especially
young pathologists and 4th- to 5th-
year residents.

Best regards to all of you,

Carlo D. Baroni

P.S. For more information please
contact me
e-mail: carlo.baroni@uniroma1.it or
the ESP Website

INTERNATIONAL ACADEMY OF PATHOLOGY
INTRAEUROPEAN-MEDITERRANEAN CONFERENCE

Dates: 8–10 May, 2003

Meeting Venue: Astir Palace Resort 
Vouliagmeni, Athens-Greece

Topics
Breast Cancer: Sunhil Lakhani, London, UK

Endometrial Cancer: Jaime Prat, Barcelona, Spain

Pigmented Lesions of the Skin: Martin C. Mihm, Jr, Boston, MA, USA

Prostate Neoplasia: Rodolfo Montironi, Ancona, Italy

Organized by the Hellenic Division
Please visit our home page to see the content of the programme and other useful information

www.mednet.gr/hsap

Conference Secretariat
Alex. Soutsou 8, 106 71 Athens, Greece

Phone: +301-363-4944, Fax: +301-363-1690, e-mail: infor@era.gr

13th EuroCellPath Course, 10–13 May 2003, Cagliari, Italy

International Workshop on Intestinal Permeability in Health and Disease, 23–24 May 2003, Patras, Greece

Conference & Cultural Center of the University of Patras

Invitation

The organizing committee of the In-
ternational Workshop on Intestinal
Permeability in Health and Disease
has the great pleasure of inviting you
to Patras, Greece, on 23–24 May
2003. Patras, a city with history that
can be traced back to prehistoric
times, is located on the northern
coast of the Peloponnese and has
functioned in the last two centuries
as Greece’s main link to Central
Europe. The metropolitan area has a
population of over 250,000 people.

The city is famous for its Annual
Carnival, Venetial Castle and the in-
ternationally known wine company
of Achaia Claus. The University of
Patras was founded in 1964 and is
now located on a 600-acre campus
just outside the city at the foot of
mountain Panachaikos. Its 18 aca-
demic departments offer a wide
range of undergraduate and graduate
courses and degrees. We are looking
forward to your participation in what
we believe will be an exciting meet-
ing on Intestinal Permeability in
Health and Disease, designed to

bring together basic and clinical sci-
entists of diverse specialties in an ef-
fort to elucidate an emerging and
novel field in medicine. See you in
Patras in May 2003.
General Fees: 75 Euros, Students free

Congress venue

The congress will be held at the Uni-
versity of Patras Convention Center,
located on the University Campus.
Transportation to and from the hotels
will be provided.
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Official language

English

Social and cultural events

Reception at the Achaia Claus win-
ery
Visit to Olympia
Visit to Delphi

The Organizing Committee

Scopa Chrisoula
Vagianos Constantin
Charonis Aristidis
Skoutelis Athanassios
Kouraklis Gregory

Important dates

Workshop: 23–24 May 2003

Deadline for the receipt of abstracts

15 February 2003

Scientific program

The program will consist of half-hour
presentations by the invited speakers,
a poster session and ample time for
discussion of the topics presented.

Topics include

– Molecular basis of intestinal per-
meability

– Interaction between bacterial and
intestinal epithelium

– Endocrine and immunological
functions of the intestine

– Effect of inflammation on gut
barrier function

– Clinical conditions affecting in-
testinal permeability (jaundice,
sepsis, etc. )

– The impact of luminal content on
barrier function

Invited speakers include

Alexandridis, T. (Greece)
Anderson, R. (Sweden)
Charonis, A. (Greece)
Deitch, E. (USA)
Filos, K. (Greece)
Jeppson, B. (Sweden)
Kotzabassi, C. (Greece)
Menger, M. (Germany)
Rowlands, B. (England)
Scopa, C. (Greece)
Vagianos, C. (Greece)
Viswanathan, V. (USA)

Secretariat

Synedra
Agiou Nikolaou 57
GR-262 21 Patras, Greece
Tel.: +30-610-242999
Fax: +30-610-242997
e-mail: synedra@pat.forthnet.gr



Ioannina University Courses in Pathology (IUCP)

Part one: Kidneys Pathology-Oncology
27–28 May, 2003

Part two: Bladder Pathology-Oncology
29–31 May, 2003

Preliminary list of Faculty
Eleftheriades E (Gr)
Liapis H (USA)
Leontsini M (Gr)
Mairinger T (A)
Mikuz G (A)
Nakopoulou L (Gr)
Pantzaki A (Gr)
Pavlaki K (Gr)
Petraki C (Gr)
Sofikitis N (Gr)
Sotsiou F (Gr)

(Second announcement)

Director-Coordinator: Prof. Niki J. Agnantis

Working Group 
of Pulmonary Pathology
by Helmut Popper

Address for information:
Helmut H. Popper, M.D.,
e-mail: ppopper@kfunigraz.ac.at
Fax: +43–316–380–9636
Laboratories for Molecular
Cytogenetics, Environmental 
and Respiratory Tract Pathology, 
Institute of Pathology, 
University of Graz

Working Group on Head 
and Neck Pathology
by Antonio Cardesa

Information address:
Prof. Antonio Cardesa,
Dept. Anatomic Pathology, 
Hospital Clinic, Villarroel 170,
08036 Barcelona, Spain 
(Tel: +34 93 227 5450, 
Fax: +34 93 227 5717, 
e-mail: acardesa@clinic.ub.es)

Working Group on Endocrine Pathology
by Gianni Bussolati

E.C.E.P
The European Club of Endocrine Pathology

The European Club of Endocrine Patholgoy
Via Santena 7, Torino 10126, Italy

Tel.: +39-11-6706505, Fax: +39-11-6635267
e-mail: fassina@uxl.unipd.it

All infomation, graphics and materials
contained in this site are © 1997 by

European Club of Endocrine Pathology
Prof. Ambrogio Fassina

© All right reserved

Registration fees for each part:
EUROS 400 (200 for residents)
Accommodation (double room, shared) 
and full board are included
Account number in EUROS: 359/616930-96
National Bank of Greece, Ioannina, Greece

Correspondence:
Prof. Niki J. Agnantis, M.D.,
Institute of Pathology, University of Ioannina,
Medical School, University Campus,
45110 Ioannina, Greece
Tel: +306510-97795, Fax: +306510-97858
e-mail: nagnanti@cc.uoi.gr.

For further information please contact  
our home page at 
http://medlab.cs.uoi.gr/iucp
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New address:
Prof. Henrik B. Hellquist, Chairman,
Department of Laboratory Medicine
and Pathology, 
Hamad Hospital, P.O. Box 3050,
Doha, Qatar

Working Group of Uropathology
by Gregor Mikuz

Addresses for information:
Gregor Mikuz M.D., FRCPath
(Chairman), Institute of Pathology
University Innsbruck, 
Muellerstrasse 44, 6020 Innsbruck,
Austria (gregor.mikuz@uibk.ac.at)
Ferran Algaba M.D.(Vice-chairman),
Fundacion Puigvert, C/Cartagena
340 –350, 08025 Barcelona, Spain
(19612itp@comb.es)
Antonio Lopez-Beltran M.D. 
(Secretary), Unit of Anatomical 
Pathology, Faculty of Medicine, 
14004 Cordoba, Spain
(Em1lobea@uco.es)
Margaret Constance Parkinson BSc,
M.D. (Secretary), 
(HP) Fourth Floor Rockefeller
Building, University Street, 
London WC1E6JJ, UK
(Rmkdhmp@ucl.ac.uk)
Rodolfo Montironi M.D., FRCPath
(Treasurer), Institute of Pathology,
University of Ancona, 
60020 Torrette / Ancona, Italy
(r.montironi@popcsi.unian.it)
Michael J Mihatsch MD 
(Nephropathology), 
Institute of Pathology, 
University Basel, 4003 Basel, 
Switzerland (Mihatschmj@uhbs.ch)

Working group of cytopathology
by Fernando Schmitt

Address for information:
Prof Fernando Schmitt, IPATIMUP,
Rua Roberto Frias S/N, 
4200 Porto, Portugal (e-mail: 
fernando.schmitt@ipatimup.pt, 
Fax: +351–225570799)

Working group of gynaecology
by Manfred Dietel

Addresses for information:
e-mail: manfred.dietel@charite.de

Working Group on Molecular 
Pathology

Foundation meeting: 
Baveno Monday, 20 May 2002
For further information use the fol-
lowing e-mail addresses:

For Prof. Dr. Heinz Hofler: 
renate.hartmann@lrz.tu-muenchen.de
(his secretary’s e-mail address)

For Prof. Generoso Bevilacqua:
g.bevilacqua@med.unipi.it
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Important message to all ESP members who want to send
material for publication in the Europath News, which will ap-
pear four times a year (February, May, August, November)
incorporated in Virchows Archiv: the material should be sent
to one of the editors 2 months ahead of time by e-mail:

C.L. Berry@mds.qmw.ac.uk or nagnanti@cc.uoi.gr

Slide seminar in the Internet

Diagnostic histopathology cases presented at the European
School of Pathology courses in Turin are going to be shown
via Internet.

You are kindly invited to visit the site at 
http://www.isi.it/pathology/index.htm.

A message from the Editors to the Chairpersons of the
formulated ESP Working Groups

Dear Colleagues,
If you are interested in presenting your activities to the
EUROPATH NEWS, please send your material by e-mail 
2 months ahead of publication.

PLEASE NOTE:
Due to the restricted number of pages in each issue, 
texts will appear on a “first come, first served” basis.
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For information concerning
ESP activities, please contact

ESP web-site: http://www.Europathology.org



European Society of Pathology Electron Microscopy Working Group: 
Foundation Meeting, Baveno, Italy, May 2002

The Foundation Meeting for a pro-
posed Electron Microscopy Working
Group was convened on 19 May
2002, as part of the Inter-Congress
of the European Society of Patholo-
gy, held in Baveno, Italy. The meet-
ing was chaired by Dr. Brian Eyden
(Manchester), in the capacity of Act-
ing Co-ordinator of the proposed
Working Group, and had the objec-
tives of discussing its establishment
and future activities. Those in atten-
dance were: Dr. Renata Boldrini
(Rome), Prof. Cesare Bosman
(Rome), Prof. Gianni Bussolati (Tu-
rin), Prof. Rosario Caruso (Messina),
Prof. Vittorio Cavallari (Messina),
Dr. Giovanna Cenacchi (Bologna),
Dr. Brian Eyden (Manchester), Prof.
Du‰an Ferluga (Ljubljana), Dr.
Alessandro Franchi (Florence), Prof.
Anna Kadar (Budapest), Prof. Josep
Lloreta-Trull (Barcelona), Prof. Jahn
Nesland (Oslo), Prof. Wlodek
Olszewski (Warsaw), Prof. Marco
Santucci (Florence), Prof. Urbain
van Haelst (Utrecht) and Dr. Alenka
Vizjat (Ljubljana).

In previous discussions, agree-
ment had been reached that the ob-
jectives of the Electron Microscopy
Working Group are to re-establish an
appreciation of electron microscopy
in diagnosis and research in patholo-
gy, primarily through meetings but
also through a database of individu-
als in Europe. This should promote
communication in generaland enable

non-specialists to seek advice from
experts. At the Foundation Meeting,
this initiative was set in motion with
a lecture by a European pathologist
with a documented record of interest
in electron microscopy. Accordingly,
Prof. Marco Santucci of Florence
had kindly agreed to present a lec-
ture, with the title: “The pivotal role
of electron microscopy in the classi-
fication of soft-tissue pleomorphic
sarcomas”. Professor Santucci skil-
fully highlighted the continuing val-
ue of electron microscopy in the di-
agnosis of a group of tumours where
new entities or variants continue to
be documented, and where expertise
is less easy to develop given the rela-
tive infrequency of these neoplasms.

The lecture was followed by a
discussion of several administrative
issues. Dr. Brian Eyden outlined the
possible value of a database of pa-
thologists and scientists in Europe
interested in electron microscopy. It
could define quantitatively the level
of interest within Europe and pro-
mote communication. It could also
document those individuals with spe-
cial areas of interest and technologi-
cal expertise, who could thereby help
non-experts. So far, over 150 indi-
viduals had been identified, and the
intention is to continue to refine this
list and provide an update for distri-
bution early in 2003.

It was agreed that Dr. Brian Ey-
den would continue in the capacity

of Acting Co-ordinator until the
2003 Ljubljana Congress. Anyone
wishing to support the Electron Mi-
croscopy Working Group is encour-
aged to send him full contact details
and a note of any special interests, to
the following address:

Dr. Brian Eyden (PhD),
Head of Diagnostic 
Electron Microscopy, 
Christie Hospital NHS Trust, 
Manchester M20 4BX, 
United Kingdom
Tel.: +44 161 446 3292
Fax: +44 161 446 3300
e-mail:
Brian.Eyden@christie-tr.nwest.nhs.uk

The most important item for discus-
sion was the nature of the Working
Group’s contribution to the European
Society of Pathology Congress in
Ljubljana in September 2003. The
decision was taken to organise a
Short Course (in two parts) and a
Slide Seminar in Diagnostic Elec-
tron Microscopy.

The establishment of an Electron
Microscopy Working Group was
agreed to at the ESP Executive Com-
mittee Meeting at Baveno. This
comes at a dynamic time for the Eu-
ropean Society of Pathology, with
Working Groups for Skin and Mo-
lecular Pathology also being pro-
posed.

Brian Eyden, Manchester, June 2002
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Abstract In head and neck squamous cell carcinomas
(HNSCC) the prognostic factors that are routinely con-
sidered when deciding therapeutic strategies are still
stage and site of the primary tumour, and the presence of
nodal or distant metastases. However, it is recognised
that these clinical predictors are limited since they do not
satisfactorily reflect the biological behaviour of the indi-
vidual tumour. With the evolving understanding of the
genetic and molecular basis of human malignancies,
there are an increasing number of factors being claimed
to provide prognostic information even in HNSCC. Here
we review own and published data on DNA ploidy,
karyotyping and molecular cytogenetic changes and its
relevance in HNSCC carcinogenesis. The survey sug-
gests that the induction of aneuploidy is a very early
event in tumour development being detectable already in
non-dysplastic leukoplakia and highly predictive for the
subsequent development of a carcinoma. Moreover, spe-
cific chromosomal imbalances are associated with differ-
ent stages of cancer progression and patient’s survival,
which we have compiled into a progression model of
HNSCC.

Keywords Head/neck squamous cell carcinomas · 
Prognostic factors · Molecular genetics · Chromosomes

Introduction

Head and neck squamous cell carcinomas (HNSCCs) in-
clude epithelial malignancies of the oral cavity, pharynx

and larynx. As a group they comprise approximately 5%
of all newly diagnosed malignancies in Northern Europe
and the United States. Annually, more than 500,000 new
cases are registered worldwide, and the incidence of 
the disease is increasing [58] (http://www-dep.iarc.fr,
http://www.rki.de/krebs/krebs.htm). Chronic consump-
tion of tobacco and alcohol are recognised to be the main
exogenous risk factors in HNSCC [12]. Despite im-
provements in therapeutic and reconstructive modalities,
overall survival rates of this tumour entity remain poor
[53]. As for many other tumour types, survival of
HNSCC patients is restricted by the growth of local re-
currences, distant metastases and second primary tu-
mours being reported to occur in approximately 10–30%,
15–25% and 10–40%, respectively [29, 45, 46, 40, 76,
80]. At time of diagnosis, 50–60% of the tumours have
already spread to regional lymph nodes [27]. In these
cases, the survival is about 50% shorter than in patients
without metastases [56]. Survival can also be adversely
affected by tumour stage and tumour site [71]. However,
clinical outcome varies among patients with tumours
from the same site, with comparable tumour stage, nodal
status and histological grade [33, 48].

Staging systems, such as TNM classification, have
been developed to estimate the probability of further tu-
mour progression after treatment. The power of the
pathological characterisation, which still represents the
gold standard in tumour classification, is related to the
fact that it not only describes morphological parameters
but also biological behaviour, e.g. invasion into adjacent
organs and the formation of metastases. However, it is
well known that the histopathologically established tu-
mour classification does not satisfactorily predict the
clinical outcome in individual cases. This is primarily
due to the different biological behaviour of the tumours
beyond those that are accessible by the TNM parameters.
In HNSCC, the nodal status is the best prognostic param-
eter reflecting the capacity for lymphangiogenic dissemi-
nation as a specific biological phenotype. However, for
its correct determination, an extended operation is neces-
sary. Although surgery is the major option for initial
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treatment, primary radiochemotherapy has shown prom-
ising results in HNSCC [69]. For the improvement of
different treatment modalities there is an increased de-
mand for a refined initial characterisation, which is gen-
erally performed by means of a small biopsy of the pri-
mary tumour. So far, these specimens are only used to
establish the diagnosis of the disease and a semi-quanti-
tative estimate of its malignancy expressed by the tu-
mour grade. In an ideal setting, the pathologist should
also answer the question whether or not the tumour car-
ries the potential for metastatic spread or if it is resistant
to radiation and/or chemotherapy and he should provide
a statement of the patient’s prognosis. For this need,
analysis of molecular genetic markers is an encouraging
tool complementing and improving the grading and stag-
ing of HNSCC.

At present, it is widely accepted that cancer arises
from damage of the DNA at various levels, ranging from
mutations of a single nucleotide to numerical and struc-
tural alterations of entire chromosomes. DNA can be
damaged by a number of mutagens to which a person is
exposed through lifestyle or from the environment. Mu-
tagenic events can result from chemicals (such as car-
cinogens), physical agents (such as ionising radiation)
and biological agents (such as micro-organisms), and
some damage also arises ‘spontaneously’. Initiation of
HNSCC seems to be mainly related to the exogenously
taken carcinogens and pro-carcinogens from alcohol and
tobacco smoke such as polycyclic aromatic hydrocar-
bons, nitrosamines, aldehydes and aromatic amines [85].
However, it is also known that ~10% of the patients with
HNSCC never smoked or drunk alcohol, suggesting that
genetic factors also contribute to the risk of developing a
HNSCC, although susceptibility genes have not yet been
identified [16]. The consequence of the resulting DNA
damage is cellular deregulation with self sufficiency in
growth signals, insensitivity to growth-inhibitory (anti-
growth) signals, evasion from programmed cell death
(apoptosis), limitless replicative potential, sustained an-
giogenesis, and tissue invasion and metastasis [28].

For almost a century now it has also been generally
accepted that cancer is caused by ‘somatic mutation’
[86]. However, the exact nature of this mutation is still
under debate. One hypothesis (gene mutation hypothe-
sis) states that the induction of specific defects in cancer-
associated genes, like tumour-suppressor genes or proto-
oncogenes, play the most important role. At present this
hypothesis is supported by the majority of cancer re-
searchers. Another model suggests that the major initial
event in carcinogenesis is the generation of aneuploid
cells. Because aneuploidy destabilizes the karyotype, i.e.
causes genetic/chromosomal instability, these cells may
then autocatalytically evolve to a cancer by the genera-
tion of new and eventually tumorigenic karyotypes [19].
In this scenario, the complex phenotypes of cancer cells
are caused by numerical and structural chromosomal ab-
errations. This hypothesis is supported by the detection
of non-random chromosomal alterations in HNSCC,
which will be the major focus of this review. In addition,

we will highlight few genes that might be altered in con-
junction with the chromosomal imbalances. A detailed
description of already known tumour-associated genes
and their relevance in HNSCC has recently been pub-
lished in this journal [54].

DNA ploidy of HNSCC

DNA ploidy, the amount of genetic material contained in
the nucleus, is the most extensively studied of all genetic
markers in human cancer. Two methods of analysing
DNA content are available – flow cytometry and image
analysis – and the results from both methods normally
correlate well [21]. The data is shown as a histogram,
plotting DNA content against cell number. Tumours with
a main peak of cells containing less than the diploid
amount of DNA (2 N) are termed hypoploid or euploid;
if the value is 4 N, they are termed tetraploid, and if it
lies outside these margins aneuploid.

HNSCCs evolve from diploid squamous cells of the
mucosa. At the time of diagnosis about two-thirds of
clinically diagnosed head and neck cancers are non-dip-
loid, indicating that there must be an acquisition and ac-
cumulation of genetic material during tumour develop-
ment. Therefore measurement of DNA ploidy has been
utilised to determine a tumour’s clinical behaviour. It has
been demonstrated that in HNSCCs, the incidence of an-
euploidy ranges from 29% to 80% [42, 67, 90]. Most
studies have concluded that there is an association be-
tween a poor prognosis and non-diploid tumours [32, 51,
79, 82]. However, Janot et al. [33] did not find any sta-
tistically significant association for DNA ploidy in terms
of locoregional recurrence or 2-year survival rates. Simi-
larly, the comparison of metastasising and non-meta-
stasising tumours has shown a significantly higher mean
DNA content of the tumour cells in node positive than in
non-negative tumours [65, 89], whereas other studies
could not validate this association between higher degree
of aneuploidy and more aggressive behaviour of tumour
cell clones [22, 42]. Ploidy may also play a role in deter-
mining response to radiotherapy and chemotherapy [15].

One of the problems with using DNA content as a
prognostic indicator is the high level of intratumoural
heterogeneity that has been observed in many tumours
[20]; another is the fact that ploidy is not able to make a
statement of nature of a chromosomal aberration. Our
comparative genomic hybridisation (CGH) suggests that
these aberrations that form the basis of aneuploidy are
actually detectable in each and every HNSCC, i.e. 100%
being far beyond the above-mentioned maximum of
80%. Thus, aneuploidy is a very frequent event suggest-
ing that it is associated with early tumour development
rather than advanced cancer progression, which might
also explain why it could not consistently be established
as a prognostic marker.

In this respect, important reports were recently pub-
lished by a Norwegian group from the Radium Hospital
in Oslo investigating a respectable collective of oral leu-
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koplakias by DNA ploidy and patient’s outcome. Inter-
estingly, DNA aneuploidy was already detectable in non-
dysplastic as well as dysplastic lesions being highly pre-
dictive for the subsequent development of cancer. Fur-
thermore, tetraploidisation was also detectable in these
preneoplasias. In multivariate analysis, DNA content
was the only significant prognostic factor regarding pro-
gression towards cancer in contrast to the histological
grade of dysplasia, sex, use of tobacco, size and location
of lesions, and the presence of multiple lesions [81, 82,
83, 84].

Thus, the increase of DNA quantity by the induction
of polyploid and then aneuploid karyotypes must be con-
sidered a very early event in HNSCC carcinogenesis.
The quality of the DNA changes, i.e. specific chromo-
somal imbalances, are then associated with the different
phenotypes of tumour progression.

Chromosomal alterations in HNSCC

Classical cytogenetics

Cytogenetic abnormalities have been shown to be useful
markers for the diagnosis and prognosis of malignancies
and point to locations of specific genes where chromo-
somal disruptions have occurred [75]. Classical cytoge-
netic analysis of solid tumours has been difficult because
of several factors, including the necessity and time of
cell culture, low mitotic index or small specimen size of
the tumours. Although improvements in tissue culture
and cytogenetic techniques have led to increased suc-
cess, epithelial tumours remain difficult to culture, with,

for example, only approximately 30% of head and neck
tumours actually growing in culture and yielding analy-
sable metaphase spreads [25]. The karyotypes of
HNSCC are complex, often near triploid or tetraploid,
and composed of multiple clonal numerical and structur-
al chromosome abnormalities [17, 34, 35, 36, 37, 57,
59].

A representative trypsin-Giemsa banded karyotype of
one of our SCC cell lines is shown in Fig. 1. The tumour
is characterised by a near tetraploid karyotype (~84–91,
XXYY) with structural rearrangements, e.g. additional
chromosomal material of unknown origin add (1)(p36),
isochromosomes i(5)(p10), i(9)(q10), derivative chromo-
somes der(3;20)(q10;p10), deletions del(5)(q11q31) co-
existing with numerical changes, like additional chromo-
somes +20 or +22 or missing chromosomes –12 or –18.
However, several chromosomal rearrangements and the
marker chromosomes +6–8mar[cp10] are not fully iden-
tifiable.

Despite the numerous diverse structural abnormali-
ties, classical cytogenetic analyses of HNSCC have re-
vealed several consistent chromosomal breakpoints, in-
cluding bands 1p13 and 11q13 [38, 39]. Structural chro-
mosomal rearrangements involving the centromeric or
juxtacentromeric bands have been observed frequently in
HNSCC. These rearrangements result from whole-arm
translocations, including Robertsonian translocations be-
tween two acrocentric chromosomes (13, 14, 15, 21 and
22) or formation of isochromosomes 3q, 5p, 7p, 8q, and
9q. Formation of these isochromosomes results in loss of
the short arms, contributing in particular to the frequent-
ly observed 3p, 8p and 9p losses in HNSCC [17, 34, 36,
37, 50, 59].
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Fig. 1 Representative trypsin-
Giemsa banded karyotype of a
squamous cell carcinoma cell
line (D6/95 Berlin, passage
36). This cell line was derived
from a moderately differentiat-
ed pT3 pN0 M0 squamous cell
carcinoma of the vocal cord
from a previously untreated 
68-year-old man. The tumour
was treated by surgical resec-
tion and the patient is still alive
without disease. Quite typically
for head and neck squamous
cell carcinoma (HNSCC), it
shows a near tetraploid karyo-
type with multiple numerical
and structural abnormalities 
indicating aneuploidy. Many
chromosomes carry complex
rearrangements that cannot be
clearly defined by conventional
karyotyping. Furthermore,
karyotyping is complicated by
the genetic instability and het-
erogeneity of HNSCC general-
ly showing differences between
distinct meta-phases from the
same cell line



In classical cytogenetics nomenclature, clonal altera-
tions are defined as a gain of the same chromosome (or
structurally abnormal chromosome) observed in two or
more cells among the 20 cells typically analysed from a
short- or long-term cell culture [52]. Although the karyo-
types of HNSCC exhibit clonal cytogenetic alterations,
one usually observes differences from cell to cell that re-
flect the enormous chromosomal instability causing tu-
mour heterogeneity by cytogenetic evolution of various
cell subpopulations present in the primary tumour from
which the cultured cells were derived. These differences
appear to be due in part to cytoskeletal alterations in the
tumour cells, which result in chromosomal segregational
defects and lead to karyotypic differences between
daughter cells after mitosis [68].

Molecular cytogenetics

Fluorescence in-situ hybridisation, multiplex-fluorescence
in-situ hybridisation and spectral karyotyping

Classical cytogenetic analysis has been complemented
and refined using in situ hybridisation procedures [47].
Here we will focus on fluorescence in situ hybridisation,
which is also referred to as FISH technique in the litera-
ture. FISH is a powerful tool for the analysis of chromo-
somes and genes because of its high absolute sensitivity
and its ability to provide information at the single
gene/single cell level. One of the advantages of fluores-
cence for the detection of hybridisation probes is that
several targets can be visualised simultaneously in the
same sample. For karyotype analysis, a pool of human
chromosome painting probes, each labelled with a differ-
ent combination of fluorochromes can be hybridised si-
multaneously to metaphase chromosomes detecting both
simple and complex chromosomal rearrangements rapid-
ly and unequivocally. The individual labelling patterns
can be discriminated using epifluorescence filter sets 
as done in multiplex-fluorescence in situ hybridisation
(M-FISH) or measuring the spectrum of light emitted by
each stained chromosome by an interferometer as done
in multicolour spectral karyotyping (SKY) [70, 78]. With
both techniques, chromosomes are then classified using
special computer software. M-FISH as well as SKY
complements standard cytogenetics, particularly for the
characterisation of complex karyotypes, e.g. of solid tu-
mours which cannot be delineated by conventional cyto-
genetic banding techniques. Only two studies describe
SKY analysis in HNSCC [73, 74]. In these, a total of 66
translocations were identified in three cases, with one
new recurrent translocation at der(4)t(4;20)(q35;?) and
nine complex translocations, involving three or more
chromosomes. Overall, 96 breakpoints were assigned to
metaphase chromosomes and another 74 breakpoints
could not be assigned. The most commonly involved
chromosomes with breakpoints and genetic rearrange-
ments were 1, 3, 5, 8, 13, 16 and 17 [73]. Concerning the
structural rearrangements of chromosomes 1, 3 and 8,

similar results have been detected in SCC of the lung
[26]. In summary, these enhanced molecular cytogenetic
methods revealed even more chromosomal rearrange-
ments of HNSCC than karyotyping but so far failed to
highlight new clinically important marker lesions. It
seems that the most important effect of the highly com-
plex HNSCC karyotypes is the generation of DNA im-
balances which are detectable by CGH.

Comparative genomic hybridisation (CGH)

As a molecular cytogenetic method that overcomes the
common problem of low mitotic index and the conse-
quent lack of metaphase chromosomes to analyse and
karyotype even in M-FISH and SKY, CGH has been es-
tablished in cancer cytogenetics. CGH is a molecular cy-
togenetic, FISH-based technique for comprehensively
screening the genome for gains and losses of DNA seg-
ments [18, 41]. In CGH, tumour and normal DNA are
differentially labelled, mixed in equal amounts, dena-
tured, hybridised on normal metaphase chromosomes
and finally detected by fluorescence microscopy and dig-
ital image analysis. By quantifying the fluorescence in-
tensities of the tumour and normal genome along single
chromosomes, the DNA imbalances are determined as
DNA gains, which are potentially associated with the ac-
tivation of proto-oncogenes, and DNA losses being po-
tentially associated with the inactivation of tumour-sup-
pressor genes.

We used CGH to identify genetic imbalances that are
associated with tumour histotypes and biological behav-
iour. Up to now we have analysed 120 primary HNSCC
and 38 lymph-node metastases being the largest single
series of its type. Detailed protocols for preparation and
digital image analysis have been published previously
and are available at http://amba.charite.de/cgh [6, 7, 9,
10, 61, 66].

The alterations of an individual tumour were deter-
mined by a statistical procedure as described [7, 62]. As
an example, the individual ratio profile of our cell line
D6/95 is shown in Fig. 2. In addition, we developed soft-
ware for the representation of chromosomal imbalances
of a tumour collective as well as the comparison of tu-
mour subgroups [5, 7, 8, 9, 60], i.e. the histogram analy-
sis which is exemplified in Fig. 3a, b. By introducing the
histogram evaluation we have upgraded the advantage of
CGH detecting DNA gains and losses at specific chro-
mosomal sites of a tumour to the characterisation of ge-
netic patterns of tumour groups. The validity of our find-
ings is supported by the fact that several changes have
also been reported using other methodologies [1, 13, 77]. 

Chromosomal imbalances associated 
with metastasis formation

A CGH difference histogram was calculated after the
analysis of 72 metastasising (pN+) and 48 non-meta-
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stasising (pN0) HNSCCs, respectively (Fig. 3b). Only
few chromosomal regions carried an excess of changes
in the pN0 subgroup, e.g. overrepresentation of 5p, 7p,
7q31–33, 13q, and 14q. In particular, the statistical anal-
ysis suggested that deletions of chromosomal bands
2q21-q22, 3pter, 4p15, 5qter, 7q35-qter, 10p21, 10q21,
10q24-q25, 11p14-p15, 11q14-qter, 13q13-q14, 13q33-q34,
14q21-q31, 15q15-q21, 21q21 and over-representations
of 1q21-q24, 1q32-q41, 2p13-pter, 3q26, 6q22-q23, 11q13,
12q13, and 19p13.1-q13.2 were significantly associated
with the pN+ tumour subgroup.

In another study we directly compared 34 matched
pairs of primary HNSCCs and their corresponding
lymph-node metastases. Again, metastasis-associated le-
sions were gains on 11q13, 7q11.2, 1q21-q22 and losses
on 8p, 11p14, 11q14-qter, 10p12, 10q and 14q. Further-
more, the statistical analysis revealed a percentage of ge-
netic concordance between the primary and its metasta-
sis of more than 55% in the majority of cases. The re-
sults suggested a high probability of a common clonal
progenitor in 88% of the tumours and we could provide
criteria for multiple tumour analysis [11].

These above-mentioned regions may be considered as
target chromosome regions for the search of candidate
genes important for metastatic events. The data corre-
spond well to our previously published results [7, 8, 9]
and suggest that distinct patterns of genetic lesions are
responsible for the metastatic phenotype of HNSCC.
Welkoborsky et al. [89] described the over-representa-
tions of chromosomes 11q13 and 22q and deletions of
18q especially associated with metastasising HNSCC.
By quantitative DNA measurements they also found
greater aneuploid values in pN+ tumours and lymph-
node metastases than in non-metastasising tumours.
Consistently, it has been shown by Okafuji et al. [55]
that aneuploid tumours and large tumours carried signifi-
cantly more chromosomal alterations.

Chromosomal changes associated 
with poor prognosis

To get a more comprehensive picture as to which addi-
tional chromosomal alterations were associated with
prognosis in HNSCC, we correlated our CGH data of
113 primary carcinomas with patient’s survival using
custom-made computer software which enabled the as-
sessment of individual chromosomal loci. The Kaplan-
Meier analysis revealed that over-representations of
2q12, 3q21–29, 6p21.1, 11q13, 14q23, 14q24, 14q31,
14q32, 15q24, 16q22, and deletions of 8p21–22 and
18q11.2 were significantly associated with both shorter
disease-free interval and disease-specific survival in this
tumour collective. Multivariate Cox proportional hazards
regression models consistently identified the gains of
3q21–29, 11q13 and the loss of 8p21–22 as independent
prognostic markers carrying a higher significance than
the nodal status as the only clinicopathological parame-
ter with statistical importance. In addition, these three
markers allowed a molecular dissection of the patients
with low clinical risk (pN0 and pT2 tumours). Thus, the
genomic data being derived from the evaluation of pri-
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Fig. 2 Comparative genomic hybridisation (CGH) ratio profile of
squamous cell carcinoma cell line D6/95 Berlin, passage 36 with
the 95% confidence interval. The ratio profile represents the result
as an one-dimensional curve. The three lines to the right of the
chromosome ideogram represent different fluorescence ratios, i.e.
0.75, 1 and 1.25. The central line corresponds to the normal state
(fluorescence ratio 1:1). The lines to the left and right represent
the theoretical values of a monosomy or trisomy in 50% of the tu-
mour cells of an otherwise diploid tumour. Thus, deviation of the
ratio profile to the left indicate deletions, deviations to the right
over-representations. The number of chromosomes analysed are
indicated at each chromosome ideogram. The CGH profiles of
several chromosomes, e.g. 7, 13, 16, 20 and 22, correspond well
with the karyotyping analysis while for others like chromosomes
3, 5, 8, 9 and 18 the analysis indicates genomic imbalances that
are associated with the chromosomal rearrangements. Please note
that CGH is not able to detect changes in a purely polyploid tu-
mour without unbalanced chromosomal alterations
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Fig. 3 a Histogram representa-
tion summarising all alterations
in 120 head and neck squamous
cell carcinomas (HNSCCs).
The chromosomal imbalances
are shown as incidence curve
along each chromosome. Areas
on the left side of the chromo-
some ideogram correspond to
loss of genetic material; those
on the right side to DNA gains.
The frequency of alterations
can be determined from 0.5
(50%) and 1.0 (100%) inci-
dence lines depicted parallel to
the chromosome ideograms.
DNA changes with 99% signif-
icance are coloured in blue, ad-
ditional changes with 95% sig-
nificance are depicted in green.
The proportion of pronounced
DNA gains and losses being
defined as imbalances for
which the ratio profiles exceed-
ed the thresholds of 1.5 and
0.5, respectively, are visualised
in red. b Difference histogram
of chromosomal imbalances
between metastasising (pN+)
and non-metastasising (pN0)
HNSCC. Green percentage of
changes that are present only in
the pN0 group, red excess of
changes of the pN+ tumour
group, white areas beneath the
coloured parts of each histo-
gram percentage of changes
that are present in both entities,
Grey horizontal bars statistical-
ly significant differences be-
tween the pN0 and pN+ tumour
groups, light grey lines regions
with 95% significance, dark
grey lines 99% significance 
(χ 2 test)

Table 1 Survey of significant genetic imbalances in head and
neck squamous cell carcinoma (HNSCC) detected by comparative
genomic hybridisation (CGH). pN0 non-metastazising, pN+

lymph-node positive metastazising HNSCC, G1 well-differentiat-
ed, G3 poorly differentiated HNSCC

DNA losses DNA gains

General 3p, 4, 5q, 6q, 8p, 9p, 11, 13q, 18q, 21q 3q, 11q13, 8q, 9q, 16p, 17q, 19, 22q
Frequent pronounced losses at: Frequent pronounced gains at:
4p14-p15, 5q14-q23, 9p, 13q, 18q21-qter 3q, 5p, 7q22, 8qter, 11q13, 18p

G 1 3p, 9p 3q
G 3 3p, 4q, 8p, 9p, 11q21-qter, 13q, 18q, 21q 1pter, 3q, 11q13, 19, 22q
pN0 5p, 7p, 7q31–33, 13q, 14q
pN+ 2q21-q22, 3pter, 4p15, 5qter, 7q35-qter, 10p21, 10q21, 1q21-q24, 1q32-q41, 2p13-pter, 3q26, 6q22-q23,

10q24-q25, 11p14-p15, 11q14-qter, 13q13-q14, 13q33-q34, 11q13, 12q13, 19p13.1-q13.2
14q21-q31, 15q15-q21, 21q21

Poor survival 8p21-p22 3q21-q29, 11q13



mary HNSCC enabled a stratification of the patients into
subgroups with different survival highlighting the neces-
sity of a genetically based tumour classification for re-
fining diagnosis and treatment of HNSCC patients [9]. A
survey of our CGH data including the comparison of
low- and high-grade HNSCCs is provided in Table 1.

Impact of chromosomal and molecular genetic 
alterations on initiation and progression of HNSCC

A compilation of our CGH data into a model of the puta-
tive evolution of chromosomal imbalances during tumour
progression of HNSCC is shown in Fig. 4. The changes
were listed according to their incidence, i.e. those that
were most frequently observed were generally regarded
as being of major importance and occurring in earlier tu-
mour stages than those with a comparatively lower inci-
dence. Some of the changes appeared in a similar order in
the first HNSCC progression model described by Sidran-
sky and co-workers [14], in particular the sequential loss-
es affecting 3p, 9p, 11q, 13q, 14q, 8, and 4q. Our model,
however, highlights many additional changes. In addition,
it does not necessarily suggest a linear progression which
by molecular cytogenetic studies of other tumour types
seems to be rather unlikely [4, 44].

The losses involving 9p and 3p are not only the most
frequent changes, but have previously been identified
also in preneoplastic lesions [14]. In contrast, the gain of
3q, which is equally frequent, seems to be an early mark-
er for tumour invasion. It has not been detected in oral
premalignant lesions, but is present in a proportion of
cervical intraepithelial neoplasias, suggesting that it is
associated with the transition to the invasive phenotype
of cervical SCCs [31, 43, 88]. In another study amplifi-
cation of 3q26 approximately to qter was found to be
correlated with tumour stage in HNSCC [30].

A distinct advantage of CGH over allelotyping is the
ability to easily identify DNA over-representations.
Gains of chromosome 7 were indicated by our case-by-

case histogram analysis for pair-wise comparison of pri-
mary tumours and their corresponding lymph-node me-
tastasis (LNM). This alteration has also frequently been
found in carcinoma metastases to the brain [64]. The dif-
ference histogram suggested that overrepresentation of
7q11.2 might be particularly relevant for tumour spread
of HNSCC.

Gain of 1q has been shown to be associated with the
metastatic phenotype of lung SCCs and was one of the
most frequent changes in metastases to the brain – in
particular the region 1q21-q23 [64]. In HNSCC, this re-
gion carried many pronounced gains suggesting high-
copy amplifications [9]. The difference histogram of
HNSCC indicates that the band 1q21-q22 might harbour
important genes.

The deletions of 10q, 11p and 11qter are clearly dis-
tinguished by the difference histogram (Fig. 3b) adding
to our previous CGH results on non-metastasising and
metastasising primary carcinomas [7]. Only loss of
11q23-q25 seems to be important for prognosis [9], but it
should be noted that local recurrence is at least as impor-
tant as systemic dissemination for prognosis. This might
explain why deletions of chromosome arm 10q are not
associated with poor outcome [9], despite being associat-
ed with metastasis formation [63, 64]. Similarly loss of
14q is very strongly indicated by the difference histo-
gram, which is in contrast to the results of Califano et al.
[14], suggesting that 14q loss occurs relatively early dur-
ing the transition from dysplasia to carcinoma in situ.
One explanation for this discrepancy might be limited
ability of CGH to detect small deletions. Similarly, fre-
quent LOH on 17p is not reflected by a high incidence of
chromosomal loss.

Also consistently with our findings, Akervall et al.
[2] and Meredith et al. [49] have reported chromosome
11q13 gains to be associated with bad prognosis in
HNSCC. The main candidate gene is the cycD1 proto-
oncogene which drives the cell from the G1 into 
the S phase of the cell cycle. However, overexpression
of this gene seems to be an independent prognostic fac-
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Fig. 4 Putative progression
model of head and neck squa-
mous cell carcinoma (HNSCC)
based on the incidence of chro-
mosomal imbalances detected
by comparative genomic hy-
bridisation (CGH). Alterations
that were associated with the
metastatic phenotype by the
histogram analysis were high-
lighted in bold. Changes with
independent prognostic rele-
vance as described previously
were additionally marked by
the asterisk



tor since it is not strictly related to gene amplification
[3].

In general, our model also fits well with the altera-
tions that we attributed to well and poorly differentiated
HNSCC [6]. Because most tumours are classified as
moderately differentiated, morphological tumour grading
has only limited value for the prediction of tumour pro-
gression. Therefore we hope that our model will provide
additional markers for a genetic grading, which would be
particularly useful for this tumour type.

Conclusions and perspective

In summary, classical and molecular cytogenetic analysis
of HNSCC have provided important insight in the com-
plex chromosomal alterations of HNSCC, highlighting
phenotype–genotype correlations. In addition, we feel
that it is justified to speculate that they might be the first
genetic alterations to occur in the genesis of this tumour
type and that by altering gene dosage and expression 
levels of cancer-associated genes determine the biologi-
cal behaviour of the tumour. However, it is still under
debate whether aneuploidy, i.e. an abnormal number and
balance of chromosomes, or gene mutation is the “un-
known agency” that causes cancer [19]. In our view, the
high incidence of chromosomal alterations detected by
our own analyses as well as the fact that DNA content
changes are already detectable in precursor lesions fa-
vour the aneuploidy hypothesis for HNSCC which pro-
poses carcinogens to cause aneuploidy, either by frag-
menting chromosomes or by damaging the spindle appa-
ratus autocatalytically evolving tumorigenic karyotypes,
i.e. genetic instability. However, additional studies into
genetic aberrations being facilitated by new DNA tech-
nologies that can detect mutations in proto-oncogenes or
tumour-suppressor genes, or microsatellites need to be
further evaluated to determine the role of gene mutation
in HNSCC [72].

A major effect of the genetic imbalances is the induc-
tion of aberrant expression levels of specific genes. A
powerful approach for the detection of unbalanced gene
expression is the recently developed microarray/chip
technology [23, 87]. This process allows the evaluation
of the expression of thousands of genes to be compared
and profiled simultaneously. In addition, analysis of gene
expression patterns can provide a basis for classification
of special tumour phenotypes, e.g. the division of lung
cancer in morphological distinct subgroups with signifi-
cant differences in patient survival [24]. Thus, gene ex-
pression analysis promises to be one current tool from
which large amounts of genetic information can be
learned expeditiously to extend and refine tumour classi-
fication, eventually leading to earlier detection and more
effective prevention and/or treatment strategies of can-
cer.
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Abstract Maspin is a serine protease inhibitor whose
gene is located on 3q27. Several lines of evidence point
towards its putative role as tumor suppressor gene and
angiogenesis inhibitor; however, there are compelling
data showing that maspin is also expressed in the nuclear
compartment and might be associated with the differenti-
ation of specific cell lineages. No systematic study of
maspin expression in normal skin and usual skin carcino-
mas have been published so far. We semiquantitatively
analyzed the distribution and immunoreactivity pattern
of maspin in 14 squamous cell carcinomas (SCCs) and
16 basal cell carcinomas (BCCs) and in the adjacent nor-
mal epidermis of all cases. We also examined the corre-
lation of maspin expression with histological type, grade,
vascular invasion, perineural infiltration, and mitotic
counting. Cytoplasmic expression of maspin was ob-
served in suprabasal, prickle, and granular cell layers of
normal epidermis; cells of the germinative hair matrix,
Henle’s and Huxley’s layers, and cuticle of hair follicles;
mature sebaceous cells and sweat gland’s secretory cells.
Nuclear expression was detected in some basal/myoepi-
thelial cells of the sweat glands and scattered mature se-

baceous cells. All SCCs but one grade IV SCC showed
maspin expression, and it was correlated with the differ-
entiation of these neoplasms. BCCs presented variable
maspin expression, while metatypical carcinomas
showed moderate to intense maspin expression, nodular
BCCs variable contents of maspin and displayed a pecu-
liar distribution, confined to the center of the neoplastic
nodules. Two BCCs and one SCC showed maspin nucle-
ar expression. No correlation with other clinical patho-
logical features was observed. Our findings do not sup-
port the role of maspin as a tumor suppressor gene and
suggest that this serpin is probably associated with spe-
cific lines of differentiation.

Keywords Maspin · Squamous cell carcinoma · Basal
cell carcinoma · Immunohistochemistry

Introduction

Mammary serpin, also known as maspin, is a serine pro-
tease inhibitor that was originally isolated by subtractive
hybridization and differential display techniques compar-
ing mammary epithelial cells and mammary carcinomas
[9, 14, 37]. Its gene is located on 18q21 and encodes a
serine protease inhibitor of 42 kDa that putatively has tu-
mor suppressor [9, 14, 15, 22, 27, 28, 37] and antiangio-
genic activity [9, 14, 36, 37]. Moreover it has been pro-
posed that maspin blocks plasminogen activator [27, 28],
a factor that mediates cellular invasion and migration.
Despite the huge amount of data concerning the expres-
sion of maspin and its correlations with biological proper-
ties of human breast [9, 14, 15, 22, 27, 28, 36, 37], pros-
tate [18, 27, 31, 35], and pancreatic carcinomas [16, 17]
and cell lines [9, 14, 15, 16, 17, 18, 22, 27, 28, 31, 35, 36,
37], little is know on maspin expression in other tissues.

Recently our group [23, 25] and others [12, 17, 20]
demonstrated that maspin is consistently expressed in
normal and hyperplastic myoepithelial cells and in myo-
epithelial cell tumors. Moreover, we also observed that
peculiarly aggressive types of breast neoplasms do ex-
press maspin [24] despite their very aggressive behavior.
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In addition, it has been reported that maspin is also ex-
pressed in the nuclei of myoepithelial [23, 25], pancreat-
ic [17], and breast secretory cells [20]. These findings
prompted us to evaluate the hypothesis that maspin ex-
pression is also associated with specific differentiations
in some cell types.

Myoepithelial cells and terminally differentiated squa-
mous cells show some similarities regarding differentia-
tion markers, such as keratins 5 and 14. In addition, Katz
and Taichman [11], using two-dimensional gel electro-
phoresis, have reported that maspin is one of the serpins
secreted by human keratinocytes. We therefore hypothe-
sized that maspin is expressed in keratinocytes and in epi-
dermal tumors. Interestingly, no systematic evaluation of
maspin expression in normal cutaneous tissues or usual
skin carcinomas has yet been performed. We describe
here the expression of maspin in normal epidermis, cuta-
neous appendages, in situ squamous cell carcinoma
(SCC), invasive SCC, and basal cell carcinoma (BCC).

Material and methods
Cases selection

Fourteen consecutive cases of SCC, with and without an associate
in situ component, and 17 consecutive cases of BCC were retro-
spectively retrieved from the files of the Department of Pathology,

Hospital Fernando da Fonseca, Lisbon, Portugal. Patients’ ages
ranged from 32 to 82 years (median: SCCs 62, BCCs 73.5). All
patients were white and all tumors affected sun-exposed skin. Ta-
ble 1 summarizes the clinical pathological data. The clinical and
pathological data were collected from the pathology reports. All
cases were independently reviewed by three of the authors
(J.S.R.F., B.T., F.C.S.) and the diagnoses were reconfirmed in all
but one case (one “metatypical” carcinoma was reclassified as
SCC). SCCs were graded according to Broders’ criteria [13, 19]
and BCCs were classified according to Rippey’s classification
[26]. All cases were also classified according to the presence of in
situ component, growth pattern (infiltrative vs. expansive), degree
of desmoplasia, presence of vascular/lymphatic invasion, and peri-
neurial infiltration. Mitotic counting was performed by two of the
authors (J.S.R.F., B.T.) and is reported as the number of mitotic
figures per ten consecutive high power magnification fields (HPF)
in the most proliferative areas.

Immunohistochemical analysis

For all cases a 4-µm histological section was cut and mounted on a
silane-coated slide. Immunohistochemistry using the streptavidin-
biotin-peroxidase technique with a monoclonal antibody raised
against maspin (Novocastra, clone EAW24, 1:50, Newcastle, UK)
was performed as described elsewhere [23]. Heat-induced antigen
retrieval using Dako Antigen Retrieval Solution (Dako, Glostrup,
Denmark) was previously performed in a wet bath during 20 min
in all cases. Positive and negative controls were included in each
slide run. Nuclear, cytoplasmic, and membranous staining were
accepted as specific.

The distribution of maspin expression was evaluated in normal
epidermis, sweat glands, sebaceous glands, hair follicles, dermal
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Table 1 Summary of pathological clinical data of the cases (BCC basal cell carcinoma, ND not done, SCC squamous cell carcinoma)

Biopsy Age Diagnosis Histological Borders Desmoplasia Perineurial Vascular Mitotic 
no. (years) type/grade invasion invasion counting

1 77 BCC Metatypical Infiltrative Intense Present Absent 24
2 66 BCC Metatypical Infiltrative Intense Absent Absent 34
3 75 BCC Metatypical Infiltrative Intense Absent Present 56
4 82 BCC Nodular Expansive Low Absent Absent 18
5 80 BCC Mixed Infiltrative Low Absent Absent 29
6 59 BCC Mixed Infiltrative Moderate Absent Absent 23
7 62 BCC Mixed Infiltrative Moderate Absent Present 31
8 72 BCC Nodular Expansive Low Absent Absent 42
9 70 BCC Nodular Expansive Moderate Absent Absent 10

10 75 BCC Nodular Expansive Low Absent Absent 19
11 80 BCC Micronodular Expansive Low Absent Absent 4
12 63 BCC Nodular Expansive Low Absent Absent 2
13 75 BCC Nodular Expansive Low Absent Absent 46
14 64 BCC Nodular Expansive Low Absent Absent 16
15 64 BCC Nodular Expansive Low Absent Absent 8
16 75 BCC Nodular Expansive Low Absent Absent NDa

17 76 SCC Grade I Expansive Moderate Absent Absent 11
18 75 SCC Grade I Expansive Moderate Absent Absent 26
19 67 SCC Grade I Infiltrative Moderate Absent Absent 30
20 54 SCC Grade I Infiltrative Intense Absent Absent 45
21 57 SCC Grade II Infiltrative Moderate Absent Present 54
22 66 SCC Grade II Infiltrative Moderate Present Present 13
23 42 SCC Grade II Infiltrative Moderate Present Absent 26
24 32 SCC Grade II Infiltrative Intense Absent Absent 33
25 74 SCC Grade II Infiltrative Moderate Absent Absent 13
26 55 SCC Grade III Expansive Moderate Absent Absent 33
27 71 SCC Grade III Infiltrative Moderate Absent Absent 19
28 59 SCC Grade III Infiltrative Moderate Absent Present 181
29 62 SCC Grade III Infiltrative Moderate Absent Present 74
30 67 SCC Grade IV, spindle Infiltrative Moderate Present Present 16

cell carcinoma

a Insufficient tumor area to proceed mitotic counting
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mesenchymal cells, endothelial cells, pericytes, erector muscles,
nerve bundles, and adipocytes. Semiquantitative assessment of ma-
spin expression was performed for in situ SCCs, invasive SCCs, and
BCCs, according to the following criteria: - negative nuclear stain-
ing of neoplastic cells; +, focal (<5%) positivity of neoplastic cells;
++, moderate (5–50%) positivity of neoplastic cells; +++, diffuse
(>50%) positivity of neoplastic cells. Owing to the remarkable dif-
ferential expression of maspin in cells showing basal cell-like/undif-
ferentiated morphology and terminally differentiation morphology
in SCC and BCC, maspin expression was semiquantified separately
in each cell type. Moreover, we also evaluated the overall nuclear
and cytoplasmic maspin expression in both cell types.

Statistical analysis

Statistical analysis was evaluated using Statview software. Statis-
tical differences between maspin expression and histological type,

histological grade of SCCs, BCC types, presence of vascular/lym-
phatic invasion, presence of perineurial infiltration were calculat-
ed using χ2 test. Analysis of variance with Yates’ correction was
used to compare the extension and pattern of maspin expression
mean values for mitotic counting. Differences at the level of
P<0.05 were considered statistically significant.

Results

Clinical and pathological data

All SCCs showed variable keratinization; according to
Broders’ criteria [13, 19], four were classified as grade I,
five as grade II, four as grade III, and one as grade IV.
The grade IV was a bona fide example of spindle cell
SCC, showing intersecting fascicles of variably pleomor-
phic spindle cells. In seven cases an associated in situ
component was depicted [13, 19]. Eleven cases showed
infiltrative borders and three a remarkably expansive
growth pattern. Twelve cases showed moderate desmo-
plasia and two intense desmoplastic stroma. Vascu-
lar/lymphatic invasion was observed in five cases, and
perineurial invasion in only three cases. Mitotic figures
ranged from 11 to 181 per 10 HPF, with a mean of 41 in
SCCs and 28 in BCCs.

Fig. 1A–D Maspin expression in normal skin. A Normal epider-
mis showing maspin expression in suprabasal, and granulous
prickle layers. B Hair follicle, anagen growth phase: maspin ex-
pression in mature hair matrix cells and cells of the Henley’s and
Huxley’s layers and in the hair cuticle. C Sebaceous glands deco-
rated by maspin. D Sweat glands showing maspin nuclear expres-
sion in basal cells and some secretory cells with cytoplasmic and
nuclear expression. Inset Note nuclear expression in basal cells of
an eccrine sweat gland. Streptavidin-biotin-peroxidase/DAB, orig-
inal magnification: A ×400; B, C ×100X; D ×200



554

Concerning BCCs, the histological subtypes [26] are
described in Table 1. Ten cases were of the nodular histo-
logical type (including four with an adenoid pattern) and
three of the mixed type. In three cases there was a com-
plex admixture of two types of cells: (a) cells with darkly
stained nuclei and scant cytoplasm, indistinguishable
from those observed in bona fide BCCs; (b) neoplastic
cells showing a more vesicular and atypical nuclei, with
prominent nucleoli, and more abundant eosinophilic cyto-
plasm. In all of these cases the neoplastic cells were ar-
ranged in infiltrative cords with ill-defined peripheral pal-
isades immersed in a highly desmoplastic stroma, show-
ing obvious stromal-epithelial separation artifacts; more-
over, features of squamous differentiation were observed
unevenly, but squamous pearls were not found [1]. We

preferred to classify these cases as metatypical carcino-
mas, but obviously these cases could also be classified as
BCC with incomplete squamous differentiation, inf-
iltrative borders, and intense desmoplasia [1, 19]. Ten
cases had expansive borders and six infiltrative growth
pattern. Ten cases showed low desmoplastic stromal reac-
tion; moderate and intense desmoplasia was observed in
three cases each. There was vascular/lymphatic invasion
in one case and perineurial infiltration in two others. Mi-
totic figures ranged from 2 to 56 per 10 HPF, with a mean
of 24.1 in SCCs and 23.0 in BCCs.

Maspin expression

Normal skin

In normal epidermis there was a gradual increase in cyto-
plasmic and membranous expression of maspin from the
suprabasal to spinous and granular layers (Fig. 1A). Basal
cells were uniformly negative. It should be noted that all
keratinized cutaneous structures showed maspin expres-
sion. In hair follicles maspin was consistently expressed
in the cytoplasms and on the membranes of mature cells
of germinative hair matrix layer; a cytoplasmic and mem-

Fig. 2A–D Maspin expression in squamous cell carcinomas
(SCCs). A SCC, grade II. Maspin expression in the cytoplasm of
mature squamous cells. Inset Note a mature squamous cell with
maspin nuclear expression in the center of a squamous pearl. 
B Scattered maspin expression in grade III SCC. C SCC, grade I.
Maspin strongly decorated neoplastic cells in a cytoplasmic and
membranous pattern. D SCC in situ adjacent to invasive grade III.
Note reduction in maspin expression in the suprabasal layers of
the skin. Streptavidin-biotin-peroxidase/DAB, original magnifica-
tion: A ×100; A inset, B ×400; C ×40; D ×100
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branous reactivity was also observed in the Henle’s and
Huxley’s layers as well as in the hair cuticle; focal ex-
pression of maspin was also observed in some of the cells
of the external root sheath of the hair follicles (Fig. 1B).
No immunoreactivity was observed the perifollicular con-
nective tissue sheath. Mature sebaceous cells showed in-
tense cytoplasmic reactivity for maspin as well as occa-
sional nuclear immunoreactivity (Fig. 1C). By contrast,
sweat glands showed a remarkably uneven distribution of
maspin staining. While some glands showed nuclear and
cytoplasmic immunoreactivity in all cells, others showed
only nuclear positivity in cells arranged in a basal cell or
myoepithelial-like pattern (Fig. 1D), in a similar pattern
to what has been described for maspin expression in
breast lobules and ducts. No dermal mesenchymal cell,
endothelial cell, pericyte, smooth muscle cell, neural cell,
or adipocyte showed any immunoreactivity for maspin.

Squamous cell carcinomas

The cell type specific and overall expression of maspin
is summarized in Table 2. The overall cytoplasmic ex-

pression of maspin in SCCs was largely dependent on
the proportion of keratinized cells and on the tumors’
grade (Fig. 2A). Squamous pearls showed intense cyto-
plasmic/membranous maspin immunoreactivity in the
cells around the keratinized foci (Fig. 2B). Conversely,
undifferentiated cells lacked maspin immunoreactivity or
only showed focal and weak staining. Focal nuclear ma-
spin positivity was only observed in one grade II SCC
(Fig. 2A, inset). 

In relation to grade, overall cytoplasmic maspin stain-
ing was more diffuse in well differentiated (grade I and
grade II) SCCs than poorly differentiated (grade III and
grade IV) SCCs (P=0.0099). Briefly, all grade I tumors
showed +++ positivity (Fig. 2C), four grade II tumors
were diffusely (+++) positive for maspin, one case
showed moderate and other focal immunoreactivity; in
grade III tumors, maspin was absent in one case, focally
expressed in two, and diffusely expressed in one. The
grade IV spindle cell carcinoma was completely negative
for this marker. The degree of desmoplasia showed a
trend to be inversely correlated with maspin cytoplasmic
expression (P=0.0767). Maspin did not show any other
statistical correlation with other pathological parameters.

Table 2 Maspin expression in usual cutaneous carcinomas [– neg-
ative staining, + focal positivity (<5% of neoplastic cells), ++
moderate positivity (5–50% of neoplastic cells), +++ diffuse im-

munoreactivity (>50% of neoplastic cells), BCC basal cell carci-
noma, SCC squamous cell carcinoma]

Case no. Diagnosis Histological Maspin cell type Maspin overall immunoreactivity
type/grade

Squamous Undifferentiated Nucleus Cytoplasm, 
cells basal cells membrane

1 BCC Metatypical +++ + + ++
2 BCC Metatypical ++ ++ – +++
3 BCC Metatypical ++ ++ – +++
4 BCC Nodular +++ ++ ++ +++
5 BCC Mixed – – – –
6 BCC Mixed + + – ++
7 BCC Mixed +++ +++ – +++
8 BCC Nodular – ++ – +
9 BCC Nodular – – – –

10 BCC Nodular – ++ – +++
11 BCC Micronodular – + + +
12 BCC Nodular – – – –
13 BCC Nodular – ++ – ++
14 BCC Nodular + ++ – ++
15 BCC Nodular + + – +
16 BCC Nodular – – – –
17 SCC Grade I +++ + – +++
18 SCC Grade I +++ – – +++
19 SCC Grade I +++ ++ – +++
20 SCC Grade I +++ – – +++
21 SCC Grade II +++ ++ + +++
22 SCC Grade II +++ + – +++
23 SCC Grade II +++ + – +++
24 SCC Grade II ++ – – ++
25 SCC Grade II + – – +
26 SCC Grade III + – – –
27 SCC Grade III + – – +
28 SCC Grade III +++ – – +++
29 SCC Grade III +++ – – +
30 SCC Grade IV, spindle – – – –

cell carcinoma



A marked reduction in maspin expression was ob-
served in four of seven in situ SCCs when compared to
adjacent epidermis; while in normal and reactive epider-
mis maspin was consistently expressed in the superficial
layers, in in situ SCCs it was markedly reduced and con-
fined either to the suprabasal or suprabasal and spinous
layers (Fig. 2D). However, it should be noted that the
cases evaluated here were associated with invasive SCCs
and may not reflect the distribution of maspin in preneo-
plastic lesions of the skin.

Basal cell carcinomas

All “metatypical” BCCs showed moderate to diffuse
overall cytoplasmic expression of maspin. Three nodular
BCCs lacked maspin immunoreactivity; two were focal-
ly (+) positive; two were moderately immunoreactive
(++); and three showed immunoreactivity in more than
50% of neoplastic cells (+++). Mixed BCCs showed
highly variable overall maspin expression; one case was
negative, one focally positive, and one diffusely immu-
noreactive. Notably, nodular and mixed BCCs showed an
interesting pattern of maspin immunoreactivity, with ma-
spin positive cells confined to the central region of the
neoplastic clusters (Fig. 3A). However, in metatypical
BCCs maspin was expressed either in the central as in
the periphery of cells cords and clusters (Fig. 3B). There
was no statistical correlation between overall maspin ex-
pression and other pathological parameters. Concerning
nuclear expression of maspin, only two nodular BCCs
and one metatypical BCC revealed this pattern of reac-
tivity.

Discussion

Maspin is one of the serpins that have received great at-
tention by basic researchers and pathologists during the
past few years [9, 5, 6, 11, 12, 14, 15, 16, 17, 18, 20, 21,
22, 23, 24, 25, 27, 28, 31, 35, 36, 37]. Since its charac-
terization several biological properties have been attrib-
uted to maspin, including tumor suppressor and antian-
giogenic activities [9, 14, 15, 22, 27, 28, 36, 37]. It is
also considered as a suppressor of invasion, motility,
proliferation, and metastatic potential of neoplastic cells
[9, 5, 6, 11, 12, 14, 15, 16, 17, 18, 20, 21, 22, 23, 24, 25,
27, 28, 31, 35, 36, 37]. Moreover, there are controversial
data on the role of maspin as a downstream factor of p53
pathway [9, 14, 18, 33, 37, 38].

Much has been reported regarding maspin function
and its subcellular localization [9, 17, 20, 21, 23, 27].
Some studies describe maspin as a soluble cytoplasmic
protein that associates with secretory vesicles and is also
present on the cell surface [21, 27]. We [23, 24, 25] and
others [12, 17, 20] have demonstrated that maspin is also
expressed in the nuclei of myoepihelial cells, myoepithe-
lial cell tumors, and in some breast carcinomas [12, 20,
23, 24, 25]. However, in the present study we report for
the first time, maspin expression in the nuclei of scat-
tered neoplastic cells in SCCs and BCCs. Moreover,
sweat gland basal cells were consistently decorated by
maspin, both in nuclear and cytoplasmic compartments.
These observations are in accordance with the findings
of Takeda et al. [30], who analyzed the expression SCC
antigens 1 and 2 in psoriatic skin samples using conven-
tional immunohistochemistry and immunoelectron mi-
croscopy and found that these serpins are abundantly ex-
pressed in the nuclei of the granular layer cells and of
keratinocytes of elongated rete ridges [37]. Moreover,
ovalbumin, another serpin, may also present a nucleocy-
toplasmic distribution [4].

Similar findings regarding myeloid and erythroid nu-
clear termination stage-specific protein nuclear expres-
sion have been published by Irving et al. [10]. In the nu-
clear compartment this serpin plays a very interesting
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Fig. 3A–D Maspin expression in basal cell carcinomas. A BCC
with invasive borders and intense desmoplasia: maspin is ex-
pressed at the periphery and center of infiltrative cords. B BCC,
nodular type: maspin is expressed in the center of the nodules.
Note that peripheral palisading basal cells lack maspin expression.
Inset Maspin expression in the nuclei of scattered neoplastic basal
cells. Streptavidin-biotin-peroxidase/DAB, original magnification:
A ×200; B ×100; B inset ×400X



role in chromatin structure and in cell proliferation [10].
Based on these findings [4, 10, 12, 17, 20, 23, 24, 25,
37] one might hypothesize that nuclear expression of
maspin is related to specific histogenetic phenotypes
and/or pathways of differentiation, and that some of the
tumor suppressing properties previously reported for ma-
spin are related to its putative functions on chromatin re-
modeling and cell proliferation. Obviously further stud-
ies are needed to clarify the intriguing roles of maspin in
the nuclei of normal and neoplastic cells.

Recently, Xia et al. [33] and Yasumatsu et al. [34]
demonstrated that maspin is expressed in a subset of oral
SCCs with favorable prognosis; in accordance with the
findings of Yasumatsu et al. [34], in the present study we
also observed that maspin is preferentially expressed in
well-differentiated SCCs. Moreover, maspin was consis-
tently expressed in almost all squamous pearls. As previ-
ously reported [33, 34], maspin expression was not sta-
tistically correlated with other pathological features of
SCCs, including cell proliferation, growth pattern, and
degree of desmoplasia in the stroma.

This is the first study to evaluate maspin expression
in BCC of the skin. No statistical association between
maspin and classical pathological features was observed.
Interestingly, we observed a remarkable difference in the
distribution of maspin in metatypical carcinomas and
nodular BCCs. While the first showed diffuse cytoplas-
mic immunoreactivity, even in the borders of cell cords
and clusters, the later revealed a distinctive distribution
in the center of cell nodules. Again, this militates against
a role of maspin on the blockage of invasion by neoplas-
tic cells. Remarkably, we observed that maspin was con-
sistently expressed in cells showing squamous differenti-
ation in all BCCs evaluated here. Based on these obser-
vations and on the higher expression of maspin in well
differentiated SCCs, we again hypothesize that maspin
plays a role in terminal squamous differentiation. Again,
experimental studies should be carried out in order to de-
finitively clarify this issue.

In contrast to other tumor suppressor genes, mutations
and deletions of the maspin gene are exceedingly rare
and do not seem to result in the loss of maspin expres-
sion [5, 6, 9]. Recently Domann et al. [5] and Futscher et
al. [6] shed light on the regulation of the tissue specific
distribution of maspin as well as in the putative mecha-
nisms of downregulation of maspin expression in human
neoplasms [5, 6]. These studies demonstrated that the
methylation status of the CpG island of the maspin gene
promoter is inversely correlated with maspin expression:
while blood lymphocytes, skin fibroblasts, bone marrow
cells, heart muscle and kidney epithelial cells do not ex-
press maspin and have dense methylation of maspin gene
promoter; airway epithelium, breast and prostate “epithe-
lial” cell lines as well as skin and oral keratinocytes lack
methylation of maspin gene promoter and consistently
express maspin [5, 6]. Most importantly, Futscher et al.
[6] also showed that maspin expression-immortalized fi-
broblasts can express maspin after treatment with a DNA
methyltransferase inhibitor 5-aza-2′-deoxycytidine [6].

Further regulation of tissue specificity of maspin ex-
pression may be related to the presence of an hormonal
responsive element (HRE) in the maspin gene promoter,
which downregulates the transcription of this gene [35,
39]. It has been shown that activated androgen receptors
(ARs) can bind to the HRE and block the transcription of
maspin in prostate cancer cell lines [35]. ARs are ubiqui-
tously distributed in the human body, and it would be
tempting to speculate that ARs play a role in the regula-
tion of maspin expression in cutaneous structures [2, 3,
8, 29]. In the skin ARs are consistently observed in sebo-
blasts and in a variable proportion of sebocytes [3, 8,
29]. In other cutaneous structures, such as dermal papilla
of hair follicles, hair follicle epithelial cells, eccrine and
apocrine sweat glands, and keratinocytes, ARs show
highly variable expression [3, 8, 29]. The discrepancies
observed in numerous studies may be related to the dif-
ferences in the tissue samples (frozen vs. formalin-
fixed), immunohistochemical methods, and antibodies
used to assess their distribution [2, 3, 8, 29]. Notably, in
contrast to what have been described in prostate carcino-
ma cell lines, in which maspin expression is negatively
regulated by ARs [35], mature sebocytes concurrently
express maspin and ARs. Moreover, up to 60% of BCCs
expresses ARs [3] and also express maspin. Thus the
role of ARs in the regulation of maspin expression in
normal skin and cutaneous neoplasms remains unsettled.

In conclusion, we described maspin expression in
normal skin, cutaneous appendages, SCCs, and BCCs.
We demonstrated that maspin is consistently expressed
in the cytoplasm of keratinocytes of suprabasal, granular,
and spinous layers, in terminally differentiated seba-
ceous cells, and in the inner root sheath cells of hair fol-
licles. Interestingly, a nuclear distribution of maspin was
observed in the nuclei of basal cells of sweat glands and
occasional differentiated sebaceous cells as well as in
two BCCs and one SCC. In SCCs maspin was strongly
expressed in cells showing features of terminal squa-
mous differentiation; in contrast, nodular BCCs show a
peculiar distribution of maspin, while metatypical carci-
noma cells were strongly decorated by maspin.
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Abstract The members of the IAP (inhibitors of apopto-
sis) family, which includes survivin, have recently
emerged as modulators of an evolutionarily conserved
step in apoptosis. Survivin is present during embryonic
and fetal development, but it is downregulated in normal
adult tissues. However, it becomes re-expressed in a 
variety of cancers. We investigated the prognostic impor-
tance of the expression of survivin in transitional cell
carcinoma of the upper urinary tract (TCC-UUT). In 126
cases of TCC-UUT, we examined its expression (using
immunohistochemistry), and also its relationship with
the expressions of bcl-2 oncoprotein, p53 oncoprotein,
and proliferating cell nuclear antigen (PCNA) immuno-
reactivity, clinicopathologic parameters, and clinical out-
come. A positive expression of survivin was recognized
in 12.7% of samples, a granular pattern being apparent
within the cytoplasm of tumor cells. Survivin expression
did not correlate with clinicopathologic findings, bcl-2
oncoprotein expression, p53 oncoprotein expression,
PCNA index, or prognosis. In the normal urothelium, its
expression was not detected. In conclusion, the expres-
sion of survivin does not predict prognosis in TCC-UUT.

Keywords Transitional cell carcinoma · Upper urinary
tract · Survivin

Introduction

A disruption of the regulation of cell proliferation,
which normally occurs via programmed cell death, ap-
optosis, contributes to the development of a variety of
cancers both by aberrantly extending cell viability and
by favoring the accumulation of transforming mutations
[30]. Contributions to the regulatory process are known
to be made by proteins that either promote or counteract
apoptotic cell death. In recent years, several proteins
that inhibit apoptosis have been identified; these include
such bcl-2 family members as bcl-2 and bcl-xL, as well
as inhibitors of apoptosis, or IAPs. IAP proteins have
recently emerged as modulators of an evolutionarily
conserved step in apoptosis, which may potentially 
involve direct inhibition of terminal effector caspases-3,
-7, and -9 [2, 6, 7, 8]. Survivin, a recently described
member of the IAP family [3], has been found to be ex-
pressed during embryonic and fetal development [1].
Furthermore, although it is normally downregulated and
of low detectability in normal adult tissues, it becomes
prominently re-expressed in a variety of cancers, includ-
ing bladder cancers [3, 14, 17, 27, 28]. However, no
study has yet dealt with survivin expression in transi-
tional cell carcinoma of the upper urinary tract (TCC-
UUT). In the present study, we examined the expres-
sions of survivin, bcl-2 oncoprotein, p53 oncoprotein,
and proliferating cell nuclear antigen (PCNA) in 126
cases with TCC-UUT. Our goal was to evaluate the 
diagnostic and prognostic importance of survivin ex-
pression in TCC-UUT.

Materials and methods

The material used comprised 126 surgically resected specimens
from patients with primary TCC-UUT, which had been obtained at
the Mutual Aid Associations’ Hospital, Tachikawa, and 
National Defense Medical College Hospital, Tokorozawa, between
1970 and 1995. Their histopathologic stage was determined ac-
cording to the criteria proposed by the International Union Against
Cancer (UICC) [31]. Tumor cells were divided histopathologically
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into two grades using the criteria for urinary bladder tumors laid
down by the Armed Forces Institute of Pathology (AFIP) [20].

For immunohistochemistry, for which we used the streptavi-
din-biotin complex method on deparaffinized sections, we 
employed a rabbit polyclonal antibody against survivin (SURV11-
A; Alpha Diagnostic International, Inc., San Antonio, Tex., USA)
diluted to 10 µg/ml. Autoclave pretreatment in 0.01 M citrate buff-
er, pH 6.0, was performed for 20 min at 120°C. For the negative
control, the incubation step with the primary antibody was omit-
ted. Cells were considered positive when a distinct granular 
pattern was apparent within the cytoplasm of tumor cells in more
than 10% of the tumor area stained. The evaluation was performed
twice by one investigator (KN) who was blind to both tumor stage
and grade. Bcl-2 oncoprotein and p53 oncoprotein were evaluated
immunohistochemically; the technique used and the results 
obtained in these same patients have been reported elsewhere [21,
22]. For the analysis of PCNA, and on the basis of the immunore-
action in at least 1000 tumor cells, the percentage of nuclei exhib-
iting a positive immunoreaction (PCNA index) was determined as
previously described [22]. The PCNA index was classified as high
if it was =70%, a figure representing the median value for the 
carcinomas.

For statistical analysis, disease-free and overall survival rates
were the two main dependent variables tested in this study. “Dis-
ease-free survival” was defined as the period between the initial
radical operation and the subsequent appearance of recurrence or
metastasis. Recurrence was defined as TCC occurring anywhere in
the genitourinary tract. The end-point was either recurrence/me-
tastasis of TCC or the closing date of the study, whichever came
first. “Overall survival” was defined as the interval between 
surgery and death; the end-point for this variable was either death
or the closing date of the study.

Disease-free and overall survival curves for all of the univari-
ate analyses were assessed using the Kaplan-Meier method. Com-
parisons between two or more survival curves were assessed using
Wilcoxon and log-rank tests. Multivariate analysis of the clinico-
pathologic parameters was performed using the Cox stepwise-
regression model. The above analyses were performed using the
SAS statistical software package (SAS Institute, Inc., Carey, N.C.)
[26]. The comparison with respect to stage in all tumors was per-
formed using the Kruskal-Wallis test. Comparisons with respect to
age, sex, grade, pattern of growth, bcl-2 oncoprotein, p53 onco-
protein, and PCNA index were performed using the Chi-square
analysis.

Results

The patients’ ages at diagnosis were within the range of
34–84 years, with a median age of 67 years. Of the 126
patients, 30 died as a result of their tumors
1–132 months after surgery (mean 23 months, median
13 months). The remainder survived 0–257 months after
surgery (mean 70 months, median 64 months). Among
the 126 cases, 54 tumors (42.8%) were in the renal pelvis
or calyces, 48 (38.0%) were in the ureter, and 24
(19.0%) were multicentric. At the time of diagnosis, 10
patients had simultaneous bladder tumors, 32 had subse-
quent bladder tumors, and 6 had antecedent bladder 
tumors. In all, 42 (33.3%) patients had an associated
bladder neoplasm; of these, 6 had such a neoplasm at
more than one of the above times and thus appear in
more than one group. The initial management of the 120
patients who were not treated as having bladder cancer
included complete nephroureterectomy with a bladder
cuff (88 patients), nephroureterectomy without a bladder
cuff (8 patients), nephroureterectomy with total cystecto-

my (10 patients), nephrectomy (13 patients), and urecto-
my (1 patient). In addition to surgery, 31 patients 
received adjacent chemotherapy (21 patients), radiother-
apy (6 patients), or both (4 patients).

The tumors were separated into three groups (A, B,
and C) on the basis of tumor stage. There were 49 cases
(38.9%) in group A (papillary, non-invasive tumors,
pTa), 20 cases (15.9%) in group B (tumors invading the
submucosa or muscularis, pT1 and pT2), and 57 cases
(45.2%) in group C (tumors invading beyond the muscu-
laris or renal parenchyma, or metastasizing the regional
lymph node or a distant site, pT3 and pT4).

Of the 49 patients with a papillary, non-invasive 
tumor (pTa), 10 showed recurrence (7 patients), metasta-
sis (1 patient), or both (2 patients), but 39 developed 
neither recurrence nor metastasis within the follow-up
period. The mean follow-up for patients with a non-inva-
sive tumor who had a recurrence and/or metastasis was
39 months (median 12 months, range 6–123 months),
whereas the mean follow-up for those without recurrence
and metastasis was 83 months (median 87 months, range
4–203 months). Of the 77 patients with an invasive 
tumor (pT1, pT2, pT3, or pT4), 6 had metastasis at 
surgery, or the tumor could not be excised totally by sur-
gery, 35 showed recurrence (8 patients), metastasis (15
patients), or both (12 patients), but the remaining 36 
developed neither recurrence nor metastasis within the
follow-up period. The mean follow-up for patients with
an invasive tumor who showed recurrence and/or metas-
tasis was 21 months (median 8 months, range
1–174 months), whereas the mean follow-up for those
without recurrence or metastasis was 59 months (median
37 months, range 0–257 months).

A positive expression of survivin was recognized in
12.7% of samples, a granular pattern being apparent
within the cytoplasm of the tumor cells (Fig. 1). In the
normal urothelium, its expression was not detected. A
positive expression of bcl-2 oncoprotein was recognized
in 27% of the patients, the immunoreactivity being con-
fined to the cytoplasm of tumor cells. A positive expres-
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Fig. 1 Survivin expression in transitional cell carcinoma of the
upper urinary tract. Scale bar 100 µm
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Table 1 Relationship between survivin immunoreactivity and other tumor characteristics [clinicopathologic findings, bcl-2 oncoprotein im-
munoreactivity, p53 oncoprotein immunoreactivity, and proliferating cell nuclear antigen (PCNA) index] in 126 cases

All tumors (n=126) Non-invasive tumors (n=49) Invasive tumors (n=77)

Correlative data No. of Immunoreactivity P No. of Immunoreactivity P No. of Immunoreactivity P
cases of survivin valuea cases of survivin valuea cases of survivin valuea

Age
≤67 years 66 7 0.45 26 4 0.35 40 3 0.92
>67 years 60 9 23 6 37 3

Sex
Male 91 14 0.14 39 10 0.072 52 6 0.96
Female 35 2 10 0 25 2

Stage
Group A 49 10 0.19 49 10
Group B 20 0 20 0 0.13
Group C 57 6 57 6

Grade
Low 77 11 0.50 44 9 0.98 33 2 0.62
High 49 5 5 1 44 4

Pattern of growth
Papillary 89 14 0.11 49 10 40 4 0.45
Non-papillary 37 2 37 2

bcl-2 oncoprotein expression
Positive reaction 34 7 0.10 19 6 0.12 15 1 0.85
Negative reaction 92 9 30 4 62 5

p53 oncoprotein expression
Positive reaction 32 2 0.20 5 1 0.98 27 5 0.32
Negative reaction 94 14 44 9 50 1

PCNA index
<70% 63 10 0.28 31 5 0.32 32 5 0.030
≥70% 63 6 18 5 45 1

a Comparisons (for all except stage) were performed using the Chi-square analysis. The comparison with respect to stage in all tumors was
performed using the Kruskal-Wallis test

Table 2 Univariate analysis of overall and disease-free survival rates. PCNA proliferating cell nuclear antigen

All tumors Non-invasive tumors Invasive tumors

Prognostic Overall Disease-free Overall Disease-free Overall Disease-free 
survival survival survival survival survival survival
(n=126) (n=120) (n=49) (n=49) (n=77) (n=71)

Indicator Wilcoxon Log Wilcoxon Log Wilcoxon Log Wilcoxon Log Wilcoxon Log Wilcoxon Log 
rank rank rank rank rank rank

Survivin 0.29 0.31 0.34 0.37 0.51 0.48 0.57 0.54 0.98 0.74 1.00 0.69
bcl-2 oncoprotein 0.080 0.20 0.11 0.24 0.91 0.46 0.66 0.60 0.26 0.44 0.40 0.53
p53 oncoprotein 0.066 0.017 0.013 0.0066 0.65 0.60 0.68 0.63 0.78 0.34 0.26 0.16
PCNA index 0.015 0.0091 0.10 0.029 0.75 0.59 0.61 0.65 0.11 0.86 0.56 0.24
Stage 0.0001 0.0001 0.0001 0.0001 * * * * 0.039 0.025 0.32 0.012
Grade 0.0003 0.0009 0.0010 0.0011 0.73 0.73 0.73 0.73 0.10 0.20 0.21 0.25
Pattern of growth 0.0004 0.0031 0.0016 0.0052 * * * * 0.24 0.60 0.39 0.69

* P value was not determined because of one factor



sion of p53 oncoprotein was recognized in 25.4% of the
patients. The immunoreactivity for this oncoprotein was
confined to the nuclei of tumor cells; no cytoplasmic
staining was observed. A positive expression of PCNA
was recognized in all tumors, with immunoreactivity 
being confined to tumor-cell nuclei. The PCNA index
was within the range 7.4–93.1% (mean and median val-
ues, 66.7% and 69.9%, respectively).

In the assessment of the relationship between the 
expression of survivin and bcl-2 oncoprotein expression,
p53 oncoprotein expression, PCNA index, or clinico-
pathologic findings, survivin expression was found not
to be associated with p53 expression, PCNA index, or
clinicopathologic findings (Table 1). When survivin 
expression was assessed separately for non-invasive and
invasive tumors, the only significant correlation found
was between survivin expression and PCNA index in in-
vasive tumors (P=0.030, Table 1).

The rates for a 5-year, disease-free survival and a 
5-year overall survival were 60.2% and 73.3%, respec-
tively. In the assessment of disease-free survival, 120 
patients who had no metastasis at surgery and in whom
the malignant tumor was excised totally by surgery were
included in the analysis. In the assessment of overall 
survival, all 126 patients were included in the analysis.
Univariate analyses of disease-free and overall survivals
in all patients revealed that stage, grade, pattern of
growth, p53 oncoprotein expression, and PCNA index
all had a significant effect on each of the two survival
rates in all tumors (Table 2). However, in the final mod-
els of the multivariate analysis only stage was shown to
be a prognostic factor for disease-free and overall sur-
vivals: for disease-free survival, the risk ratio was 5.67,
P<0.001; for overall survival, it was 7.82, P<0.001.

Discussion

The purpose of our investigation was to look for a possi-
ble relationship between survivin expression and bcl-2
oncoprotein expression, p53 oncoprotein expression,
PCNA index, clinicopathologic findings, or clinical 
outcome in TCC-UUT. Our analysis revealed a positive
relationship between survivin expression and PCNA in-
dex in invasive tumors, but no correlation between sur-
vivin expression and bcl-2 oncoprotein expression, p53
oncoprotein expression, clinicopathologic findings, 
disease-free survival rate, or overall survival rate in the
univariate analysis. Thus, we found no evidence that the
expression of survivin predicts prognosis in TCC-UUT.

It has previously been reported that survivin is ex-
pressed during fetal development and in cancer tissues, but
not in normal adult tissues [17]. However, recent studies
have shown that survivin expression is restricted (i) in the
normal colonic mucosa, to the base of the colonic crypts
(by immunohistochemistry [10]), (ii) in the skin, to basal
keratinocytes (by immunohistochemistry [5]), (iii) in wom-
en with regular menstrual cycles, to the endometrium (by
RT-PCR [15]), and (iv) in the esophagus, to epithelial tis-

sues (by RT-PCR [13]). With regard to survivin expression
in normal transitional cells of the urinary tract, Smith et al.
[27], using Western blot and RT-PCR, showed that none of
17 healthy volunteers had detectable survivin in urinary
samples. Furthermore, Swana et al. [28] revealed that nor-
mal transitional cells of the bladder had no detectable sur-
vivin (using immunohistochemistry). Likewise, in the pres-
ent study we found normal transitional cells in the upper
urinary tract to be free of detectable survivin expression.

In tumors, survivin expression has been shown to be
abundant in several types of carcinoma (by RT-PCR or
immunohistochemistry [3,5, 10, 13, 14, 15, 17, 19, 25,
29]), and correlations have been demonstrated with a
more aggressive progression and an unfavorable progno-
sis [13, 14, 15, 17, 25, 28, 29]. On this basis, survivin ex-
pression would be expected to be a useful marker for
evaluating the malignant potential of tumors. With 
regard to survivin expression in TCC of the urinary tract,
we know of only two published reports [27, 28]. Very 
recently, Smith et al. [27] detected survivin in urine sam-
ples (in fact, in all 46 samples tested) obtained from 
patients with new or recurrent bladder cancer (using
Western blot and RT-PCR). Previously, Swana et al. [28],
who used immunohistochemistry to examine 36 cases of
TCC of the urinary bladder, reported detecting survivin
expression in 78% of 36 cases and in an even higher pro-
portion of high-grade tumors (15 of 16 grade-II and -III
tumors). Furthermore, they found that the time to first re-
currence was significantly shorter in patients with sur-
vivin-positive grade-I tumors than in those with survivin-
negative grade-I tumors. In the present study, however,
survivin expression was present in only 12.7% of TCC-
UUT patients, and we failed to find a relationship be-
tween survivin expression and clinicopathologic factors
or disease-free survival. We cannot be sure of the reason
for these discrepancies (relating to the incidence of sur-
vivin expression and the relationship between survivin
expression and clinicopathologic findings or survival) be-
tween the results of Swana et al. and the present study.
However, the two studies differ in the number of cases in-
vestigated (36 cases vs 126 cases), in the antibodies used
(a rabbit polyclonal antibody against different recombi-
nant survivins prepared in Yale University School of
Medicine versus a commercially available rabbit polyclo-
nal antibody), in the methods used (a certain immuno-
staining method versus the streptavidin-biotin complex
method), and in additional techniques (pressure-cooking
pretreatment versus autoclave pretreatment). Further-
more, discrepancies may have arisen as a result of the dif-
ferent ways in which immunoreactivity was quantified.

It is well known that bcl-2 inhibits apoptosis [16].
Moreover, recent studies have revealed a close relation-
ship between immunoreactivity for bcl-2 oncoprotein
and clinicopathologic findings in a variety of tumors, in-
cluding carcinomas of the urinary tract [4, 9, 18, 22, 23,
24]. The authors of those reports suggested that bcl-2
oncoprotein expression may be an indication of a favor-
able prognosis. The p53 gene also helps regulate apopto-
sis: for instance, wild-type p53 has been shown to induce
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apoptosis [11], while mutant p53 induces a downregula-
tion of bcl-2 at both the mRNA and protein levels in
breast-cancer cell lines [12]. Previous investigators have
found that survivin expression correlates with immuno-
reactivity for bcl-2 oncoprotein and/or p53 oncoprotein
in a variety of tumors. In colorectal and breast cancers,
its expression was correlated with bcl-2 oncoprotein, but
not with p53 oncoprotein [14, 29]. In gastric cancer,
however, Lu et al. reported that its expression was corre-
lated with the expressions of both bcl-2 and p53 onco-
proteins [17]. They suggested that p53 may negatively
regulate survivin expression via a mechanism that can
potentially be disrupted by cancer-associated mutations
of p53 (since it is generally agreed that the accumulated
p53 represents the mutated type). However, we could not
find a relationship in TCC-UUT between survivin 
expression and either bcl-2 oncoprotein expression or
p53 oncoprotein expression.

In conclusion, our results suggest that the detection of
survivin expression may be of no value in informing the
prognosis in TCC-UUT. Recently, several proteins that
inhibit apoptosis have been identified. Therefore, further
studies are needed to elucidate the possible relationships
between survivin and other apoptotic proteins, and also
the relationships between these proteins and clinico-
pathologic findings or clinical outcome in TCC-UUT.
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Abstract CD34+ fibrocytes are widely distributed in
normal connective tissues but have been reported to be
absent within the stroma associated with invasive carci-
nomas. In the present study we investigated the presence
and distribution of CD34+ fibrocytes and α-smooth mus-
cle actin (α-SMA) positive myofibroblasts in cervical in-
traepithelial neoplasia III (CIN III; n=8), invasive carci-
noma of the cervix (n=18) and adjacent normal cervical
stroma. Normal cervical stroma and the stroma adjacent
to CIN III disclosed a dense network of CD34+ fibro-
cytes, whereas the stroma of invasive carcinoma was 
virtually free of this cell population. Early stromal inva-
sion by squamous carcinoma was characterized by a 
focal loss of CD34+ fibrocytes. α-SMA-positive myofi-
broblasts were not seen in the normal cervical stroma but
occurred in six of eight cases of CIN III adjacent to the
atypical epithelium. The stroma of invasive carcinoma
was made up of large amounts of haphazardly arranged
α-SMA-positive myofibroblasts. In the setting of the
present study, a loss of CD34+ fibrocytes was specific for
stromal alterations associated with invasive carcinoma
and proved to be a sensitive tool in detecting small foci
of stromal invasion. Therefore, detection of a loss of
CD34+ fibrocytes may constitute an adjunctive tool in
detecting (1) early stromal invasion and (2) invasive 
carcinoma in small biopsy specimens. Moreover, the
present study shows that CD34+ fibrocytes and myofi-
broblasts play an important role in stromal remodeling
associated with invasive squamous cell carcinoma of the
cervix.

Keywords Cervix · Fibrocytes · Intraepithelial 
neoplasias · Squamous cell carcinoma · CD34

Introduction

CD34+ fibrocytes, also referred to as dendritic interstitial
cells [11, 12, 20], occur in the connective tissue compart-
ment of various anatomical locations such as the skin [7,
12, 18], gastrointestinal [10, 11, 13, 15] and urogenital
[8] tracts, breast [1, 9, 14, 19], pancreas [2], thyroid [21],
salivary glands [16] and peripheral nervous system [6].
Morphologically CD34+ fibrocytes show slender cyto-
plasmic processes closely interwoven with those of
neighboring CD34+ fibrocytes leading to the descriptive
term “CD34-positive reticular network” [1, 2, 3, 17, 19,
20, 21]. At the electron microscopic level, CD34+ fibro-
cytes and mononuclear cells disclose a close spatial 
association leading to the hypothesis that CD34+ fibro-
cytes might be involved in specific immune surveillance
[19, 20]. The latter assumption is highlighted by the fact
that at least a subpopulation of CD34+ fibrocytes ex-
presses MHC II molecules and CD80 [4]. Moreover, the
stroma of invasive carcinomas lacks CD34+ fibrocytes
whereas the corresponding normal tissues harbor large
amounts of this cell type [1, 2, 10, 11]. Recently, similar
findings were reported for salivary gland tumors leading
to the authors’ suggestion that CD34+ fibrocytes might
be associated with the regulation of tumor growth by
mechanisms that remain to be elucidated [16]. However,
the loss of CD34 expression in the stroma associated
with invasive carcinoma is in part accompanied by a
gain of α-smooth muscle actin (α-SMA) positive myofi-
broblasts which have been detected in the stroma of 
colorectal adenocarcinoma [10], ductal adenocarcinoma
of the pancreas [2] and invasive ductal breast cancer [1].

In accordance with the aforementioned anatomical
sites, the stroma of the uterine cervix has also been report-
ed to be in part composed of CD34+ fibrocytes [8]. The
significance of this finding has to be further evaluated
since the cited study was exclusively based on the analysis
of normal cervical tissues. We therefore undertook the
present study to analyze the occurrence of CD34+ fibro-
cytes in the cervical stroma with special respect to under-
lying pre-invasive and invasive carcinomas of the cervix.
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Materials and methods

This study comprised a total of 25 females ranging in age between
21 years and 82 years (average 42.5 years) who underwent cervi-
cal cone biopsy (n=12) or hysterectomy (n=14) and in whom the
diagnosis of cervical intraepithelial neoplasia III (CIN III) or inva-
sive carcinoma of the cervix was made. In one patient, the biopsy
specimen and subsequent hysterectomy specimen were investigat-
ed. Invasive carcinomas were mostly squamous cell carcinomas;
in one patient an invasive adenocarcinoma of the cervix was diag-
nosed. The epidemiological data of the patients investigated are
listed in Table 1.

Cone biopsy specimens were completely embedded and step
sections were performed. For hysterectomy specimens at least two
representative blocks of the ecto- and endocervix were chosen.

Immunohistochemistry

Immunohistochemistry was performed using the standard avidin 
biotin complex (ABC)-peroxidase method (ABC Elite Kit; Vector,
Burlingame, Calif.) and 3,3′-diaminobenzidine (DAB) as chromo-
gen. CD34 antigen was detected by means of a monoclonal antibody
(QBEND10, Dako, Hamburg, Germany, dilution 1:50) after micro-
wave pretreatment. Microwave pretreatment was performed by heat-
ing the deparaffinized and rehydrated sections, immersed in 10 mM
sodium citrate buffer (pH 6.0), in a microwave oven at 600 W, three
times for 5 min each. α-SMA was detected using a monoclonal anti-
body (ASM-1, Progen, Heidelberg, Germany; dilution 1:200) after
tissue pretreatment with 0.1% trypsin for 15 min at 37°C.

Simultaneous labeling of CD34 and α-SMA

In order to detect CD34 and α-SMA on a single slide, sequential
immunohistochemical staining of the two antigens was performed.
As a first procedural step, CD34 was detected by means of 
a monoclonal antibody (QBEND10, Immunotech, Marseille,
France) which was applied as purchased by the supplier without
further dilution or tissue pretreatment. The specific reaction 
was detected using the standard ABC-peroxidase method using
3,3′-DAB as chromogen as described above. Thereafter, α-SMA
was detected by incubating the slides with the monoclonal anti-
body (ASM-1, Progen; dilution 1:200) as described above. Detec-
tion of the primary antibody was then performed by means of the
ABC-alkaline phosphatase method (Vector) using AS-bi-Naphthol
(Sigma, Taufkirchen, Germany) as chromogen.

Results

Normal cervical stroma

In the normal cervical stroma CD34+ fibrocytes were
predominantly found in subepithelial and perivascular
sites where they formed a dense reticular network
(Fig. 1a, Table 2). With increasing distance from the
overlying epithelium and vascular structures, the density
of CD34+ fibrocytes decreased. The CD34+ fibrocytes
showed thin, bi- or multipolar dendrite-like cytoplasmic
processes communicating with those of neighboring
CD34+ fibrocytes. In the deep cervical stroma CD34+

fibrocytes were also found surrounding fascicles of
smooth muscle which showed a strong reactivity with 
α-SMA. The subepithelial stroma was free of smooth
muscle and disclosed no α-SMA-positive myofibroblasts
(Fig. 1b, Table 3). 

CIN III and invasive carcinoma

In CIN III the distribution of CD34+ fibrocytes was simi-
lar to that observed in the normal cervical stroma
(Fig. 1c, Table 2). In six of eight cases investigated, the
subepithelial cervical stroma associated with CIN III 
disclosed α-SMA-positive myofibroblasts (Fig. 1d, 
Table 3). In the remaining two cases the stroma adjacent
to CIN III was free of α-SMA-positive myofibroblasts.
Early stromal invasion was characterized by a loss 
of subepithelial CD34+ fibrocytes in the vicinity of in-
vading tumor cells (Fig. 1c, inset), whereas no alteration
in the distribution of α-SMA-positive myofibroblasts 
occurred.

The stroma associated with invasive squamous cell
carcinoma of the cervix was free of CD34+ fibrocytes in
10 of 18 cases (Fig. 1e, Table 2). In these cases the tran-
sition from tumor-free stroma to invasive carcinoma was

Table 1 Epidemiological data of the patients investigated. CIN III
cervical intraepithelial neoplasia III

Patients
n=25 females
Age: range 24–82 years, arithmetic mean: 42.5 years

Type of specimen
Hysterectomy specimens: 14
Cone biopsies: 12*

Histologic diagnoses
CIN III: 8**

Invasive carcinoma: 18*
pT1a 5
pT1b 10
pT2a 1
pT2b 2

* In one patient the cone biopsy specimen and subsequent hyster-
ectomy specimen were included
** CINIII associated with invasive carcinoma was not evaluated

Table 2 Distribution of CD34+ fibrocytes in the cervical stroma. 
0 no CD34+ fibrocytes, + focal accumulations of CD34+ fibro-
cytes, ++ diffusely scattered CD34+ fibrocytes

0 + ++

Normal cervical stroma 0 0 26
Cervical intraepithelial neoplasia III 0 0 8
Invasive carcinoma 10 7 1

Table 3 Distribution of α-smooth muscle actin (α-SMA) positive
myofibroblasts in the cervical stroma. 0 no α-SMA-positive myo-
fibroblasts detectable, + focal accumulations of α-SMA-positive
myofibroblasts, ++ diffusely scattered and densely packed α-
SMA-positive myofibroblasts

0 + ++

Normal cervical stroma 26 0 0
CIN III 2 6 0
Invasive carcinoma 0 9 9
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clear-cut and appeared to be made up of a population of
more densely packed CD34+ fibrocytes. In seven cases a
focal residual population of CD34+ fibrocytes could be
detected at the periphery of the infiltrating carcinoma. In
one case the CD34+ fibrocytes appeared to be completely
preserved. The residual CD34+ fibrocytes showed no
morphological alterations in comparison with CD34+

fibrocytes found in the normal, tumor-free cervical stro-
ma. Adjacent tumor-free cervical stroma disclosed a
completely unaltered population of CD34+ fibrocytes.

α-SMA-positive myofibroblasts were detected in the
stroma of all cases of invasive carcinoma irrespective of
the presence or absence of CD34+ fibrocytes (Table 3).
The myofibroblasts were haphazardly arranged, spindle-

Fig. 1 The normal stroma of the cervix uteri harbors a dense 
network of CD34+ fibrocytes (a), whereas α-smooth muscle actin
(α-SMA) positive myofibroblasts are absent (b). The walls of
muscularized vessels stain positive for α-SMA (b). The stroma
adjacent to cervical intraepithelial neoplasia III (CIN III) includes
huge numbers of CD34+ fibrocytes (c), early stromal invasion 
by atypical cells is characterized by a loss of CD34+ fibrocytes 
(c, inset). In CIN III, the subepithelial stroma also expresses 
α-SMA (d). The stroma of invasive squamous cell carcinomas 
is free of CD34+ fibrocytes (e) and contains huge numbers of 
haphazardly arranged α-SMA-positive myofibroblasts (f)



shaped and showed plump cigar-shaped nuclei and a
characteristic “tram-tracking” of α-SMA-positive intra-
cytoplasmic fibers (Fig. 1f).

Double staining for CD34 and α-SMA

Double staining for CD34 and α-SMA revealed the 
subepithelial CD34+ fibrocytes of the normal cervical
stroma to be exclusively reactive for CD34. In the deeper
layers α-SMA-reactive smooth muscle cells and CD34+

fibrocytes could be clearly distinguished by means of
CD34 and α-SMA double staining. In those cases of
CIN III that showed subepithelial CD34+ fibrocytes and
α-SMA-positive myofibroblasts, double labeling showed
closely intermingled CD34+ and α-SMA-positive fibers.
By means of light microscopy it was not possible to 
decide whether CD34 and α-SMA were coexpressed in 
a single cell population or in two distinct cell types.
However, taken together with the results of single stain-
ing for CD34 and α-SMA, this finding was assumed to
be highly suggestive of a population expressing both
CD34 and α-SMA. In contrast, double labeling of inva-
sive carcinomas clearly distinguished between α-SMA-
positive myofibroblasts and CD34-reactive endothelial
cells as well as CD34+ fibrocytes. No CD34+ fibrocytes
or cells double stained for CD34 and α-SMA were found
in the stroma of the majority of infiltrating squamous
cell carcinomas. In invasive carcinomas with a residual
CD34+ fibrocyte population, double labeling showed an
aspect similar to that observed in the vicinity of CIN III.

Discussion

The cervical stroma harbors large amounts of CD34+

fibrocytes [8]. Although this cell population has been 
described in the normal cervical stroma, data concerning
alterations of this cell population in relation to certain
disease processes are not published in the pertinent 
literature. The present study confirms the findings of
Lindenmayer and Miettinen who were the first to report
CD34+ fibrocytes in the cervix [8]. In addition, the 
stroma of invasive cervical squamous cell carcinoma is
virtually free of CD34+ fibrocytes and is mainly com-
posed of a population of α-SMA-positive myofibroblasts
which are almost completely absent from the normal cer-
vical stroma. The loss of CD34+ fibrocytes in invasive
carcinomas is not site specific for the cervix since 
similar findings have been reported for stromal altera-
tions occurring in ductal carcinomas of the breast [1],
pancreas [2], colon [10] and skin [7].

Although this phenomenon appears to be ubiquitous,
the mechanisms that mediate this process are far from
being understood. Two alternative mechanisms might be
responsible for the immunophenotypic alterations of the
stroma associated with invasive carcinoma. On the one
hand, the tumor might induce apoptosis of CD34+ fibro-
cytes which subsequently are replaced by α-SMA-posi-

tive myofibroblasts; on the other hand, the immunophe-
notypic change may occur in one cell population that
downregulates CD34 and gains α-SMA expression. The
first assumption may be strengthened by the finding that
cell culture supernatants of pulmonary endocrine tumors
are capable of inducing apoptosis in dendritic interstitial
cells [5] which appear to be closely related to CD34+

fibrocytes. It remains questionable whether these in vitro
findings also occur in vivo. Considering the results of
the present study it appears to be more likely that CD34+

fibrocytes gain α-SMA expression and in turn downreg-
ulate CD34 expression. This assumption is based on the
finding that expression of CD34 and α-SMA is not
strictly exclusive since a simultaneous expression of
these markers was found in the subepithelial cells adja-
cent to CIN III. These cells appear to constitute an inter-
mediate population between CD34+ and α-SMA-nega-
tive fibrocytes and CD34-negative and α-SMA-positive
myofibroblasts.

While the mechanisms leading to a reduction and
complete loss of CD34+ fibrocytes remain to be eluci-
dated, the practical advantages of the findings presented
here are obvious. Taking into account that tangential sec-
tioning of atypical surface epithelium and occupation of
deep-seated glandular structures by atypical epithelium
may cause significant problems in establishing the diag-
nosis of stromal infiltration, the diagnosis of invasive
cervical cancer is not trivial. The loss of stromal CD34+

expression paralleled by a gain of α-SMA expression 
appears to be a sensitive indicator of early stromal inva-
sion. Therefore, the detection of a loss of CD34+ fibro-
cytes appears to be a valuable tool in detecting early
stromal invasion and stromal invasion in general. The
latter might be of certain significance when small biopsy
particles of the cervix are submitted. We concede that the
absence or loss of immunohistochemical expression of a
certain marker is regarded to be less valuable than an im-
munohistochemically positive signal since reduction or
complete loss of immunohistochemical marker expres-
sion might be related to technical flaws. In the case of
CD34 immunohistochemistry, however, the stroma con-
tains mostly small vascular structures providing a reli-
able internal positive control.
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Abstract We have previously demonstrated that laminin
modulates the expression of adhesion molecules in an
adenoid cystic carcinoma cell line (CAC2 cells). We are
currently studying whether laminin can induce modifica-
tions in the overall morphology of CAC2 cells. These
cells were grown in a three-dimensional preparation of
laminin-1. Phenotype differences were assessed by light
and transmission electron microscopy. CAC2 cells
grown inside laminin-1 formed ductlike and pseudocys-
tic structures. Based on our findings we suggest that
laminin is a key regulator of tubular and pseudocystic
patterns of adenoid cystic carcinoma. We also analyzed
the effect of a molecular domain of laminin-1, the pep-
tide SIKVAV (Ser-Ile-Lys-Val-Ala-Val) on CAC2 cells.
This peptide was chosen because it is effective in cell
proliferation and differentiation, and because it has never
been tested before in salivary gland neoplasms. When
CAC2 cells were grown inside SIKVAV-enriched lami-
nin-1, only pseudocystic structures were observed. Since
no ductlike structures were observed in samples treated
with SIKVAV, we may assume that this peptide is at least
one of the molecular domains of laminin responsible for
the pseudocystic pattern observed in adenoid cystic car-
cinoma. Function disturbing experiments strongly sug-
gested that the integrin α3β1 play a role in the effect of
laminin on CAC2 cells.

Keywords Salivary gland neoplasms · Adenoid cystic
carcinoma · Extracellular matrix · Laminin · Cell culture ·
Integrins

Introduction

Adenoid cystic carcinoma is a frequent malignant saliva-
ry gland neoplasm [7, 9, 10, 26]. It shows insidious and
slow growth with high level of recurrence and distant
metastasis long time after treatment. A prominent feature
of adenoid cystic carcinoma is its affinity for basement
membrane rich tissues, such as nerves and blood vessels
[7, 9, 10, 26].

This neoplasm is characterized histologically by a
sheet or islandlike proliferation of round or cuboidal epi-
thelial cells, with scant cytoplasm and hyperchromatic
large oval nucleus [7]. Growth patterns are solid, tubular,
and pseudocystic. Pseudocysts are formed by neoplastic
cells of either myoepithelial or epithelial phenotype and
are filled with extracellular matrix components. Perineu-
ral invasion is a common histological finding of adenoid
cystic carcinoma [7, 26].

Electron microscopy of adenoid cystic carcinoma
shows both luminal and myoepithelial cells [7]. These
cells are often separated by extracellular material, such
as pools of basal lamina, collagen fibers, elastin, and
glycosaminoglycans [5, 6, 7, 20, 27]. A conspicuous
finding in the cribriform variant of adenoid cystic carci-
noma is a thickened band of extensively reduplicated
basement membrane [7]. Immunohistochemical studies
have also demonstrated the presence of basement mem-
brane proteins in this neoplasm [5, 6, 20].

It has been suggested that the extracellular matrix
plays an important role as regulatory factor of phenotyp-
ic differences among salivary gland neoplasms [12, 14,
15, 16, 23]. We have previously demonstrated that lami-
nin modulates the expression of adhesion molecules in
an adenoid cystic carcinoma cell line (CAC2 cells) 
[9, 9]. We are currently studying whether laminin can in-
duce modifications in the overall morphology of CAC2
cells. We have previously established a cell line (CAC2
cells), derived from human salivary gland adenoid cystic
carcinoma [8, 9, 10]. CAC2 cells were grown in contact
with laminin-1, in a three-dimensional preparation. Phe-
notype differences were assessed by light and transmis-
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sion electron microscopy. We also studied the effect of a
molecular domain of laminin, the peptide SIKVAV (Ser-
Ile-Lys-Val-Ala-Val) on CAC2 cells. This peptide was
chosen because it is effective in cell proliferation and
differentiation, and because it has never been tested be-
fore in salivary gland neoplasms. In addition, we
searched for integrins involved in the effect of laminin
on CAC2 cells.

Materials and methods

Cell culture

CAC2 cells were derived from a human adenoid cystic carcinoma
[8, 9, 10]. These cells were cultured in high glucose Dulbecco’s
modified Eagle’s medium (Sigma, St. Louis, Mo., USA) supple-
mented by 10% fetal bovine serum (Cultilab, Campinas, SP, Bra-
zil) and 1% antibiotic-antimycotic solution (Sigma). The cells
were maintained in 25 cm2 flasks in a humidified atmosphere of
5% CO2 at 37°C.

Morphology of CAC2 cells was analyzed by phase contrast.
Immunolocalization of smooth-muscle actin was used for pheno-
type characterization, as previously described [15]. We also
searched for basement membrane proteins, such as type IV colla-
gen and laminin.

Immunofluorescence

For smooth-muscle actin immunostaining, CAC2 cells grown on
coverslips were fixed in paraformaldehyde 1% in phosphate-buf-
fered saline (PBS) for 10 min, rinsed in PBS, and permeabilized
with 0.5% Triton X-100 (Sigma) in PBS for 15 min. Cells were
then subjected to an immunofluorescence protocol [13] using a
mouse monoclonal antibody against smooth-muscle actin (Bio-
genex Laboratory, San Ramon, Calif., USA), diluted 1:100 in
PBS. An anti-mouse fluorescein isothiocyanate conjugated
(Amersham, Arlington Heights, Ill., USA) was used as secondary
antibody. All incubations were carried out for 60 min at room tem-
perature. The mounting medium was Pro Long (Molecular Probes,
Eugene, Ore, USA). Replacement of the primary antibody by PBS
was used as negative control [17].

For laminin and type IV collagen immunostaining of CAC2
cells we used the same protocol as described above, but with no
permeabilization step. Laminin antibody (Sigma) was diluted
1:100, and type IV collagen antibody (Biogenex) was diluted 1:20
in PBS. Cy5 conjugates (Zymed Laboratories, San Francisco, Ca-
lif., USA) were used as secondary antibodies.

Three-dimensional preparation of laminin-1

We used a laminin-1 gel in Dulbecco’s modified Eagle’s medium
(1 mg/ml, kindly provided by Dr. Matthew Hoffman NIDCR,
NIH, Bethesda, Md., USA). CAC2 cells were then harvested from
the culture flasks, resuspended inside laminin-1, and placed in Ep-
pendorf tubes. Cells were then incubated at 37°C in a humidified
atmosphere of 5% CO2 in air. CAC2 cells were grown within this
three-dimensional preparation of laminin-1 for 48 h. CAC2 cells
grown inside agarose served as controls. Three-dimensional prepa-
rations of CAC 2 cells (treated and control samples) were studied
by light and transmission electron microscopy.

Light microscopy of CAC2 cells grown in three-dimensional 
preparations

CAC2 cells growing within laminin-1 were fixed in 10% formalin
for 24 h. Even after fixation the laminin-1 gel used in our prepara-

tion is too soft to be embedded directly in paraffin. To circumvent
this problem we dehydrated and embedded the samples in Histo-
gel (Perk Scientific, Devon, Pa., USA). Heating the Histogel to
50°C converts the gel into a liquid state, which allows infiltration
of the samples. After the infiltration the Histogel converts back in-
to a solid as it cools. Final hardening is achieved at room tempera-
ture. Since Histogel is in aqueous media, the samples were then
dehydrated again, paraffin-embedded and stained by hematoxylin-
eosin. The same procedure was carried out for the controls (CAC2
cells grown inside agarose).

Transmission electron microscopy of CAC2 cells grown 
in three-dimensional preparations

For transmission electron microscopy pellets of CAC2 cells grown
either within laminin-1 or inside agarose were fixed by immersion
in 2.0% glutaraldehyde in 0.1 M sodium cacodylate buffer solu-
tion at pH 7.4 for 2 h and postfixed in 1% osmium tetroxide in the
same buffer for 45 min. Then samples were washed in distilled
water, stained en bloc with 0.5% uranyl acetate, rinsed, and dehy-
drated in graded ethanol. After immersion in propylene oxide
samples were embedded in epoxy resin (Epon 812, Ted Pella,
Redding, Calif., USA) and polymerized for 72 h at 60°C. Semithin
sections (1 µm) were cut and stained with a mixture of 1% azure
II, 2% methylene blue, and 2% borax in distilled water. Ultrathin
sections were stained with lead citrate and uranyl acetate and ex-
amined in a JEOL 1010 transmission electron microscope (Jeol,
Peabody, Mass., USA).

Culture of CAC2 cells in laminin-1 enriched with either 
the SIKVAV hexapeptide or with the SIKVAV-containing fragment
of laminin

The SIKVAV hexapeptide (Calbiochem-Novabiochem, La Jolla,
Calif., USA) and the SIKVAV-containing fragment of laminin
(Sigma) were used in our study. The SIKVAV hexapeptide was di-
luted in 0.1% acetic acid, to reach a final concentration of
1 mg/ml. The SIKVAV-containing fragment of laminin (Cys lami-
nin α-chain, amino acids 2091–2108, cat. # C-6171, Sigma) was
diluted in milli-Q water to reach a final concentration of 1 mg/ml.
The SIKVAV hexapeptide and the SIKVAV-containing fragment of
laminin were diluted in the gel of laminin-1. Concentrations of the
peptides in the gel ranged from 25 to 100 µg/ml. The best results
were obtained with concentrations of 25 and 50 µg/ml. Bicarbon-
ate was used to obtain a suitable pH. CAC2 cells were then har-
vested from the culture flasks, resuspended inside SIKVAV-
enriched laminin-1, and placed in Eppendorf tubes. Cells were
then incubated at 37°C in a humidified atmosphere of 5% CO2 in
air. CAC2 cells were grown within these three-dimensional prepa-
rations of SIKVAV-enriched laminin-1 (either with the SIKVAV
hexapeptide or with the SIKVAV-containing fragment of laminin)
for 2 and 5 days. CAC2 cells grown inside laminin-1 with no syn-
thetic peptides served as controls. Three-dimensional preparations
of CAC2 cells (treated and control samples) were studied by light
microscopy.

Integrins involved in the effect of laminin-1 on CAC2 cells

To address the identities of integrins that are involved in the effect
of laminin-1 on CAC2 cells we used antibodies that specifically
block integrin function. These antibodies were raised against α3,
β1, and β4 integrins (Chemicon, Temecula Calif., USA). All anti-
bodies were azide-free, to avoid cytotoxicity. CAC2 cells were
harvested from the flasks by 0.02% EDTA in PBS (Versene solu-
tion) and incubated with antibodies to α3, β1, and β4 (1/20 in
PBS) for 1 h at 37°C. CAC2 cells incubated with anti-human IgG
(azide-free, Chemicon) served as controls. After blocking integrin
function with specific antibodies, we carried out a cell adhesion
assay. For this assay laminin-1 (50 µg/ml in PBS) was coated onto
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round-bottomed 96-well plates (Cultilab) by drying overnight at
4°C. The wells were blocked with 1% denatured BSA in PBS for
30 min at 37°C and washed twice with PBS. A number of 3.5×104

CAC2 cells in 100 µl PBS was added per well for 45 min at 37°C.
After that the medium with nonadherent cells was gently removed
from the wells. Attached CAC2 cells were fixed and stained with
a solution of 0.2% crystal violet in 20% methanol for 12 min. Af-
ter washing twice with water the cells were lysed with 50 µl 10%
sodium dodecyl sulfate (Sigma) and the optical density (600 nm)
measured in a spectrophotometer. Assays were carried out in trip-
licate at least three times. Counts of adherent cells were expressed
as percentage of the control (mean ±standard error of the mean).
IgG control was set at 100%.

We also carried out experiments blocking integrins as de-
scribed above, and growing CAC2 cells within three-dimensional
preparations of laminin-1. The rationale of this assay was to ob-
serve whether blockage of integrins prevents the effect of laminin-
1 on CAC2 cells. Cells with integrins blocked by antibodies were
grown inside laminin-1 for 2 days. We used two controls: (a) cells
incubated with anti-human IgG and (b) cells with no treatment
with anti-integrin antibodies. Control CAC 2 cells were then
grown inside laminin-1. Treated and control samples were pro-
cessed as described previously, and studied by light microscopy.

Results

Characterization of CAC2 cells

Phase contrast showed spindle shaped and dendritic cells
(Fig. 1A). Immunofluorescence detected smooth-muscle
actin (Fig. 1B), type IV collagen (Fig. 1C) and laminin
(Fig. 1D). These markers are characteristic of myoepi-
thelial differentiation.

Light microscopy of CAC2 cells grown 
within three-dimensional preparations

Control CAC2 cells grown inside agarose showed round
and noncohesive cells with no particular arrangement
(Fig. 1A). CAC2 cell line when cultured within laminin-
1 assumed a new overall morphology (Fig. 2B–E), with
cells delineating luminal spaces forming a ductlike pat-
tern (Fig. 2B). We also observed compact aggregates of
mostly polyhedral cells (Fig. 2C). In these aggregates
spindle-shaped cells surrounded pseudocysticlike spaces
(Fig. 2C, D). Few cells were either stellate or round-
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Fig. 1 A Phase contrast mi-
croscopy of CAC2 cells, exhib-
iting dendritic cells. B Immu-
nofluorescence shows smooth-
muscle actin, mostly as stress
fibers. C, D Type IV collagen
(C) and laminin (D) are also
observed, forming multiple
dots throughout the cell sur-
face. A ×400x; B–D ×630



shaped (Fig. 2E). Pseudocystic structures were observed
in 30–50% of CAC2 cells grown within laminin-1. Pseu-
docysts diameter was 107,599±11,405 µm (n=20), mea-
sured by the Image J software (public domain software
developed by Wayne Rasband, NIMH, NIH, USA).

Transmission electron microscopy of CAC2 cells grown
within three-dimensional preparations

Transmission electron microscopy was used to further
study the ductlike structures formed by CAC2 cells
grown within laminin-1. We observed cuboidal cells de-

limiting luminal spaces (Fig. 3A). These cells were
slightly polarized, with microvilli at apical plasmalem-
ma. Rudimentary junctions were observed (Fig. 3B).

Culture of CAC2 cells in laminin-1 enriched with either
the SIKVAV hexapeptide or with the SIKVAV-containing
fragment of laminin

Light microscopy study of CAC2 cells grown for 2 days
within a three-dimensional preparation of laminin-1 en-
riched with the SIKVAV-containing fragment of laminin
(Cys laminin α-chain, amino acids 2091–2108) showed

572

Fig. 2 A Control CAC2 cells grown inside agarose show round
and noncohesive cell. B–E Morphology of CAC2 cells when
grown inside a three-dimensional preparation of laminin. A new
overall arrangement is observed, with cells delineating luminal
spaces, forming a ductlike pattern (B, arrow). C, D Aggregates of
mostly polyhedral cells are present (C), with spindle-shaped cells
(C, arrow) surrounding a pseudocystic space (C, D asterisks). 
E Few cells are either stellate or round-shaped (arrow). Stellate
cells show thin, long, and intercommunicating processes. A, B, D,
E ×630; C ×400

Fig. 3A,B Transmission electron microscopy of CAC2 cells
grown within laminin. A We observed cuboidal cells delimiting
luminal spaces. These cells are slightly polarized, with microvilli
at apical plasmalemma. B Rudimentary junctions are observed
(arrows). L Luminal space. A ×1200; B ×8000



signs of matrix digestion, with formation of large spaces
between the cells (Fig. 4A, B).

The results observed with laminin-1 enriched with the
SIKVAV-containing fragment of laminin (Cys laminin α-
chain, amino acids 2091–2108) were also observed in

preparations enriched with the SIKVAV hexapeptide. We
observed spaces underlined by a layer of spindle-shaped
cells (Fig. 4C). These features resemble the pseudocystic
organization of adenoid cystic carcinoma in vivo
(Fig. 4D). Pseudocystic structures were observed in
70–90% of CAC2 cells grown within laminin-1 enriched
with SIKVAV. Pseudocysts diameter was 211.939±
44.776 µm (n=20), measured by the Image J software.
Thus the pseudocysts created by laminin-1 enriched with
the peptide SIKVAV were twice the size of the pseudo-
cystic spaces induced by laminin-1 with no peptides.

CAC2 cells grown for 5 days within laminin-1 en-
riched either with the SIKVAV hexapeptide or with the
SIKVAV-containing fragment of laminin showed the
same features described above.

It is important to emphasize that both three-dimen-
sional assays using SIKVAV-enriched laminin-1 (either
with the SIKVAV hexapeptide or with the SIKVAV-con-
taining fragment of laminin) created only pseudocystic-
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Fig. 4A–D Light microscopy study of CAC2 cells grown for
2 days within a three-dimensional preparation of laminin enriched
with SIKVAV. A, B Cultures treated with the SIKVAV-containing
fragment of laminin (Cys laminin α-chain, amino acids 2091–
2108) show signs of matrix digestion (B, asterisk). C, D Cultures
treated with laminin enriched with the hexapeptide SIKVAV ex-
hibit large spaces between the cells (C, asterisk). These spaces are
underlined by a layer of spindle-shaped cells. These features re-
semble the pseudocystic organization of adenoid cystic carcinoma
in vivo (D). ×200

Fig. 5 A Cell adhesion assay shows that either α3 or β1 decreased
the attachment of CAC2 cells to laminin-1. Three-dimensional
culture of CAC2 cells also shows the effect of either α3 or β1. 
B Control cells, either incubated with anti-human IgG (not shown)
or with no treatment with anti-integrin antibodies grown inside
laminin-1 form solid patterns, ductlike structures (arrow), and
pseudocysts (asterisk). C, D Cells treated by either anti-α3 inte-
grin (C) or anti-β1 integrin (D) display a random distribution, with
no particular configuration. ×200



like spaces. Neither ductlike structures nor solid arrange-
ments were found.

Integrins involved in the effect of laminin-1 
on CAC2 cells

Cell adhesion assay showed that blockage of either α3 or
β1 integrins by specific antibodies decreased the attach-
ment of CAC2 cells to laminin-1 (Fig. 5A). These anti-
bodies also inhibited the effect of laminin-1 in the over-
all morphology of these cells. Control CAC2 cells, either
incubated with anti-human IgG or with no treatment with
anti-integrin antibodies, grown inside laminin-1 formed
solid patterns, ductlike structures, and pseudocysts
(Fig. 5B). These features were not observed in CAC2
cells subjected to integrin blockage. Cells treated by ei-
ther anti-α3 integrin (Fig. 5C) or anti-β1 integrin
(Fig. 5D) displayed a random distribution, with no par-
ticular configuration. Thus we infer that α3β1 integrin is
an important receptor for the effect of laminin on CAC2
cells.

Discussion

Our results showed that laminin-1 regulates the morphol-
ogy of cells derived from human adenoid cystic carcino-
ma (CAC2 cells). Growth of CAC2 cells within laminin-
1 created ductlike and pseudocystic structures similar to
those occurring in the neoplasm in vivo. When CAC2
were grown inside SIKVAV-enriched laminin-1, only
pseudocystic structures were observed. We also found
that the α3β1 integrin play a role in the effect of laminin
on CAC2 cells.

Morphogenetic studies of normal and neoplastic sali-
vary glands have been carried out by culturing cells in
three-dimensional matrix environment [1, 4, 11, 12, 14,
23, 30, 31]. We have been studying tumors derived from
intercalated duct, such as pleomorphic adenoma, myo-
epithelioma, and adenoid cystic carcinoma through this
three-dimensional assay [14, 23]. We first demonstrated
that a reconstituted basement membrane (Matrigel) regu-
lates the morphology of cell lines derived from these
neoplasms. We are currently investigating the role
played by individual basement membrane molecules on
the morphology of adenoid cystic carcinoma. We have
chosen laminin because this molecule is abundant in
basement membranes and has in its composition bioac-
tive peptides, which modulate cell growth and differenti-
ation [2, 3, 17, 18, 19, 21, 24, 29, 32]. Moreover, the vast
majority of studies reporting phenotypic modifications
induced by extracellular matrix on neoplastic salivary
cell lines involve culture inside collagen gel [1, 4, 11, 30,
31]. Our report appears to be the first description of phe-
notypic modifications induced by a three-dimensional
preparation of laminin-1. Thus we believe that culturing
CAC2 cells inside laminin would provide important in-
formation on adenoid cystic carcinoma biology.

The laminins are structurally related glycoproteins
found predominantly in basement membranes [21]. They
exist as a cruciformlike structure formed by three chains,
designated α, β, and γ, that are structurally homologous
but have little similarity in the level of their amino acid
sequences [21]. Eleven laminin isoforms have been de-
scribed to date. Since laminin can bind many of the other
components of the basement membrane, including colla-
gen IV, perlecan, and entactin, as well as binding to it-
self, it is likely to play a role in organizing and possibly
initiating the formation of the basement membrane ma-
trix [2, 3, 18, 19, 21, 32]. However, laminins are more
than a mere glue and surface over which cells move.
There is emerging evidence that these molecules can reg-
ulate cell proliferation and have the capability of speci-
fying cell and tissue development, differentiation, and
function through their interaction with cell surface mole-
cules [2, 3, 18, 19, 21, 22, 32]. Among these cell surface
molecules the integrins are largely responsible for medi-
ating the profound effects of the laminins on cell behav-
ior. Integrins are a large family of adhesion receptors
composed of two transmembrane glycoprotein subunits
designated α and β [22]. They are bona fide receptors
because they can both bind laminin, as well as many oth-
er ligands, and modulate intracellular signaling pathways
in response to this binding [22].

Our results clearly demonstrated the effects of lami-
nin-1 in the differentiation of an adenoid cystic carcino-
ma cell line (CAC2). Light and electron microscopy
showed ductlike structures formed by polarized cuboidal
cells delimiting a luminal space. Transmission electron
microscopy revealed rudimentary junctions in these
ductlike structures. The role of laminin in determining
canalicular structures has previously been demonstrated
in vascular endothelium as well as in glandular tissue. In
endothelium laminin induces cell migration, prolifera-
tion, and realignment to form a new capillary structure
[25]. This molecule also induces formation of ducto aci-
nar units in cell lines derived from the submandibular
gland [12]. Growth of CAC2 cells within laminin also
created pseudocysts, similar to those occurring in the
neoplasm in vivo. Pseudocyst formation could be regard-
ed as one of the markers of terminal differentiation of
adenoid cystic carcinomas [7].

Our peptide assay provided further information on the
effect of laminin-1 on the morphology of CAC2 cells.
Laminin is biologically active, as demonstrated by in vivo
and in vitro studies [2, 3, 18, 19, 21, 32]. This biological
effect is mostly related to peptides located in different do-
mains of the molecule. Several active sites on laminin
have been previously identified. YIGSR (Tyr-Ile-Gly-Ser-
Arg) on β chain promotes cell adhesion and migration [21,
29]. On the other hand, SIKVAV, located on the carboxy-
terminal end of the long arm of α-chain, is involved in cell
adhesion, growth, neurite outgrowth, tumor growth, an-
giogenesis, and protease activity [17, 21, 24]. The fact that
the effect of SIKVAV has never been assessed in salivary
gland neoplasms has prompted us to study the modulation
of CAC2 cells morphology by this bioactive peptide.
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Light microscopy study of CAC2 cells grown within
three-dimensional preparation of SIKVAV-enriched lami-
nin-1 showed signs of matrix digestion, with formation
of large spaces between the cells. These spaces could re-
present the expression of protease activity by CAC2 cells
since SIKVAV can induce this kind of biological activity
[17, 24]. These spaces were underlined by a layer of
spindle-shaped cells. These features resemble the pseu-
docystic organization of adenoid cystic carcinoma in vi-
vo. Since no ductlike structures were observed in sam-
ples treated with SIKVAV, we may assume that this pep-
tide is at least one of the molecular domains of laminin-1
responsible for the pseudocystic pattern observed in ade-
noid cystic carcinoma. We should emphasize that the ef-
fect of SIKVAV has been assessed in different cells lines.
However, there is no study on the expression of this pep-
tide in human neoplasms. This is an interesting to point,
to be addressed in future investigation.

Our results strongly suggested that α3β1 integrin
plays a role in the molecular effect of laminin on CAC2
cells. We tested this particular receptor because it is ex-
pressed in adenoid cystic carcinoma in vivo [20]. Adhe-
sion assay showed that blockage of either α3 or β1 sub-
units inhibits the attachment of CAC2 cells to laminin.
This inhibition was only partial, suggesting that other
integrins would be probably involved as receptors, such
as α1β1, α2β1, α6β1, α6β4, and α7β1. These integrins
also bind laminin-1 in different cells and tissues [22].
However, the experiment of growing CAC2 cells with
the integrins α3 and β1 blocked showed a striking result,
with cells distributed at random, and absence of ductlike
structures and pseudocysts. Thus we may infer that α3β1
is part of the mechanism underlying the regulation of the
morphological changes induced by laminin in CAC2
cells. We may also speculate that this integrin is related
to the putative proteolytic effect of SIKVAV, since α3β1
induces proteolysis [28].

This in vitro study demonstrated the effect of laminin-
1 in a cell line derived from human adenoid cystic carci-
noma (CAC2 cells). The comparison between our in vit-
ro findings with the adenoid cystic carcinoma in vivo
provides more information on effect of laminin-1. Mor-
phological examination of this neoplasm in vivo shows
large amounts of basement membrane molecules sur-
rounding tumor islands [5, 6, 7, 20, 27]. Our in vitro as-
say mimicked this situation by growing CAC2 cells in-
side laminin-1. If we assume that the basement mem-
brane observed in the neoplasm in vivo is secreted by the
tumor cells themselves, we may speculate that laminin-1
acts as autocrine factor determining the morphogenetic
changes in CAC2 cells. Moreover, we have more in vitro
evidence on this putative autocrine effect, since immuno-
fluorescence showed that CAC2 cells grown on plain
coverslips secrete basement membrane molecules, such
as laminin and type IV collagen. Our study went further,
showing that a molecular domain of laminin, the peptide
SIKVAV, enhances the formation of pseudocystic spaces
on CAC2 cells. Further experiments analyzing the ef-
fects of other biologically active peptides on CAC2 cells

would be relevant to determine more putative domains of
laminin underlying the regulation of adenoid cystic car-
cinoma phenotype.
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Abstract The retinoblastoma (Rb) gene was the first tu-
mor suppressor gene to be discovered; however, data on
the influence of Rb inactivation on endometrial carcino-
genesis are scarce. We investigated 46 paired primary
human endometrial carcinomas and normal tissues to as-
sess the frequency of loss of heterozygosity (LOH) in Rb
and 20 tumor pairs to detect the frequency of p53 LOH.
Moreover, expression of the retinoblastoma protein
(pRb) was assessed immunohistochemically. Of 44 in-
formative cases 8 showed loss of one allele in at least
one Rb marker; Rb LOH frequency thus reached 18%.
Two omental metastases of endometrial origin showed a
heterogeneity pattern similar to that of the primary tu-
mors. We did not find a significant correlation between
Rb LOH and patient age, clinical stage, histological
grade or muscle invasion of the tumor. Nevertheless, Rb
LOH was demonstrated at early (stage I, 5/27, 18%) and
advanced (stages II–IV; 3/9, 33%) clinical stages of the
neoplasm, suggesting that LOH at the Rb locus occurs
before the clonal expansion of the tumor. There was a
significant correlation between Rb LOH and weak/absent
pRb expression. We noted a single case of p53 LOH at
intron 1, but no tumor showed both alterations simulta-
neously. Our data suggest that LOH at the Rb locus plays
a role in the oncogenesis of a subset of uterine neo-
plasms and corresponds with the altered expression of
the pRb.

Keywords Rb gene · Endometrial cancer · p53 gene ·
Loss of heterozygosity · Retinoblastoma protein

Introduction

Development of human cancer results from the accumu-
lation of various genetic alterations within oncogenes,
tumor suppressor genes (TSG), and DNA repair genes
[10]. Multiple genetic abnormalities demonstrated in
neoplastic cells led to the concept of a “mutator pheno-
type” in cancer, formulated to explain the disparity of the
lack of mutations reported in normal cells and the large
number of genetic abnormalities in various human ma-
lignancies [18]. Although genetic alterations may occur
randomly throughout the whole genome, they are prefer-
ably reported in tumor suppressor genes functioning in
normal cells maintaining the stability of the genome.

The retinoblastoma gene (Rb) was the first TSG to be
identified in humans, representing the classic model for
the recessive tumor suppressor gene, in which both pater-
nal and maternal alleles must be inactivated for tumor de-
velopment [15]. This TSG was found on human chromo-
some 13, band q14 [8, 17]. The Rb gene consists of 27
exons, ranging in size from 31 to 1873 bp, and 26 introns,
ranging in size from 80 to 70,500 bp [19]. It encodes a
110-kDa nuclear phosphoprotein (pRb) which partici-
pates in the transcriptional control mechanisms mediating
progression through the G1 phase of the cell cycle [10].
Germline mutations of the retinoblastoma gene in partic-
ular are predisposed to cause hereditary malignant eye tu-
mors in children under 4 years of age [4, 40]. Somatic
point mutations have been detected throughout the Rb
gene, with exons 3, 8, 18, and 19 preferably altered [10].
The fact that some authors have reported the occurrence
of Rb gene abnormalities in many retinoblastoma and os-
teosarcoma cases [11, 35, 39] suggests that Rb alterations
play a crucial role in the development and progression of
these neoplasms. In addition, Rb inactivation has also
been detected in a subset of small-cell lung, bladder, and
esophageal carcinomas [3, 23, 41].
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However, owing to the relatively large size of the
gene, various molecular biological techniques [Southern
blotting, polymerase chain reaction (PCR), single-strand
conformation polymorphism, direct sequencing, or loss
of heterozygosity (LOH) testing] have been applied to
guarantee a precise analysis of structural Rb gene rear-
rangements in different human cancers. Studying the role
of Rb gene alterations, Cairns et al. [3] and Xing et al.
[41] have previously reported a frequent LOH at the spe-
cific 13q14 intragenic loci in human malignant tumors.
To our knowledge, only a limited number of studies have
assessed the role of Rb TSG alterations in carcinomas of
the female genital tract [5, 14], particularly in endometri-
al malignant tumors [6, 12, 22, 28, 43]. Moreover, the re-
lationship between Rb gene inactivation and the clinico-
pathological variables of endometrial cancer has not yet
been investigated (Medline database).

Thus, using PCR analysis we extended this study to
assess the frequency of LOH at four polymorphic mark-
ers at the Rb gene in 48 (46 primary and 2 metastatic)
carcinomas of the uterine corpus. In addition, we exam-
ined the correlation of genetic findings with Rb protein
immunostaining and with the clinicopathological fea-
tures of cancer (patient age, clinical stage, histological
grade, histological type, depth of myometrial invasion).
We also investigated 20 primary endometrial neoplasms
for the frequency of LOH at the p53 tumor suppres-
sor gene by applying two polymorphic markers: vari-
able number of tandem repeats (VNTR) at intron 1 and
restriction fragment length polymorphism (RFLP) at 
exon 4.

Materials and methods

Patients

We investigated 46 consecutive endometrial cancer patients who
had undergone surgery (total abdominal hysterectomy/bilateral
salpino-oophorectomy) at the IInd Department of Gynecology,
Lublin University School of Medicine, Lublin, Poland, between
1998 and 2001. Pelvic and para-aortic lymph node dissections
were carried out when material obtained at dilatation and curettage
was diagnosed as nonendometrioid or poorly differentiated cancer,
or when the neoplasm was disseminated outside the uterus at sur-
gery. Two omental metastases of endometrial origin were also in-

cluded. For LOH analysis nonneoplastic reference material was
available in all cases. The patients had not received chemotherapy,
radiotherapy, or hormonal therapy before surgery.

The clinical stage of disease was classified according to the
staging system of the Federation International of Gynecology and
Obstetrics [21]. Regarding clinical stage, 34 (74%) carcinomas
were of stage I, 7 (15%) were of stage II, 4 (9%) were of stage III,
and 1 (2%) was of stage IV. The material was assessed histologi-
cally at the Department of Pathology, Lublin University School of
Medicine, and based on the WHO staging system [30]. Regarding
the histological type, 44 (96%) were endometrial endometrioid
carcinomas and 2 (4%) were adenosquamous carcinomas. Twenty
(45%) were well-differentiated (G1), 16 (35%) were moderately
differentiated (G2), and 10 (20%) were poorly differentiated (G3)
endometrial carcinomas. Myometrial invasion was absent or pres-
ent, but did not exceed half of the myometrial wall in 28 (61%)
cases, while cancer infiltrated more than 50% of the myometrium
in 18 (39%) cases.

Lymph node dissection was carried out in 29 patients (63%), of
whom only one (3.4%; a 72-year-old women with stage III endo-
metrial endometrioid adenocarcinoma) showed pelvic lymph node
metastasis.

DNA isolation

Tissue obtained at surgery was subdivided into two parts. One por-
tion was fixed in buffered formalin (pH 7.4) for routine pathologi-
cal assessment, while the second was immediately frozen in liquid
nitrogen and stored in the deep-freezer. High molecular weight
DNA was extracted from tumor and nontumor (muscle, skin, or
leukocytes) materials according to a standard protocol [27].

Analysis of Rb LOH

We used four intragenic polymorphic Rb markers, three RFLPs in
introns 4, 17, and 25, and one VNTR polymorphism localized in
intron 20 of the gene [39, 43]. Table 1 summarizes the primer se-
quence, endonucleases, and annealing temperature used in the ex-
periments. All restriction enzymes were purchased from MBI Fer-
mentas (Lithuania). PCR reaction was carried out in an automated
thermocycler (Perkin Elmer 2400, USA) in 50 µl, and consisted of
250 ng DNA, 20 mM Tris-HCl (pH 8.3), 1.5 mM MgCl2, 200 µM
of each deoxyribonucleoside triphosphate, 25 pmol of each prim-
er, and 2 U Taq DNA polymerase (MBI Fermentas). An amplifica-
tion protocol was carried out in the following manner: 95°C for
5 min, followed by 35 cycles at 94°C for 30 s-60 s, at 52°C or
57°C for 30–60 s for annealing (Table 1), and at 72°C for 30–60 s.
Finally, one additional cycle of elongation at 72°C for 7 min com-
pleted the reaction. As a control, 10 µl of the PCR products was
subjected to electrophoresis in 2% agarose gels, stained with
ethidium bromide, and UV-photographed. For detecting LOH at
introns 4, 17, and 25, PCR products were digested with the appro-
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Table 1 Primer sequences determining the LOH at the Rb locus

Locus Restriction Product size Annealing Primer sequences
endonuclease (bp) temperature

Intron 4 EcoRI 270 (166/104)a 57°C 5′-TTGACCTAGATGAGATGTCT-3′
5′-AGGACACAAACTGCTACCTC-3′

Intron 17 XbaI 945 (630/315)a 57°C 5′-TTCCAATGAAGAACAAATGG-3′
5′-GCAATTGCACAATCCAAGTT-3′

Intron20 – 420–470 VNTR 57°C 5′-TGTATCGGCTAGCCTATCTC-3′
5′-AATTAACAAGGTGTGGTGG-3′

Intron 25 DraI 167 (129/38)a 52°C 5′-TCCATTTATAAATACACATG-3′
5′-TAACGAAAAGACTTCTTGCA-3′

a Enzymatic digestion results in PCR fragments which are shown in the parenthesis



priate endonuclease, run on native 8% polyacrylamide gels, cross-
linked with piperazine diacrylamide, and visualized by a silver
staining method [2]. For detecting LOH at intron 20 of the Rb
gene PCR products were directly subjected to polyacrylamide
gels/silver staining technique.

Analysis of the LOH of p53

LOH was analyzed in intron 1 (VNTR) and exon 4 (RFLP) poly-
morphic regions of the p53 TSG in 20 primary human endometrial
carcinomas. PCR amplification protocols have been described pre-
viously [29]. RFLP analysis at exon 4 of p53 used cleavage of the
PCR products by endonuclease BshI (AGS, Heidelberg, Germa-
ny). The gels were silver-stained according to the protocol by
Budowle et al. [2].

Detection of LOH

An allelic loss (LOH) was considered when one tumor allele dis-
appeared or was reduced by more than 50% compared with con-
trol DNA. Evaluation was performed visually and by densitometry
(VDS, Pharmacia, Biotech, Germany) in ambiguous cases. To en-
sure the reproducibility of the results each case showing LOH was
examined twice by both PCR and electrophoresis.

Rb protein expression

pRb was immunohistochemically stained on 4-µm-thick sections
using a monoclonal mouse anti-human NCL-RB-1 IgM antibody
(Novocastra, UK), diluted 1:100, as described previously with mi-
nor modifications [31]. Briefly, we applied three cycles of micro-
wave oven treatment in 750 W for 10 min each, the avidin-biotin
peroxidase detection system (Vectastain ABC, Vector Lab., Bur-
lingame, Calif., USA), and 3,3′′-diaminobenzidine tetrahydrochlo-
ride containing 0.08% hydrogen peroxidase. Endometrial cancer
slide showing enhanced glandular pRb expression served as a pos-
itive control, while a negative control was carried out by incubat-
ing the adequate sections with control IgM immunoglobulin (di-
luted 1:100 from Dako, USA). pRb immunoreactivity was graded
as follows: (–) negative, less than 10% positive cells; (+) 10–50%
positive cells; (++) more than 50% of the cells were positive. The
slides showed anti-Rb antibody reactivity with the endothelial
cells (internal positive control [25]) incorporated in our study. To
ensure the reproducibility of the results all slides showing weak or
negative retinoblastoma reactivity were processed twice.

Statistical analysis

The relationship of Rb LOH and pRb staining with patient age and
the clinicopathological features of cancer was analyzed using
Fisher’s exact test or the χ2 test. The correlation of Rb LOH with
pRb immunostaining was examined by Spearman’s rank correla-
tion test. Statistica software for Windows version 5.1G (StatSoft,
Tulsa, Okla., USA) was used for analysis, and a p value below
0.05 was considered statistically significant.

Results

LOH at the Rb locus

In total, 44 of 46 primary cases showed heterozygosity in
at least one of the polymorphic Rb markers used; the het-
erozygosity rate thus reached 96%. The highest infor-
mativity was observed at intron 17/XbaI (42 of 44;
95%); the heterozygosity rates for intron 4/EcoRI, intron

20/VNTR, and intron 25/DraI were 84% (37 of 44), 84%
(37 of 44), and 59% (26 of 44), respectively. Of 44 infor-
mative cases 8 (18%) showed a reduction rate (>50%) or
complete loss of one allele for at least one Rb marker
(Table 2). Interestingly, LOH was detected in 2 of 37 tu-
mors (for intron 4), in 3 of 42 cases (for intron 17), in 1
of 37 tumors (for intron 20), and in 3 of 26 neoplasms
(for intron 25; Fig. 1). Two omental metastases showed
the same Rb LOH pattern as did the primary tumors. 

A poorly differentiated, stage IIa, endometrial endo-
metrioid adenocarcinoma showed Rb LOH at two corre-
sponding loci (located at introns 17 and 20) at the core
region of the gene. However, we never found a complete
Rb gene loss in the study group, although most positive
cases revealed partial losses at the Rb in the proximal or
distal regions of the gene (Table 2).

Rb dysfunction and clinicopathological variables 
of cancer

There was no relationship between Rb LOH and patient
age, clinical stage, histological grade, or muscle invasion
of the tumor (P>0.05; Fisher’s exact test). Rb LOH was
detected in 5 of 23 (22%) lymph node negative endome-
trial cancers; in one case LOH was reported for two
markers simultaneously (at introns 17 and 20). Allelic
loss was detected at intron 17/XbaI in two cases, at in-
tron 20/VNTR in one case, and at intron 25/DraI in three
neoplasms. There was no Rb allelic loss in a lymph
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Fig. 1 Examples of the Rb LOH (arrows) in carcinomas of the
uterine corpus. N Normal DNA; T tumor DNA. Matching pairs of
normal and neoplastic DNA were located adjacent to each other.
An allelic lost was considered when there was a complete disap-
pearance or more than a 50% reduction in the signal intensity of
neoplastic bands in comparison with the signals of the normal
DNA



node-positive endometrial cancer showing extensive
(++) nuclear pRb expression immunohistochemically.

pRB immunostaining in endometrial carcinomas

Immunohistochemical heterogeneous pRb staining was
confined to the glandular cell nuclei, whereas some epi-
thelial and endothelial cells also displayed extensive nu-
clear expression. Of 46 cases 39 (85%) demonstrated ex-
tensive (++) pRb immunoreactivity, with more than 50%
of the neoplastic glandular cells being positive with anti-
Rb antibody (Fig. 2). Staining was moderate (10–50%)
in six cases (13%). One case of an endometrial adenocar-
cinoma displayed lack of anti-Rb reactivity in the glan-

dular cancer cells, although endothelial cells contained
detectable Rb protein (positive internal control). pRb ex-
pression was also correlated with the clinical and patho-
logical variables of cancer, but none of parameters
reached a statistically significant value (P>0.05; data not
shown). It is worth pointing out that heterogeneous pRb
expression was reported in all hyperplastic lesions adja-
cent to neoplastic endometrial glands (data not shown).
Extensive (++) heterogeneous nuclear pRb reactivity
was also detected in two primarily endometrial carcino-
mas that were not informative for all polymorphic Rb
markers.
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Table 2 LOH at the Rb TSG
and pRb expression in 46 pri-
mary human endometrial carci-
nomas (Inf-abs informative–ab-
sence of the LOH, Inf-pres in-
formative–presence of the
LOH, Noninf noninformative)

Case Rb LOH

Intron 4/EcoRI Intron 17/XbaI Intron 20/VNTR Intron 25/DraI pRb IHC

1 Inf-abs Inf-abs Inf-abs Inf-abs ++
2 Inf-abs Inf-abs Inf-abs Noninf ++
3 Inf-abs Inf-abs Inf-abs Noninf ++
4 Inf-abs Inf-abs Inf-abs Noninf ++
5 Inf-abs Inf-abs Inf-abs Inf-abs ++
6 Inf-abs Inf-abs Noninf Noninf ++
7 Inf-abs Inf-pres Noninf Noninf ++
8 Noninf Noninf Inf-abs Inf-abs ++
9 Inf-abs Inf-abs Inf-abs Noninf ++

10 Inf-abs Inf-abs Inf-abs Inf-pres ++
11 Noninf Inf-abs Inf-abs Inf-abs ++
12 Noninf Inf-abs Noninf Inf-abs ++
13 Inf-abs Inf-abs Inf-abs Inf-abs ++
14 Inf-abs Inf-abs Inf-abs Inf-abs ++
15 Inf-abs Inf-abs Inf-abs Noninf ++
16 Inf-abs Inf-abs Inf-abs Noninf ++
17 Inf-abs Inf-pres Inf-pres Noninf +
18 Inf-abs Inf-abs Inf-abs Noninf +
19 Inf-abs Inf-abs Inf-abs Noninf +
20 Inf-abs Inf-abs Inf-abs Inf-abs ++
21 Inf-abs Inf-abs Inf-abs Inf-abs ++
22 Inf-abs Inf-abs Inf-abs Inf-abs ++
23 Inf-pres Inf-abs Inf-abs Noninf ++
24 Inf-abs Inf-abs Inf-abs Noninf ++
25 Inf-abs Inf-abs Inf-abs Inf-abs -
26 Inf-abs Inf-abs Inf-abs Noninf ++
27 Inf-abs Inf-abs Noninf Noninf ++
28 Noninf Noninf Noninf Noninf ++
29 Noninf Inf-abs Noninf Inf-pres ++
30 Inf-abs Inf-abs Inf-abs Inf-abs ++
31 Noninf Inf-abs Inf-abs Inf-abs +
32 Inf-abs Inf-abs Noninf Inf-abs ++
33 Inf-abs Inf-abs Inf-abs Noninf ++
34 Inf-abs Inf-pres Noninf Inf-abs +
35 Inf-abs Inf-abs Inf-abs Inf-abs ++
36 Inf-abs Inf-abs Inf-abs Inf-abs +
37 Inf-abs Inf-abs Inf-abs Inf-abs ++
38 Noninf Inf-abs Inf-abs Inf-abs ++
39 Inf-pres Inf-abs Inf-abs Noninf ++
40 Inf-abs Inf-abs Inf-abs Inf-abs ++
41 Inf-abs Inf-abs Inf-abs Inf-abs ++
42 Inf-abs Noninf Inf-abs Inf-abs ++
43 Noninf Noninf Noninf Noninf ++
44 Inf-abs Inf-abs Inf-abs Inf-pres ++
45 Inf-abs Inf-abs Inf-abs Noninf ++
46 Noninf Inf-abs Inf-abs Noninf ++



581

Correlation between Rb LOH and pRb reactivity

pRB expression status was compared with the allelic sta-
tus of the Rb gene in 44 informative uterine neoplasms.

In cases with intensive pRb nuclear staining Rb LOH
was detected in only 4 of 37 (11%) cancers, whereas 4 of
8 (50%) LOH-positive tumors showed weaker or lack of
pRb expression (P=0.01; Fisher’s exact test). Thus Rb
LOH was also noted in four cases showing extensive nu-
clear reactivity (Table 2). Nevertheless, a statistically
significant correlation was found between Rb LOH and
weaker or absent pRb immunostaining in endometrial
carcinomas using Spearman’s rank correlation test
(r=–0.439; P=0.0028).

LOH of the p53 gene

Heterozygosity for intron 1/VNTR and the exon
4/BshI/RFLP marker was found in 19 (95%) and 9
(45%) of 20 carcinomas, respectively. We noted a single
case of p53 LOH at intron 1 (stage I well differentiated
endometrial endometrioid adenocarcinoma; Fig. 3).
None of the informative cases displayed LOH at exon
4/BshI marker. Thus only 1 of 19 (5%) informative cases
showed LOH at the p53 gene, but there was no case
showing p53 and Rb alterations simultaneously.

Discussion

The Rb pathway consists of four components – retino-
blastoma protein, cyclin D1, p16 protein, and cdk4 (cy-
clin dependent kinase 4); the derailments of this path-
way, which may occur at any level in the hierarchy, may
provide increasing autonomy for cells undergoing cancer
development [10, 20, 34]. Previously we reported nucle-
ar Rb protein immunoreactivity in glandular cancer cells
in 95% (59 of 62) of endometrial tumors [31]. Further-
more, we found that Rb and K-ras gene abnormalities
probably occur independently of each other during endo-
metrial carcinogenesis [32]. Finally, we showed that loss
of pRb expression, associated with higher MIB-1 prolif-
erative activity, is implicated in the deregulation of the
cell-cycle machinery in human uterine cancer [33]. In
this study the allelic loss of the Rb gene was assessed
and compared with altered pRb expression in 46 primary
endometrial carcinomas obtained from women of Polish
nationality. We detected Rb LOH in 8 of 44 (18%) infor-

Fig. 2 Heterogeneous extensive (A), moderate (B), and the lack
of (C) pRb nuclear immunoreactivity reported in the glandular
cells of human endometrial cancer. Original magnification, ×400.
pRb was stained on 4-µm-thick sections using a monoclonal
mouse anti-human IgM, clone NCL-RB-1, antibody (diluted
1:100). We applied the microwave oven retrieval technique with
the avidin-biotin peroxidase 3,3′′-diaminobenzidine tetrahydro-
chloride visualization system (see text)

Fig. 3 Examples of genomic instability at intron 1/VNTR p53 lo-
cus in carcinomas of the uterine corpus. N Normal DNA; T tumor
DNA. Case 1 was not informative for this marker, while p53 LOH
was reported in case 2 (arrow)



mative cases, showing that allelic losses are randomly
distributed throughout the gene (Table 2). Allelic insta-
bility was displayed in 9–20% within Rb in primary hu-
man endometrial carcinomas, as reported in previous
publications [6, 36, 37, 43], in which only one or two in-
tragenic polymorphic Rb markers were analyzed. Tritz et
al. [37] reported that LOH at the Rb locus was higher in
“usual” tumors (in 3 of 15 informative cases, 20%) as
compared with the prevalence of allelic loss detected in
“special variant” uterine neoplasms (in 1 of 11 informa-
tive cases, 9%). Sirchia et al. [36] have recently detected
a significant allelic loss (>20%) at the chromosomal re-
gions 2q14, 7q35, 10q22.1, 11q13-q14, 15q26, 17p13,
and 17q21.3, but only 12% of uterine neoplasms re-
vealed LOH at chromosomal locus 13q14.1-q14.2. Thus
the frequency of Rb inactivation reported in this study
was apparently lower than that of LOH in retinoblasto-
mas [11], osteosarcomas [39], and bladder [3], ovarian
[5], and esophageal [41] carcinomas. In addition, there
was no concomitant allelic imbalance of the Rb and p53
genes in endometrial cancers here, and the frequency of
genetic instability at the p53 TSG reported in the litera-
ture was higher (22–32%) than that noted here [13, 24,
26]. However, owning to the limited number of cases in-
vestigated, further studies on a large number of endome-
trial tumors are necessary to ascertain the actual allelic
status by applying a panel of particular markers spanning
the p53 gene.

Wada et al. [38], investigating Rb LOH by applying
seven polymorphic markers located between 13q11 and
13q32 in 236 bladder carcinomas, noted a correlation be-
tween allelic imbalance and stage and grade of tumors, a
finding that was statistically significant for 13q14.1. Rb
LOH in epithelial ovarian carcinomas is reported to be
more common in invasive grade 3 and grade 4 cancers
than in invasive low-grade tumors (P<0.001) [5]. Also,
LOH at the Rb locus was detected in 2 of 13 (15%) het-
erozygous cases, both of which were stage II poorly dif-
ferentiated endometrial carcinomas [6]. In the current
study, however, the prevalence of allelic imbalance at
13q14 was not correlated with the clinicopathological
features of cancer, including patient age, clinical stage,
histological grade, and depth of myometrial invasion.
Nevertheless, LOH at 13q14 was demonstrated at early
(stage I, 5/27; 18%) and advanced (stages II–IV, 3/9;
33%) clinical stages of the neoplasm, suggesting that Rb
allelic imbalance occurs before the clonal expansion of
the tumor. This evidence is also supported by the fact
that 22% of lymph node negative endometrial cancers re-
vealed LOH at the Rb locus.

Unlike the random prevalence of allelic imbalance
without an obvious causal role, LOH, which is frequent-
ly detected at specific loci, is used to investigate chro-
mosomal regions containing TSG(s) involved in the
pathogenesis of cancer. Indeed, the frequently detected
allelic imbalance at chromosomal locus 13q14, where
the Rb gene is spanned, is associated with weaker or
even absent pRb staining, as detected by immunohisto-
chemistry in several types of human malignant tumors

[9, 41, 42]. In contrast, some authors report a lack of
concordance between LOH at 13q14 and pRb expres-
sion in ovarian, prostate, and head and neck squamous
cell carcinomas [5, 16, 44]. As a consequence (an)other
TSG(s), located close to the Rb 13q14 locus, is (are)
mapped in this region [1, 7]. In this study one-half of
the LOH-positive endometrial tumors showed weaker or
absent pRb expression, and the association between Rb
LOH and altered protein expression revealed a signifi-
cant value (P=0.0028; Spearman’s rank correlation test).
Thus, our results allow for the hypothesis that decreased
pRb staining corresponds with allelic imbalance at the
Rb locus in human endometrial carcinomas. However,
the absence of weaker pRb expression without concomi-
tant LOH at 13q14 implies that different genetic mecha-
nisms (minor or major deletions within coding regions,
point mutations, or hypermethylation of unmethylated
CpG islands within the promotor region of the gene)
might also be responsible for the Rb gene rearrange-
ments in a subset of human uterine cancers. On the oth-
er hand, in four endometrial cancers with LOH at the Rb
locus, normal pRb expression was identified immuno-
histochemically. As an explanation, these tumors may
represent the hemizygous cases at the Rb locus, with a
one allele being normal. Also, as suggested previously
by Xu et al. [42], large tumor areas may contain Rb-pos-
itive as well as Rb-negative tumor cells, and the areas
used for immunohistochemical and molecular analysis
may differ significantly in respect to the Rb status.
Therefore further studies are necessary, particularly in
the pRb-positive endometrial carcinomas harboring
LOH to ascertain the exact mechanism of Rb-genetic in-
stability in those cases.
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Abstract Lectin cytochemistry of the human autopsy
cases of Creutzfeldt-Jakob disease and old cerebral in-
farction was performed on formalin-fixed, paraffin-
embedded sections using 15 lectins. Reactive astrocytes
showed a positive reaction with concanavalin A (Con
A), Lens culinaris agglutinin (LCA) and Pisum sativum
agglutinin (PSA), with common specificity for both
mannose and glucose. However normal astrocytes 
demonstrated no or little cytochemical reaction for any
of the lectins. Reactivity for the lectins in control sec-
tions was obviously reduced using the blocking sugars
(0.1 mol/l D-mannose and 0.5 mol/l D-glucose for Con A,
LCA, and PSA, and 0.5 M mol/l α-methyl mannopy-
ranoside for Con A). The present data provide suggestive
evidence that the reactivity for Con A, LCA, and PSA is
increased in reactive astrocytes.

Keywords Reactive astrocyte · Con A · LCA · PSA ·
Cytochemistry

Introduction

The molecular basis of cell–cell adhesion provides a 
fundamental mechanism for the formation of multicellular
organisms, which is essential for understanding fertiliza-
tion, differentiation, cellular immune response, cell migra-
tion, and pathogen infectivity. Carbohydrates are the spe-
cific determinants of intercellular interactions [13]. Carbo-
hydrate-binding proteins, known as lectins or selectins,
have been described as cell-surface mediators of cell–cell
interactions [29]. Carbohydrate–carbohydrate interactions
can also serve as a basis for cell recognition [9].

Glycoconjugates have been believed to be involved in
cell adhesion, migration, and growth regulation of nor-
mal and neoplastic cells, and it has been reported that
changes in glycoconjugate composition and metabolism
occur in the neoplastic transformation of many types of
cells [6, 14, 15, 16]. The aberrant glycoconjugate com-
position of tumor cells may play an important role in the
uncontrolled growth and metastatic and invasive proper-
ties of tumor cells [20].

Lectins are naturally occurring proteins and glycopro-
teins which selectively bind non-covalently to carbohy-
drate residues, while being distinct from enzymes and
antibodies [2, 5]. The interaction between lectins and
glycoconjugates is very important to both intracellular
recognition and cell–cell adhesion phenomena. It is for
this reason that they are of interest and used in cyto-
chemistry, as they can be employed as specific probes to
localize defined monosaccharides and oligosaccharides
from heterogeneous mixtures of carbohydrate residues in
cells and the extracellular matrix.

Materials and methods

Light microscopy

In order to investigate changes of the glycoconjugate composition
between normal and reactive astrocytes, we examined cytochemi-
cally whether lectin reactivity might be increased in reactive astro-
cytes from four autopsy cases of Creutzfeldt-Jakob disease (mean
age 70.5±4.9 years; two females, two males), three autopsy cases
of old cerebral infarction (mean age 85.3±7.6 years; two females,
one male), and three autopsy cases of amyotrophic lateral sclerosis
(ALS; mean age 51.7±10.2 years; two females, one male) as con-
trol, using formalin-fixed paraffin-embedded sections. Sections
were serially cut at 8-µm thick and stained with hematoxylin and
eosin. Biotinylated lectins employed here (Table 1) were concanav-
alin A (Con A), Datura stramonium lectin (DSL), Erythrina crista-
galli lectin (ECL), Griffonia (Bandeiraea) simplicifolia lectin I
(GSL-I), Griffonia (Bandeiraea) simplicifolia lectin II (GSL-II),
Jacalin, Lens culinaris agglutinin (LCA), Lycopersicon esculentum
(tomato) lectin (LEL), Phaseolus vulgaris erythroagglutinin 
(PHA-E), Phaseolus vulgaris leucoagglutinin (PHA-L), Pisum sat-
ivum agglutinin (PSA), Sophora japonica agglutinin (SJA), Sola-
num tuberosum (potato) lectin (STL), Vicia villosa agglutinin

K. Kawai (✉) · S. Terada · O. Yokota · D. Fujita · S. Kuroda
Department of Neuropsychiatry, 
Okayama University Graduate School of Medicine and Dentistry,
Shikata 2-5-1, Okayama, 700-8558 Japan
e-mail: kenskawai@fkym.enjoy.ne.jp
Tel.: +81-86-2357242, Fax: +81-86-2357246

H. Ishizu
Zikei Hospital, Okayama, Japan

Virchows Arch (2002) 441:584–588
DOI 10.1007/s00428-002-0636-7

O R I G I N A L  A RT I C L E

Kensuke Kawai · Seishi Terada · Osamu Yokota
Daisuke Fujita · Hideki Ishizu · Shigetoshi Kuroda

Lectin cytochemical demonstration of glucose- and mannose-containing
glycoconjugates on human reactive astrocytes

Received: 30 November 2001 / Accepted: 14 January 2002 / Published online: 29 October 2002
© Springer-Verlag 2002

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 600 600 ] dpi
     Papierformat: [ 595 785 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: 
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments false
     /DoThumbnails true
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.2
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends false
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /sRGB
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 150
     /EndPage -1
     /AutoPositionEPSFiles false
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 600
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 150
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



585

(VVA), and Wheat germ agglutinin (WGA) (Vector Laboratories;
Burlingame, Calif.). They represented a number of specificities for
monosaccharides and oligosaccharides. Dewaxed sections were 
incubated in 0.3% H2O2 in methanol to block the endogenous per-
oxidase activity, and then with 1% bovine serum albumin (BSA) 
in Tris-buffered saline (0.05 mol/l Tris-HCl, 0.15 mol/l NaCl,
0.1 mmol/l CaCl2, 0.01 mmol/l MgCl2). The sections were subse-
quently incubated for 2 h with each lectin at 37°C and incubated
according to the avidin–biotin complex (ABC) method [17], which
was carried out using the Vectastain ABC Kit (Vector Laborato-
ries), with 3, 3′-diaminobenzidine-tetrachloride (DAB) as the chro-
mogen. The sections were then lightly counterstained with hema-
toxylin. Immunocytochemistry for glial fibrillary acidic protein
(GFAP; Dako, Denmark) was also carried out to compare its distri-
bution with that of lectins. Terminal sialic acid residues were
cleaved by the pretreatment of the tissue sections with a solution of
0.1 U/ml neuraminidase at 37°C for 3 h before application of each
lectin. To confirm the specificity of the reaction, the control sec-
tions were pretreated with a solution containing the specific block-
ing carbohydrates (0.1 mol/l D-mannose and 0.5 mol/l D-glucose
for Con A, LCA, and PSA, and 0.5 mol/l α-methyl mannopyrano-
side for Con A) at 37°C for 1 h, and then further incubated in a 
solution containing both lectins and their blocking sugars at 37°C
for 1 h. The specificity was also tested by omitting the lectin.

Electron microscopy

To evaluate whether Con A stained the normal astrocytes or not at
the electron microscopic level, selected light microscopic sections
were recycled according to the method of Rossi et al. [24]. Fol-
lowing post-fixation with 2% osmium tetroxide, the sections were
dehydrated with ethanol series up to absolute ethanol. One drop of
Quetol 812 was placed on each section and then a previously poly-
merized Quetol block was put over it. After polymerization at
60°C, the Quetol block was removed from the glass slide. Ultra-
thin sections were cut from ALS cerebral cortex, with uranyl ace-
tate staining, and examined under the electron microscope.

Results

Light microscopy

In Creutzfeldt-Jakob disease, the visible shrinkage and
narrowing of the cerebral cortex were observed. There

was spongiform change, neuronal loss, and astrocytic
proliferation. Hypertrophic reactive astrocytes were
found in both gray and white matter. In old cerebral 
infarction, the affected area had pronounced astrocytic
gliosis (glial scar). No macrophages were seen. Among
15 lectins, Con A-, LCA- and PSA positively reacted
cells were observed in the lesions of Creutzfeldt-Jakob
disease and old cerebral infarction, the lectin reactivity
being localized in the cytoplasm (Fig. 1, Fig. 2, and
Fig. 3). GFAP-like immunoreactivity was also seen in
the reactive astrocytes (Fig. 4), and the distribution area
of Con A-, LCA- and PSA-reacted cells corresponded
with that of GFAP-immunoreactive cells. The reactivity
for the lectins in the control sections was definitely re-
duced after treatment with a solution containing the spe-
cific blocking carbohydrates. In autopsy cases of ALS as
control, normal astrocytes showed no or little cytochemi-
cal reaction for any of the lectins (Fig. 5). Cerebral neu-
ronal cells in ALS cases were positive with Con A. The
pretreatment of the tissue sections with a solution of
0.1 U/ml neuraminidase to cleave terminal sialic acid
residues did not change the lectin reactivity in reactive
astrocytes. No lectin reactivity was observed when the
lectins were omitted.

Electron microscopy

No or little cytochemical reaction product for Con A was
observed in the cytoplasm or plasma membrane of nor-
mal astrocytes.

Discussion

Cell-surface carbohydrates are major components of the
outer surface of mammalian cells and are very often
characteristic of cell types. Carbohydrate structures
change dramatically during development. Specific sets

Table 1 Lectins utilized in this study

Lectin (µg/ml) Inhibitory carbohydrate

Concanavalin A (0.2–25) α-Methyl mannopyranoside < α-D-mannose > α-D-glucose > N-acetyl glucosamine
DSA (25) Chitotriose > chitobiose > N-acetyl glucosamine
ECA (25) β-D-Galactose-(1-4)-D-N-acetyl glucosamine
GSL-I (25) α-D-galactose
GSL-II (25) D-N-acetyl glucosamine
Jacalin (25) Methyl-α-D-galactopyranoside, α-D-galactose
Lens culinaris agglutinin (10–25) α-D-Mannose, D-glucose
LEA (25) D-N-acetyl glucosamine oligomers
PHA-E (25) Complex carbohydrate
PHA-L (25) Complex carbohydrate
Pisum sativum agglutinin (5–25) α-D-Mannose, α-D-glucose
SJA (25) β-D-N-acetyl galactosamine, D-galactose
STA (25) D-N-acetyl glucosamine oligomers
VVA (25) D-N-acetyl galactosamine
WGA (25) β-D-N-acetyl glucosamine, β-D-N-acetyl glucosamine, neuraminic acid (sialic acid), 

N-acetyl galactosamine > lactose > galactose
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of carbohydrates are expressed at different stages of dif-
ferentiation and in many instances these carbohydrates
are recognized by specific antibodies (differentiation 
antigens). In mature organisms, expression of distinct
carbohydrates is eventually restricted to specific cell
types, providing cell type-specific carbohydrates. Aber-
rations in these cell-surface carbohydrates are associated
with various pathological conditions, including malig-
nant transformation [12].

Lectins represent a class of multivalent carbohydrate-
binding proteins or glycoproteins. They were first char-
acterized in plants, having cell-agglutinating properties,
but were distinct from enzymes and antibodies [2]. Lec-
tins were also found in animal tissues, being associated
with the cell surface, cytoplasm, and cell nucleus [4].

Endogenous lectins and glycoconjugates are assumed to
be involved in cell regulation and differentiation [7]. The
interaction between lectins and glycoconjugates is of
paramount importance to both intracellular recogni-
tion and cell–cell adhesion phenomena. Furthermore,
Berezovskaya et al. [3] suggested that the pattern of ex-
pression of sugar residues varied according to the bio-
logical state of the cells and was easily affected by tissue
culture conditions.

It is important to realize that the fact that a lectin is
specific for a particular monosaccharide is actually an
over-simplification [5]. Lectins will combine with mono-
saccharide moieties, and monosaccharides will inhibit
lectin-induced agglutination. However, the binding site
of the lectin is usually far more complex than this simple

Fig. 1 Lens culinaris agglutinin
(LCA) reactivity in old cerebral
infarction. Reactive astrocytes
proliferated in the ischemic
brain lesion. The reactivity for
LCA was localized in the cyto-
plasm

Fig. 2 Pisum sativum agglutinin
(PSA)-reactivity in Creutzfeldt-
Jakob disease. Reactive astro-
cytes accumulated and showed 
a positive reaction with PSA. 
In reactive astrocytes, the cyto-
plasm was stained by PSA

Fig. 3 Concanavalin A (Con A)
reactivity in old cerebral infarc-
tion. Hypertrophic reactive 
astrocytes were observed in 
the affected area. Con A stained
reactive astrocytes and the reac-
tivity was present in the cyto-
plasm

Fig. 4 Creutzfeldt-Jakob 
disease. Neuronal cell loss and
reactive astrocytosis were evi-
dent. Each reactive astrocyte
was immunoreactive for glial
fibrillary acidic protein

Fig. 5 Amyotrophic lateral
sclerosis (ALS). Cerebral neu-
ronal cells (arrowheads) were
stained with concanavalin A
(Con A). No or little cytochem-
ical reaction product for Con A
was observed in normal astro-
cytes (arrows)
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inhibition test would suggest. The actual structure recog-
nized by the binding site of the lectin when it combines
with its natural ligand is generally larger and more com-
plex than a single monosaccharide. However, lectins are
useful tools for mapping and understanding carbohydrate
expression.

It has been reported that Con A labels normal and 
reactive astrocytes in human glioma cases [11, 26, 27]. It
seems difficult to evaluate conclusively whether the cells
in glioma cases are neoplastic or not. Schwechheimer et
al. [28] reported that the cytoplasm and processes of 
astrocytes were Con A-positive using formalin-fixed 
autopsy materials, for which the diagnosis was not avail-
able.

In the present study, Con A, LCA, and PSA stained
human reactive astrocytes in Creutzfeldt-Jakob disease
and cerebral infarction, while normal astrocytes demon-
strated no or little cytochemical reaction for any lectins.
LCA [25] and PSA [8] have an affinity for sugars with
the structure Fucα1-6GlcNAcβ1-4Asn and the carbo-
hydrate domain common to Con A is the branched chain
of an N-linked oligosaccharide with two GlcNAcβ1-
2Manα1 non-reducing termini linked to a mannose resi-
due at the core [1, 22, 23]. Astrocytes are cells that par-
ticipate actively in the process of brain lesion repair, and
varying degrees of reactive astrocytosis become apparent
with time in any pathological conditions occurring in the
normally developed postnatal central nervous system [18].
We have recently reported that the immunoreactivity
of ganglioside GD3 (GD3, II3α(NeuAcα2-8NeuAc)-
LacCer) was evident in the cytoplasm of reactive astro-
cytes and suggested that GD3 might play an important
role in the astrocytic functions required for the process
of lesion repair in the central nervous system [19, 21].

We also carried out immunocytochemistry for GFAP to
compare its distribution with that of lectins. GFAP-like
immunoreactivity was observed in the reactive astrocytes,
and the distribution area of the cells showing a positive re-
action with Con A, LCA, and PSA corresponded well
with that of GFAP-immunoreactive cells. Therefore, Con
A-, LCA- and PSA positively reacted cells were identified
as reactive astrocytes in Creutzfeldt-Jakob disease and old
cerebral infarction. As shown in Table 1, Con A, LCA and
PSA have common specificity for mannose and glucose,
and the reactivity for the lectins in the control sections
was obviously reduced after treatment with a solution con-
taining the specific blocking carbohydrates (D-mannose,
D-glucose and α-methyl mannopyranoside). It might be
possible that the reactivity of Con A, LCA, and PSA, 
recognizing mannose- and glucose carbohydrate moieties
[5, 10], was increased in reactive astrocytes.
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Abstract Animal models have been developed in which
the role of Helicobacter pylori in the pathogenesis of dif-
ferent gastroduodenal diseases can be investigated. The
gnotobiotic pig was one of the first animal models used.
In this model, Helicobacter pylori infection causes gas-
tritis, which shows some similarities to that in humans,
such as the development of mucosa-associated lymphoid
tissue (MALT). Hence, this animal model can be used to
study the development of MALT in the normal stomach.
The aim of our study is to see if lymphoid tissue is pres-
ent or absent in the normal stomach of gnotobiotic pigs
before birth and if so, to investigate its development and
composition as a function of gestational age and location
in the stomach. Therefore, we studied 82 foetal piglets
using routine histology and immunohistochemistry. Our
findings show that lymphoid tissue is present at birth. It
is composed of lymphoid nodules, a diffuse mononuclear
infiltrate and intra-epithelial lymphocytes. The develop-
ment is a sequential process. The lymphoid tissue in the
stomach at birth is composed of the immunohistochemi-
cally different immunocompetent cells normally present.
In conclusion, MALT is present in normal foetal gnoto-
biotic pig gastric mucosa, and in this model the stomach
is no exception to the rest of the gastrointestinal tract.

Keywords Animal model · Pig · Mucosa-associated
lymphoid tissue · Helicobacter pylori · Gastritis · 
Stomach

Introduction

Until the rediscovery of Helicobacter pylori by Marshall
and Warren in 1983, it was commonly accepted that the
stomach was either sterile due to the high acidity of its
contents or only contaminated by ingestion of micro-or-
ganisms [38, 39, 38]. Helicobacter pylori, a gram-nega-
tive spiral-shaped micro-organism, was, however, shown
to be capable of colonising the human stomach. It lives
in the mucous layer spread above the foveolar epithelium
and is the most widespread infection in the world [43].
Its prevalence varies between 20 and 80% [19]. Helico-
bacter pylori colonisation of the stomach induces a
prominent inflammation of the mucosa, which is, how-
ever, ineffective in eliminating the micro-organisms. The
host response is a cell-mediated immune response of the
T-helper cell 1 (Th1) phenotype, as several studies have
shown that the number of CD4+ IFN-γ producing lym-
phocytes is increased during an infection [3, 27]. This
type of immune response may explain the failure of
eradication, since an experimental study of Mohammadi
et al. has demonstrated that lymphocytes of Th2 pheno-
type, involved in the humoral immune response, may re-
duce the bacterial load in mice [40]. Due to the ineffec-
tiveness of the cellular immune response, the inflamma-
tion persists and becomes chronic [9]. Besides its well-
known association with benign diseases, such as chronic
gastritis and peptic ulcers, Helicobacter pylori plays an
important role in the development of gastric adenocarci-
nomas and gastric lymphomas, low-grade-type mucosa-
associated lymphoid tissue (MALT) lymphomas [15,
53]. As in chronic gastritis, the inefficient cellular im-
mune response is also involved in this severe gastric He-
licobacter pylori related pathology, as a study of Riedel
et al. showed that the Th1 lymphocytes predominate in
gastric low-grade MALT lymphomas [45].
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To elucidate the role of Helicobacter pylori in the
pathogenesis of gastroduodenal disease, several animal
models have been used. Manipulation of disease-deter-
mining factors has led to insights into the pathogenesis
and the immunology of this infection. The first success-
fully colonised animal was the gnotobiotic pig. After re-
duction of the gastric acidity with drugs, for example, ra-
nitidine or cimetidine, gnotobiotic pigs were successfully
inoculated with Helicobacter pylori. Infection causes a
gastritis, which is similar to that of humans, and is even-
tually associated with ulcerations [28, 29]. As the out-
come of the experimental infection is comparable to that
of humans, the gnotobiotic pig is considered to be a good
animal model. Hence, this animal model has been used
in order to investigate the role of the cytotoxin-associat-
ed gene (Cag) pathogenicity island in the development of
gastritis and to evaluate the success of vaccination [12,
13]. However, the gastritis in piglets differs in some as-
pects from the inflammation seen in humans. Helicobac-
ter pylori is responsible for an active chronic gastritis in
humans, whereas a chronic lymphoplasmocytic gastritis
is more generally observed in piglets. The inflammatory
infiltrate does, indeed, consist mainly of lymphocytes
and plasmocytes, while neutrophils are present only in
small numbers. Apart from a diffuse infiltrate of lym-
phocytes, numerous lymphoid follicles are present in the
mucosa and submucosa [29]. Therefore, as in humans,
Helicobacter pylori infection in gnotobiotic piglets stim-
ulates the development of lymphoid tissue [14, 54].
However, this is situated at a different place in the stom-
ach in pigs compared with humans. It is predominantly
present in the cardia and antrum, whereas the latter loca-
tion is predominant in humans, although it may be found
in the whole stomach [5, 11, 17]. Inflammation of the
cardia, caused by a Helicobacter pylori infection, has re-
cently been shown to be fairly common in humans. Al-
though active chronic carditis shows a similar intensity
as in the antral location, lymphoid follicles are less prev-
alent than in the antrum [16]. In spite of these, rather
limited, differences, the gnotobiotic piglet is an appropri-
ate model for a study on the activation of the immune
system by Helicobacter pylori infection.

According to some authors, the normal human stom-
ach is devoid of lymphoid tissue [23, 35]. It is believed
that this tissue develops only after infection with Helico-
bacter pylori or secondary to other types of gastritis [14,
54]. Since Helicobacter pylori infection induces the de-
velopment of lymphoid tissue in both humans and in the
piglet animal model, this animal model may also be ap-
propriate for a study on the lymphoid tissue in the nor-
mal piglet stomach. The foetal piglet is an ideal model
for a study of the development of the innate immune
system in the absence of maternal antibodies and envi-
ronmental antigens. The epitheliochorial placenta in
pigs, which differs from the human haemonochorial pla-
centa, is a barrier, which inhibits the transport of mater-
nal immunoglobulins into the foetal circulation [32, 50].
To study the normal situation, we investigated foetal ma-
terial, to prevent biases from any possible intercurrent

infection. The purpose of the present study was to see if
the normal stomach of the gnotobiotic piglet is devoid of
lymphoid tissue, and, if not, to analyse its development
and composition as a function of the gestational age by
applying immunohistochemical techniques.

Materials and methods

The study material was obtained from the slaughterhouse. Eighty-
two foetuses were taken from pregnant pigs killed through exsan-
guination following electroshock. Table 1 gives a summary of the
age distribution of the foetal piglets (range 43–97 days). The nor-
mal gestation period is 120 days.

Biopsies from the whole stomach (cardia, corpus and antrum)
with exception of the squamous-epithelium-lined proximal part
are either fixed in Carnoy or frozen in liquid-nitrogen-cooled iso-
pentane. A haematoxylin/eosin stain allowed a first examination
and selection of the biopsies containing lymphoid tissue for fur-
ther immunohistochemical analyses. A panel of monoclonal anti-
bodies was applied to determine the composition of the lymphoid
tissue, the distribution of different subtypes of lymphocytes, and
the phenotype of the intra-epithelial lymphocytes (Table 2). CD3
and CD21 are both antibodies directed against human antigens,
but showing documented cross-reactivity with porcine epitopes
[24]. Although CD5 is a T-cell marker, it is well known that part
of the B cells, either normal or malignant, may express CD5 [20].
To evaluate the presence of CD5+ B cells in organised lymphoid
tissue, double-staining with CD21 and CD5 was performed [44].
The monoclonal antibodies were visualised with an avidin–biotin
technique either associated with a peroxidase reaction (fixed) or a
3-amino-9-carbazole colour reaction (frozen material). In the case
of double staining, CD5+ T cells were stained with alkaline phos-
phatase, whereas CD 21+ B cells were stained with a 3-amino-9-
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Table 1 Age distribution of foetal piglets included in the study

Age No. of cases (n) Mean age Range
(days) (days) (days)

43–49 17 46 43–48
50–59 17 54 51–58
60–69 20 66 61–69
70–79 14 77 73–78
80–89 7 83 81–86
90–97 7 95 93–97

Table 2 Panel of antibodies used

Anti- CD Specificity of mAb Dilution Source
body

CD3 CD3 T cells (human) 1/10 Dakopatts, 
Denmark

CD4 CD4 Th cells (pig) 1/1 Dr. Glatthaara

CD8 CD8 mainly Tc/s cells (pig) 1/10 Dr. Glatthaara

CD5 CD5 mainly T cells (pig) 1/1 Dr. Glatthaara

Pig- – mainly macrophages 1/300 Pharmingen, 
Mono (pig) Germany
CD21 CD21 B cells (human) 1/50 Pharmingen, 

Germany

Th cell, T-helper cell; Tc/s cell, T cytotoxic/suppressor cell; mAb,
monoclonal antibody
a Labor Dr. Glatthaar c/o Naturwissenschaftliches und Medizini-
sches Institut an der Universität Tübingen in Reutlingen, Beet-
hovenstraße 37, 72766 Reutlingen, Germany



ferent part, the diffuse mononuclear infiltrate and the in-
tra-epithelial lymphocytes. This organised lymphoid tis-
sue is present in each animal from day 68 onwards. The
development of this organised lymphoid tissue is a se-
quential process, beginning with the presence of diffuse
lymphoid infiltrates from day 46. Before that, lymphoid
cells are distributed as single cells in the mucosa and
submucosa. Intra-epithelial lymphocytes and lymphoid
nodules are present in each animal from day 53 and
day 68, respectively. Although the lymphoid nodules are
mainly situated in the submucosa, they may extend into
the mucosa.

Lymphoid nodules

The number of lymphoid nodules increases with gestat-
ional age and differs according to the location in the
stomach. In the youngest group of foetal piglets
(43–49 days) no lymphoid nodules are found. In the sec-
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carbazole colour reaction. Double-positive B cells (CD5+,
CD21+) stained purple.

The presence of lymphoid nodules, mononuclear cells and in-
tra-epithelial lymphocytes is assessed in both mucosa and submu-
cosa on routinely processed material. Lymphoid nodules are unen-
capsulated nodular structures, composed of lymphoid tissue [26].
The number of lymphoid nodules, determined in each part of the
stomach, is counted as a function of the length of the muscularis
mucosae. The macrophages and different types of lymphocytes (T,
CD4, CD8, B) are counted in the mucosa and the submucosa and
determined as a function of the length of the muscularis mucosae
in each part of the stomach. The number of the intra-epithelial
cells is counted per 500 epithelial cells (EC) in two different areas
for each location in the stomach, on paraffin-embedded material,
stained for CD3.

Results

Mucosa-associated lymphoid tissue

The mucosa-associated lymphoid tissue (MALT) con-
sists of an afferent part, the lymphoid nodule, and an ef-

Fig. 1a, b In foetal piglets, nu-
merous lymphoid nodules may
be found in the cardia (a) as
well as in the corpus (gestatio-
nal age 86 days) (b) (4×)



ond group (50–59 days), only a few animals have lym-
phoid nodules in their stomach walls. From day 68 on-
wards, lymphoid nodules are present in the gastric wall
of each animal. The lymphoid nodules are predominantly
situated in the cardia and the corpus. The mean number
of lymphoid nodules in the cardia is 0.068/mm (range
0–0.14). The highest number of lymphoid nodules is
present in the corpus, with a mean of 0.13 (range
0–0.23). They are only in exceptional cases present in
the antrum, the mean being 0.003/mm (range 0–0.014).
The number of lymphoid nodules increases with age, but
in the two oldest groups (80–89 days, 90–97 days) the
number remains practically unchanged (Fig. 1).

Lymphoid nodules are mainly found in the submu-
cosa, but extend into the mucosa. In the early gestational
age they are loosely structured and composed of small
lymphocytes, intermingled with lymphocytes of medium
size. The small lymphocytes are characterised by a hy-
perchromatic nucleus with a fine nucleolus, surrounded
by a small rim of eosinophilic cytoplasm. The medium-
sized lymphocytes have a nucleus with a fine chromatin
pattern and a fine nucleolus and a moderate amount of
eosinophilic cytoplasm. These lymphocytes are situated
around small lymph vessels.

With increasing gestational age, the lymphoid nodules
become compact structures, composed of small- and me-
dium-sized lymphocytes. Lymphoid nodules with a fol-
licular architecture, that is, with germinal centres, have
never been observed.

Immunohistochemistry showed the loosely structured
lymphoid nodules to be a mixture of T- and B lympho-
cytes, entrapped in a macrophage network (Fig. 2). From
day 77 onwards, compartmentalisation of the lymphoid
nodules occurs, with distinct differentiation into B- and
T-cell areas. The central part of the lymphoid nodules
consists mainly of B lymphocytes, surrounded by T lym-
phocytes. Both subtypes of T lymphocytes, CD4+ and
CD8+, are present in approximately equal numbers, and
show a comparable distribution (Fig. 3). Double staining
revealed the presence of CD5+ B cells from an age of
77 days onwards (Fig. 4). 

Diffuse mononuclear infiltrate

The most common cell type of the mucosa and submu-
cosa is the macrophage. Macrophages are medium-sized
cells with a round contour or fine twisted processes.
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Fig. 2a–f The lymphoid nod-
ule is composed of loosely
structured lymphoid tissue
(H/E-stain) (a), consisting of an
admixture of macrophages (b),
B lymphocytes (CD21+) (c)
and T lymphocytes (CD3+) (d).
CD4+ (e) and CD8+ lympho-
cytes (f) are randomly distrib-
uted (gestational age 56 days)
(25×)



Fig. 3a–f In the lymphoid nod-
ule (H/E-stain) (a), macro-
phages (b) are randomly dis-
tributed. From day 77, com-
partmentalisation may appear
in the lymphoid nodules. The
central part of the lymphoid
nodule corresponds to the B-
cell compartment (CD21+) (c),
which is surrounded by a T-cell
area (CD3+) (d). The T-cell ar-
ea consists of an admixture of
CD4+ (e) and CD8+ lympho-
cytes (f) (25×)
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Fig. 4a–d Double staining
with CD5 (blue) and CD21
(red) revealed no CD5+-posi-
tive B cells (purple) in a foetal
animal of 56 days [40× (a),
100× (b)], whereas the majority
of B cells express CD5 from an
age of 77 days onwards [40×
(c), 100× (d)]
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They are randomly distributed in the mucosa and the
submucosa of different parts of the stomach and their
number increases slightly with gestational age (Fig. 5a).

Lymphoid cells are diffusely distributed in the whole
stomach. Before day 46 these cells are very rare and dis-
persed as single cells in the mucosa and submucosa. In
contrast to young animals, the number of lymphocytes
varies according to location in older animals, that is,
whether they are in the corpus (47.4/mm), cardia
(36/mm), or antrum (28.4/mm). Furthermore, the number
of cells increases in each part of the stomach as a func-
tion of age. In older animals, small collections of lym-
phocytes may be seen (approximately 5–10 cells). In the
submucosa these cells may sometimes accumulate
around small vessels. The lymphocytes, which are main-
ly small cells, are characterised by a hyperchromatic nu-
cleus, surrounded by a small rim of cytoplasm.

Immunohistochemistry reveals that B- and T lympho-
cytes appear at the same time. However, there is a signif-
icant difference in the number of the two types of lym-
phocytes (T lymphocytes 0.46/mm, B lymphocytes
0.27/mm; age group 40–49 days). This difference in
number becomes statistically significant from the age
group 60–69 days; for example, in the corpus the number
of T- and B cells is 4.57/mm and 0.33/mm, respectively
(P<0.001). With increasing gestational age, the differ-
ence between the number of B cells and T cells is even

higher in each location of the stomach. Whereas B lym-
phocytes are distributed as single cells, T lymphocytes
are present as single cells or grouped in small collec-
tions. The prevalence of B lymphocytes in the mucosa
(Fig. 5b) and submucosa is almost similar, with a slight
predominance in the submucosa.. This is seen in each
age category and is in contrast to what is observed for
the T lymphocytes, which have a similar prevalence in
both layers of the gastric wall up to the age category
60–69 days, but are predominantly situated in the muco-
sa of older animals (Fig. 5c). The T lymphocytes consist
of a mixture of CD4+ (Fig. 6a) and CD8+ cells (Fig. 6b).
Although the number of both subtypes increases in time,
the increase of CD8+ lymphocytes is more significant
than that of CD4+ lymphocytes, for example, 29.27/mm
vs 2.28/mm, respectively, in the corpus (P<0.001). Occa-
sionally CD8+ lymphocytes outnumber CD3+ lympho-
cytes. There is no specific distribution of the different
subtypes of T lymphocytes either in the mucosa, or in
the submucosa.

Intra-epithelial lymphocytes

Intra-epithelial lymphocytes are small lymphocytes,
which are dispersed in the columnar epithelium. These
cells, situated mainly at the basis of the epithelium, have
a round or slightly irregular hyperchromatic nucleus. In-
tra-epithelial lymphocytes are absent in animals aged
43–49 days. They are present in each animal at day 53,
but may be found from day 51 onwards. The number of
intra-epithelial lymphocytes, determined per 500 EC, in-
creases in older animals and varies as a function of the

Fig. 5a–c Distribution of the macrophages (a), the B lymphocytes
(CD21+) (b), and T lymphocytes (CD3+) (c) in the mucosa of dif-
ferent parts of the stomach according to gestational age

Fig. 6a, b Distribution of the CD4+ lymphocytes (a) and CD8+
lymphocytes (b) in the mucosa of different parts of the stomach as
a function of gestational age
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area of the stomach examined. In the corpus, where the
highest number of intra-epithelial cells is found, the
number varies between 1.16/500 EC and 9/500 EC. In
the cardia the number increases with gestational age
from 0.4/500 EC up to 4.57/500 EC. The lowest number
of intra-epithelial lymphocytes is counted in the antrum,
the number in young foetal piglets being 1/500 EC, in-
creasing up to 3.27/500 EC in the oldest investigated an-
imals (Table 3). 

The intra-epithelial lymphocytes are T lymphocytes,
expressing CD3 and CD8. CD8 expression may be occa-
sionally found at an age of 56 days and is consistently
observed from day 64 onwards.

Discussion

In the literature, data on the foetal development of the
lymphoid tissue in the gastrointestinal tract are limited.
Studies are restricted to the evolution of lymphoid tissue
in Peyer’s patches in piglets and humans. Comparisons
between this study and literature data are here therefore
restricted to data concerning Peyer’s patches in piglets
and humans.

According to our data, the evolution of the lymphoid
tissue is a sequential process, which varies according to
the gestational age of the animal and the location in the
stomach. The development of the lymphoid tissue is
highly comparable in the cardia and corpus, although it
is more extensive in the corpus. In the antrum, the lym-
phoid tissue is less well developed. Despite the differ-
ences in the extent of lymphoid tissue in the different
parts of the stomach, the development as a function of
the age of the animals is rather similar.

This sequential process begins with the infiltration of
mucosa and submucosa by lymphocytes, which are pre-
dominantly T cells. B cells appear at the same time, but
in smaller numbers. Both subtypes of T lymphocytes,
CD4+ and CD8+, are present at the same time. There is,
however, a significant predominance of CD8+ cells in
the mucosa. These data confirm the results obtained in
Peyer’s patches by Bianchi et al., showing that the lami-
na propria lymphocytes are predominantly CD8+ lym-
phocytes before birth and during the first days of life,
whereas the number of CD4+ lymphocytes increases
from 14 days of age (after birth) [6]. B lymphocytes,

which are rarely found in foetal piglets, increase in num-
ber after birth [6]. As in humans, the lamina propria of
49-day-old pigs show a predominance of CD4+ lympho-
cytes over CD8+ lymphocytes [46]. In our study we
found a difference between the prevalence of CD3+ and
CD8+ cells, with the latter sometimes being more nu-
merous. Studies, performed on lymphoid tissue and pe-
ripheral blood lymphocytes in pigs, have shown that the
CD8+ lymphoid population is heterogeneous. Phenotyp-
ing of these cells makes it possible to distinguish be-
tween CD3+ CD8+ and CD3– CD8+ cells. The latter
correspond to natural killer cells. In contrast to humans,
the incidence of this cell type is high in young piglets
[47, 55].

The presence of intra-epithelial lymphocytes parallels
the presence of the diffuse mononuclear cells in the mu-
cosa and submucosa, but with a slight delay. Intra-epi-
thelial lymphocytes of the T-cell phenotype are consis-
tently present at day 53. The number of intra-epithelial
cells, which increases in older animals, is the highest in
the corpus. The phenotype of the intra-epithelial lympho-
cytes is CD3+ CD8+, which agrees with the results of
Bianchi et al. [6]. CD8 expression (day 64) appears at a
later date than CD3 expression (day 53). 

Lymphoid nodules develop at a later gestational age,
being present in each animal at day 68. In the early
phase, these lymphoid nodules are frequently centred
around small vessels and consist of a loose accumulation
of lymphoid cells. These groups of small lymphoid cells
are a mixture of B- and T lymphocytes. At day 77, com-
partmentalisation into B- and T-cell areas occurs: the
central part is composed of B lymphocytes, and is sur-
rounded by T lymphocytes. Both subtypes of T lympho-
cytes are equally distributed. Lymphoid nodules with a
germinal centre were never seen.

Kruml et al. and Chapman et al. respectively de-
scribed the presence of lymphoid nodules in Peyer’s
patches at day 77 and between day 50 and 70. No men-
tion was made by either of these authors on compart-
mentalisation in the lymphoid tissue [8, 31]. The compo-
sition of the lymphoid nodules in our study shows an
equal distribution of both subtypes of T lymphocytes.
This finding is in contrast to the findings of Bianchi et
al. The T lymphocytes of the dome area, corona and fol-
licle centre in the Peyer’s patches were CD4+ and CD8–
[6]. However, the discrepancy with our results may be

Table 3 Distribution of the in-
tra-epithelial lymphocytes in
different parts of the stomach
as a function of the gestational
age

Age Cardia Corpus Antrum
(days)

No. of IEL Range No. of IEL Range No. of IEL Range
(n/500 EC) (n/500 EC) (n/500 EC)

43–49 0 0 0 0 0 0
50–59 0.4±0.52 0–2 1.16±1.40 0–5 1±0.87 0–2
60–69 1.77±1.13 1–4 3.44±1.81 1–6 1.75±1.28 0–5
70–79 1.96±0.96 1–4 4.96±2.28 2–10 2.56±1.47 1–6
80–89 3.6±1.68 1–6 5.21±2.04 2–9 2.58±1.56 1–4
90–97 4.57±2.50 1–10 9±2.46 5–13 3.27±1.00 2–5IEL, intra-epithelial lympho-

cytes; EC, epithelial cells



explained by the older age of their animals, varying from
2 days before birth up to 10 months. Moreover, in con-
trast to humans, in pig lymph nodes and tonsils Jonjic et
al. did not observe a predominance of CD4+ over CD8+
lymphocytes [25].

Double-staining with CD5 and CD21 revealed the
presence of CD5+ B cells from an age of 77 days on-
wards. Similar to the study of Crukowska et al., we did
not find CD5+ B cells in younger animals [10]. The
highest number of CD5+ B cells are found before birth,
the number progressively declining with increasing age
of the piglet [1].

In humans, the development of intestinal lymphoid
tissue has been studied for small intestinal Peyer’s patch-
es but less for the normal stomach. A comparison with
findings obtained in humans is therefore impossible. Our
findings show that the development of the gastric lym-
phoid tissue in foetal piglets is rather similar to the on-
togeny of the Peyer’s patches in humans (Fig. 7). In hu-
mans, accumulations of dendritic cells and macrophages
are found in the lamina propria at around 80 days of ges-
tation [49]. By 100 days of gestation (normal gestation
280 days), the first lymphocytes, corresponding to T
cells, appear. B cells are seldom visible in these expand-
ing lymphoid accumulations and appear only at 115 days
of gestation. Compartmentalisation into distinct B- and T
cells, as we found in foetal piglets around day 77, is
present in the human Peyer’s patches at around 130 days.
Due to the lack of antigenic exposure, secondary folli-
cles, characterised by the presence of a follicle centre,
are absent until after birth [49]. The development of a
follicle centre in lymphoid follicles probably only occurs
during the helper T cell-dependent humoral response
[34].

This response is elicited by protein antigens, which
requires antigen-specific T-helper cells. The helper T
cell-dependent humoral response consists of an early and
late phase, occurring at the borders and the centre of the
lymphoid follicles, respectively. During this immune re-
sponse there is a cognate interaction, involving CD40
and the B7 family of receptors (CD80, CD86) on B lym-
phocytes and their respective ligands CD40L (CD154)
and CD28 on T lymphocytes. Whereas the early phase
results in a clonal expansion of B cells and differentia-
tion into plasma cells, the major late events consists of
affinity maturation and generation of memory cells,
which are involved in secondary immune responses [22].
As sIgA is the main immunoglobulin, involved in the
mucosal immunity, IgM-producing B cells undergo an
isotype switch, in which the isotype changes into IgA as
a result of a switch recombination. This isotype switch,
which is influenced by specific cytokines (TGF-β, IL-2,
IL-5), produced by activated T-helper cells, may occur in
the germinal centre [51]. Switch recombination is part of
a complex follicular centre reaction, which consists of
somatic mutations, antigen-driven selection, apoptosis
and differentiation [22]. Only B cells, which produce
high affinity antibodies, recognising the antigen present-
ed by follicular dendritic cells, will survive [22]. As a re-
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sult of cognate interaction with CD40 ligand, expressed
on follicular T cells, the high-affinity B cells will differ-
entiate into plasma cells or memory cells [2]. Memory
cells, which mainly colonise the marginal zone of lym-
phoid follicles, function as a reservoir and are responsi-
ble for a fast humoral response during a second encoun-
ter of the antigen [36].

Although the germinal-centre reaction in the mucosa-
associated lymphoid tissue is important in mucosal immu-
nity, animal studies have shown that despite the absence
of germinal centres in poorly developed Peyer’s patches, a
high number of IgA plasma cells still may be found in the
lamina propria [41, 52]. This phenomenon may be ex-
plained by the T cell-independent humoral immune re-
sponse, in which the production of IgA is elicited by ex-
posure to non-protein antigens, such as polysaccharides.
These antigens are frequently a component of the bacterial
cell membrane, so that the commensal flora, present in the
gut, may induce this immune response [30, 37]. Peritoneal
B1 cells are presumed to be the precursors of intestinal B
cells responsible for this local IgA production [30, 37]. On
the basis of the expression of CD5, these B1 cells are sub-
divided into B1a (CD5+) and B1b (CD5–) [19].

Apart from the peritoneum, the CD5+ B cells (B1a
cells) may originate from the foetal liver and the devel-
oping lymph nodes, where nearly all B cells express
CD5 [7]. Similar to humans, in whom CD5+ B cells are
observed in the ileum from an age of approximately

Fig. 7 Timescale of the development of the mucosa-associated
lymphoid tissue (MALT) in humans and piglets



130 days, the majority of B cells in lymphoid follicles of
piglets express CD5 from 77 days onwards [48]. As in
pigs, the highest number of B1a cells may be found be-
fore birth. After birth, their number decreases as a func-
tion of age, so that, eventually, in adults 5–30% of the
circulating B cells correspond to B1a cells [18, 33]. This
prevalence of CD5+ B cells is similar to that observed in
pigs [1]. CD5+ B cells are involved in natural immunity,
by producing low-affinity polyreactive antibodies [4].
These antibodies may cross-react with antigens, derived
from the commensal flora and are produced through a T
cell-independent process [37]. However, these cells also
play a role in auto-immunity, as they may produce high-
affinity antibodies recognising auto-antigens [21].

The lamina propria lymphocytes and intra-epithelial
lymphocytes, both components of the effector part of the
mucosa-associated lymphoid tissue, are observed in foe-
tal piglets at around day 46 and day 51, respectively. In
humans, the intra-epithelial lymphocytes appear earlier
(around 80 days) than lamina propria lymphocytes
(around 100 days) [42, 48]. Lamina propria lymphocytes
consist of a mixture of T- and B lymphocytes in humans,
as well as in foetal piglets. In contrast to humans, where
the T- and B cells appear at around 100 and 110 days, re-
spectively, both types of lymphocytes are detectable at
the same time in piglets. However, the number of T cells
is significantly higher than that of the B cells.

In conclusion, in spite of the differences between the
piglet and human gastritis induced by Helicobacter py-
lori, the former is an appropriate model to study the acti-
vation of the immune system by Helicobacter pylori.
Our study confirms the relationship between the location
of mucosa-associated lymphoid tissue and Helicobacter
pylori related gastritis. The cardial location of the in-
flammation with its well-developed organised lymphoid
tissue is possibly related to the presence of a relatively
well-developed mucosa-associated lymphoid tissue in
this part the stomach. Our data demonstrate the existence
of mucosa-associated lymphoid tissue in normal foetal
gnotobiotic pig gastric mucosa. The mucosa-associated
lymphoid tissue, consisting of lymphoid nodules, a dif-
fuse lymphoid infiltrate, as well as of intra-epithelial
lymphocytes, was seen in all the cases examined from
the second half of the gestation period onwards. At least
in this model it is clear that the foetal stomach contains
mucosa-associated lymphoid tissue and therefore doesn’t
differ from the rest of the gastrointestinal tract.
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Abstract Chronic treatment with highly active antiretro-
viral therapy (HAART) results in a novel variety of par-
tial lipodystrophy, combining lipoatrophic and hypertro-
phic areas. We have previously reported the histopatho-
logical features of this disease and have also shown that
adipocyte apoptosis is involved in its origin. With the
aim of further elucidating the mechanisms underlying
this peculiar disorder, we performed an ultrastructural
study of the adipocytes of ten HIV-1-infected patients
treated with HAART for 20–42 months. In all ten cases,
two main sets of ultrastructural changes were identified.
Some adipocytes showed disruption of cell membranes,
fragmented cytoplasmic rims, irregular cell outlines, and
eventually fat droplets laying free in the connective tis-
sue, with a histiocytic reaction around them. In addition,
many adipocytes showed variable compartmentalization
of fat droplets with decrease in cell size and abundant,
mitochondria-rich cytoplasm. Often, a dual “white and
brown” fat appearance was observed with a large uniloc-
ular vacuole surrounded by a rim of multilocular cyto-
plasm containing smaller isometric fat droplets and nu-
merous mitochondria. These findings suggest that 
HAART-associated partial lipodystrophy is probably the

result of a remodeling process of fat cells involving vari-
able combinations of apoptosis, defective lipogenesis,
and increased metabolic activity in different adipose ar-
eas of the body.

Keywords AIDS · Apoptosis · Electron microscopy ·
Highly active antiretroviral therapy · Lipodystrophy

Introduction

Chronic treatment with highly active antiretroviral thera-
py (HAART) results in a novel variety of partial lipodys-
trophy that has been related to a selective inhibition of li-
pogenesis. In previous studies, we have reported the his-
topathological features of this disease [14], and we have
also shown that adipocyte apoptosis plays a role in its or-
igin [6]. Recent reports to the Second International
Workshop on Adverse Drug Reactions and Lipodystro-
phy in HIV, held in Toronto, have focused on the patho-
genesis and possible treatment options of this disorder
[1, 7, 13, 17]. The possibility of an induced mitochondri-
al defect, a relationship with decreased serum high-den-
sity lipoprotein concentrations, or a loss of white fat with
concomitant expansion of brown fat have been suggested
as potential pathogenic events. The aim of the present ul-
trastructural study has been to further elucidate the
mechanisms underlying this peculiar disorder.

Materials and methods

Patients were included in the study provided that they had the hu-
man immunodeficiency virus (HIV)-1 infection, were receiving
HAART, and had the clinical characteristics consistent with 
HAART-associated lipodystrophy; i.e., fat wasting from the face,
buttocks, limbs, and upper trunk with central adiposity [2, 12].
Variables recorded included demographic features, anthropometric
measures, means of HIV infection, previous AIDS-defining ill-
nesses, antiretroviral therapies, other treatments, baseline CD4 and
CD8 cell counts, CD4 and CD8 cell counts when lipodystrophy
was diagnosed, baseline plasma HIV-1 RNA, and plasma HIV-1
RNA when lipodystrophy was clinically evident. When lipodys-
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trophy was diagnosed, the patient underwent a metabolic evalua-
tion that included fasting glucose (normal range 4.2–6.4 mmol/l),
total cholesterol (normal values <5.2 mmol/l), high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), very low-density lipoprotein cholesterol (VLDL-C),
triclycerides (normal values <1.8 mmol/l), and insulin. The diag-
nosis of AIDS was based on the 1993 revised case definition of
the Centers for Disease Control and Prevention (CDC) [3]. Plasma
HIV-1 RNA concentrations were determined with the Roche Amp-
licor HIV-1 monitor assay, which has a lowest detection limit of
detection of 20 copies/µl [16]. Central obesity was defined by a
waist–hip ratio (WHR) of >0.95 in men and >0.85 in women [9].

Biopsies from lipoatrophic areas were obtained after informed
consent in ten HIV-1-infected patients treated with HIV-1 protease
inhibitors for 20–42 months. Ten skin biopsies from patients with
pigmented or bullous skin lesions, all of them containing subcuta-
neous fat, were used as controls. All biopsies were fixed in 2.5%
glutaraldehyde in cacodylate buffer, postfixed in 1% osmium te-
troxide, dehydrated in ethanol, and embedded in epoxy resin. Sec-
tions 1-µm thick from all tissue blocs were stained with toluidine
blue. The two blocks with the most prominent light microscopic
changes were subsequently thin-sectioned (80 nm), stained with
uranyl acetate and lead citrate, and examined under a CM100
transmission electron microscope (Philips, Eindhoven, The Neth-
erlands). Control skin biopsies were processed according to the
exact same protocol.

Results

The patients were six men and four women with a mean
age of 48.8±10.1 years (range 39–71 years). Most of
them (6, 60%) had acquired HIV-1 infection through het-
erosexual transmission, and six (60%) had AIDS accord-
ing to the revised case definition of the CDC [3]. No pa-
tient was antiretroviral naive when HAART was started.
All of them had been on protease inhibitor-based 
HAART for a mean of 34.0±7.2 months (range
20–42 months), and all of them had the features of 
HAART-associated lipodystophy [2, 12]. The clinical
characteristics of our patients are summarized in Table 1.
All but one had a good virologic response. The body
mass index (BMI) was normal in all the patients except
one, whereas seven patients (three men and four women)
had visceral obesity according to an increased WHR. Six
patients (60%) had hypertriglyceridemia, four (40%) hy-

percholesterolemia, and four (40%) hyperglycemia. All
but two patients (80%) presented low levels of HDL-C
whereas all the patients with hypertrygliceridemia had
increased levels of VLDL-C. None of the patients had a
normal serum lipid profile. The plasma viral load when
lipodystrophy was diagnosed was under 200 copies/ml in
all but one patient (90%).

In all ten cases, two main sets of ultrastructural
changes were identified in lipoatrophic areas. Some adi-
pocytes showed progressive disruption of cell mem-
branes, variably fragmented cytoplasmic rims, irregular
cell outlines, and eventually large fat droplets laying free
in the connective tissue (Fig. 1a, b). This latter finding
was often associated with the presence of lipid-laden his-
tiocytes around them (Fig. 1c, d). Owing to the large size
of these cells, there were few nuclei available for ultra-
structural study, and all of them showed a normal ap-
pearance. In addition, other adipocytes in lipoatrophic
areas often showed variable compartmentalization of fat
droplets, with a decrease in cell size, and abundant, mi-
tochondria-rich cytoplasm (Fig. 2). This resulted in a du-
al white and brown fat appearance in these cells with a
large unilocular vacuole surrounded by a rim of multi-
locular cytoplasm that contained small isometric fat
droplets and numerous, regular mitochondria with slight-
ly dilated cristae (Fig. 2a–e). Nuclei were more easily
found in sections of these cells and usually showed a
predominance of euchromatin, as well as a large central
nucleolus (Fig. 2d). As a result of all these changes, the
light microscopic picture was characterized by adipo-
cytes of different sizes, some of them with slightly thick-
ened peripheral rims of cytoplasm, focal accumulation of
foamy histiocytes, variable interstitial edema, and loose
fibrosis (Fig. 3). 

In four patients, tissue from lipohypertrophic areas
was also available for study. In these samples, occasional
adipocytes showed similar changes to lipoatrophic areas,
although they were generally of milder degree. Most adi-
pocytes in these areas had a normal appearance and size.
Very few cells had fragmented cytoplasmic membranes
and discontinuous cytoplasmic rims, and individual cells
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Table 1 Anthropometric, metabolic, immunologic, and virologic
parameters of ten patients with highly active antiretroviral therapy
(HAART)-associated partial lipodystrophy. BMI body mass index,

WHR waist–hip ratio, TBF total body fat, LBM lean body mass,
HDL high-density lipoprotein, LDL low-density lipoprotein

Age/sex BMI WHR TBF (%) Cholesterol Triglycerides HDL- LDL- Gluose/ e CD4 Plasma 
(kg/m2) LBM (kg) (mmol/1) (mmol/1) cholesterol cholesterol insulin count/mm3 viral load 

(mmol/1) (mmol/1) ratio (%) (copies/ml)

57/Male 28,39 0.97 19.5 (23.2) 64.5 4.65 7.69 0.66 1.58 0.20 284 (14) <20
45/Male 32.83 1.08 29.8 (31.0) 66.2 7.20 3.02 1.39 4.63 0.04 741 (21) 41
39/Female 21.21 0.95 13.5 (24.8) 40.8 9.76 7.01 0.97 6.18 0.08 788 (44) 33
42/Male 18.83 0.89 11.2 (18.9) 47.8 6.10 1.84 0.95 4.32 0.03 659 (16) <20
41/Male 23.11 0.89 10.4 (14.6) 61.2 5.50 3.50 0.88 2.88 0.02 476 (15) 25
47/Male 21.47 0.84 12.6 (8.4) 58.1 4.39 4.92 0.74 1.57 0.02 395 (19) 35700
46/Male 27.5 1.02 5.9 (8,6) 63.1 3.28 1.28 1.06 1.63 0.01 303 (11) 98
71/Female 16,66 0.89 11.6 (30.1) 26.9 4.54 1.63 0.88 2.91 –0.03 464 (17) 59
58/Female 23.63 0.93 18.0 (29.7) 42.5 6.64 1.87 1.24 4.54 0.07 585 (39) 138
42/Female 21.22 0.95 13.2 (25.8) 37.8 6.59 3.37 0.61 2.70 0.03 835 (26) <20



had peripheral areas with increased numbers of mito-
chondria and isometric multivacuolation. Accordingly,
the light microscopic picture in hypertrophic areas was
almost within the normal range.

Subcutaneous tissue from control skin biopsies did
not show any of these changes. Depending on the sec-
tions, lipid contents were either moderately osmiophylic
or had been partially extracted. Some adipocyte outlines
were irregular, but there was no fragmentation of cyto-
plasmic rims. Although occasional small fat vacuoles
could be identified at the periphery of larger ones, this
was only an isolated finding in individual adipocytes,
probably representing a normal degree of lipid incorpo-
ration to unilocular fat cells. Finally, there was no mito-
chondrial hyperplasia, and instead only few mitochon-
dria could be identified in the adipocytes from these con-
trol samples.

Discussion

This is the first detailed ultrastructural study of lipoatro-
phic and hypertrophic areas in HAART-associated partial
lipodystrophy. With the advent of more efficient therapies
for HIV-1 infection and the consequent increased survival
of the patients, there is an increasing need for understand-
ing and eventually avoiding the undesirable side effects
of these therapies. Efforts are being devoted to clarify the
origin of lipodystrophy in HAART-treated patients. In the
Second International Workshop on Adverse Drug Reac-
tions and Lipodystrophy in HIV, held in Toronto in Sep-
tember 2000, many presentations addressed this issue [1,
7, 13, 17]. The possibility that lipodystrophy could be as-
sociated with nucleoside reverse transcriptase inhibitor-
related mitochondrial disease has gained considerable
support [8, 13, 15]. However, from the light microscopic
and ultrastructural observations of a limited number of
cases, some authors have suggested that lipodystrophy re-
sults from a combination of white fat depletion and
brown fat expansion [1, 7, 17]. Although this hypothesis
could explain why lipohypertrophy is observed in areas
known to have remnants of fetal brown fat, and why lipo-
atrophy predominates in areas devoid of them, it is not
confirmed by the results of the present study.

Certainly, the predominant ultrastructural changes in
lipoatrophic areas are reminiscent of a transformation of
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Fig. 1 a Early fragmentation of peripheral cytoplasmic rim in a
unilocular fat cell [transmission electron microscopy (TEM)
×2200]. b Lipid contents in one of the fat cells are totally denuded
from their cytoplasmic rim, directly contacting the adjacent con-
nective tissue. A capillary blood vessel shows reduplicated basal
lamina (TEM ×900). c Shrunken adipocyte with residual amount
of lipid, and several large lipid vacuoles engulfed by an histiocytic
infiltrate (TEM ×900). d Shrunken external lamina from a preex-
isting adipocyte encircles several histiocytes with residual lipid
and secondary lysosomes (TEM ×1650)
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Fig. 2 a Low-power electron micrograph showing two adipocytes
with small lipid vacuoles grouped in small clusters along the pe-
ripheral cytoplasmic rim [transmission electron microscopy
(TEM) ×1650]. b Adipocyte cytoplasm with multilocular and uni-
locular fat component. Protruding vesicles in the border between
both compartments suggest a resorptive process (TEM ×2950). 
c Markedly reduced in size, this adipocyte shows a small residual
unilocular area in the center and a relatively wider multilocular
rim of cytoplasm (TEM ×2950). d Medium-sized adipocyte with
unilocular lipid vacuole. The widened peripheral rim of cytoplasm
shows a marked mitochondrial hyperplasia, and an active nucleus
with a large nucleolus (TEM ×1650). e Higher magnification of
the same cell. A few small lipid vacuoles lay between the numer-
ous mitochondria showing dilated cristae and dense inner matrix,
as well as some large, dark matrical granules (TEM ×3900)

white into brown fat. However, this phenomenon would
require not only the morphological changes observed in
these adipocytes, but also the uncoupling of oxidative
phosphorylation, and probably a marked increase in the
expression of proteins such as thermogenin. The pres-
ence of multivacuolation and increased numbers of mito-
chondria cannot be taken as sufficient evidence of brown
fat differentiation. The multilocular appearance of the fat
cells could be explained either as the result of a defective

fusion of fat vacuoles, as an increased catabolism of lip-
id stores, or both. The failure of relatively large vacuoles
to coalesce into a single one would be better explained
by the first of these possibilities. The combination of
prominent cytoplasmic rims with isometric vacuoles and
mitochondrial hyperplasia would be supported by the
second hypothesis.

It has been suggested that an acquired defect in mito-
chondria may be the origin for many if not all these



changes, similar to the well-known abnormalities induced
by nucleoside reverse transcriptase inhibitors in other tis-
sues such as skeletal or cardiac muscle [8, 10, 13, 15]. A
three-step theory has been advocated: mitochondrial ener-
gy depletion would lead to an oxidative stress and this
would eventually result in mitochondrial DNA mutations
[10]. This hypothesis could explain mitochondrial hyper-
plasia [11], but the mechanisms through which defective
mitochondria could be able to increase their metabolic ac-
tivity and reduce the amount of lipid contents in the in-
volved fat cells are uncertain. In addition, with regard to
the hypothesis favoring brown fat expansion, it is diffi-
cult to accept that damage to mitochondria would involve
preferentially white fat cells, usually endowed with rela-
tively few mitochondria, and spare brown fat cells in
which mitochondria are plentiful.

The results obtained in hypertrophic areas are similar
to those of lipoatrophic zones but of a much lower inten-
sity. This suggests that the same pathogenic process
could involve both of these areas, and that their diver-
gent clinical appearances would be the result of differ-
ences in intensity probably associated with a variety of
local, hormonal, metabolic, and circulatory factors, or to
a different sensitivity of adipocytes in these regions to
the triggers of the disease. Again, the predominance of
normally appearing white fat cells in lipohypertrophic
areas makes it very unlikely that they result from brown
fat expansion.

In previous studies, apoptosis has been identified in
adipocytes from patients with HAART-related lipodys-
trophy [6]. Advanced apoptotic changes can be recog-
nized by light microscopic appearance of nuclei [5]. The
earliest apoptotic events may be detected using several
immunohistochemical and biochemical strategies [4].
We have previously shown the occurrence of apoptosis
in lipodystrophic patients using the terminal deoxyuri-
dine nick-end labeling (TUNEL) method [6]. Ultrastruc-
tural examination allows to identify relatively early nu-

clear apoptotic changes, although earliest nuclear chang-
es are only detectable by biochemical or immunocyto-
chemical methods. We have not been able to find clearly
abnormal nuclei in fat cells, but previous studies in the
paraffin sections from the same samples revealed early
nuclear apoptotic events. The large size of adipocytes
could have influenced the amount of nuclei available for
ultrastructural study, and therefore this negative finding
could be the result of limited sampling of adipocyte nu-
clei. Nevertheless, some of the cytoplasmic changes in
fat cells, namely the fragmented, clumped cytoplasmic
rims occasionally engulfed in a histiocytic reaction,
could be explained by an apoptotic mechanism, and this
would be in keeping with our previous studies [6, 14].
Interestingly, we have observed these cytoplasmic
changes in white fat cells of normal configuration and
size, but not in the smaller, multilocular fat cells, and
more often in lipoatrophic than in lipohypertrophic sam-
ples. In this way, apoptosis, and the cytoplasmic changes
associated with it, would lead to the histiocytic reaction
and eventually to the reduction in adipose tissue. A rela-
tive expansion of the loose connective tissue between re-
duced fat cells would be combined with these changes.
The question still remains about the origin of this apo-
ptotic process and about its predilection for specific ar-
eas of the body.

In conclusion, the results of this electron-microscopic
study support previous studies on the involvement of ap-
optosis in HIV-1 protease inhibitor-associated partial lipo-
dystrophy (as evidenced by the ultrastructural finding of
cytoplasmic fragmentation and clumping), and they also
suggest that this mechanism is probably combined with
defective lipogenesis (lack of coalescence of small fat
vacuoles into unilocular ones), and also with an increased
metabolic activity in many of the fat cells (prominent mi-
tochondrial hyperplasia). Ultrastructural changes in lipo-
hypertrophic areas suggest that they are involved by the
same mechanism that affects lipoatrophic zones, but with
a much lower intensity. Future studies should concentrate
on biochemical abnormalities in mitochondria and on
eventual triggers of apoptosis, as well as on baseline dif-
ferences among fat cells in different regions of the body.
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Abstract CD38 is a type II transmembrane glycoprotein
involved in signaling and adhesion which is expressed
mainly by immature hematopoietic cells and activated
lymphoid cells. Central lymphatic channels of human
small intestinal villi, the so-called lacteals, were coinci-
dentally found to express CD38. Gastric and large intes-
tinal mucosae, pancreas, liver, lung, nasal mucosa, kid-
ney, thymus, palatine tonsil, Peyer’s patches, appendix,
and mesenteric lymph nodes, and rodent intestinal muco-
sa were subsequently examined for lymphatic expression
of CD38. Cryosections prepared from biopsy or surgical
resection specimens were immunostained with four dif-
ferent antibodies to CD38 combined with antibodies to
von Willebrand factor and CD31 to differentiate lym-
phatics from blood vessels, or with antibody to lysoso-
mal protein. Sections were evaluated by ordinary and
confocal immunofluorescence microscopy. Jejunal cryo-
sections were subjected to in situ hybridization for
CD38. All CD38 antibodies decorated human lacteals,
and some of these were positive for CD38 mRNA. Lym-
phatics draining Peyer’s patches and appendix as well as
afferent lymphatics of mesenteric lymph nodes ex-
pressed CD38 weakly. CD38 was not detected on lym-
phatics in other organs or in rodent lacteals. We propose
that CD38 is a novel marker of human small intestinal
lymphatic vessels.

Keywords CD38 · Lymphatic vessels · Humans · 
Rodents

Introduction

CD38 is a multilineage type II transmembrane glycopro-
tein primarily expressed by lymphoid cells [31]. It is a
bifunctional ectoenzyme with ADP-ribosyl cyclase and
hydrolase activities [23] and has signaling properties
[15, 29]. CD38 participates in adhesion of circulating
cells to vascular endothelium via its ligand CD31 which
is abundantly present on endothelial cells [7]. Further-
more, CD38 exists as a soluble molecule with retained
enzymatic activity, occurring in both normal and patho-
logical body fluids [16].

The CD38 gene contains eight exons, and two poly-
morphic variants have been identified [14]. Increasing
focus on CD38 in human diseases has revealed that in
chronic lymphatic leukemia, cellular expression of CD38
appears to indicate poor prognosis [6], as does CD38 ex-
pression on circulating CD8+ cells in HIV+ patients [36].
The CD38-cyclic ADP-ribose signaling system seems to
be involved in insulin secretion [34], and autoantibodies
to CD38 have been linked to the development of both
type 1 and type 2 diabetes [35]. Finally, CD38 seems to
define a unique signaling pathway in CD8+ intestinal
lamina propria lymphocytes [9].

Rodents harbor molecules similar to CD38, but their
tissue distribution differs from that in humans [19, 30].
Murine CD38 is expressed mainly by B lymphocytes and
stem cells but to a lesser extent by other leukocyte sub-
sets and not at all by plasma cells [30]. In rats CD38 has
been detected at the RNA or protein level in lung, liver,
intestinal, and neural tissues [25, 26, 27].

Lymphatic vessels draining the gut were described
several hundred years ago and were called lacteals be-
cause of their whitish (“milky”) appearance due to lipids
absorbed from the intestinal lumen [3]. The central lym-
phatic channels of small intestinal villi were also called
lacteals and are found in all vertebrates studied so far, in-
cluding humans, rats, mice, rabbits, and dogs [1, 33, 37,
40]. Lacteals merge to form a plexus near the muscularis
mucosae and in the submucosa. In organized gut-associ-
ated lymphoid tissue (GALT) such as Peyer’s patches
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(PPs), draining lymphatics in the interfollicular zones
merge to form perifollicular sinuses that eventually drain
into submucosal plexuses and become mixed with lymph
from the lacteals. Lymph that drains GALT structures
contains approximately ten times more lymphoid cells
than that from the intestinal lamina propria [37].

We previously described efferent lymphatics in PPs
[13] and found them to contain much more lymphoid
cells than lacteals in adjacent villi, in agreement with da-
ta from rats. More detailed phenotyping of lymphatics in
the human gut unexpectedly showed that lacteals ex-
pressed CD38 in addition to CD31. We therefore includ-
ed several human tissues and rodent intestinal mucosae
in an extended study to substantiate lymphatic expres-
sion of CD38.

Materials and methods

Tissue specimens

The human tissue material was obtained in accordance with Nor-
wegian laws on the use of human tissues. We used biopsy or surgi-
cal resection specimens of antrum and body gastric mucosa (n=4;
two had Helicobacter pylori gastritis), small intestinal mucosa
(n=14; two from treated celiac mucosae, one from a patient with
total IgA deficiency), ileum with PPs (n=6), appendix (n=2), large
intestinal mucosa (n=4), mesenteric lymph nodes (MLN; n=3), na-
sal mucosa (n=3), lung (n=3), liver (n=3), pancreas (n=4), thymus
(n=3), palatine tonsil (n=4), spleen (n=1), and kidney (n=6). Nasal
mucosa was control specimens obtained from healthy volunteers
during a study of nasal allergy, and tonsils were from patients un-
dergoing resection due to recurrent tonsillitis. The PPs, MLNs,
spleen, appendiceal and intestinal tissues were obtained either
from organ donors or from biopsy specimens taken for diagnostic
purposes. Thymic tissue was obtained from children under 5 years
of age undergoing cardiac surgery. Pancreatic specimens were
from Whipple’s resections due to pancreatic carcinomas and lung
tissue from lobectomies due to malignant tumours; in all cases
sampling was at least 1 cm away from the actual tumor. Kidney
tissue was similarly obtained from two resections for renal carci-
noma, and additionally from diagnostic biopsy specimens of four
transplanted kidneys. Liver tissue was from biopsy specimens of
one transplanted patient with minimal rejection, one with slight
unspecific hepatitis, and one with normal liver morphology. Un-
less otherwise indicated, all samples revealed normal histology.

Tissue blocks (2–5 mm3) prepared from the fresh surgical re-
section specimens and whole-biopsy specimens were within
15 min oriented on a slice of carrot embedded in OCT compound
(Tissue-Tek, Miles Laboratories, Elkhart, Ind., USA), snap-frozen
in liquid nitrogen, and stored at –70° C until cryosectioning at
4–6 µm. Sections were then fixed for 10 min in acetone at room
temperature, wrapped in aluminum foil, and stored at –20° C. In
parallel, five of the human small intestinal biopsy specimens were
fixed 1 h in 1% PLP (per iodate lysine paraformaldehyde) prior to
OCT embedding, freezing in liquid nitrogen, and sectioning to
provide immunostaining with improved morphology. Animal tis-
sue specimens consisting of the distal small intestine with PPs
from conventionally reared BALB/c mice and from germ-free as
well as conventionally reared AGUS rats [21] were treated as
above. The animals were kept in accordance with the principles of
laboratory animal care (NIH publication no. 85-23, revised 1985).

Immunostaining, microscopical evaluation, and photography

Multicolor immunostaining was performed in three steps with dif-
ferent anti-CD38 monoclonal antibodies (mAbs) combined with
anti-CD31 or anti- lysosome-associated membrane protein
(LAMP) 1 for 1 h (Table 1; all diluted in phosphate-buffered sa-
line, PBS, with 1.25% w/v bovine serum albumin), mixtures of
secondary reagents (pretitrated Cy3 or fluorescein isothiocyanate
(FITC) conjugated goat anti-mouse IgG1, IgG2a, or IgG2b
(Southern Biotechnology, Birmingham, Ala., USA) and rabbit an-
ti-human von Willebrand factor, vWf; Table 1) for 1.5 h, and preti-
trated amino-coumarine (AMCA) conjugated goat anti-rabbit IgG
(Vector Laboratories, Burlingame, Calif., USA) for 30 min. Con-
trols were irrelevant isotype-specific primary antibodies and
FITC-conjugated goat IgG used at concentrations comparable to
those of the specific antibodies. For animal studies a rat anti-
mouse CD38 or a polyclonal goat antibody recognizing both mu-
rine and rat CD38 (Table 1) was combined with a rabbit anti-CD3
recognizing the ε chain of the CD3/TCR complex in several ani-
mals (Table 1), or rabbit anti-vWf as described above for 1 h, fol-
lowed by AMCA-conjugated goat anti-rabbit IgG combined with
pretitrated ALEXA 488-conjugated donkey anti-goat IgG (Molec-
ular Probes, Eugene, Ore.,USA) for 1.5 h. Controls for animal
studies were sections incubated with 1.25% bovine serum albumin
in PBS instead of primary antibody, followed by relevant second-
ary reagents.

The specimens were examined in a Leitz DMRXE microscope
(Leica, Wetzlar, Germany) equipped with filter blocks for observa-
tion of red (Cy3), green (FITC and Alexa 488), blue (AMCA), and
combined red/green emissions. Pictures were obtained in a Nikon
EcLipse 800 fluorescence microscope equipped with a 3518
charge-coupled device video camera and captured by Foto-Station
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Table 1 Primary antibodies used for immunohistochemistry

Clone, designation Specificitya Isotypeb Working conc. Source
(µg/ml or dilution)

A0452 CD3 Rabbit IgG Purified Ig; 1/20 Dako, Glostrup, Denmark
Moon-1 CD31 IgG1 Purified Ig; 1 F. Malavasi
HB-7 CD38 IgG1 Purified Ig; 0.25 Becton-Dickinson
IB4 CD38 IgG2a Purified Ig; 1 F. Malavasi
OKT10 CD38 IgG1 Purified Ig; 1 ATCC
IB6 CD38 IgG2b Purified Ig; 1 F. Malavasi
H4A3 LAMP-1 IgG1 Ascitic fluid; 1/800 Developmental Studies Hybridoma

Bank, Iowa, USA
A0082 Von Willebrand factor Rabbit IgG Purified Ig; 1/1600 Dako
Goat anti-CD38 mouse/rat Mouse and rat CD38 Goat IgG Purified Ig; 20 Research Diagnostics, Flanders, N.J.,

USA
Clone 90 Mouse CD38 Rat IgG2a Purified Ig; 10 PharMingen, San Diego, Calif., USA

a Human specificity when not otherwise indicated
b Murine origin when not otherwise indicated



software (FotoWare, Høvik, Norway). Sections selected for confo-
cal microscopy were examined in a Leica TCS confocal micro-
scope (Leica Microsystems, Heidelberg, Germany) equipped with
one argon and two HeNe lasers. A PL Apo 100X oil objective was
used. Pinhole was set to 2, and emissions from each fluorochrome
were sequentially acquired. The image representing each color
was an accumulation of eight scans.

From all specimens, parallel hematoxylin and eosin (H&E)
stained sections were examined for morphological orientation.
PLP-fixed specimens from human ileum were subjected to im-
munoenzyme staining for anti-CD38 (HB-7) followed by the alka-
line phosphatase–anti-alkaline phosphatase method [32].

In situ hybridization for CD38 mRNA

In situ detection of mRNA for CD38 was performed in four jeju-
nal specimens. The full-length cDNA for CD38 (1.3 kb) [24] was
subcloned into pBS (Stratagene) in both orientations, linearized,
and used as template for antisense and sense riboprobe synthesis.
The probes were digoxigenin-labeled with the digoxigenin RNA-
labeling kit according to the manufacturer’s directions (Boehrin-
ger-Mannheim, Indianapolis, Ind., USA). All steps were per-
formed at room temperature unless otherwise noted. Frozen sec-
tions (8 µm) of OCT-embedded tissue were fixed in 4% parafor-
maldehyde/diethylpyrocarbonate (DEPC) treated PBS (15 min)
and subsequently washed twice (15 min each) in PBS containing
0.1% active DEPC (Sigma). After 15 min-equilibration in 5× sodi-
um saline citrate (SSC), sections were prehybridized (2 h, 59°C)
in a solution of 50% formamide, 5× SSC, 50 µg/ml yeast tRNA,
100 µg/ml heparin, 1× Denhardt solution, 0.1% Tween 20, 0.1% 3-
[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate, and
5 mM EDTA (Sigma). The sections were subsequently hybridized
overnight at 59°C with 500 ng/ml riboprobe in hybridization solu-
tion. A high-stringency wash was performed in the following se-
quence: 2× SSC (30 min), 2× SSC (1 h, 65°C), and 0.1× SSC (1 h,
65°C). For signal amplification, a horseradish peroxidase rabbit
anti-digoxigenin antibody (Dako, Carpinteria, Calif., USA) was
used to catalyze the deposition of biotin-tyramide (GenPoint kit,
Dako). Further amplification was achieved by adding horseradish
peroxidase rabbit anti-biotin (Dako), biotin-tyramide, and then al-
kaline-phosphatase rabbit anti-biotin (Dako). Signal was detected
with the alkaline phosphatase substrate Fast Red TR/Napthol AS-
MX (Sigma, St. Louis, Mo., USA), and sections were counter-
stained with hematoxylin.

Results

General interpretation of lymphatics

With routine H&E staining all human tissues except for
the thymus showed thin-walled vessels deemed to be
lymphatics that contained occasional mononuclear cells
but no erythrocytes. They were found adjacent to arteries
and veins in connective tissue septae except in the gas-
trointestinal tract, organized lymphoid tissue, and kid-
ney, in which they were interspersed between other tis-
sue elements. Parallel immunostained sections were ex-
amined for expression of CD38, vWf, and CD31, or
CD38 and LAMP-1 (Fig. 1 and 2). The results obtained
are listed in Table 2. All organs were tested with the IB4
and HB-7 mAbs to CD38 (Fig. 1), and positivity on lym-
phatics was confirmed with mAbs OKT10 and IB6 (data
not shown). In all organs in which lymphatic vessels
were identified by H&E staining such vessels expressed
CD31 albeit at a lower level than blood vessels which

were strongly positive for vWf (Fig. 2d, f, l). The lym-
phatics were virtually negative for vWf. 

Gastrointestinal tract

Immunofluorescence microscopy showed that all small
intestinal specimens contained vessels reacting with all
tested CD38 mAbs, corresponding to the lacteals
(Figs. 1a-c, 2b, c). In triple immunofluorescence stain-
ings for CD38, CD31, and vWf, vessels corresponding
anatomically to the location of lacteals and lymphatic
plexuses in the muscularis mucosae and submucosa ex-
pressed CD38 and CD31 but no vWF (Figs. 1a–c, 2b–d).
The latter was always apparent on adjacent blood vessels
that expressed no CD38 but stronger CD31 than the lym-
phatics. CD38+ vessels showed a similar distribution as
recently described for LYVE-expressing lymphatics in
small intestinal mucosa [5]. Submucosal and muscularis
mucosae-related vessels expressed CD38 more strongly
than villous lacteals (Fig. 1c). The intensity of lacteal
CD38 was variable but approximately similar to that of
intraepithelial lymphocytes and weaker than that of adja-
cent plasma cells. There was no apparent difference in
CD38 staining intensity of lymphatics in coeliac or normal
mucosa, or in the case with IgA deficiency (Fig. 2b-c).

In PPs and appendix, draining lymphatics showed faint
staining for CD38 compared to that of lacteals (Fig. 1c).
No lymphatics in normal gastric mucosa, H. pylori gastri-
tis, or normal large intestinal mucosa expressed CD38.
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Fig. 1a–g Immunohistochemistry, confocal microscopy and in
situ hybridization of CD38-expressing lacteals in human small in-
testinal biopsy specimens. Examined markers are indicated in their
respective colors on each photomicrograph. a, b Villi of normal
jejunal mucosa immunostained with two different mAbs to CD38
to visualize lacteal CD38 expression (horizontal arrows) as op-
posed to adjacent vWf-positive blood vessels (vertical arrows).
The scattered CD38-expressing cells in the lamina propria repres-
ent mainly plasma cells. Original magnification ×400. c Alkaline
phosphatase–anti-alkaline phosphatase staining for CD38 in PLP-
fixed ileal biopsy specimen with adjacent Peyers’ patch (PP) folli-
cle. Horizontal arrows Lacteals positive for CD38, also traversing
the muscularis mucosae (mm); vertical arrow lymphatic that
drains PP shows weaker CD38 expression. Note that the brush
border of villus epithelium is positive because of endogeneous al-
kaline phosphatase. Original magnification ×250. d, e Confocal
microscopy of small intestinal lymphatic endothelial cells (L lu-
men of lacteal). d Costaining for CD38 and CD31 in part of villus
lacteal containing five endothelial cells shows coexpression (yel-
low, horizontal arrow) of markers on the apical surface, although
in some areas CD38 is expressed in the absence of CD31 (vertical
arrow). Original magnification ×100, zoom ×4. e Costaining for
CD38 and the lysosome-associated membrane protein (LAMP) re-
veals that relatively few lysosomes are present within the lymphat-
ic endothelial cells because they are mostly green. Horizontal ar-
rows Small areas of CD38 and LAMP coexpression (yellow) in
two lymphatic endothelial cells; vertical arrow lysosomal com-
partment in adjacent cell (probably a macrophage) without CD38.
Original magnification ×100, zoom ×2. f In situ hybridization for
CD38 mRNA shows two positive endothelial cells of submucosal
lymphatic (arrows); lower parts of epithelial crypts are seen at the
right aspect. Asterisks Positive lymphoid cells. g Adjacent section
hybridized with sense probe shows no positive cells. Original
magnification ×400

▲
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Fig. 1a–g Legend see page 607
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Fig. 2 Legend see page 610



Tonsils, thymus, spleen, and MLNs

Lymphatics in tonsils did not express CD38. In the thy-
mus, lymphatics were not identified by H&E staining,
and no vessels with the CD38+CD31+vWf– phenotype
were observed. Splenic tissue did not contain CD31+

vWf– vessels and no vessel-like structures expressed
CD38. In contrast, afferent lymphatics of MLNs often

expressed CD38 (Fig. 2e, h), approximately similar to
the staining intensity of GALT lymphatics.

Nasal mucosa, lung, liver, pancreas, and kidney

Subepithelial lymphatics in the nasal mucosa were nega-
tive for CD38, as were lymphatics in connective tissue
septae of the lung and pancreas and in portal tracts of the
liver (shown for the pancreas in Fig. 2j–k). In contrast,
liver sinusoidal endothelial cells expressed low levels of
CD38 but were negative for vWf and only weakly posi-
tive or negative for CD31; stronger sinusoidal CD38 ex-
pression was seen in the hepatitis specimen. The kidney
samples contained only few lymphatics localized in the
medulla, and they were negative for CD38.

Rodent intestinal mucosa

Frozen sections of murine and rat ileum with PPs were
examined for CD38 expression (Table 1). In the mouse
CD38 was evident on B lymphocytes of PP follicles but
not on lamina propria cells (data not shown). Lacteals
and lymphatics draining PPs, as identified by vessels
containing occasional CD3+ cells in adjacent sections
and by lack of vWf staining that was otherwise evident
in vascular endothelium, were negative for CD38 (Ta-
ble 2). This staining pattern was found both with the
monoclonal and the polyclonal antibodies.

The distribution of CD38 in rats was different from
that in the mouse. In addition to positive cells corre-
sponding to PP follicles, also intraepithelial lymphocytes
and some lamina propria cells expressed CD38 (data not
shown). Lacteals and lymphatics draining PPs were iden-
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Fig. 2 Histological and immunohistochemical demonstration of
lymphatics in surgical resection samples of small intestine from
patient with total IgA deficiency (a–d), mesenteric lymph node
(e–h), and pancreas (i–l). Color codes for investigated markers
(lower left) as well as symbols (lower right) are indicated. a H&E
staining reveals villous mucosa with mononuclear cells in the epi-
thelium and lamina propria. Thin-walled lymphatics (lacteals)
containing occasional mononuclear cells are indicated (L). b Tri-
ple immunofluorescence staining for CD38, CD31, and vWf. L
Lacteals (yellow to green) expressing CD38 and weak CD31 but
no visible vWf. In contrast, blood vessels are pink because they
express both vWf and CD31 but no CD38. c, d Single exposures
of lacteals and blood vessels (B) shown in b. Note the difference
in CD31 expression intensity by lacteals (weak) and blood vessels
(strong). e, f Single exposures of lymph node cortex area contain-
ing afferent lymphatics and blood vessels as shown by H&E stain-
ing in g. The lymph vessels show very faint CD38 staining and
relatively weak CD31 staining; it also contains CD38+ mononu-
clear cells. h Triple immunofluorescence staining of the same area
as in g shows, again, that lymph vessels (red to orange) express no
vWf as opposed to blood vessels that express vWf and CD31 but
no CD38 and therefore appear pink. Asterisks Subcapsular sinus in
g, h. i H&E staining of pancreas, showing blood vessels and lym-
phatics. j Triple color exposure showing CD31 expression on both
vessels types; blood vessels are also distinctly positive for vWf
whereas this protein is hardly detectable on lymphatics. k, l Single
exposures of CD38 and CD31; the lymph vessels are negative for
CD38 whereas the walls of blood vessels containing smooth mus-
cle and connective tissue shows background greenish fluorescence
also seen in j. Original magnifications a–h ×250; i–l ×400

▲

Table 2 Distribution of lym-
phatic endothelium positive for
CD38, von Willebrand factor
(vWF), or CD31 (n.d. not deter-
mined)

Tissue material No. of samples Lymphatic vessel CD38 vWF CD31
identified by 
H&E staining

Human
Gastric mucosa 4 +a – –b +
Small intestinal mucosa 20 + + – +
Large intestinal mucosa 4 +a – – +
Peyer’s patches 6 + +c – +

Appendix 2 + +c – +
Mesenteric lymph nodes 3 + +c – +
Tonsil 4 + – – +
Thymus 3 –
Liver 3 +d –e – +
Pancreas 4 + – – +
Kidney 6 +a – – +
Nasal mucosa 3 + – – +
Lung 3 + – – +
Spleen 1 –

Rodent
BALB/c mouse ileum 1 + – – n. d.
with Peyer’s patches
AGUS rat ileum 2 + – – n. d.
with Peyer’s patches

a Lymphatics difficult to identi-
fy; only in submucosa of gas-
tric and colonic samples; only
very few in kidney medulla
b Lymphatics in all organs vir-
tually negative; occasional ves-
sels showing very faint staining
c Staining for CD38 weaker
than in lacteals
d Lymphatics in portal tracts
eLiver sinusoidal endothelium
positive only



tified as described for the mouse and were likewise neg-
ative for CD38 (Table 2). No difference in CD38 expres-
sion patterns was detected between the germ-free and
conventionally reared animals.

Confocal microscopy

Combined staining for CD38 and CD31 revealed coex-
pression of the molecules mainly at the periphery of the
endothelial cells (Fig. 1d). With costaining for CD38 and
a protein associated with lysosomes (LAMP-1; Table 1),
lacteal endothelial cells were found to contain relatively
few lysosomes compared with adjacent cells such as
macrophages and enterocytes, and there was little colo-
calization of the two molecules (Fig. 1e).

In situ hybridization

Examination of CD38 mRNA was performed on cryo-
sections from two jejunal biopsy specimens and two
Whipple resection specimens. A protocol yielding virtu-
ally no background resulted in occasional distinctly posi-
tive signals in some submucosal lymphatics (Fig. 1f) but
no convincingly positive villous lacteals (not shown).
Lymphoid cells found in the lumina of these vessels
were sometimes positive for CD38 mRNA (data not
shown). Adjacent plasma cells that are known to express
CD38 strongly [12], served as a positive control, and
also occasional intraepithelial lymphocytes revealed
CD38 mRNA (not shown).

Discussion

Here we show that CD38 is a novel marker of human
lacteals and GALT-draining lymphatics. Furthermore,
CD38 expression appeared to be unique for these lym-
phatic vessels. Our immunohistochemical result was
based on mAbs recognizing different epitopes of CD38
[4, 22]. This finding represents a new contribution to the
biology of CD38, which, in addition to its reported ex-
pression on leukocyte subsets, neural cells, prostate epi-
thelial cells, pancreatic β-cells, osteoclasts, and retinal
and muscle cells [8], apparently also can be expressed by
endothelial cells. In contrast, rodent lacteals were nega-
tive for CD38. In the rat both airway lining epithelium
and hepatocytes have been reported to express CD38
[25, 26], whereas in the human liver we found CD38 on-
ly in sinusoidal endothelial lining cells. Intestinal distri-
bution of CD38 in mice and rats is not well known, but
the present study confirms that differences exist between
humans and rodents.

In our hands, the identified lymphatics were virtually
negative for factor VIII related antigen/vWf. This was in
agreement with the results of Banerji et al. [5] who re-
cently described the lymph-specific hyaluronan receptor
LYVE-1 and found the LYVE-1 positive vessels to be

negative for vWf. Lymphatics have been reported to ex-
press this marker [18, 28], but we have found it to be
very weak and most likely negative by our in situ immu-
nohistochemical detection. Other recently identified mol-
ecules such as podoplanin and vascular endothelial
growth factor receptor 3 apparently recognize most lym-
phatic endothelia [28] although their distrubution in the
small intestine has not been described.

It is theoretically possible that CD38 is released by
the numerous CD38-expressing cells present in the lam-
ina propria, especially plasma cells, and then endocyto-
sed by the lymphatic endothelium. CD38 can exist as a
soluble molecule, probably released from cell-bound
CD38 by proteolytic cleavage [16], and lymphocytes
have been shown to endocytose such CD38 [17]. This
possibility seems unlikely because lacteal endothelial
cells contained relatively few lysosomes as judged by
expression of the lysosomal protein LAMP-1, and there
was little colocalization with CD38 (Fig. 1e). LAMP-1
is expressed by late endosomes and lysosomes [2], and
coexpression with CD38 might have suggested that lym-
phatic CD38 resulted from endocytosis of soluble
CD38. In preliminary experiments we were able to iso-
late CD38-expressing endothelial-like cells from sam-
ples of human small intestinal mucosa, using a collage-
nase-dispase mixture primarily designed to isolate mi-
crovascular intestinal endothelial cells [20], followed by
paramagnetic beads armed with the non-activating
CD38 mAb IB6 (Farstad et al., unpublished observa-
tions). This result indicated that CD38 is expressed on
the surface of the intestinal lymphatic endothelial cells,
in agreement with our observations based on confocal
microscopy (Fig. 1d). However, attempts to expand
these putative lacteal-derived endothelial cells in culture
have failed.

Based on the protein expression pattern of CD38 in
the small intestinal mucosa, it was surprising that lac-
teals revealed less CD38 mRNA than adjacent plasma
cells and intraepithelial lymphocytes. The basis for this
discrepancy remains elusive. It is possible that lacteal
CD38 is not identical to that expressed by lymphoid
cells, or that the level of CD38 synthesis is lower in lac-
teals. However, this result was in agreement with immu-
nohistochemical data that CD38 seemed to be more
strongly expressed by lymphatics near the muscularis
mucosae and submucosa, although we have no explana-
tion to this finding.

Because lymphatics in no other investigated tissues
expressed CD38, the lacteal positivity might be related
to the absorptive function of the small intestine. Interest-
ingly, vitamin D3 has been shown to upregulate CD38 on
lymphocytes [38], and it is well known that a metabolite
of vitamin A, all-trans-retinoic acid, induces CD38 ex-
pression in promyelocytic leukemia [11]. These fat-solu-
ble vitamins are absorbed from the gut lumen and coex-
ist in chylomicrons within the lacteals where they might
influence lacteal CD38 expression. By immunofluores-
cence microscopy, vitamin D receptor was detected in
enterocyte nuclei but not in those of lacteal endothelial
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cells (Farstad et al., unpublished observations); however,
this finding does not exclude an effect of fat-soluble vi-
tamins on lacteals.

The function of CD38 on lacteals is an open question.
Three of the mAbs (IB4, HB-7, OKT10) used in this
study detect the carboxy-terminal end of CD38 which
confers ecto-NADase activity [22], and it is therefore
possible that lacteal CD38 has enzymatic activity. IB4
and OKT10 also mediate cell signaling [4], but this
seems to depend on the association of CD38 with other
surface molecules, such as the T-cell receptor/CD3 com-
plex on T cells and the B-cell receptor complex on B
cells [8]. Whether lacteals harbor molecules that could
serve this function, remains to be shown. The coexpres-
sion of CD38 and its ligand CD31 by lacteals (Fig. 2b–d)
is a feature shared with other lymphoid cells [39], but the
functional implication of this is unknown.

In conclusion, we have shown that four different anti-
bodies to CD38 react with human but not rodent lacteals.
CD38 can thus be used to identify these structures in hu-
man small intestinal mucosa.
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Abstract The incidence of B-cell non-Hodgkin lympho-
mas (B-NHL) at nodal and extranodal sites is fairly dif-
ferent. Follicular lymphomas (FL) occur predominantly
at nodal sites and rarely in the gastrointestinal tract,
while marginal zone lymphomas (MZL) of the mucosa-
associated lymphatic tissue (MALT) type predominate in
the digestive organs and especially in the stomach. We
report a 72-year-old female patient admitted for gastros-
copy because of epigastric pain. The antral biopsies
showed dense lymphocytic infiltrates, partially forming
follicles with widened marginal zones and monocytoid
cells. Multiple lymphoepithelial lesions (LEL) were also
observed. A MZL of the MALT type was suspected mor-
phologically. Immunohistochemical analysis revealed
the lymphatic infiltrates to be CD20, bcl-2, bcl-6 and
CD10 positive, and negative for CD43, CD5 and cyclin
D1. PCR-based analysis showed a JH/bcl-2 rearrange-
ment, corresponding to the translocation t(14;18). An
extranodal FL mimicking MZL was diagnosed. The
present case is remarkable, as it demonstrates that the
detection of LEL and monocytoid B-cells, although sug-
gestive for MZL, is not entirely specific and can also be
observed in FL. Pathologists should be aware of this 
diagnostic pitfall in classifying gastric B-NHL. In equiv-
ocal cases, a careful morphological examination, sup-
ported by specific immunohistochemical and molecular
findings, should lead to the correct diagnosis.

Keywords Non-Hodgkin lymphoma · Stomach · 
MALT · Follicular lymphoma · Marginal zone 
lymphoma · Lymphoepithelial lesions

Abbreviations CDRIII Complementary determining 
region III · FL follicular lymphoma · HE hematoxylin
and eosin stain · LEL lympho-epithelial lesions · 
MALT mucosa associated lymphatic tissue · 
MZL marginal zone lymphoma

Introduction

The occurrence and distribution of B-cell non-Hodgkin
lymphomas (B-NHL) at nodal and extranodal sites is
quite different. Follicular lymphomas (FL), one of the
most common B-NHL, arise primarily in the lymph
nodes and rarely in the stomach, whereas marginal zone
lymphomas (MZL) of mucosa-associated lymphatic tis-
sue (MALT) type are predominant in the gastrointestinal
tract and especially in the stomach [1, 17]. An exact 
diagnosis is crucial for the management of the patients,
because the distinct lymphoma types require application
of specific therapeutic regimens and have a particularly
different prognosis. Although specific genotypic and
phenotypic features significantly increase the accuracy
of lymphoma diagnosis, the morphological assessment
still remains the diagnostic cornerstone. There are four
cardinal histological features that characterize low-grade
MZL: a marginal zone pattern with para- and interfollic-
ular distribution of the neoplastic cells; an infiltrate of
centrocytelike marginal zone cells and small and inter-
mediate lymphocytes with an irregular eccentrically 
located dense nucleus, with clear cytoplasm and well-
defined cell membrane (monocytoid B-cells); lympho-
epithelial lesions (LEL); and reactive lymphoid follicles
[7]. FL, in contrast, is characterized by a follicular
growth pattern, with loss of the normal follicular polar-
ization, and lack of tingible body macrophages. The neo-
plastic follicles are composed of small, irregular lym-
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phocytes with coarse chromatin (centrocytes), and a
varying proportion of large lymphocytes with irregular
vesicular nuclei and 1–3 nucleoli (centroblasts). Rarely,
FL of the gastrointestinal tract may show monocytoid 
B-cell components, probably resulting from marginal
zone differentiation of the follicle center cells; this fea-
ture does not indicate a composite lymphoma [12, 16,
21]. However, LEL in gastric FL, mimicking those of the
locotypical marginal zone counterpart, have been occa-
sionally described [11, 17, 20].

Fig. 1 A Gastric biopsy showing a follicular infiltrate with centro-
cytelike lymphocytes, plasma cells, and monocytoid cells at the
periphery. H & E stain, ×20. B Gastric lympho-epithelial lesion. 
H & E stain, ×400. C Gastric biopsy showing CD10 expression in
a neoplastic follicle and in the neoplastic cells at its periphery. 
Immunoperoxidase stain, ×40. D Gastric lymphoepithelial lesions
with CD10 expressing lymphocytes. Immunoperoxidase stain,
×400

Materials and methods

The gastric biopsy samples were fixed in 10% buffered formal-
dehyde solution and embedded in paraffin. Three-micron-thick sec-
tions were cut and stained with hematoxylin and eosin (HE). Im-
munohistochemistry was performed using an automated immuno-
stainer (Nexes, Ventana, Tucson, Ariz., USA); the streptavidin-bi-
otin peroxidase technique with diaminobenzidine as chromogen
was applied. The primary antibodies were diluted in 1% solution of
bovine serum albumin in phosphate-buffered saline (pH 7.4) and
incubated for 30 min at room temperature. The following antibod-
ies were used: CD5 (DAKO, dilution 1:150), CD10 (DAKO, dilu-
tion 1:50), CD20 (DAKO, dilution 1:200), CD21 (DAKO, dilution
1:200), CD43 (PharMingen, dilution 1:200), bcl-2 (DAKO, dilution
1:25), bcl-6 (DAKO, dilution 1:40) cyclin D1 (Novocastra, dilution
1:20), and DBA44 (DAKO, 1:20). Antigen retrieval was achieved
with microwave pretreatment, except for cyclin D1, where a pres-
sure cooker was used. For molecular analysis, the genomic DNA
was extracted exactly as described previously [5]. PCR-based anal-
ysis for detection of JH/bcl-2 rearrangement, corresponding to the
translocation t(14;18), and PCR-based immunoglobulin heavy-
chain (IgH) rearrangement analysis (complementary determining
region III, CDRIII) were performed [10, 19].



Clinical history and pathological findings

A 72-year-old female patient was admitted in August 2000 for 
a gastroscopic examination because of epigastric pain. Mucosal
inflammation and ulceration was detected. Nine biopsies showed
particles from an ulcer and antral mucosa, densely infiltrated 
with small lymphocytes, forming follicles with focally preserved,
tingible body macrophages and widened marginal zones with
parafollicular monocytoid B-cells. LEL were observed at multiple
sites (Fig. 1A, B). A MZL of the MALT-type was suspected mor-
phologically. Immunohistochemical analysis revealed the lympho-
cytes, even those in the LEL, to be positive for CD20, bcl-2, bcl-6
and CD10 (Fig. 1C, D) and negative for CD43, CD5, cyclin D1
and DBA44; CD21 stained the focally preserved follicular den-
dritic cells. These findings were very unusual for MZL, but sug-
gestive of FL. PCR-based immunoglobulin heavy-chain rearrange-
ment analysis (CDRIII) showed a clonal lymphocyte population
and, in addition, a JH/bcl-2 rearrangement, corresponding to the
translocation t(14;18) was detected. A FL mimicking MZL was 
diagnosed. Computerized imaging could not detect lymphadenop-
athy, the bone marrow and the liquor were not infiltrated, and thus
the disease stage was IE. After application of six CHOP chemo-
therapy regimens, a complete remission was achieved. As of 
September 2001 the patient was still in complete, clinical and 
molecular remission: polyclonal IgH gene rearrangement and ab-
sence of t(14;18) in the follow-up gastric biopsies.

Discussion

Extranodal MZL of MALT are by far the most common
primary lymphomas of the stomach. Primary gastric
lymphomas of the follicular, mantle cell, small lympho-
cytic, lymphoplasmocytic and diffuse large B-cell type are
comparatively rare, although they can also occur [17, 22].
In gastric biopsies FL can occasionally be confused with
MZL, because both can show a pronounced monocytoid
B-cell component, probably resulting from locotypical
differentiation of the follicle center cells [16]. LEL is
thought to be a typical and differentiating trait of MZL.
Nonetheless, as in the present case, LEL can also occur 
in FL [11, 17, 20]. This could be a particular diagnostic
pitfall, leading to difficulties and even mistakes in the
morphologic classification of gastric lymphomas, espe-
cially in small bioptic specimens. In such cases a refined
immunohistochemical analysis can be very helpful: CD10
expression within the neoplastic population substantiates
the diagnosis of an FL, because virtually all MZL are neg-
ative for CD10 [2]. Almost all FL express bcl-6, whereas,
according to published series, bcl-6 expression in MZL
varies from 0% [13] to 35% [3, 20]. Immunohistochemi-
cal detection of bcl-2 expression is not helpful in the dif-
ferential diagnosis, as 79% of the MZL are bcl-2 positive,
compared with 71 to 94% of the FL [9, 18]. DBA44 could
be used as a “second-line” distinguishing marker, espe-
cially in cases with pronounced monocytoid parafollicular
B-cells, as they might stain positive in cases of MZL 
[15 (and references therein)]. Detection of unique chromo-
somal abnormalities such as t(14;18), specific for FL, and
t(11;18), specific for MZL, can definitely solve difficult
diagnostic dilemmas [4, 6, 14].

The present case is remarkable because it demon-
strates that the detection of LEL and monocytoid B-cells
in bioptic specimens from gastric lymphomas, although

strongly suggestive for MZL, is not entirely specific and
can also be observed in FL. Pathologists should be aware
of this diagnostic pitfall in classifying the gastric B-NHL
because – depending on the disease stage – MZL shows
a better prognosis than FL, and, moreover, ise managed
entirely differently: early-stage MZL is treated by antibi-
otics, while FL patients with limited disease should un-
dergo potentially curative irradiation or receive a highly
toxic CHOP chemotherapy regimen [8]. A careful mor-
phological examination, supported by specific immuno-
histochemical and molecular findings, should lead to the
correct diagnosis.
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Abstract Salivary gland-type mixed tumor primarily
arising in the lung is extremely rare. We report here a
case of this type of tumor that occurred in the periphery
of S4 of the right middle lobe in a 74-year-old man.
Light-microscopically, this lung tumor, 15×9mm in size,
exhibited almost the same features as those of mixed tu-
mor of the salivary gland intermingled with chondro-
myxoid stroma, glandular component, solid growth pat-
tern of myoepithelial components and well-developed
cartilage formation, exhibiting a sharp margin. Immuno-
histochemical study revealed that the glandular compo-
nents in the tumor was positive for thyroid transcription
factor-1, TTF-1, a marker of epithelial cells of the thy-
roid as well as the lung. Furthermore, surface lining cells
of the glandular components and luminal contents were
positive for surfactant apoprotein A, PE-10, used as a
marker of type II alveolar epithelial cells. These findings
clearly demonstrate for the first time that glandular epi-
thelial cells in the present salivary gland-type mixed tu-
mor exhibited differentiation toward type II alveolar epi-
thelial cells.

Keywords Mixed tumor · Lung · Alveolar epithelial
cells · Differentiation

Introduction

Benign mixed tumor (pleomorphic adenoma) is general-
ly recognized to be the most common salivary gland tu-
mor. However, this type of tumor is exceedingly rare in
the lung [13]. We report here an additional case of be-

nign mixed tumor that arose primarily in the periphery of
the lung of a 74-year-old man and demonstrate its differ-
entiation toward type II alveolar cells in glandular com-
ponents of the tumor from results of immunohistochemi-
cal examination. A total of 24 cases of this type of tumor
reported in the English literature, including ours, are
then clinically reviewed.

Clinical history

A 74-year-old Japanese man presented with a nodular
15-mm mass in the periphery of the lateral segment of
the right middle lobe, which had been incidentally de-
tected on routine chest X-ray examination 4 years previ-
ously. The mass gradually increased in size and changed
in shape. Unenhanced computed tomography revealed a
well-circumscribed mass with no calcification or associ-
ation with a peripheral bronchus or vessels. The tumor
was resected by video-assisted thoracic surgery.

Pathologic findings

Macroscopically, the tumor, which was well-circum-
scribed and measured 15×9 mm, was located in the sub-
pleural pulmonary parenchyma with no connection to any
visible bronchi. The cut surface was homogeneous and
yellowish-white with no hemorrhagic or necrotic foci
(Fig. 1a). Light microscopically, this lung tumor displayed
typical features of salivary gland-type mixed tumor with
various growth patterns intermingled chondromyxoid stro-
ma with prominent glandular components, strands and
small groups of tumor cells (Fig. 1b), a solid myoepithe-
lial growth pattern, and well-developed areas of cartilage
formation. The glandular structures were composed of in-
ner lining layers of uniform cuboidal epithelial cells sur-
rounded by outer layer cells. Some of the glandular struc-
tures contained eosinophilic contents. No cellular atypia,
nuclear mitoses or necrotic foci were observed.
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Immunohistochemically, most tumor cells were
strongly positive for the cytokeratins tested (AE1/AE3,
Boehringer-Mannheim, 1:1000 and CAM5.2, Becton-
Dickinson, 1:1000). They were positive for epithelial
membrane antigen (EMA) (Dakopatts, 1:30), and thyroid
transcription factor-1 (TTF-1) (NeoMarkers, prediluted)
(Fig. 1c) was limited to the inner layer cells of the glan-
dular structures and outer lining cells of solid nests. Vi-
mentin (Dakopatts, 1:60) and S-100 protein (Dakopatts,
1:800) were diffusely positive in many portions of the
tumor, but not in EMA-positive tumor cells. Focal and
weak positivity for α-smooth muscle actin (α-SMA)
(Dakopatts, 1:30) was found only in solid nests. Luminal
contents of the glandular structures were positive for sur-
factant apoprotein A (PE-10) (Dakopatts, 1:100)
(Fig. 1d). Focal positive reaction for PE-10 was also
found in inner lining cells of glandular structures
(Fig. 1e). We performed the same immunohistochemical
studies on four typical mixed tumors of the salivary

gland to determine whether differences in immunoreac-
tivity exist between the present tumor and salivary gland
tumors, but nearly the same results as for the present tu-
mor were obtained regarding cytokeratins, EMA, vimen-
tin, S-100 and α-SMA, although staining for TTF-1 and
PE-10 was completely absent.

Discussion

Based on the typical histological features described
above, the present lung tumor was diagnosed as a benign
salivary gland-type mixed tumor of the lung. The immu-
nohistochemical findings indicating both epithelial and
myoepithelial differentiation of the tumor cells were also
compatible with this type of tumor. Epithelial-myoepi-
thelial tumor of the lung, which is composed of myoepi-
thelial cells and duct-forming epithelium, can be distin-
guished from the present tumor by the absence of pre-
dominant chondroid and myxochondroid matrix [5]. A
total of 24 cases of mixed tumor of the lung, as listed in
Table 1, including seven malignant and 17 benign tu-
mors, have been reported [2, 3, 4, 6, 7, 8, 10, 11, 12, 13,
14, 15, 16, 17]. The mean age of the patients was 54.8
years, with a range of 18–74 years. Twelve were men
and the remaining 12 were women. Seven of the 24 tu-
mors were incidentally detected while 17 patients had
complaints such as cough or dyspnea. In 18 of the 24

Fig. 1 a Scanning magnification shows a well-circumscribed tu-
mor from the surrounding pulmonary parenchyma. b Portion of
strands or small groups of tumor cells with chondromyxoid stroma
is observed (H&E). c Immunohistochemically, nuclei of most tu-
mor cells in the surface layer of glandular structure are positive for
TTF-1. The luminal contents of the gland (d, arrows) and cyto-
plasm of some tumor cells in the surface layer of glandular struc-
ture are positive for PE-10 (e, arrows; SABC method)
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cases, the tumors were located in the right lung: 5 in the
upper lobe, 4 in the middle lobe, 8 in the lower lobe, and
1 in the intermediate bronchus. In the remaining 6, the
tumors were located in the left lung: 2 in the upper lobe,
3 in the lower and 1 in the main stem bronchus. Twelve
of the 24 tumors arose in the bronchial trees, whereas 4,
including ours, had no apparent relationship to them.
The tumors were usually small, with a mean diameter in
4.3 cm and a range of 1.5–16 cm. Surgical resection was
performed in 20 of 24 patients, radiation therapy in 1,
and no therapy in the remaining 3 who died of other dis-
eases. Outcomes of the 8 cases described were fairly
good, and the patients were alive with no recurrence or
metastasis from 5 months to 11 years after surgery. How-
ever, recurrence and/or metastasis was observed in 8
cases, including 5 of malignant mixed tumor and 3 of be-
nign tumor.

The pathogenesis of mixed tumors remains controver-
sial. In the salivary gland, mixed tumors are generally
believed to originate from a stem cell in the intercalated
duct [1]. A mixed tumor primarily arising in the lung is
usually thought to originate from epithelium of the sub-
mucosal bronchial gland [3, 11], since most such lesions
are associated with the bronchial tree. However, a few
tumors, including the present one, have been reported to

develop in peripheral or subpleural regions of the lung
with no connection to a bronchus. These tumors might
thus be derived from primitive stem cells in these re-
gions with the ability to differentiate toward ductal struc-
tures, myoepithelium, and chondroid and myxoid matrix
[9]. To determine differentiation toward alveolar epithe-
lial cells of the tumor, expression of TTF-1 and PE-10
was examined. TTF-1, a homeodomain nuclear tran-
scription protein, is a marker of epithelial cells of the
thyroid as well as the lung. PE-10 reacts with only type
II alveolar epithelial cells. Interestingly, staining for both
proteins was positive in surface lining cells of the glan-
dular components, indicating that these tumor cells had
differentiated toward type II alveolar epithelial cells.
Furthermore, it appears that the microscopic features of
mixed tumors are similar regardless of site, but might be
different in character. Since no positive reaction for
TTF-1 or PE-10 was found in any of the four salivary
gland mixed tumors examined, these markers might be
useful for distinguishing primary mixed tumor of the
lung from metastatic tumor from the salivary gland. Fur-
ther case studies will be needed to test these hypotheses.

Table 1 Clinical features of 24 mixed lung tumors reported in the
English literature. LUL Left upper lobe, LLL left lower lobe, RUL
right upper lobe, RML right middle lobe, RLL right lower lobe,

RIB right intermediate bronchus, LMB left mainstem bronchus,
VATS video-assisted thoracic surgery

Case no., reference Age/sex Clinical features Site Size Treatment Outcome
(cm)

1. Payne [11] 50/F Atelectasis, pneumonia RIB 2 Lobectomy Recurred after 8 years
2. Payne 47/M Pneumonia RUL 1.5 Lobectomy No recurrence for 11 years
3. Vadillo-Briceno 67/M Cough, chest pain, fever, RML 16 No therapy Died shortly after admission

[15] dyspnea, pleural effusion
4. Davis [3] 52/F Pneumonia RUL 4.5 Pneumonectomy Postoperative death
5. Spencer [13] 58/M Obstructive pneumonia RLL -a Lobectomy -a

6. Spencer 68/M Cough, sputum RLL -a Lobectomy Metastasis to vertebra 4 years later
7. Chantarakul [2] 18/M Hemoptysis RML 7.0 Lobectomy No recurrence for 3 years
8. Ebihara [4] 72/M Dyspnea, sputum RLL 4 No therapy Died of lung cancer
9. Wright [17] 74/F Dyspnea RLL 4.5 Pneumonectomy No recurrence

10. Mori [10] 61/M Atelectasis RML 5.3 Lobectomy Alive 16 months later
11. Sakamoto [12] 56/F Detected incidentally LUL 2.5 Surgery Recurred after 9 years
12. Hayes [7] 71/M Pneumonia RLL 2.5 No therapy Died of colon cancer
13. Moran [8] 47/F Cough, chest pain LMB 2.5 Pneumonectomy Alive and well 6 years later
14. Moran 45/F Incidentally detected LLLc 2.5 Lobectomy Died of breast cancer after 4 years
15. Moran 42/F Detected incidentally RLL 2.5 Lobectomy Lost to follow-up
16. Moran 57/M Detected incidentally RULc 2 Lobectomy Postoperative death
17. Moran 58/F Cough, pneumonia LUL 2 Lobectomy Lost to follow-up
18. Moran 35/F Shortness of breath, RLL 16 Lobectomy Recurred after 2 years

pleural effusion
19. Moran 67/M fever, cough, weight loss RUL -a Lobectomy Recurred after 3 years
20. Moran 69/F Detected incidentally LLLc 2 Lobectomy Lost to follow-up
21. Wang [16] 36/M Pneumonia, cough, LLL 1.8 Lobectomy No recurrence for 11 months

chest pain
22. Takeuchi [14] 48/F Lumbago RULb 4.3 Radiation to Alive after 19 months

lumbar vertebra
23. Hara [6] 38/F Detected incidentally RLL 4.0 Segmentectomy No recurrence
24. Present case 74/M Detected incidentally RMLc 1.5 VATS No recurrence for 5 months

a- Not mentioned
bMetastases to middle lobe, left rib, fifth lumbar vertebra, lymph node, and liver
cUnrelated to bronchus



copathologic and immunohistochemical study of eight cases.
Cancer 73:2481–490

9. Moran CA (1995) Primary salivary gland-type tumors of the
lung. Semin Diagn Pathol 12:106–122

10. Mori M, Furuya K, Kimura T, Kitade M, Ueda N (1991)
Mixed tumor of salivary gland type arising in the bronchus.
Ann Thorac Surg 52:1322–1324

11. Payne WS, Scbier J, Woolner LB (1965) Mixed tumor of the
bronchus (salivary gland type). J Thorac Cardiovasc Surg 49:
663–668

12. Sakamoto H, Uda H, Tanaka T, Oda T, Morino H, Kikui M
(1991) Pleomorphic adenoma in the periphery of the lung. Re-
port of a case and review of the literature. Arch Pathol Lab
Med 115:393–396

13. Spencer H (1979) Bronchial mucous gland tumours. Virchows
Arch A Pathol Anat Histol 383:101–115

14. Takeuchi E, Shimizu E, Sano N, Yamaguchi T, Yanagawa H,
Sone S (1998) A case of pleomorphic adenoma of the lung
with multiple distant metastases–observations on its oncogene
and tumor suppressor gene expression. Anticancer Res 18:
2015 –2020

15. Vadillo-Briceno F, Feder W, Albores-Saavedra J (1970) Malig-
nant mixed tumor of the lung. Chest 58:84–88

16. Wang JS, Tseng CH (1994) Pleomorphic adenoma of the lung
– report of a case and review of the literature. Gaoxiong Yi
Xue Ke Xue Za Zhi 10:522–527

17. Wright ES, Pike E, Couves CM (1983) Unusual tumours of
the lung. J Surg Oncol 24:23–29

621

References

1. Batsakis JG, Regezi JA, Luna MA, El-Naggar A (1989) Histo-
genesis of salivary gland neoplasms: a postulate with prognos-
tic implications. J Laryngol Otol 103:939–944

2. Chantarakul N, Limsila T (1979) Bronchial adenoma, mixed
tumor (salivary gland type): report of one case. J Med Assoc
Thai 62:83–88

3. Davis PW, Briggs JC, Seal RM, Storring FK (1972) Benign
and malignant mixed tumours of the lung. Thorax 27:657–673

4. Ebihara Y, Fukushima N, Asakuma Y (1980) Double primary
lung cancers: with special reference to their exfoliative cytolo-
gy and to the rare, malignant “mixed” tumor of the salivary-
gland type. Acta Cytol 24:212–223

5. Fulford LG, Kamata Y, Okudera K, Dawson A, Corrin B,
Sheppard MN, Ibrahim NB, Nicholson AG (2001) Epithelial-
myoepithelial carcinomas of the bronchus. Am J Surg Pathol
25:1508–1514

6. Hara M, Sato Y, Kitase M, Nakayama J, Ohba S, Kaji M,
Yamakawa Y, Tateyama H (2001) CT and MR findings of a
pleomorphic adenoma in the peripheral lung. Radiat Med 19:
111–114

7. Hayes MM, van der Westhuizen NG, Forgie R (1993) Malig-
nant mixed tumor of bronchus: a biphasic neoplasm of epithe-
lial and myoepithelial cells. Mod Pathol 6:85–88

8. Moran CA, Suster S, Askin FB, Koss MN (1994) Benign and
malignant salivary gland-type mixed tumors of the lung. Clini-



Abstract The exact relationship between lymphomatoid
granulomatosis (LyG) and posttransplant lymphoprolif-
erative disorders (PTLDs) is not clear. Both are observed
in immunodeficient patients and are Epstein-Barr virus
driven. These disorders are, however, considered distinct
based upon the immune response elicited; LyG is T-cell
rich while PTLDs are T-cell poor. We describe a case of
LyG-type diffuse large B-cell lymphoma (DLBCL) in a
lung transplant recipient. The unusual features include
rare occurrence of LyG in a posttransplant setting, sys-
temic involvement by LyG variant of DLBCL in a solid
organ transplant recipient, paucity of T-cells in this LyG
type lymphoma, and subcutaneous panniculitic pattern in
a B-cell lymphoproliferative disorder. This first report of
systemic LyG variant of DLBCL in a posttransplant set-
ting has features suggesting similarities and overlap be-
tween LyG and PTLD.

Keywords Posttransplant lymphoproliferative disorder ·
Diffuse large B-cell lymphoma lymphomatoid 
granulomatosis variant · Panniculitic B-cell lymphoma ·
Angiocentric lymphoma · Epstein-Barr virus

Introduction

Lymphomatoid granulomatosis (LyG) and B-cell post-
transplant lymphoproliferative disorders (PTLD) are con-
sidered similar but distinct disorders [6, 16, 40]. At least

three features are common to both; these include (a) Ep-
stein-Barr virus (EBV) driven [14, 17] B-cell prolifera-
tion [5, 12, 27, 28, 34], (b) association with immune defi-
ciency [10, 11, 26, 29, 33, 40], and (c) a morphological
spectrum spanning polymorphic through monomorphic
lymphoid proliferations [18, 21]. LyG is recognized by an
angiocentric/invasive polymorphic lymphoid infiltrate
with areas of necrosis [12, 15, 20, 27]. PTLD, on the oth-
er hand, has no such unifying morphological features, and
various categories are recognized based upon cellular
composition and clonality [34]. The distinctness of LyG
and PTLD has been emphasized by the difference in the
immune response. LyG, with a large population of back-
ground T-cells, has been termed a T-cell rich EBV-associ-
ated B-cell lymphoproliferative disorder, while the pauci-
ty of T-cells in B-cell PTLD has been recognized by the
term T-cell poor EBV associated B-cell lymphoprolifera-
tive disorder [40]. A diffuse large B-cell lymphoma
(DLBCL) is one of the monomorphic PTLDs [34]. In the
tripartite grading scheme of LyG which is useful for as-
sessing the cellular composition, grade III is synonymous
with malignant lymphoma [14, 21]. The recently pro-
posed WHO classification formally recognizes LyG-like
features in a DLBCL by providing a subcategory, LyG
variant of DLBCL [9]. LyG has been rarely observed in
solid organ transplant recipients [4, 7, 26, 38]. In one in-
stance [26] a single focus of lymphoma was observed in
an otherwise typical LyG infiltrate at multiple sites.

We report a patient who after lung transplant devel-
oped generalized DLBCL of LyG type with a paucity of
background T-cells and a panniculitic subcutaneous in-
volvement. These features suggest a broader overlap be-
tween LyG and PTLD.

Case report

Clinical history

The 59-year-old man underwent bilateral lung transplantation
7 years previously for α1-antitrypsin deficiency related emphyse-
ma. During this period immunosuppression was maintained by
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200 mg/day cyclosporine, 75 mg/day azathioprine, and 15 mg
prednisone every second day. Mild chronic rejection 4 years previ-
ously was treated with the addition of 15 mg methotrexate once
weekly. He also had osteoporosis and chronic renal failure. Three
months prior to his last admission he was reviewed as an outpa-
tient; forced expiratory volume 1 s was reduced to 1.4 l; however,
he was not acutely ill, and the chest radiograph was similar to the
baseline film (Fig. 1A).

On the day of admission he complained of multiple episodes of
productive cough accompanied by fever and chills, and increasing
dyspnea over the previous 2 months. His appetite had been poor, and
he had lost 7.3 kg. He had received four courses of antibiotics over
the preceding 8 weeks, including two courses of ciprofloxacin. The
most recent course was completed 9 days prior to this presentation.
His symptoms had improved with antibiotics, but recurred within
48 h of their cessation. Three weeks previously his sputum culture
grew two strains of Pseudomonas aeruginosa, of which one was re-
sistant to ciprofloxacin. The patient was admitted for intravenous an-
tipseudomonal antibiotics and further investigations. At that time he
did not require supplemental oxygen, and except for a firm, mobile,
nontender 1-cm subcutaneous nodule palpable in the right anterior
cervical region, the physical examination was unremarkable.

At admission his hemoglobin was 132 g/l, total white count
8.0×10–9/l (normal differential count), and the platelets 209×10–9/l.

Chest radiography showed new diffuse, patchy, alveolar infiltrates
with scattered 0.5- to 1.5-cm ill-defined nodules, some with possi-
ble cavitation (Fig. 1B). Given the rapidity of onset, these nodules
were considered to be of infectious origin. The following day
bronchoscopy revealed erythema but no obvious lesions. Bronchi-
al washings were cultured, and P. aeruginosa was recovered. Viral
cultures, and direct stains for pneumocystis and mycobacterial or-
ganisms were negative. Blood cultures were negative. Transbron-
chial biopsy, which showed occasional lymphoid cells, was retro-
spectively described as consistent with lymphoma. Following
bronchoscopy, antipseudomonal therapy consisting of intravenous
ceftazidime and tobramycin was started. Fine-needle aspiration bi-
opsy of the right cervical subcutaneous nodule revealed necrotic
tissue. Transthoracic echocardiography demonstrated normal left
ventricular function and no valvular vegetations.

Computed tomography (CT) of the chest was performed on
day 7 after admission. The parenchymal nodules, some with cavi-
tation, were now widespread (Fig. 1 C). Multiple additional nod-
ules were seen in the subcutaneous tissue of the chest wall (Fig. 1
D). The thoracic subcutaneous nodules were palpable, and one
was biopsied on day eight. Histology demonstrated an angiocen-
tric, panniculitic DLBCL.

In consultation with medical oncologists, azathioprine and cy-
closporine doses were decreased, and methotrexate was discontin-
ued. Later prednisone was discontinued in favor of intravenous
methylprednisolone. Despite intravenous antipseudomonal thera-
py, his respiratory status continued to deteriorate, with increasing
respiratory distress and intermittent obtundation leading to in-
creased requirements for oxygen. Additionally, there was acute on
chronic renal failure; serum creatinine rose from 221 µmol/l at ad-
mission to 623 µmol/l on day 12. The patient died on day 13. An
autopsy was performed.

Fig. 1A–D Radiographic findings. A Chest radiography 3 months
prior to last admission. B Chest radiography at last admission with
bilateral, diffuse, cavitating parenchymal nodules. C Computed
axial tomography of the chest, parenchymal window, demonstrat-
ing diffuse reticulonodular infiltrates and focal cavitation. D Com-
puted tomography of the chest, mediastinal window, showing sev-
eral subcutaneous nodules in the chest wall
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Materials and methods

Labeled streptavidin avidin technique [39] was used to localize the
primary antibodies after microwave antigen retrieval. The primary
monoclonal antibodies used in this study were: CD45, CD45RO,
CD3, CD20, CD79a, CD15, CD30, CD4, CD8, Ki-67 and EBNA-
2. In situ hybridization was used to detect EBV RNA (EBER) [2].
B-cell clonality was determined by single-step PCR amplification
of the VDJ region of the Ig heavy-chain using consensus primers
FRIII (5′ CTG TCG ACA CGG CTC TGT ATT ACT GT3′) and
JH (5′ACC TGA GGA GAC GGT GAC C3′), as described previ-
ously [32]. The presence of EBV DNA was detected by single-

Fig. 2a–f Chest wall subcutaneous nodules. a Multiple gray-black
nodules and numerous brown nevi. b Deep subcutaneous pannicu-
litic lymphoid infiltrate. Hematoxylin and eosin, ×20). c A trans-
mural monomorphic infiltrate of atypical cells in the vessel wall.
Hematoxylin and eosin, ×600. d Similar infiltrate forming rim-
ming individual adipocytes. Hematoxylin and eosin, ×600. e
CD20 expression in the atypical cells. Immunoperoxidase, ×600).
f CD3+ T-cells are rare (<5%). Immunoperoxidase, ×600
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step PCR using primers against a 296-bp region of the so-called
BamH1-W region of the EBV genome [37]. After electrophoresis
on 2% agarose gels the PCR products were stained with ethidium
bromide and visualized under ultraviolet light.

Pathological findings

Skin lesions are shown in Fig. 2. The epidermis and dermis were
unremarkable. In the subcutaneous tissue there was a dense pan-
niculitic and angiocentric lymphoid infiltrate. Aggregates of atypi-
cal lymphoid cells were present in the interlobular septae and
formed a rim around individual adipocytes. Similar atypical cells
were present as a transmural and circumferential infiltrate with lu-
minal narrowing in the medium-sized vessels; vessel wall necrosis
was absent. Areas of necrosis were present, and apoptotic cells
were numerous. Macrophages with phagocytosed apoptotic cells,
“bean bag cells,” were not present.

A majority of the cells (>95%) were large with moderate cellu-
lar pleomorphism, regular nuclear contours, dispersed chromatin
and variable nucleolar prominence (one to three nucleoli). Mitoses
and apoptotic bodies were numerous. The immunohistochemical
profile of these cells was: CD45+, CD20+, CD79a+, CD3–,
CD45RO–, CD15–; approximately one-half of these cells expressed
CD30 and the proliferation fraction, as assessed by Ki-67 labeling,
was 30–35%. These cells were positive for EBER and EBNA-1. A
small number (<5%) of small lymphoid T-cells (CD3+, CD45RO+,
CD4+) were admixed with these large atypical B-cells.

Lung lesions are shown in Fig. 3. The single small lymphoid
nodule in the antemortem transbronchial lung biopsy specimen
was reported as suspicous for involvement by lymphoma. The
postmortem examination showed extensive involvement of the
lung parenchyma by a DLBCL, with morphological and immuno-
histochemical features similar to those of the subcutaneous lym-
phoid infiltrate.

Autopsy demonstrated the lymphoma to be widely disseminat-
ed; there was involvement of kidneys, thyroid, heart, adrenals, and
bone marrow. The spleen was free of tumor, and there was no lym-
phadenopathy. There was no morphological evidence of hemopha-
gocytosis and of lung transplant rejection.

Fig. 3a–c Histological appearance of lung nodules. a A parenchy-
mal nodule with an angiocentric lymphoid infiltrate and foci of
necrosis. Hematoxylin and eosin, ×20. b A monomorphic infiltrate
of atypical cells in the vessel wall and adjoining alveoli. Hematox-
ylin and eosin, ×100. c Sheetlike arrangement of large atypical
cells with many apoptotic bodies and rare small lymphoid cells.
Hematoxylin and eosin, ×450

Fig. 4a, b Molecular findings. Polyacrylamide gel electrophoresis
of PCR products after single step PCR. a Clonal VDJ, IgH gene
rearrangement in the skin and lung lesions. Lane 1 Reagent con-
trol; lane 2 positive control; lane 3 negative control; lane 4 skin
lesion; lane 5 lung lesion; lane M molecular weight markers. 
b Clonal EBV DNA in skin and lung nodules. Lane 1 Skin nodule
positive control; lane 2 lung nodule; lane 3 reagent control; lane
4negative control; lane 5 positive control; lanes M molecular
weight markers



Molecular findings are illustrated in Fig. 4. There was clonal
IgH gene rearrangement (Fig. 4a) while the T-cell receptor gamma
chain was germline (results not shown). EBV DNA was isolated
from the skin and lung lymphoid lesions (Fig. 4b).

Discussion

The DLBCL described in this report has features of both
LyG and PTLD. This combination of these classic and
unusual features includes post-solid organ transplant set-
ting of the LyG variant of DLBCL with angiocentric pat-
tern, nonclassic LyG organ distribution, subcutaneous
panniculitic skin involvement by a B-cell lymphoprolif-
erative process, and a paucity of background T-cells in
LyG type lymphoma.

In the case reported here the angiocentric/invasive
atypical lymphoid infiltrate with areas of necrosis [12,
15, 20, 27], EBV association [14] and the sites of in-
volvement, i.e., lungs and skin [12, 15, 20], were fea-
tures of LyG. Preponderance of large atypical cells, B-
cell immunophenotype, and clonal VDJ gene rearrange-
ment were grounds for the diagnosis of DLBCL. The
above features were used to diagnose this lesion as
grade-III LyG, which in the WHO classification would
be designated as DLBCL, LyG variant [9]. LyG has only
rarely been observed as a PTLD in both solid organ [4,
7, 26, 38] and bone marrow/stem transplant recipients
[3]. In all, the morphological appearance was character-
istic with a polymorphic cellular infiltrate; only in one
patient, based upon clonality, was a single focus consid-
ered a malignant lymphoma [26]. In another report on
LyG three cases with LyG histological appearance in-
cluding one with clonal IgH restriction were excluded
because of the posttransplant setting [27] presumably to
provide only classic description of LyG. Ours is the first
report of generalized systemic involvement by an angio-
centric LyG type DLBCL occurring as a PTLD.

Angiocentric involvement by the lymphoid cells is a
defining feature of both LyG and natural killer/T-cell
lymphomas [12, 13, 15, 20, 27]. Angioinvasion is practi-
cally unknown in PTLD; there is, however, one report of
an angiocentric/invasive lymphoproliferative disorder in
an immunodeficiency state [22]. Although necrosis, pre-
sumably due to infarction, may be observed in DLBCL
and its T-cell rich variant [23, 31], the angiocentric/de-
structive pattern is almost invariably absent in these
lymphomas except for an anecdotal report of two cases
of angiocentric DLBCLs [35]. Necrosis in LyG is attrib-
uted to cytokines such as Mig1 released from vessel in-
filtrating T-cells [36]; the near absence of angioinvasive
T-cells in our case highlights the importance of direct
cellular infiltration by malignant cells as a cause of vas-
cular damage and necrosis.

The pattern of organ involvement was consistent with
LyG. Lungs and skin were affected, although there were
no lesions in the central nervous system and the gastroin-
testinal tract, two other sites classically involved in LyG
[12, 15, 20, 27]. The reticulonodular pattern of involve-
ment in the lungs observed by us is a recognized feature

of LyG [12, 20]. Our failure to provide an accurate diag-
nosis on basis of the transbronchial biopsy specimen re-
flects the nature of the specimen. This has been recog-
nized in the literature [30], and open biopsy is consid-
ered a more reliable means of establishing the diagnosis.
Skin is involved in approximately 40–50% of LyG cases,
and a dermal and subcutaneous angiocentric/destructive
nodular or sheetlike lymphoid infiltrate is the basis of the
grossly observed nodules, plaques, or maculopapular
rash [24]. A subcutaneous panniculitic pattern character-
istic of angiocentric natural killer/T-cell lymphomas [19]
has not been reported in LyG, although it has been ob-
served in at least two cases of B-cell lymphoma [35],
one with skin and the other with skin and central nervous
system involvement. The spleen is involved in up to 25%
cases in LyG III lymphoma; in general, however, spleen
and lymph nodes are uninvolved, as in our case, in both
LyG and PTLD [12, 15, 20, 27, 34].

Some emphasis has been placed upon the distinctness
of the immune response between LyG and PTLD. LYG
is considered T-cell rich [40]; the T-cells are recruited
largely from the circulation, presumably by the cytokines
released from EBV-infected B-cells [6]. PTLDs are al-
most always T-cell poor [40], and T-cell rich PTLDs are
anecdotal [1, 8, 41]. The characteristic polymorphic in-
filtrate of background small T-cells and large atypical B-
cells [12, 15, 20, 21] was not seen at any site. The ap-
pearance of the cellular infiltrate is utilized in grading
LyG; distinguishing between grades I–III isre based up-
on the number of atypical B-cells [14, 21], which proba-
bly increases over time [25], and their proportion [12] or
proliferation fraction [6] is useful in distinguishing grade
III LyG from lower grade lesions. By definition, in grade
III LyG large atypical B-cells predominate; however,
there is almost always a significant component of T-cells
[14, 15, 20, 21]. An almost complete absence of back-
ground T-cells, as observed in our case, has not been re-
ported in grade III LyG. The radiographic evidence of a
rapid development of the lesions with in 3 months makes
it unlikely that there was an evolution from a T-cell rich
to a T-cell poor process at all the sites of involvement,
although this cannot be completely ruled out. Develop-
ment of lymphoma in LyG is usually a late event, and
most patients initially present with lower grade I or II
LyG lesions [21]. The de novo development of EBV-
driven DLBCL with LyG features is more plausible and
in conformity with our understanding of the pathogene-
sis of PTLD [34].

In summary, this report emphasizes the rare occur-
rence of LyG in a solid organ transplant recipient and is
the first report, to our knowledge, of systemic LyG-type,
diffuse, large-cell lymphoma occurring as a PTLD. The
features described above, including the cellular composi-
tion, notably the near absence of T-cells, suggest an
overlap in the pathogenesis of LyG and PTLD.
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Keywords Postmortem measurement · Procalcitonin ·
Waterhouse-Friderichsen syndrome

Sir, 

Bilateral adrenal hemorrhage, classically associated with
Waterhouse-Friderichsen syndrome (WFS) of meningo-
cocceal sepsis, is a rare catastrophic condition. The diag-
nosis of bilateral adrenal hemorrhage is difficult to estab-
lish in vivo because of its nonspecific presentation in
pronounced concurrent diseases, and in most cases the
definite diagnosis is made at autopsy [5, 15].

Procalcitonin (PCT) is the propeptide of calcitonin
devoid of hormonal activity and consists of 116 amino
acids with a molecular weight of 13 kDa [7]. While the
serum PCT concentration is below 0.5 ng/ml in healthy
individuals, PCT levels rise above 10 ng/ml in sepsis [1,
2, 6]. Accordingly, PCT is a well-established diagnostic
parameter with a high predictive value to detect or rule
out bacteremia and sepsis [1, 2, 3, 6, 8, 10]. In addition,
two contemporary studies have shown a high sensitivity

and specificity of serum PCT in adults for the laboratory
diagnosis of bacterial meningitis [4, 16]. Recently we
have shown that PCT is also a valuable diagnostic pa-
rameter for the postmortem diagnosis of sepsis [13].

In two current cases of sudden, unexpected death that
occurred out of hospital and were subjected to a medico-
legal autopsy at the Institute of Legal Medicine, Ham-
burg, Germany, in 2001, the diagnosis of WFS was es-
tablished postmortem based on macroscopic and histo-
logic findings. Postmortem measurement of PCT in se-
rum samples from femoral venous blood obtained at 
autopsy using a specific immunoluminometric assay
(LUMItest PCT, B.R.A.H.M.S. Diagnostica, Berlin, Ger-
many) revealed in both cases highly elevated PCT levels
of 113 ng/ml and 21 ng/ml, respectively. Table 1 shows
the demographics, autopsy findings, outcome of toxicol-
ogy and PCT concentrations. 

Autopsy is still the final word in quality control and
an important tool used in both research and medical edu-
cation [9, 11, 12, 14]. Detection of adrenal hemorrhage
(Fig. 1) at autopsy can have important clinical and medi-
colegal implications since a variety of causative factors
such as trauma, coagulopathies (e.g. iatrogenic adminis-
tration of anticoagulants in high dosage), administration
of adrenocorticotropin or infection may be responsible
for this condition [5, 15]. From the viewpoint of forensic
pathology, questions concerning delayed diagnosis or
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Table 1 Demographics, autopsy findings, outcome of toxicology and procalcitonin (PCT) concentrations in the two cases of fatal 
Waterhouse-Friderichsen syndrome (WFS). DIC disseminated intravascular coagulation

Gender Age Main macroscopic and histologic findings Outcome PCT Cause 
(years) of toxicology serum level of death

Female 35 Bilateral adrenal hemorrhage, fresh purulent meningitis, Negative 21 ng/ml WFS
shock kidneys, dilatation of the right heart, pathologic 
alterations indicative of DIC: petechial skin lesions 
and subendocardial hemorrhages in the left ventricle

Female 74 Bilateral adrenal hemorrhage, fresh purulent meningitis, Negative 113 ng/ml WFS
septic spleen, edema of brain and lungs, pathologic 
alterations indicative of DIC: purpura and microthrombi 
formation (Fig. 2) in smaller vessels of kidneys, liver and gut
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Fig. 1 Cut sections of adrenal
glands showing intraparenchy-
mal hemorrhage in Water-
house-Friderichsen syndrome

Fig. 2 Microthrombi formation
(fibrin deposits) in glomerular
capillaries as a consequence of
disseminated intravascular co-
agulation in Waterhouse-
Friderichsen syndrome. Phos-
photungstic acid–hematoxylin,
original magnification ×80

malpractice can be the matter of interest in subsequent
investigations under civil or penal law. It is concluded
that the postmortem measurement of serum PCT concen-
tration can be applied in doubtful autopsy cases to facili-
tate the postmortem differentiation between WFS and
other putative conditions leading to bilateral adrenal
hemorrhage, especially when the medical history of the
deceased is unclear for the present and a thorough toxi-
cologic analysis is not available to rule out a potential in-
fluence of anticoagulant use.
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Dear Sir,

Allergic granulomatous angiitis (Churg-Strauss syn-
drome, CSS) is characterized by the triad of asthma,
eosinophilia, and systemic vasculitis [1]. In addition to
these classical findings, pulmonary infiltrates, skin le-
sions, eye, gastrointestinal, and lymph node involvement
has been reported [5]. There are rare cases of limited
form of CSS with no clinical evidence of asthma [6].
The patient presented here had no history of asthma or
pulmonary symptoms. The patient’s disease was limited
to gastrointestinal system and the lymph nodes draining
the involved bowel segment.

The patient had an elevated white blood cell count
(16,800/ml) with normal red cell indices. On peripheral
smear eosinophils were significantly elevated (38%). Se-
rological tests for hepatitis B virus and human immuno-
deficiency virus were negative, as were those for anti-
nuclear antibodies, anti-neutrophil cytoplasmic antibod-
ies (ANCA), and rheumatic factor. Urinalysis showed no
proteinuria or hematuria. Renal and liver function tests
were within normal limits. IgE levels were normal. The
patient’s neurological examination and electromyographic
findings were normal. Chest computed tomography re-
vealed multiple pulmonary nodules on both lungs. Aller-
gy tests were performed and no allergic response was
observed on screening tests.

The patient was a 19-year-old man who had experi-
ence nausea, diarrhea, and fatigue for 1–2 weeks. The
patient presented to the emergency room with abdomi-

nal colic. Following initial work-up the clinical suspi-
cion of acute appendicitis was established. Emergency
laparotomy was performed. On gross inspection the ap-
pendix was found to be normal. However, multiple
hemorrhagic serosal and mesenteric nodules and necrot-
ic appearing ileum, cecum, and transverse colon were
observed. A right hemicolectomy including the ileoce-
cal region was performed followed by an ileotransver-
sostomy.

On gross inspection the bowel serosa appeared hem-
orrhagic and focally necrotic. On sectioning the bowel
mucosa appeared pale but not ulcerated. The serosal
nodules were hemorrhagic. No tumor was identified. The
appendix appeared normal. On microscopic evaluation a
necrotizing eosinophilic vasculitis involving small and
medium-sized arteries was seen (Fig. 1C, D). The bowel
mucosa showed ischemic changes but no crypt abscesses
were observed (Fig. 1A). In addition, there was a dense
eosinophilic infiltrate throughout the bowel wall and the
lymph node capsules, sparing the mucosa (Fig. 1B). The
regional lymph nodes showed partial involvement with
the vasculitic process. The lymph node sinuses were
filled with eosinophils. Eosinophilic infiltrates extended
to pericapsular areas. The lymph node cortexes retained
the follicular architecture but focal areas contained eosi-
nophilic and necrotizing granulomas (Fig. 1E, F). Eosi-
nophilic vasculitis of the lymph node arterioles was also
evident. Based on these pathological and laboratory find-
ings, the diagnosis of limited form of CSS was estab-
lished.

The patient responded well to steroids and cyclophos-
phamide and is on remission with no evidence of any or-
gan involvement. Following therapy the patient’s periph-
eral eosinophilia was reversed and the pulmonary nod-
ules detected by chest computed tomography decreased
in diameter.

The case presented here lacks some of the classical
features of CSS such as asthma and p-ANCA positivity.
However, presence of eosinophilia in the peripheral
blood, eosinophilic infiltrates in the tissues, and eosino-
philic vasculitis and necrotizing granulomas are specific
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Fig. 1 A Low power view of bowel section showing relatively in-
tact mucosa and submucosal inflammatory infiltrates. Hematoxy-
lin and eosin, ×40. B Section of bowel wall demonstrating a dense
eosinophilic infiltrate dissecting the muscle fibers. Hematoxylin
and eosin ×100. C Fibrinoid necrosis and dense eosinophilic infil-
trate involving a medium sized vessel. Hematoxylin and eosin
×200. D Detail from C, showing destruction of intima by an eosi-
nophilic infiltrate. Hematoxylin and eosin ×400. E Lymph node
with noncaseating granulomas and eosinophilic infiltrates. Hema-
toxylin and eosin ×40. F High-power detail from E, with giant
cells and eosinophils forming granulomas. Hematoxylin and eosin
×200

for CSS [5]. The only organ system involved is the gas-
trointestinal vasculature and the lymph nodes draining
that segment of bowel. In addition, the patient had radio-
logically detected pulmonary nodules that partially re-
gressed following therapy.

Gastrointestinal manifestations of CSS include diar-
rhea, melena, and abdominal cramps [3, 4, 7]. Rare cases
of intestinal perforation and ulceration due to vasculitis
have been reported [1, 5, 8]. Most cases of intestinal in-
volvement in CSS have classical features of CSS such as
asthma and eosinophilia. Gastrointestinal symptoms can
rarely be the first manifestation of typical or limited
forms of CSS such as in our case [3, 4]. The differential
diagnosis of CSS includes Wegener’s granulomatosis,
polyarteritis nodosa, and microscopic polyarteritis [3, 4,
8]. Criteria for the diagnosis of CSS, which have been
developed by the American College of Rheumatology
are; asthma, eosinophilia, neuropathy, paranasal sinus
abnormalities, extravascular eosinophils, and pulmonary
infiltrates [6]. CSS shows a striking resemblance to
Wegener’s granulomatosis histologically. They both in-



diagnose. However, when the classical manifestations of
CSS such as asthma are lacking, and the patient presents
with gastrointestinal symptoms, the vasculitic syndromes
including limited forms of CSS should also be included
in the differential diagnosis.
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volve the lungs presenting with necrotizing granulomas
[2]. CSS is characterized by prominent eosinophilic in-
filtrates and peripheral eosinophilia. Wegener’s granulo-
matosis is characterized by c-ANCA (anti-proteinase III)
as opposed to p-ANCA (anti-myeloperoxidase) com-
monly found in CSS [5]. The absence of ANCA is
against a diagnosis of Wegener’s granulomatosis. The
absence of ANCA and the presence of eosinophilia is
against a diagnosis of microscopic or macroscopic PAN
[5]. The examination of the bowel did not reveal any in-
flammatory lesions of the mucosa, and therefore a diag-
nosis of inflammatory bowel disease was unlikely. Ex-
amination of the feces and the tissues by special stains
did not reveal any micro-organisms or parasites, there-
fore an infectious cause was also eliminated. The pres-
ence of vasculitis spreading to the lymph nodes excludes
a diagnosis of eosinophilic gastroenteritis [9].

The cause of CSS is not known, however, ANCA
(anti-myeloperoxidase) have been detected in approxi-
mately 75% of the cases, and they are thought to play a
role in the pathogenesis of this syndrome [8]. Associa-
tion with asthma suggests the presence of an allergenic
stimulus. The histopathological features of involvement
of lymph nodes in CSS have been rarely reported [2]. In
our case the presence of dense eosinophilic infiltrates in
the lymph node sinuses and capsule and the presence of
necrotizing epithelioid granulomas cuffed by dense eosi-
nophilic infiltrates was striking.

We believe that this case is unique because most cases
of CSS vasculitis with gastrointestinal involvement re-
ported in the literature have a history of asthma and pe-
ripheral eosinophilia [3, 4, 7]. These cases which present
with the classical manifestations of disease are easier to



12–23 May 2003
International Course on Laboratory Animal Science
Utrecht, The Netherlands
A two-week intensive course on laboratory animal science will be
organized at the Department of Laboratory Animal Science – Ut-
recht, The Netherlands in May 2003. This course has been offered
once a year since 1993.

The objective of this course is to present basic facts and princi-
ples that are essential for the humane use and care of animals and
for the quality of research.

The contents of the course are in line with recommendations of
the Federation of European Laboratory Animal Science Associa-
tions (FELASA) regarding the training of the young scientist
whose research involves the use of vertebrate animals.

The course may also be of interest for those who intend to set
up a similar course at their own institution. For this purpose, dur-
ing the course the acquisition of teaching materials can be dis-
cussed with the course committee.

For information and application forms please contact:
Prof. Dr. L.F.M. van Zutphen or
Mr. Stephan van Meulebrouck
Department of Laboratory Animal Science
Faculty of Veterinary Medicine
P.O. Box 80.166
3508 TD Utrecht
The Netherlands
Phone: *31-30-2532033
Fax: *31-30-2537997
E-mail: pdk@las.vet.uu.nl
Internet: http://las.vet.uu.nl (click ‘Education’).
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A N N O U N C E M E N T S

9–11 May 2003
6th International Course on Bone Marrow Biopsy Pathology
Hanover, Germany
Under the auspices of the European Association 
for Hematopathology
Bone marrow histology has evolved into an integral part of mod-
ern haematological diagnostics. Moreover, it affords unique access
to a biological understanding of important diseases affecting the
haematopoietic system. The courses offered by the European Bone
Marrow Working Group under the auspices of the European Asso-
ciation for Hematopathology are intended to provide high quality
educational sessions in bone marrow histopathology and to bring
together people who have a particular interest in this field. In addi-
tion to state-of-the-art lectures focusing on selected topics, there
will be workshops where participants are invited to contribute
their own interesting and instructive cases. Topics will be chronic
myeloproliferative disorders, lymphoma, hypoplastic states and
MDS, reactive and therapy-related changes.
Course fee: 300 €
For further information see http://www.mh-hannover.de/institute/
pathologie/kongress or contact Institute of Pathology, Medizini-
sche Hochschule Hannover, Carl-Neubergstr. 1, 30625 Hannover,
Germany, 
E-Mail: Laenger.Florian@MH-Hannover.de,
Tel.: 0049 511 532-4501; Fax: -5799 
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