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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 ateration
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
[-catenin, the main effector of the embryonic Wnt/wing-
less pathway. The possibility is discussed that, on the ba-
sis of this genetic ateration, 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
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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 aloss of an epithelial
and gain of a dedifferentiated, mesenchyme-like pheno-
type, aso 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 aterations. 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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Fig. 1 Correlation of differentiation and the expression patterns of
[B-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), B-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 x100 (a—d) and x400 (e).
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 B-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 3-catenin (arrows). In
contrast, tubules at the invasive front break up, tumor cells lose
their polar orientation and dissociate (arrows; (f and h). Thisis ac-
companied by a nuclear accumulation of 3-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
[B-catenin either completely lost E-cadherin (arrowheads) or show
acytoplasmic expression (arrows; j and I)

early embryogenesis, like the hedgehog-, Wnt- and
transforming growth factor (TGF)-B pathways, are di-
rectly or indirectly altered in most carcinomas [96].
These molecular findings and a number of morphologic
observations, aso in other tumors, indicate that carcino-
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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
istheinitial genetic alteration in more than 80% of colo-
rectal carcinomas, and the subsequent accumulation of
the oncoprotein 3-catenin play a decisive role. Both APC
and -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 B-catenin, which is essential for its
correct positioning and function [5], thus membranous
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Fig. 2 Wnt pathway in normal differentiating epithelial cells and
in colon carcinoma cells. Left B-catenin is degraded after phos-
phorylation at N-terminal serine residues by the serine/threonine
kinase GSK3[. This is only possible in a multiprotein complex
consisting of adenomatous polyposis coli (APC), GSK3, B-cat-
enin and the core component conductin/axin. The remaining (3-cat-
enin is bound to E-cadherin, supporting cell—cell adhesion in ad-
herens junctions. Middle Regulated stabilization of B-catenin by
secreted Wnt factors. Binding of the ligand Wnt to its receptor
frizZled blocks GSK3p and thus degradation of (-catenin. After
translocation to the nucleus and complexing with T-cell factors
(TCFs)/lymphoid enhancer factors (LEFs), [B-catenin activates
transcription of target genes involved in differentiation and prolif-
eration. Right Unregulated stabilization of B-catenin in tumor
cells. Mutations in APC disturb the correct formation of the muilti-
protein complex, omitting degradation and leading to an overex-
pression of B-catenin. Additional signals (S) from the tumor envi-
ronment may support dissociation of E-cadherin-bound (-catenin
and its nuclear translocation, which leads to aberrant target gene
expression. Alternatively, stabilizing mutations in the N-terminal
serine residues of the B-catenin- or loss of function mutations in
the conductin/axin-gene are found in tumors with normal APC

expression of both proteins determine the epithelial phe-
notype. However, a second, completely different func-
tion of B-catenin was defined. In a nuclear pool, B-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 B-catenin is the main downstream effector molecul e 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 B-catenin is of great importance for the different
functions of B-catenin and the subsequent behavior of
differentiating epithelial cells or tumor cells.

The decisive genetic ateration, 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
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(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 -catenin [82, 93] and is a negative regula-
tor of the Wnt pathway. Functional APC is essential for
the degradation of B-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 [3-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 a. [90]).

The main downstream effector of the Wnt pathway is
the nuclear B-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 (-catenin
displaces groucho from TCF binding. B-Catenin/TCF
plays arole 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 B-catenin, it is not fully understood what activates the
decisive nuclear translocation of [3-catenin. A complex
interaction with other pathways might be responsible
(see below).

Wnt pathway in embryonic development

Whnt signaling, characterized by nuclear accumulation of
[B-catenin, regulates fundamental embryonic processes.
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Fig. 3 Summary of the onco-
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For instance it was shown to induce epithelial—-mesen-
chymal transitions during the gastrulation in sea urchin
[59] and aso in human cell culture systems [20, 65].
Overactivation of the Wnt pathway by injection of [3-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, -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,
[B-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
al data, it is becoming evident that Wnt signaling and
nuclear B-catenin as its main effector do not smply con-
trol singular events but regulate the complex process of
morphogenesis, which needs a temporal and spatial coor-
dination of single events like cell—ell attachment, mi-
gration, proliferation, and differentiation.

Colorectal cancer
Expression of 3-catenin in colorectal carcinomas

Given the two important, contrary roles of B-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 (3-catenin is detectable in human FAP-as-
sociated and sporadic colon adenomas and adenocarcino-
mas [41]. However, the amount of nuclear B-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 3-catenin is predomi-
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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. le, f) [9, 48]. Since al tumor
cellsin an individua tumor harbor APC mutations, a nu-
clear accumulation of B-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 3-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 B-catenin within the
tumors? (3) What is the role of (-catenin in early colo-
rectal carcinogenesis?

Effects of [3-catenin in carcinoma cells

Since nuclear B-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 [3-cat-
enin/TCF in cancers are the well-defined oncogenes
c-myc [32] and cyclin D1 [89, 95], linking dysregulated
[B-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 3-catenin
[50]. Overexpression of peroxisome proliferator-activat-
ed receptor (PPAR)d, 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
[3-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 (3-catenin isin-
volved in dedifferentiation of epithelial cells [61, 67],
which indicates a causal role of nuclear [3-catenin in the



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], 1d2 (inhibitor of differ-
entiation-2) [78] and ENCL1 [23] were identified as [3-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 B-catenin could explain the dedifferentiated pheno-
type of nuclear B-catenin expressing colon cancer cells at
theinvasive front.

Other genes regulated by nuclear (-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 y2 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 y2 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 y2. 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 aso supply the tumor
with blood vessels [55]. Both VEGF and bFGF, activated
by nuclear B-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, atrans-
location of membranous 3-catenin to the nucleus leads to
aloss 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 3-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 (3-catenin/TCF. Similar pheno-
typic transitions and subsequent migration are induced
by nuclear B-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 [3-catenin leads to dedif-
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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 [3-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 3-catenin
localization and their potential role in malignant
tumor progression

In well to moderately differentiated colorectal adenocar-
cinomas, a strong nuclear expression of [-catenin is
found predominantly in dedifferentiated tumor cells at
the invasive front [9, 48]. Another feature of these tu-
mors istheir 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. 1la—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 -catenin are coupled to these changing pheno-
types [12] (Fig. 1). Membraneous E-cadherin and 3-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 (-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 [3-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 [3-catenin.

Cell culture experiments revealed a direct or indirect
role of environmental factors, including cytokines and
EM, on the intracellular 3-catenin distribution and func-
tion (Table 1 and Fig. 4). (Intracellular transport mecha-
nisms of (3-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 | and IGF 1) [22], epider-
mal growth factor (EGF) [85], and hepatocyte growth
factor, scatter factor (HGF) [85] lead to a tyrosine phos-
phorylation of B-catenin with subsequent perturbation of
E-cadherin binding, loss of intercellular adhesion, and
promotion of cell motility. By affecting the function of
[B-catenin, an overexpression of these cytokines in colon
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Table 1 External factorsinfluencing directly or indirectly the intracellular distribution of 3-catenin

Factors Molecular effects

Conseguences

Cytokines (TFFs, IGFs, EGF, HGF)
Extracellular matrix

Activation of snail
Matrix metalloproteinases

Tyrosine phosphorylation of 3-catenin
Activation of integrin-linked kinase

Cleavage of, e.g., E-cadherin

Nuclear accumulation of 3-catenin
Nuclear accumulation of 3-catenin
Inhibition of E-cadherin transcription
Loss of E-cadherin function

i tromal cell
changing s
environment
f.f;{ﬁie””'ar soluble factors
&
integrins receplors
tumor cell

changing phenotype

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
[3-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

carcinomas is thought to modulate tumor cell adhesion
and migration. Overexpression of IGF Il enhanced colon
tumor growth in a mouse model [31] and induced a nu-
clear translocation of [3-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 B-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 B-catenin distribution is
the integrin-linked kinase (ILK). ILK is a serine/threo-
nine kinase which binds to intracellular domains of 31-
and [33-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 B-catenin and subsequent activation of
the B-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 B-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 active-
tion. Also other pathways known to be altered in colo-
rectal cancers, such as the PTEN/Akt [75]- or the TGF[3
pathways [69], are thought to interfere with the Wnt
pathway and possibly the nuclear accumulation of (3-cat-
enin. However, the relevance of these interactions for co-
lorectal carcinogenesisis still unclear.

However, also indirect effects by modulating [3-cat-
enin associated proteins could be relevant for the intratu-
morous heterogeneity of (-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 B-catenin, and it is discussed that increasing nucle-
ar LEF1 can trap B-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 [3-cat-
enin in addition to APC mutations, which subsequently
can be translocated and trapped in the nucleus of the car-
cinomacells.

Redifferentiation of tumor cells in metastases

The dedifferentiated phenotype with nuclear 3-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. Thisin-
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
B-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
[B-catenin was found [12]. Although these tumor cells
overexpress the (3-catenin target gene cyclin D1, associ-



ated with proliferation, a paralel overexpression of the
cell cycle inhibitor p16 was described, which could ex-
plain a proliferation arrest [42, 73]. Interestingly also
overexpression of pl6 seems to be initiated by nuclear
[B-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.

[3-Catenin in early colorectal carcinogenesis

Increasing amounts of nuclear B-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 B-catenin must be different. Wasan et al. described
a role of B-catenin in aberrant crypt fission, the initia
process of adenoma formation [97]. Recently, Shih et al.
demonstrated nuclear B-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 (3-catenin
is associated with increasing irregular branching in late
dysplastic colon adenomas [48], indicating that a modest
nuclear accumulation of [3-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 (3-catenin. One could speculate that different
amounts of nuclear [3-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 [3-catenin are associated with de-
differentiation toward mesenchyme-like tumor cells,
which alows long-range migration and dissemination of
stem-cell-like, isolated carcinoma cells.

[3-Catenin-independant effects
of APC gene mutations

It seems that dysregulation of the Wnt pathway through
decreased degradation of B-catenin is the decisive effect
of mutated APC in colorectal carcinogenesis. This is
supported by various, different investigations. Overex-
pression of a stabilized B-catenin-induced intestinal
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polyposis, similar to human FAP in mouse models [30].
A mouse model, in which APC mutations at codon 1638
leave the B-catenin binding domains in the truncated
APC molecule, does not show a colorectal cancer predis-
position phenotype [91]. Suppression of [3-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 [3-cat-
enin downregulating activity of the truncated APC pro-
tein [91] and, accordingly, reconstitution of the 3-catenin
binding domain of APC is sufficient for tumor suppres-
sion [86]. Dominant mutations in exon 3, stabilizing
[B-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 (-catenin was an independent
predictor of short patient survival, indicating also the
clinical relevance of deregulation of the Wnt pathway
during colorectal cacinogenesis [40]. Finaly, also other
tumors, such as esophageal squamous cell carcinomas
[17] and intestinal-type gastric carcinomas [63], show
nuclear accumulation of -catenin.

All these data suggest that [-catenin-stabilizing
mechanisms are necessary for colon carcinogenesis.
However, additional (-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 a. [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 [-catenin,
which is aso deleted in most colorectal carcinomas [8].
Another important function with strong impact for tumor
formation was discovered recently: APC plays arole in
regular chromosomal segregation during mitosis by
binding to microtubules and the checkpoint proteins Bub
land 3[21, 43]. ThisAPC 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
carcinomeas 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 (3-catenin in colorec-
tal cancer formation is indicated by the fact that muta-
tions in other components of this pathway, leading to en-
hanced [(3-catenin activity, are found in a high percentage
of such tumors. In particular, dominant mutations at the
target serine residues for GSK3-f3 in the B-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 M S| carcinomas, which similar
to APC mutations omit degradation of (-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 -catenin [1]. Thus, a dysregula-
tion of the Wnt pathway by targeting APC, 3-catenin or
other components is found in aimost all colorectal carci-
nomas.

Summary and conclusion

Taking into account its physiological role in embryonic
development, the dysregulated Wnt pathway plays a cru-
cia role for the genesis of colorectal carcinomas with
both normal and mutated APC. Thereby a modest nucle-
ar accumulation of [B-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 3-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 B-catenin, indicates that the phenotypic transi-
tions and the associated changes in intracellular distribu-
tion of [3-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 B-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.

changing
environment

§3 s o L~ DI
Nane

metastasis

environment

primary tumaor

deditferentiated
dissemination

nuclear f—cat

epithelial
proliteration
membr. [i-cat

epithelial
proliferation
membr, f-cal

==p transient and ongoing phenotypical transitions

Fig. 5 Model for the malignant progression of colorectal carcino-
mas. Adenomatous polyposis coli (APC) gene mutations lead to
overexpression of B-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 transocation
of B-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

2. Reciprocal interactions between the changing tumor
environment and the tumor cell regulate the dynamic
intracellular B-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 aterations.
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 initia
APC mutation, stabilizing (-catenin expression, is the
decisive genetic ateration, and the tumor environment
regulates intracellular B-catenin distribution with strong
conseguences for the tumor cell behavior. Thus, the dys-
regulation of the 3-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-



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.
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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 Wirzburg 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 aso 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



work of Rudolf Virchow (1821-1902), the doyen of
pathohistology. These two famous pathol ogists paved the
way for the further development of our speciality. Vir-
chow himself founded the pathological cabinet of the
Charitéin 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 histopathol ogi-
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 acohol (“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 aso had a numero antiquaz 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-pm 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.
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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 lumina 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 origina 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 itsregular volume from afool 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
11842 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
16370 Female/21 1834 Cystides pancreatis Congenital cysts
19370 Female/76 1840 Hydrops ductus Wirsungiani Moderately differentiated ductal adenocarcinoma
(G2)
19430 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
28770 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

aSpecimen collected by Johann Wagner
b Specimens collected by Carl Rokitansky
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Fig. 1 Case MN 1637 (Cystides pancreatis). Gross appearance of
the largest cyst (linear ruler in centimetres)

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
pancreatitisin 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 amost entirely denuded of
epithelium. Only in asmall area were afew 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

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 x25). b Detail (haematoxylin and eosin, origina
magnification x400)

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, €). 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. 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), origina
magnification x25]. ¢ Tumour
cells arranged radially around
afibrovascular stalk forming a
pseudorosette (H&E, original
magnification x400). PAS posi-
tive extra- (d) and intracellular
(e) globules (PAS, original
magnification x400)

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 x25). ¢ Detail
(haematoxylin and eosin, origi-
nal magnification x400)
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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 x50, c¢: origina magnification x400, both haema-
toxylin and eosin)

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

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 alowed us, despite
some autolytic changes, to assess the underlying histopa-
thology of each specimen. Especialy 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-
agnosisin six cases and at a plausible diagnosisin 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



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,
Thoringen, and assistant to Emil Ponfick during his time
in Gottingen, Germany; Ponfick (1844—-1913) was a pu-
pil of Virchow’s] reported in thisjournal in 1882 that the
appearance of fat necrosisis 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 aco-
holism in chronic pancreatitis [32] and published a com-
prehensive study (145 autopsies) describing morphologi-
cal changesin 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
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[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 idet cell cancer [4]. In Vienna, Feyrter de-
scribed the so-caled “Helle-Zellen-System”, later called
the APUD cdl 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], pancredtic 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
a. 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-
thol ogists 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 aso 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 AV Cs 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 magjor target of these losses.
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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 aone [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-
sia [3, 4, 6, 12, 19, 21, 25, 28, 29]. It has aso 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 arecent study, we found that allelic losses (LOH)
on chromosomal arms 17p and 18q are relatively fre-
guent 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)B 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, athough it may also be in-
activated by mutation of one alele 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 ateration of DPC4 and its nega-
tive staining correlates with genetic inactivation in 93%
of cases [18, 31]. Thus, DPC4 status can be assessed by
asimple test on archival material.

Materials and methods

Selection of cases

Eighty-nine paraffin-embedded AV Cs 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 fina 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 Il, infiltration of duodenal
submucosa; T-stage |11, involvement of duodenal muscol-
arispropria; 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 a. [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 al 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 al nuclei [26]. Typical examples are shown

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
| 3 - —
Il 20 3 -
11 12 17 1
\Y) 21 18 4
Nodal metastasis
Positive 20 14 3
Negative 36 14 2




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
AV C24. d Negatively staining
intestinal type case AV C6.

e Positively staining pancreato-
biliary cancer AVC59. f Nega-
tively staining pancreatobiliary
cancer AVC8L. g Colloid-type
cancer AV C60 with nuclear
staining. h Case AV C79 show-
ing positive-staining cancer
cells and a vascular invasion
lacking anti-Dpc4 staining

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-

21

ing for Dpc4 was scored as positive or negative. Fifty-two
tumors scored positive and showed diffuse cytoplasmic
and nuclear staining in the vast mgjority 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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Table 2 Results of multivariate

statistical analvsis (Cox’s mod-  Vaiable No. of No. of Relative risk of death P value
d). IH zlauzard rat?/o is(adj l)J(Sted for surviving dead (95% confidence interval)
age, sex, macroscopic feature, patients patients
size, histological type, grade
and DPC4 status. Three pa- Stage
tients (one colloid and two in- -1 20 4 1 -
testinal type cancers) died dur- 11 10 10 2.59 (0.80-8.35) 0.11
ing the immediate postopera- v 20 22 6.70 (2.23-20.15) 0.001
tive time and were not consid-
ered in thisanalysis 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
Probability Probability
of survival of survival
14 | A e
0.8 4 08 4o N
Stage I-11

06 A

04

024

(33)

0 T T T T T T

(25) 23) (15)

0 12 24 36 48 60 72
Months of follow-up

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

(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 occasiona 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. Dpcd 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

06 - b

1 S N I SR

S R Jo SV

0 T T T T T T

0 12 24 36 48 60 7
Months of follow-up

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

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
V) was 6.7 times higher (95% CI 2.2-20.1) than that of
patients with their disease in stages | or Il (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 |11 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.



Discussion

Alteration of the expression of Dpc4 has been reported
in pancreatic ductal cancers and mucinous cystic neo-
plasms, as well asin 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, afrequency 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 aready 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 aso 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 mgjor 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
DPCA4, are also altered in AVCs, the relative frequencies
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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.
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Introduction

Oncogenic viruses are well-established agents in the de-
velopment of certain types of cancers. The Epstein-Barr
virus (EBV), awidely 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 al LELCs contain the virus, especialy 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 adenocarcinomeas 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 sguamous 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 isrestricted 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—mmunoperoxidase 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 Hinfl 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 (-globin gene
which includes the sites for the sickle cell and haemoglobin muta-
tions was used. All primer sets and probes were obtained from
ViennalLab 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 uM) for PCR were ac-
cording to the recommendations of the manufacturer (Viennalab).
Reaction volumes of 25 ul 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 fina 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 polynuclectide kinase and
32P-gamma ATP.

In situ hybridisation of EBV-encoded RNASs

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%
paraformal dehyde and incubated in hybridisation solution without
probes (4x standard sodium citrate, 30% deionised formamide,
10% dextran sulfate, 1x 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/I-light chain mRNA (posi-
tive controls), a DIG-conjugated cocktail of nine oligonucleotides
(R & D, Minneapalis, 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 akaline phosphatase
and NBT/BCIP as substrate [14]. The slides were counterstained
with alight 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 [obecto-
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.

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/45 L obectomy T2N2M VIV 90 DOD/12
SOB

2 73/Male Cough, SOB RUL/6 Biopsy T2N2MO/ITA 70 DOD/6

3 56/Female Bronchial RUL/4.2 L obectomy, T2N1IMO/IIB 40 DOD/6
asthma autopsy




Fig.1 Case 1. a Signet-ring cell carcinoma forming solid cell
nests surrounded by moderate lymphoplasmatic infiltrate. Haema-
toxylin and eosin x330. b Epstein-Barr virus (EBV)-encoded
RNAs (EBERs) showing heterogeneously scattered nuclear stain-
ing of tumour cells. In situ hybridisation x250. ¢ EBER-positive
multinucleated tumour cell with intranuclear inclusions. In situ hy-
bridisation x700. 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 x700

Gross and light microscopy findings

On gross examination, al 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. laand 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 al cases. D-PAS staining was positive
in al 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-cellsand CD 3 positive T-cellsin all cases.

Fig.2 Case 3. Scattered signet-ring tumour cells within the
solid area containing abundant intracytoplasmic mucin. Periodic
acid—Schiff with diastase pretreatment x330

Polymerase chain reaction

EBV DNA was detected in one of the three investigated
cases (Fig. 4a). With the use of B-globin, the samples
produced 110-bp PCR products visualised on ethidium




Fig. 3 Case 2. Lymph-node metastasis forming solid areas of sig-
net-ring tumour cells. Haematoxylin and eosin x60

1 2 3 pos
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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 B-globin 110 bp
(1-3 numbers of cases). neg Negative control (distilled water),
pos positive control. b Dot-blot hybridisation; +cl 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)

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]. Severd 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 afew 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
timesin 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



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 aready 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 arolein 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 lungin a
Caucasian patient. Although, we had only alimited num-
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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 rolefor EBV in thistype of cancer.
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Abstract Retinoid bioavailahility is regulated by the ac-
tivity of specific cytoplasmic receptors. High levels of cel-
[ular 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 practicaly
absent in normal gastrointestinal smooth muscle tissue.
CRBP-1 positivity was particularly elevated in the epithe-
lioid variant of leilomyosarcoma; it was associated with in-
creased proliferative and apoptotic rates and inversely re-
lated to smooth muscle differentiation evaluated by a- and
y-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-k-Bp65
and RARa 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 Actinisoforms - Myometrium - Retinoic acid -
Smooth muscle

Introduction

Retinol and retinoid derivatives participate in a wide
range of biological processes and play a significant role
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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
o-smooth muscle actin (a-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 leilomyomatous 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 morphol ogi-
cal, immunohistochemical, and biomolecular methods, 36
uterine and gastrointestinal |eiomyomas and |leiomyosar-
comas recruited over the past 5 years at the Institute of
Anatomic Pathology, Tor Vergata University of Rome, It-
aly. Differencesin 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 leilomyomas (LM, n=10), cellular (n=3), symplastic
(n=3), epithelioid (n=4), myxoid LM (n=3), borderline tumors
(n=2), and typica (n=8) and epithelioid leilomyosarcomas (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 criteriaincluded 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 mMRNA extraction.

Histology and immunohistochemistry

Tissue samples were fixed in 10% neutral buffered formalin, em-
bedded in paraffin and 3- to 4-um-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% H,O, (20 min), and incuba-
tion with normal goat serum (30 min), serial sections were reacted
for 1 h with monoclonal anti a-SM actin, anti-desmin, Ki67, and
CD34 (Dako) and with polyclona 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 asolution 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 a-SM actin immunoreaction
was estimated at x200 magnification by two different researchers
who used a grading system in arbitrary units as follows. negative
(—=0), focal (x=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 cal cul ated.

Proliferation and apoptosis

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

calculated at x200 magnification using a Quantimet 920 image an-
adyzer (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%
H,0O, 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 a. [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
NaCl, precipitation was used as chromogen for the anti-Ki67 and
TUNEL, followed by the second immunoreaction for a-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% OsO, 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 |11 (LKB), counterstained with
uranyl acetate and lead citrate and studied under a Philips 301
€electron microscope.

Sodium dodecy! 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], 560 pg protein was
electrophoresed on a 5-20% gradient gel. Separated proteins
were transferred to nitrocellulose filters (0.45 mm, Schleicher &
Schuell) which were aternatively incubated with anti-a-SM actin
or anti-desmin (1:500) followed by a goat anti-mouse immuno-
globulin G (1gG, 1:10%), anti-CRBP-1 (1:100), a, 3 and y isotypes
of RARs (Santa Cruz, 1:500) and Bax protein (Santa Cruz, 1:100),
followed by a goat anti-rabbit 1gG (1:10°) or Bcl-2, (Santa Cruz,
1:100), and NFkBp65 (Santa Cruz, 1:200) followed by a donkey
anti-goat 1gG (1:10°). 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-



Table 1 Clinical data, immunohistochemical evaluation and ex-
perimental procedures. — negative, +/— focally positive, + weakly
positive, ++ moderately positive, +++ diffusely positive. Methods
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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 o-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 — +++ +++ 1,24
55 Female Bowel - +++ +++ 1,24
43 Female Uterus +/— ++ +++ 1,2, 4
438 Female Uterus +/— +++ +++ 1,245
51 Male Stomach - +++ +++ 1,2
51 Female Uterus - +++ ++ 1,2
65 Male Bowel +/— ++ +++ 1,24
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 Uterus? +/— +++ +++ 1,2, 4
49 Female Uterus? +/— +++ ++ 1,345
61 Male Bowel2a - +++ ++ 1,2
39 Female Stomach? +/— ++ + 1,2
45 Femae Uterusd + ++ ++ 1
57 Female Uterus? +/— ++ ++ 1,4,5
42 Female Uterus? +/— +++ ++ 1,2
65 Female Bowel2a - ++ ++ 1,2,4
49 Female Uterus? +/— ++ +++ 1,2
48 Female Uterus? +/— +++ +++ 1,23,4,5
43 Female Uterusd +/— ++ ++ 1,2,4,5
38 Female Uterus' +/— ++ ++ 1
41 Female Boweld + ++ + 1,2
36 Femae Uterus' + ++ ++ 1
54 Femae Uterus? +/— ++ ++ 1
55 Female Uterus® + ++ ++ 1
48 Female Uterus' +/— ++ ++ 1
42 Male Bowela +/— ++ + 1,4
44 Female Uterus? +/— +++ ++ 1
53 Female Uterus® +/— ++ ++ 1
49 Female Uterus® + ++ ++ 1
51 Male Bowela +/— ++ ++ 1,34
43 Female Uteruse +/— ++ ++ 1
25 Female Uterus® +/— +++ ++ 1,2
L eiomyosarcoma 55 Femae Uterusd +++ +/— +/— 1,24
48 Female Uterus? ++ ++ + 1,23,4,5
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 ++ ++ ++ 1,24
36 Female Uterus? ++ +/— + 1,2, 4
49 Female Uterus? ++ +/— + 1,2
56 Mae Bowela ++ +/— ++ 1,234
58 Female Uterusd ++ +/— + 1,23,4,5
aTypical b Cellular ¢ Symplastic d Epithelioid eBordeline tumor fMyxoid

thesized (Invitrogen, Switzerland) based on published sequence
data:

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

2. 0-SM actin sense 5-AGAACGCAAATATTCTGTCTG-3'
-Antisense 5'-TAACCAGTAGCCTATTTCAGA-3

3. y-SM actin sense 5-AGAGCGGAAGTACTCAGTCTG-3
-Antisense 5'-CATGACTGGTAACAGAGTAGT-3'

4. [2-microglobulin sense 5'-ATCTTTCTGGTGCTTGTCTC-3
-Antisense 5-AGTGTGAGCCAGGATGTAGT-3'

PCR products were analyzed by means of electrophoresis on 2.5%
agarose gels using 1 pg 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 32-microglobulin [12].

Statistical analysis

Statistical analysis was performed using an SPSS program (Statis-
tical Package for the Social Sciences, 4th edn., MJ Norusis/SPSS






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
0-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 a-SM actin immunostaining (Fig. 1). In
80% of the cases, examination of myometrium revealed
a dlight 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
0-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 a-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-

Fig. 1 Cellular retinol binding protein-1 (CRBP-1) and a-smooth
muscle (SM) actin immunoreactivity in nontumor SM tissue and
leiomyoma (LM). A strong CRBP-1 positive reaction of stromal
and epithelial cellsis observed in early proliferative (b), secretive
(9), cystic atrophic endometrium (i) and adenomyosis (n) but not
in underlying or adjacent myometrium; o-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 a-SM actin
(e). Myometrial cells exhibit a slight diffuse immunostaining for
CRBP-1 with rare positive cells (f); seria sections of uterine LM
showing morphological aspect (j), a slight CRBP-1 positivity with
rare strongly positive cells (k) and intense a-SM actin immunore-
action (l); a rare Ki67 positive LM cell (m); CRBP-1 immuno-
staining of cirrhotic liver as control (0) shows markedly positive
Ito cells and dlightly positive or negative hepatocytes. Origina
magnifications: a—c, g, h, i, n x100; d, e x125; f x160; j—m and o
%200
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Fig. 2 Bar graphs represent mean differences (+SEM) of cellular
retinol binding protein-1 (CRBP-1) and a-smooth muscle (SM)
actin expression in gastrointestina and uterine normal SM tissues,
leilomyoma (LM) and leiomyosarcoma (LMS). Amounts of
CRBP-1 and a-SM actin were evaluated by means of immunohis-
tochemistry on serial sections with a grading system in arbitrary
units as follows: absent O; 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

sue (P<0.02) without differences compared with uterine
LM. Instead, a-SM actin immunoreactivity was similar
to that of nontumor tissues. Epithelioid LM showed
round or polygona 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
aswell asa-SM actin expression (Fig. 2).

Leiomyosarcoma

The mean age of patients with LM S was 53.5+2.4 years.
Histologically, typical uterine and gastrointestinal LMS
were composed by slender or dlightly 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, LM S 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. 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 a-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 a-SM actin positive neoplastic
cells with strong vascular staining (€) and numerous desmin-positive
neoplastic cells (f); at low magnification, infiltrative edge of intesti-
nal LMS (g) strongly CRBP-1 positive (h), a-SM actin negative (i)
and desmin-positive (j); epithelioid LMS (k) diffusely and strongly
positive for CRBP-1 and (I) practicaly negative for a-SM actin.
Original magnifications. a—f, k, | x200; g+ x180
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epithelioid and sparse typical spindle-shaped areas were
adjacent. LM S were negative for c-kit, S-100, and CD34
immunoreactions. Typical LM S areas showed an intense
and diffuse positive CRBP-1 staining and a reduced
0a-SM actin and desmin expression. Staining of serial
sections confirmed that LM S areas with importantly re-
duced levels of a-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 a-SM actin expression rela-
tive to LM (P<0.01). In some cases, amost negative
0a-SM actin LMS were dlightly positive for desmin and
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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

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 a-SM actin confirmed that the majority of Ki67 or
TUNEL positive cells were of myaocitic origin. Many
Ki67 positive cells were also positive for CRBP-1,
whereas the magjority of TUNEL positive cells were
CRBP-1 negative.
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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 a-smooth muscle (SM) actin expression is lower in leiomyo-
sarcoma (LMS, lanes 3, 6) than in lelomyoma (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)

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 a-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 a-SM actin
expression. Increased levels of CRBP in LMS were
parallel to those of RARa, whereas RARP and vy 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. 6 Detection of cellular retinol binding protein-1 (CRBP-1),
B2-microglobulin (2-M), a- and y-smooth muscle (SM) actin
transcripts using reverse-transcription polymerase chain reaction.
Myometrial (lane 1) and leilomyomatous (lane 2) tissues contain
low amounts of CRBP-1 and high levels of a- and y-SM actin iso-
form transcripts, whereas the opposite is observed in uterine leio-
myosarcoma (lane 3); lane M pGEM DNA marker

vedled 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 a- and
y-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-k-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-k-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 a-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
apoptosisin LMS are not necessarily linked [10, 11, 42].
Here we report that uterine and gastrointestina LM S 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
0- or y-SM actin expression. Preliminary immunohisto-
chemical results show that these findings are shared by
LMS of other districts (Orlandi et al., unpublished re-
sults). Arteriadl 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 TGF[3-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-1in LMS
are associated with increased expression of RARa but
not of B and y signa gene transducers. RARa mediates
RA effects in CRBP-1-expressing SMCs in vitro [29].
The role of RARa 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 norma media SMCs [33]. Our re-
sults support the possibility that the expression of



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 morein LM and LM S 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-k-Bp65 expres-
sion in LMS. NF-k-B is composed of two subunits,
p50 and p65 [2]. Antisense p65 oligonucleotides inhibit
tumorigenicity in mice [21], suggesting a main role
of NFkBp65 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
o- and y-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 al adeno-
carcinomas stained positively, there was amost 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-

A.M. Miller ([]) - A. Weichert - K.-M. Miiller
Institut fir Pathologie,

Berufsgenossenschaftliche

Kliniken Bergmannsheil-Universitatsklinik,
Burkle-de-la-Camp-Platz 1, 44789 Bochum, Germany
e-mail: annette.mueller @ruhr-uni-bochum.de

Fax: +49-234-3026671

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
mol ecules 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 alow 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
al 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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Table1 Antibody panel for

routine diagnostics for the dif- ~ Antibody

Positive staining reaction with:

ferential diagnosis of adenocar-

cinomas and mesotheliomas Carcinoembryonic antigen

Human epithelial antigen
Calretinin

BMA 120
Vimentin

Cells of adenocarcinomas
Surface and cytoplasm of epithelial cells

Strongly: epithelioid mesothelioma cells; focally weak:
fibrillary mesothelioma cells of sarcomatoid mesotheliomas [16, 31]

Endothelial and mesothelial cells
Mesenchymally derived cells

Table 2 Number of tumours, sex and age of patients

Table 3 Scoring of the immunohistochemically stained specimens

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

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 anaysis, an
increased number of ashestos fibres was found in the lung tissue
of these patients.

Immunohistochemistry

For E-selectin and VCAM, the 0.4-um sections were stained using
the APAAP (akaline 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-hiotin-complex) method was used. In order to
block endogen peroxidase, the slides were incubated in H,O, (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 H,O, 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.

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 afaint 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

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 differencesin
grading were resolved by joint examination.

Results
Vascular cell adhesion molecule

The tumour cells of al 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. Asthe 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
al (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-



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 (€) in contrast to a negative staining reaction of
this antibody with tumour cells of a biphasic mesothelioma (f)
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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 dlightly 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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Table 4 Intensity of the staining of the tumour cells of the adeno-
carcinomas and mesotheliomas with the antibody against vascular
cell adhesion molecule. O negative, (+) focaly positive, + weak,
++ moderate, +++ strong

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

18 Adeno- 44 Mesotheliomas 18 Adeno- 44 Mesotheliomas
carcinomas carcinomas
n=15 n=15 n=14 n=15 n=15 n=14
Epithelioid Biphasic Sarcomatoid Epithelioid Biphasic Sarcomatoid
0 - - - 1(7.1%) 0 1 (5.6%) 7 (46.7%) 10 (66.7%) 12 (85.7%)
* - - - - + - 3(20.0%) 4(26.7%) 2 (14.3%)
+ - 2 (13.3%) 2 (13.3%) 5 (35.7%) + 3 (16.7%) 5 (33.3%) 1(6.7%) -
++  13(72.2%)  5(33.3%) 7(46.7%)  5(35.7%) ++  6(33.3%) - - -
+++  5(27.8%)  8(53.3%) 6(40.0%)  3(21.4%) +++ 8 (44.4%) - -
Table5 Intensity of the staining of the tumour cells of the Discussion

adenocarcinomas and mesotheliomas with the antibody against E-
selectin. O 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%)

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. 1le) 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 al. 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 al. In 2 sarcomatoid meso-
theliomas, we found a very weak focal staining pattern,
while the remaining 12 sarcomatoid mesotheliomas
showed no staining at al (Fig. 1f; Table 6).

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). |mmunohistochemistry 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].



Comparable to our findings, Ruco et a. [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 mesothelia 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
inour 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 al mesotheliomas at least a
weak expression of this adhesion molecule.

E-cadherin

The cell—ell 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 aweak 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
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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. Asin our study, the on-
ly adenocarcinoma without staining reaction was mini-
mally differentiated. Leers et a. [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 adenocarcinomain 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 paralel to a rising tumour grade was found by
Schippers et a. [23] for carcinomas of the head and
neck, Terpe et a. [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 usua interstitial pneumonia
(UIP), a progressive lung disease, remains unclear. We
examined alveolar structure in UIP three-dimensionaly.
Lung biopsy specimens from five patients with idiopath-
ic pulmonary fibrosis were used. Sections 150-pym thick
were stained with elastica solution for elastic fibers, with
o-smooth muscle actin antibody for myofibroblasts, with
anti-Thomsen-Friedenreich antibody for type-1l 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 aveolar volume. Near the fibrotic lesions, some
of the thin elastic fibers in the alveolar wall were slightly
sinuous and ended with rounded tips. Type-ll 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-1l pneumocytes may be
involved with this elastolysis.
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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-Il 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 |PF. Morphological examination is nec-
essary to examine the heterogeneous inflammatory
lesionsfound in UIP.

In pulmonary fibrosis, type-Il pneumocytes may stim-
ulate myofibroblasts or fibroblasts [6, 12]. In UIP, epi-
thelial-mesenchymal interaction may occur focaly be-
tween neighboring epithelial cells and mesenchymal
cells, and proliferation and distribution of type-1l pneu-
mocytes may be important in remodeling the alveolar
structure. Type-1l pneumocytes are found at the corners
of polygonal aveoli 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-Il1 pneumocytes, and CD34-positive vessels.

Methods

Lung biopsy specimens obtained from five patients with |PF 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 findingsin al 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



Fig. 1 a Alveoli near afibrotic lesion in usual interstitial pneumo-
nia (UIP); stereopair with Elastica van Gieson staining. Elastic fi-
bers form the alveolar framework. Alveolar orifices (arrows) are
dlightly enlarged. Bar 100 um 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 um

Fig. 3 a Moderately fibrotic lesion in usual interstitial pneumonia
(UIP); stereopair with Elastica van Gieson staining. Thick elastic
fibers are dightly sinuous, and one of them suddenly becomes
narrower (arrow). Bar 50 um. 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 pm. 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
7x7 mm, and they were sectioned at 150-um 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) monoclona antibody (1:200, Dako,
Grostrup, Denmark), anti-a-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
1gG 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 dightly
smaller diameter branch from the elastic bundles and
form the framework of the aveoli 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 norma alveoli, aimost all the elastic bundles and
fibers are straight, not sinuous.

In the area of UIP with normal-looking alveoali, the
three-dimensional arrangement of the elastic fibers was
amost 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 dlightly 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 aveolar 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,
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and they had only a few branches. They were not partic-
ularly dense and did not intertwine one with another

(Fig. 4).

Immunostaining with a-smooth muscle actin and CD34

Although a-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, a-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 a-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 arough surface branched irregularly (Fig. 6).

Type-1l pneumocytes

In the control sections, type-Il1 pneumocytes were located
at the corners of the alveoli and alongside the thick elas-
tic fibers forming the alveolar structure [7]. Near the
fibrotic areasin UIP, type-1l 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-Il 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-1V collagen or denatured collagens [9, 15].
MMP-9 has been shown to be intensely expressed by re-
generated cells, alveolar macrophages, and neutrophilsin
UIP, and the intense expression of MMP-9 by metaplas-
tic epithelial cellsis especialy characteristic of UIP[19].
Possibly, the proliferated type-1l 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-1l pneumo-
cytes had proliferated and were distributed uniformly
over the aveolar 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-1l pneumocytesisto repair the alveolar epithelial
damage [5], and their proliferation in UIP possibly indi-
cates continuing alveolar damage.

Type-ll pneumocytes may migrate onto the aveolar
face from the corners of the alveoli in a variety of lung
diseases, including UIP. In the normal lung, type-1l 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-1l 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-
[ular 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 UIR, proliferation of type-1l pneumocytes or prolifer-
ation of mesenchymal cells. It is known that epithelial—

Fig. 5 Moderately fibrotic lesion in usua interstitial pneumonia
(UIP); a stereopair immunostained with anti-a-smooth muscle ac-
tin antibody and b stereopair immunostained with anti-a-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 pm

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 pm. 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-ll
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 pm. b Hematoxylin and eosin stain. The lesion, near a
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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-a-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-11 pneumocytes may be involved with this elastoly-
sis. Regrettably, irreversible aveolar 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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Abstract To determine the role of cell proliferation and
apoptosis in uterine leilomyoma 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 leilomyoma and myometri-
al smooth muscle cells throughout the menstrual cycle.
Bax expression differed from Bcl-2 in that it dso 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 leilomyomas or myometrium. PCNA- and Ki-67-label-
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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 lelomyoma 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 leilomyomas are responsible for
nearly 200,000 hysterectomies annually [6].

The contributory role of cell proliferation versus pro-
longed cell surviva 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 leilomyoma 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 isa 26-kDa intracel lular 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 leilomyoma 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 leilomyoma and six samples of norma 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 pm, 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 3060 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 1x automation buffer (Biomeda Corpora-
tion, Foster City, Calif.) for 30 s each. Tissues were then placed in
3% H,0, (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 1gG (for Bcl-2 detection; Vector Laboratories, Burlin-
game, Calif.) or goat anti-rabbit 1gG 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 coverdlipped 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 norma myometrium represent the mean intensity for
each protein. Statistical analysis was performed on the summary
of mean staining intensity scores of lelomyomas 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 polyclona 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 1gG antibody. For PCNA staining, a1x 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 leilomyoma and norma myo-
metrium was homogenized in alysis buffer containing 10 mM Tris



pH 8.0, 150 mM NaCl, 3 mM MgCl,, and 0.5% Nonidet P-40 with
protease inhibitors (2 mM phenylmethylsulphony! fluoride and
10 pg/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 atotal 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 pg/30 Wl in the lysis buffer. Thirty microliters of each sample
(containing 10 pg protein) were mixed with 20 pl 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 (40x 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. Nuclel 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 |abeling indices.

Mitotic counts

A Leitz Laborlux 12 microscope with 10x Periplan eyepieces and
a 40x objective was used for counting mitotic figures. The field
diameter used was 0.46 mm, and the field areawas 0.17 mm?2. The
entire section was scanned initialy 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.

Satistical analysis

For each of the three parameters (mitoses, PCNA, and Ki-67), the
average values of al the leilomyomas 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 aso
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shown in Table 1. The overal ratio of leilomyoma 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 al of the leiomyomas in the study and dividing
by the average number of mitotic figures or labeling indices for al
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-67-1abeling [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% H,O, in PBS. Samples were
rinsed in PBS, excess liquid was removed by blotting, and a 1x
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 Cfor 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 leilomyoma 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 leilomyoma and normal
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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 leilomyoma (E). Magnifications: A, B x82;
C x330; D, E x165

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
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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 athough the overal inten-
sity of staining was marginaly 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



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-
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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
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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 leilomyoma 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 lelomyoma 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 leilomyoma 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 adot 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 leilomyomas
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

Fig. 3 Western-blot analysis of < e ) e © b, o ~ g -
leiomyoma (L) and patient- < © M~
matched myometrial (M) tissue = O =2 3 = O =2 4 3
extracts for Bcl-2 and Bax pro- 30kD -
teins. Note anti-Bcl-2 and anti-
Bax antibodies specifically de- W o Sy o A e :l Bel-2
tected proteins at 26 kDa and 21.5kD-
21 kDa, respectively
21.5 KD — et _-_—-‘:IB&X

14.3 kD -

Table1l 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

samples? Mean Range Mean Range Mean Range
1 3 0 10 03 0.4 11 0.6-20 0.2 15 0.4-35
2 4 0 44  2-13 0.2 28 0558 0.6 13 0.6-1.8
3 1 1 40 - 0.1 27 - 0.1 11 -
4 14 0 13 04 0.1 1.8 0448 0.4 0.9 0.2-1.7
5 6 0 38 26 0.1 38 2050 0.5 13 0.8-2.3
6 17 1 108 2-31 0.2 54 1690 0.5 23 0.6-7.2
Overall 16.9 19.2 4.0
ratioP

aThere was a single sample of myometrium for each subject

bQverall ratio of proliferative activity (mitoses, PCNA labeling
index, and Ki-67 labeling index, respectively) in the l[eilomyomas
relative to that in the myometrium. For al three variables the in-

creased proliferative activity in the leilomyomas relative to the
myometrium is statistically significant (P<0.05 using a Wilcoxon
signed-rank test)
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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 leilomyoma (D) samples; note numer-
ous PCNA positively stained nuclel in the lelomyoma versus
single positive cell in the myometrium. Ki-67-labeled myometrial
(E) and leiomyoma (F) tissues, note frequent Ki-67 positively
stained nuclei in lelomyoma versus single positive cell in the myo-
metrium. All digital images x100
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with 0.1-0.4% (PCNA) and 0.1-0.6% (Ki-67) for normal
myometrium. The overal ratio of |eiomyoma/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
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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 lelomyomas and matched myometrium, overall,
were negative for 3'-OH end-labeling (TUNEL) of DNA
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Table 2 Tumor size versus proliferative activity of uterine leilomyomas. 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
34 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

fragments. There were 1-2 TUNEL-labeled nuclei iden-
tified among the leilomyoma 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-1abeling.

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
leilomyomas 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 lelomyomas arising there. Gompel et
a. [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 a. [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 leilomyomas were Bcl-2 posi-
tive. Other investigators have reported increased expres-
sion of Bcl-2 protein in human uterine leilomyomas, 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 arein
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 leilomyoma and myometrial tissue, complete
loss of Bax protein expression was not a feature of the
uterine leilomyomas 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 a. [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 differencesin apoptot-
ic indices, the mean mitotic counts and PCNA and Ki-67
percent labeling indices were significantly higher in the
uterine leiomyomas compared with norma myometrium.
The PCNA and Ki-67 labeling indices for the leilomyomas
were generaly 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%.



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-1 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 atumor 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 leilomyoma growth, and furthermore, based on these
studies, that the proliferative state is autonomous for in-
dividual tumorsin 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. |solated amoebic appendicitis (IAA)
is regarded as a rare manifestation of the disease global-
ly. Because there are no defined clinical features that dis-
tinguish 1AA 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 al 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
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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 |AA 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 outcomein 1AA [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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Table1l Summary of clinical and gross pathologica 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) ) N
Symptoms Fever (21), abdominal pain (21), nausea (11), diarrhoea (8), vomiting (7)

Duration of symptoms (13 patients)
Pre-operative diagnosis

1-5 days (mean 2 days)
Acute appendicitis (13), acute abdomen (8)

Intra-operative diagnosis Acute appendicitis (21)
Investigations

WBCC (15 patients) 7.2-31.3x109 (mean 18.4x109)
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 59cm

Peritonitis 19

Entire appendix 12

Distal third only 7

Perforation 14

Faecolith 8 (proximal third)

Luminal pus 19

Irregular ulcers NK

Other pathology Nil

amoebic calitis, 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, 1AA 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 crucia, 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 al ap-
pendicectomies diagnosed and coded using the Systemized No-
menclature of Medicine coding system as amoebic appendicitisin
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 monthsto
73 years (mean age 30.9 years). Although fever and ab-
dominal pain were present in al patients, diarrhoea, nau-
sea and vomiting were variable symptoms. Dysentery was
not afinding 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 al cases was acute appen-
dicitis, in none was an amoebic aetiology considered.

Pathological findings
Grossfindings

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, lumina acute inflammatory exudate,
amixed inflammatory cell infiltrate, necrosis with karyor-
rhectic debris and haematophagous amoebic trophozoites



(HATSs) were identified transmuraly 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
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Fig. 1 Ulceration and inflammation confined to the mucosa (as-
terisks, hematoxylin and eosin 48x). Inset: high power of encir-
cled ulcerated focus with numerous haematophagous trophozoites
(arrows) and necrotic debris (periodic acid Schiff 640x)

Fig. 2 Extension of inflammatory process up to submucosa (S)
with haematophagous amoebic trophozoites in advancing edge
(arrows, M mucosa) (periodic acid Schiff 320x)

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) 48x]. b Under-
mining (asterisks) of mucosa (M), zone of infarctoid necrosis (N),
haematophagous trophozoites in advancing edge (arrow) and
karyorrhexis (K, PAS 320x)

Fig. 4 Serosa and omental extension of inflammation with tropho-
zoites between adipocytes [periodic acid Schiff (PAS) 160x]. Inset:
intravascular haematophagous trophozoites (arrows, PAS 160x)

(Fig. 3d). 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 amoebiasisin al 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



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) 480x]. b Vein with thrombophlebitis, karyorrhectic
debris (asterisk) and haematophagous trophozoites (arrow) in vein
wall (PAS 160x)

(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 thrombophl ebi-
tis, of medium sized submucosal and mesenteric veinsin
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
in4, 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 740% of fatal cases of amoebiasis [16].
Some workers have stated that amoebic involvement of
the appendix arises exclusively or aimost exclusively by
extension of the infection from the caecum and colon
[4, 7]. Although in most cases amoebic appendicitis
is accompanied by caeca involvement (Table 2), 1AA,
athough rare, is a distinct entity with examples of 1AA
being reported mainly as individual case reports in the
literature (Table 2). The spectrum of amoebic appendice-
a 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 al 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 al 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 1AA, 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 sequentia 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



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 a. (1956) [18]) 148 3
Torres (1967) [16] 2 2
Brandt and Tamayo (1970) [4] 295 24
Kapoor et a. (1972) [17]) 68 23
Poltera and Owor (1973) [26] 99 1
Judy (1974) [16] 8 8
Ciftci et a.2(1999) [5] 554 7

Isolated amoebic appendicitis

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

RRRRRRRRE

aCiftci et al.: review of 554 cases of intestinal amoebiasis
b Soliman: review of 77 cases of non-specific bacteria appendicitis

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-
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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 aterations, 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-
culitisis 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 al 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 1AA.

Gulati et a. have suggested that patients with 1AA
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
al 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-
siswould 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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diagnosis and treatment. Literature review reveas 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]. Surgica 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 appendicitisis 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 histopathol og-
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 neutrophilsin
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 lymphocytesin the inflammatory
infiltrate in al 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

M.V. Caliari ([ ]) - R.A.F. Cga- G.A. Magalhdes - W.L. Tafuri
Laboratorio de Patologia Comparada,

Departamento de Patologia Geral, Instituto de Ciéncias Biolégicas,
Universidade Federal de Minas Gerais, Av. Antonio Carlos 6627,
Pampulha, Belo Horizonte, Minas Gerais, Brazil CEP 31.270.901
e-mail: caliari@ich.ufmg.br

Tel.: +55-31-34992892, Fax: +55-31-34992879

M. deLana- C.M. Carneiro - M.T. Bahia

Departamentos de Analises Clinicas e de Ciéncias Biol dgicas,
Universidade Federal de Ouro Preto, Ouro Preto,

Minas Gerais, Brazil

C.A.B. Santos

Departamento de Ciéncias Bioldgicas,

Universidade do Vale do Rio Doce, Governador Valadares,
Minas Gerais, Brazil

1.B.M. Sampaio
Departamento de Zootecnia, Universidade Federal de Minas Gerais,
Belo Horizonte, Minas Gerais, Brazil

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 Trypanosomacruzi - 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-y) [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 along 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. cruz, 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-
versia, 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 changesin 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 norma 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, S&o Paulo, Brazil). Nine dogs inoculated with the Be78
strain were sacrificed about 33 days after infection, and the
remaining 11 chronicaly infected dogs were sacrificed between
22 months and 129 months after infection. Necropsy was performed
and a fragment of approximately 1.0x1.0x0.2 cm from the right
atrial wall was taken. Smaller fragments were prepared from this

materia 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-um-thick sections stained with haematoxylin and eosin (H & E)
and Gomori’s trichrome. Control dogs were analysed for histo-
pathology only.

Immunohistochemistry for T. cruz

About 60 histological sections per animal aso obtained from
paraffin-embedded fragments were utilised for T. cruz 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 1gG 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-um-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/H,0,
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 1gGs (Serotec Ltd.,
Oxford, UK). The sections were then incubated with biotinylated
goat 1gG 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% H,O, 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 |abelled with anti-caCD5,
caCD8 and caCD4 antibodies

All positive cells were counted in 30 random images (fields) at 40x
from each section labelled with anti-caCD5, caCD8 and caCD4
antibodies making up 90 images and a total area of 4.8x106 um?
from each animal. The images were obtained through a JVC TK-
1270/RGB microcamera and the KS300 software built in a Kontron
Elektronick/Carl Zeissimage 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 cellsin the inflammatory infiltrate. The caCD8 is



Fig. 1 Myocardium of dogs inoculated with Trypanosoma cruz
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 x440. b Chronic fibrosing myocarditis constituted
by a mononuclear infiltrate especially rich in lymphocytes and ac-
centuated diffuse interfascicular fibrosis. Gomori’'s trichrome
x120. ¢ Immunohistochemistry for T. cruzi in myocardium of a
dog necropsied during the acute phase. Note the presence of
strongly stained amastigote nests. Haematoxylin counterstained
x230. 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 x230

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 40x
in sections stained with H & E (also looking at a total area of
4.8x106 um? 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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Table 1l Means of caCD5",

caCD8*, caCD4* T cells and Groups caCD5* T cells caCD8* T cells caCD4* T cells caCD4*:caCD8*
caCD4:caCD8 ratios in acute

by Trypanosoma cruzi Be78 Chronic Be78 800+203.15 411+114.16 365+98.12 0.88

and Be62 strains Chronic Be62 1018+315.98 336+148.23 677+186.39 2.01
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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

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,
especialy rich in lymphocytes, and aso 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. cruz exhibited
cardiomegaly. Hydropericardium was observed in the
majority of the chagasic dogs. Chronic chagasic myocar-
ditis was also detected under light microscopy in al ani-
mals (Fig. 1b); diffuse and focal myocarditis was discreet
to moderate and was constituted by a mononuclear infil-
trate especialy 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. 1¢).
Amastigote nests were not found in the myocardium
of chronically infected dogs. In al myocardium
regions where an inflammatory infiltrate was observed,
sometimes associated with lesions of myocardiocytes,
neither amastigote nests nor immunohistochemically
labelled T. cruz 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 cellsin 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).

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 aso showing
large number of intensely stained caCD4* T cells. ¢ 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 cellsin the same region. Haematoxylin and eosin counterstained
x440






74

Number of cells

caCD5+ T cells
[ caCD8+ T cells
B caCD4+ T cells

=" -
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inoculated with Trypanosoma cruzi Be78 strain and necropsied
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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

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

In al of the dogs sacrificed during the chronic phase, the
counting of caCD5*cells confirmed that most cellsin 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 aso 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
afew 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 dightly 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 aso 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
norma 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. Cdliari, 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 factorsin the development of chronic chagasic
cardiopathy. Induction of chronic chagasic myocarditis
through injection of T. cruz 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. cruz 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 norma 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 regjection after inoculation of T. cruz 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.



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. cruz 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.
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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 animal's 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 akey 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
aroom with regulated temperature (20—22°C), humidity (50-60%)
and a 12-h/12-h light/dark cycle. The rats were alowed 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 173, vacA+, cagA+) used in this study was isolated
from a patient with duodena 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 5x108 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 Hassle AB, Mdlndal, Sweden)
400 pmol/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
a 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 Il 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 1gG anti-H. pylori antibodies as
described by Mohammadi et a. [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 cellsin
antral mucosa approximately 400 um from the gastroduodenal
junction and 3 mm from the squamous epithelium in corpus. A
310-pm-wide swath, perpendicular to the mucosal surface and
comprising the entire thickness of the mucosa was used. Within
the swath, al 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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Fig. 1 a Photomicrograph of the corpus mucosa showing areas
stained and not stained with cyclooxygenase-2 (COX-2) antibodies.
Bar 100 pm. 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
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expression of COX-2 was estimated using an image analysis tech-
nigue 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 1500x 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. la—). 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 cellsyfmm mucosal length.

Apoptosis

Apoptotic cells were identified with the termina 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 cellsmm 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

between the glands. Bar 25 um. ¢ 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 anaysis software
before measurement. Bar 25 pym
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Table 1 Number of apoptotic cellsymm gastric mucosain 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+hbile 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(14)
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)

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 metaplasiain 10-50% of
the cases. Dysplasia was found in three rats (two MNNG
+ bile, one MNNG), and two rats had adenocarcinoma
(MNNG + hile) 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-L1 (P<0.003) but not apoptotic
index (P=0.21) than the control group. Furthermore,
H. pylori promoted the Mib-5-L1 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-L1I
(P<0.02) but not apoptotic index (P=0.22) than the con-
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Fig. 2 Bcl-2-positive epithelia cell in antral mucosa (arrows) in a
rat treated with Helicobacter pylori and N-methyl-N'-nitro-N-
nitrosoguanidine (MNNG). Bar 25 pm

trol group. Furthermore, H. pylori promoted the Mib-5-
LI in the MNNG + hile 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 bhile-treated and the control groups did not
differ in Mib-5-L1s 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).



Fig. 3 Bcl-2 levelsin 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 + hile (n=9).
*Significant difference, P<0.05

Fig. 4 Cyclooxygenase-2
(COX-2) levelsin 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 + hile (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
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All animals had some expression of Bcl-2. Therewas (Fig. 5). There was no association between Bcl-2,
no significant difference in Bcl-2 between the groups. Mib-5-L1 or apoptosis in antrum. Mib-5-L1 was not

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

Gastric antrum

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 (x2=7.1,
df=1, P=0.008, Table 2) and goblet cell metaplasiain an-
trum (x2=10.1, df=1, P=0.001, Table 3). Bcl-2 signifi-

COX-2 expression in corpus correlated with Mib-5-L1 cantly correlated to the inflammation score in antrum
(R=0.28, P<0.007) but not with apoptosis in antrum (R=0.24, P<0.02). No significant variation in Bcl-2 ex-
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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
04 37 11 48
4-8 17 10 27
8-12 6 9 15
Total 60 30 90

aCOX-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
04 45 3 48
4-8 21 6 27
8-12 9 6 15
Total 75 15 90

aCOX-2 level is expressed

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-L1 (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] arein 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 aso been shown that MNNG more easily
penetrates antral than corpus mucosain the rat [27]. The
penetration was deeper, more marked and involving
more proliferative cells in antrum. However, this was a
guantitative 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 cellsin the lamina propria. Thisisin 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.



Furthermore, in the present study H. pylori infection
significantly increased Bcl-2 expression in antrum but
not in corpus. Thisis 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-L1 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 carcinomathat 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 studiesin
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-L1 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-L1| or apoptosis. Further studies are required to
precise therole 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-L1, 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
7x7%x2 cm and 7x6x2 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
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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 stroma 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



Fig. 1 The ducts with mild epithelial hyperplasia and abundant
collagenized stroma with clefts of PASH. Original magnification
x100

Fig. 2 Medium power view shows the clefts of PASH and MGC.
Original magnification X200

Fig. 3 A detailed picture of stromal MGC. Original magnification
x400

Fig. 4 Expression of caponin in both uni- and multinucleated
cells. SABC technique. Original magnification x200

MGC is associated with neurofibromatosis type 1. Al-
though the isolated occurrence of both PASH and MGC
was aways 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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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 acoholic 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 arare 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 VMibrio vulnificus - Liver disease -
Phlegmonous colitis

Introduction

Vibrio wulnificus, 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. wulnificus 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
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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-
denceis 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-
naly 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. wulnificus 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



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, x400. Inset Higher magnification of the bacteria; hema-
toxylin and eosin, x1000. C Electron microscopy reveals coloniza-
tion of micro-organisms in damaged dermal tissue; x3000. Note
several organisms accumulating in a vessel-like structure (arrow).
D Higher magnification of the organisms; x25,000

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 lesionsin 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 acoholic 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-
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Fig. 2A—C Gastrointestinal abnormalities in the study cases. ing thickened gastrointestinal wall due to submucosal edema
A Mucosal changes in case 3 with hemorrhagic necrosis and non- C Microscopically, infiltration of neutrophils and histiocytes is
specific chronic inflammatory infiltration; hematoxylin and eosin,  noted in the submucosa. No mucosal damage is evident; hematox-
x100. B Gross appearance of phlegmonous colitisin case 5 show- ylin and eosin, x25

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 Diarrheag NA NA
Underlying disease LC (C) diabetes CH (acohoalic) LC(C) CH (acoholic) LC (B+C)
HIV carrier
HTLV-1 carrier
Skinlesion + + + + +
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 Alcohalic 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  [leum Jejunum ileum Ileum Ileum ascending Bauhin'svalve

cecumb colonP cecum

aStool culture positive for Vibrio vulnificus; P Submucosal edema



grees of fibrosis (Table 1). Esophageal varices, ascites,
and splenomegaly were present in most cases. Both legs
of al 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 maor cause of death in all
five cases.

To determine the path of infection we especialy 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. Macroscopicaly 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 reveaed 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. wulnificus infection is rare but highly lethal. Of all
autopsy cases in Saga Medical School since 1985, five
cases of V. wulnificus 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-
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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-
Inificus 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 revea 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 al 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 coalitis, 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, aterations in other host defense
mechanisms, such as decreased immunity, may be impli-
cated. In general, physicians should be cognizant of the
dangers of V. wulnificus 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 1l 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)
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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 normaly expressed by fetal
stomach, FGPs showed an immature phenotype” [4].
The paper by Kirchner et a. now expands on our previ-
ous observations. As previously stated, FGPs (sporadic,
syndromic, and ZE-related) are lesions that nearly al-
ways express CK7, amarker 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. 1la,b The stain with CK7 was completely negative in fundic
norma mucosa (a), whereas fundic gland polyps showed intense
and diffuse positivity (b) (ABC, hematoxylin counterstain, 10x)
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The following Table 1 should have been included:

Table 1 Clinicopathological featuresin 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 Intracranial2 P +b + -
7 21 F Intracranial2 P +b + -
Spinal cord (C3-7) M ++ + -
Thoracic wall M ++ + -

aChondroid chordoma
bOnly afew 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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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 cellsin sepsis and controls

Study group  Casenumber ConA MAA  UEA Jac GSAl GsAll PNA MPA  SNA  WGA LPA
Sepsis 1 +++ ++ - - - - - - - - -

2 +++ + - - - - - - +++ - -

3 +++ + - ++ - - - - +++ - -

4 +++ + - +++ - - - - +++ - -
Control 1 +++ - - +++ - - - + +++ - -

2 +++ + - - - - - ++ - - -

3 +++ ++ - +++ - - - + +++ - -

4 +++ - - +++ - - - + +++ — —
Table4 Summary of lectin binding to mucous parts of subepithelial seromucous glands
Study group  Casenumber ConA MAA  UEA Jac GSAl GsAll PNA MPA  SNA  WGA LPA
Sepsis 1 - - - +++ - - +++ - +++ ++ -

2 - — - +++ — - — — — ++ —

3 - - - - - - - - - +++ -

4 - - - - - - - - - +++ -
Control 1 ++ - - - - - - ++ - +++ -

2 - - - +++ - - - +++ +++ ++ -

3 - - - - - - - ++ +++ +++ -

4 + - - - - - - ++ +++ ++ -
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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 Il and I1I, and is otherwise identical.
This note summarizes studies supporting the rational e 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 thisissue [4].
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Tel.: +47-776-27214, Fax: +47-776-27204
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Cartagena 340.350 08025 Barcelona, Spain

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 a. [3] — based on patterns (grades 1,
2,34

1973. WHO [16] — based on cellular anaplasia (grades

1,2,3)

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 11
and high-grade |11

1986.

Emergence of the WHO/ISUP 1998
and WHO 1999 systems

1997. Fall: workshop at the A.FI1.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.

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

April: 1.S.U.P. Workshop in Tromso, Norway ar-
ranged by Dr Christer Busch. Participants:
Algaba, Amin, Busch, Epstein, Grignon, Reuter,
Sesterhenn, Boccon-Gibaud.

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].

1998.

1998.

1990.
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Table 1 Interobserver variation

; i i Malmstrom et al. WHO 1973 [5] Rush Presbyterian-St Luke's Armed Forces Institute
'V’;a‘gdig%?;gg;?%;%g“gﬁ [6] Medical Center* of Pathology**
of 53 bladder carcinoma hema-
toxylin and eosin stained slides 1 n=5 1 80% 25%
from the files of the Depart- 2 20% 7%
ment of Pathology, University 3
Hospital, Uppsala, Sweden. 2A n=21 1 38% 25%
These were graded according 2 62% 75%
to Mamstrom et al. [6], with 3
the objective to “trandate” the  og n=12 1 8%
grading systems into one an- 2 75% 67%
other 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 FK. Mostofi and |. Sesterhenn

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”.
L ess 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 asmall trial in which 51 cases of bladder cancer
were sent to three experienced centers (Department of

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 aso 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 1" or “papillary urothelial carcinoma, high-grade Il or
"n”

WHO/ISUP 1998

Papilloma Papilloma

Papillary neoplasm low malignant Papillary neoplasm low malignant
Potential (PUNLMP) Potential (PUNLMP)

L ow-grade carcinoma Low-grade carcinoma, grade |
High-grade carcinoma High-grade carcinoma, grade 11
High-grade carcinoma High-grade carcinoma, grade I11

WHO 1999

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 a. [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 |1 or
[1-111. 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 19737

The relationship between WHO/ISUP 1998 and WHO
1999 isgivenin 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.



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

WHO L 2 W 3
1973 | T T tt
1 1 |
1 1 |
1 1 |
: : !
: ' :
1
WHO  LMP ! i I b
1999 | M . M
f H } H
\
WHO P LG : HG
ISU P !
1998 i
1
1
)
1
\% . nY
PREDOMINANT PREDOMINANT

ORDER DISORDER

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
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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

Urothelial neoplasm

Grade ?

¢

Predominant
order

Pap. Uroth. Neopl. LMP

Urnthelial carcinoma
WHO grade 1

Urethelial carcinoma
or

WHO I or IT1

Variation
readily seen 7

Pap. Uroth. Neopl.
LMP

Urothelial carcinoma Urothelial carcinoma Urothelial carcinoma

WHO grade I WHO grade I WHO grade 111

]

I Sy, o

LMP

Pap. Uroth. Neopl.

Urothelial carcinoma
High grade

Urothelial carcinoma

Low grade

WHO/ISUP- Consensus Classification
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that grade Il showed a fairly modest progression rate at
5 years (~10%) relative to 70% of grade-1ll cases. At
7 years of follow-up, the corresponding figures were
50% and 70%, respectively [13].

Similarly, Desai et a. [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 a. [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 aso 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 Il are only around 4% of al pTa
cases, and WHO grade |1l pTa are only 6% of all grade-
[11 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 Il 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 |1 class have more tetraploid cases and fewer aneu-
ploid cases than high-grade 11, which are mostly aneu-
ploid.

Cinaet 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

e 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.

« Severa recent studies verify differences in recurrence
rate, progression rate, and mortality between all classes.

« The WHO/ISUP Consensus classification provides a
dlightly 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 11l 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 mgjority 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 till superior to all existing aternatives (such as
WHO/ISUP 1998 and WHO 1999), although some re-
finement of diagnostic criteriawould be useful. Some pa-
thologists may prefer additionally to report synonymous
classification in other schemes, but this is discouraged
owing to variations and difficultiesin translations.

Report of Committee No. 1 (majority opinion), International Consul-
tation on the Diagnosis of Non-Invasive Urothelial Neoplasms held
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Introduction

There has been substantial effort in standardizing classi-
fication and grading of urothelia 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-
a cell” has been formally abandoned, and the recom-
mended term is “urothelial” or “urothelium”; thus, “uro-
thelial carcinoma” should be used rather than “transition-
a cell carcinoma’ [33]. This suggestion resulted from
awareness of the unique nature of the urothelial lining —
itisnot a“transition” from one type or form of epithelial
cell to another. The German term Ubergangsepithel,
which means “transitional epithelium,” was originaly
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 asingle diagnostic “bin” [33].

The goal of the Ancona International Consultation on
the Diagnosis of Non-Invasive Urothelial Neoplasms
(1112 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 severa 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’” (PF. 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 difficultiesin
tranglations. 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.

e The term “superficial” should be abandoned in blad-
der cancer, and Taand 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-

WHO 1973 standard | WHO/ISUP, 1998 | WHO/ISUP, WHO, 1999
(recommended) (March 1998 1998
consensus (December
version) 1998 writing
committee
version)
Papilloma —— Papilloma Papilloma Papilloma
Grade 1 Carcinoma~» | Tumor of Low Tumor of Low | Tumor of Low
\ Malignant Malignant Malignant
Potential Potential Potential
Al Grade 1
Carcinoma
Grade 2 Carcinoma - | Low Grade Tumor of Low | Grade 1
Carcinoma Malignant Carcinoma
Potential
l Low Grade Grade 2
Carcinoma Carcinoma
Grade 3 Carcinoma-» | High Grade High Grade Grade 3
Carcinoma Carcinoma Carcinoma

Fig. 1 Histological grading of papillary urothelial tumors

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 | 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 usualy occur in patients under
50 years of age.

Mild cytological atypia of the superficia 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 devel oped recurrent papillomawith
a mean follow-up of 10 years; one other patient devel-
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Table1 Papillomaversus
grade 1 papillary carcinoma:

diagnostic criteria

aln rare instances superficial
cells may be conspicuous and
enlarged

b Some nuclear enlargement of
superficial cells may be present

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 7orless Greater than 7
Superficial (umbrella) cells Present/smalla Usually present/small
Nuclear enlargement Nob Slight to moderate
Nuclear hyperchromasia Absent Slight in occasional cells

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

Diffuse papillomatosis

Thisis arare lesion that is characterized by replacement
of most or al of the bladder mucosa by delicate papillary
processes, creating a velvety cystoscopic appearance [30,
81]. The papillae are covered by urothelium that isindis-
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 thislesion is uncertain.

Non-invasive papillary urothelial carcinoma
Grading urothelial carcinoma (WHO 1973)

Grading of papillary urothelial carcinomais 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 dlightly 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 urcthelial 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 al 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 aimost 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 changeif 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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WHO 1973 vs. WHO 1999

Papilloma

Papilloma

————————————————————eeee - | U0

Fig. 2 WHO 1973 vs. WHO 1999

The advantages and disadvantages of WHO 1999 are:

« Advantages
- Relatively precise criteria
- May solve problem of heterogeneity of grades 1
and 2in 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

- Hasaready encountered resistance

- Use of “high-grade” may induce cystectomy by
some urologists (WHO/ISUP 1998)

- Fivebins—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 equivaent 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 criteriafor urothelial carcinomain-
vasion are:

Isolated cells or small nests

Irregular contours of cell nests

Larger cellsand 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 al 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 s 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 | 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-



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 urothelia 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 pTatumors are grade 1, whereas
almost all stage pT1 cancers are grade 2 or 3 [26]. More
than 60% of non-invasive tumors recur localy, 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 carcinomais 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-
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guently 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.
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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 al 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-
cialy 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. Finaly, TC are compared to a
series of Paget’s carcinoma in which no underlying
tumor was present. This was undertaken to investigate
whether atrue 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 magjor 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 superficia 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 dlightly 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, athough the suprabasal location
was most frequent. Their cytoplasm was eosinophilic
and abundant; the nuclei were large, irregular, with evi-
dent nucleoli (Fig. 3).

I mmunohistochemistry

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



Fig. 1 Case 2: Toker cells: sparse cells with cytoplasm, paler than
that of the keratinocytes, are immersed within the Malpighian
layer (H&E, x200, 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 intragpidermal 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, x175)

Fig. 5 Case 10: Toker cells: keratin 7 stains globoid elements that
are mostly located in suprabasal position (ABC immunoperoxi-
dase, x250, original magnification)

Fig. 6 Case 4: Merkel cell: one cell only, basally located, is

stained by keratin 20 (ABC immunoperoxidase, %200, original
magnification)



Fig. 7 Case 14: Numerous cells of this PC are stained by Keratin 7.
Occasiona cells display cytoplasmic “dendritic” projections (ABC
immunoperoxidase, X175 original magnification)

Fig. 8 Case 16: PC. Numerous cells appear stained for EMA
(ABC peroxidase, x250, original magnification)

Fig. 9 Case 16: PC: the cytoplasmic membrane is nicely outlined
by the anti c-ErB-2 antibody (ABC peroxidase, x400, original
magnification)

Table 1 Histochemical and immunohistochemical profile of intragpidermal 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 CAMS5.2 NEU EMA APO AB PAS S100

1NA
2NA
3NA
4 NA
5NA
6 NA
7NA
8 NA
9NA
10 NA
11 NA
12 NA
13 SN
14 PC
15PC
16 PC
17PC
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adenomatous proliferation and those of the large ducts Most of the stained cells located in the epidermis
(Table 1). The myoepithelial cell layer appeared un- were globoid (Fig. 5), but in three cases occasional cells
stained. The same pattern of staining was obtained by showed short dendritic cytoplasmic processes (Fig. 4).
CAM 5.2 antibody which appeared less sensitive than All these cells were immersed within the Malpighian
keratin 7 as it stained the intragpidermal cells in only layer, mostly located in the suprabasal position with oc-
seven cases. casional elements dispersed in the upper layer of the epi-



Fig. 10 Case 10: Thiscell has
around nucleus with three
small nucleoli. The cytoplasm
contains thin filaments and
the cell membrane shows a
festoon-like polycyclic profile
(%x15,500, bar 1 pm)

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 aong 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 dl 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
aong a long tract of the affected epidermis. In addition,
in two cases occasional cells showed short dendritic pro-
cesses (Fig. 7).

Electron microscopy

The intragpidermal 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 Kkeratin
(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. 11 Case 12: Cellular proliferation within the adenoma of the
nipple. A lighter cell remarkably similar to the intraepidermal
clear cells (x11,000, bar 1 pm)

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 revedled 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-
aly 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 intragpidermal 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 epiderma keratinocytes towards ductal *“secretory”
cells cannot be excluded [9], especialy 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 aso 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
intragpidermal cells [16]. This is especialy 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



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 a. [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 ducta 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 IQGAPL. IQGAP1 is a target molecule of
Cdc42 and Racl and negatively regulates the Ecc-based
cell—cell adhesion by dissociating a-catenin, a key mole-
cule that links Ecc to actin cytoskeleton, from Ecc. In
our study, the amount of IQGAPL1 bound to Ecc in-
creased in migrating cells in association with a decrease
in the a-catenin level in Ecc. In accordance with this,
IQGAPL showed a shift from the cytosol to the mem-
brane fraction. Moreover, confocal laser microscopic
study demonstrated the localization of 1QGAPL 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 IQGAPL in Ecc increased more
than that caused by HGF/SF aone. On the contrary,
when CM was inhibited by interrupting cell-ECM inter-
action, the level of IQGAPL in Ecc did not increase de-
spite HGF/SF stimulation. Taken together, these results
indicate close association of IQGAPL with localized dis-
ruption of cell—cell adhesion during CM and that modu-
lation of CM by crosstalk between signals induced
by HGF/SF and cell-ECM interactions aso involves
| QGAP1-related mechanisms.
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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-
elsinwhich 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 isaway by which carcinoma cells move together as
coherent cell clusters. A time-lapse video-microscopic
demonstration of migrating cell clustersin 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]. Thisin 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 aCM 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



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
cellsis mediated predominantly by a transmembrane gly-
coprotein, E-cadherin, and a set of cytoplasmic cadherin-
associated molecules collectively called the catenins [in-
cluding a-, -, y- (plakoglobin) and p120cas catening|
[26, 28]. Catenins form a complex with E-cadherin and
link it to the actin cytoskeleton, which is essentia for
E-cadherin to express its full adhesive function. p-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 p-cat-
enin has been reported in carcinomas [1, 12]. As a cell-
adhesion regulatory molecule, p-catenin suppresses cad-
herin-mediated cell—ell 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 pB-catenin [16]. In HGF/SF-induced CM, however, the
tyrosine phosphorylation level was not altered and, in-
stead, the level of a-catenin that formed complex with E-
cadherin was reduced [18]. Since a-catenin is a key mol-
ecule that links the E-cadherin/p-catenin complex to the
actin cytoskeleton, we looked for the mechanism respon-
sible for this dissociation of a-catenin from the complex.

IQGAPL, 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 a-catenin from Ecc [5, 7, 8, 29]. The bind-
ing site on B-catenin for IQGAPL overlapped with that
for a-catenin; thus, IQGAPL dissociated a-catenin from
the p-catenin/a-catenin complex in a dose-dependent
manner in vitro. Consistent with this, overexpression of
IQGAPL in mouse L fibroblasts stably expressing E-cad-
herin resulted in a reduction of Ecc-based cell—cell adhe-
sion associated with dissociation of a-catenin from Ecc.

In this study, we demonstrated that 1QGAP1 was
closely associated with localized disruption of cell—cell
adhesion during HGF/SF-induced CM of human colon
carcinoma cells. Furthermore, IQGAP1 was aso 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, Cadlif.), and human fibronectin (FN) and type-l collagen
(C-1) were obtained from Becton Dickinson Labware (Bedford,
Mass.) and Koken (Tokyo, Japan), respectively. Rat mAb to hu-
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man a-catenin, a18, 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 dlide
(Nunc, Naperville, 1ll.; 1.2x10° 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% CO, 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 (x400) 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 dides
was coated with 200 pl 1 pg/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 IQGAPL on Western blots, a polyclonal antibody was
raised in rabbit against the N-terminal 30 amino acid-peptide of
IQGAPL 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 IQGAPL by immunoaffinity chroma-
tography and immunoblot analysis with commercialy available
anti-lIQGAPL antibody. Briefly, an immunoaffinity column was
prepared by cross-linking the antibody 1gG 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-lIQGAP1 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-
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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-lIQGAPL antibody, HECD-1, or anti-o-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-IQGAPL), anti-mouse (for HECD-1), or anti-rat (for
anti-a-catenin) 1gG. 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 1QGAP1 or
a-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 (3.8x10%) 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 pl) containing 50 mM Tris-HCI
(pH 7.5), 1 mM ethylene diamine tetraacetic acid (EDTA), 50 mM
NaCl, 10 uM (p-amidinophenyl) methanesulfonyl fluoride (PMSF;
Boehringer Mannheim GmbH, Germany), leupeptin (10 pg/ml),
0.25% (w/v) Triton X-100, and 1 mM CaCl,. The protein concen-
trations of the cell lysates were determined using the Bradford as-
say (Bio-Rad, Hercules, Calif.). Aliquots of 300 pg tota cell pro-
teinsin 300 pl were incubated with 6 ug HECD-1 overnight at 4°C,
followed by the addition of 2 pg rabbit anti-mouse 1gG (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-a.-catenin mAb, or HECD-1 was carried out as described.

Céll 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-HCI,
4 mM EDTA, 10 mM ethyleneglycoltetraacetic acid (EGTA),
0.5 M sucrose, 0.02% leupeptin, 8 uM PM SF, 20 mM (-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 pl 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 PBSfor 1 h at RT to block non-spe-
cific binding sites. They were subsequently incubated with poly-
clona antibodies against human 1QGAPL, which were diluted
with the above blocking solution for 1 h at RT. The cells were then

washed in PBS and incubated with anti-rabbit IgG goat Fab’ con-
jugated Alexad88 (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
Thelevel of IQGAPL bound to Ecc during CM

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

—p §

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 IQGAPL 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-IQGAPL antibody (upper panel, IQGAPL).
b After cells were treated asin a, L-10 cell lysates were immuno-
precipitated with anti-E-cadherin antibody, followed by immuno-
blotting with anti-lIQGAPL antibody (upper panel, IQGAPL). The
same blots were re-probed with anti-a-catenin antibody (upper
panel, a-catenin). The bands on the immunaoblots were subjected
to image analysis as described, and the lower graphs show relative
protein levels of IQGAPL and a-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 a-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
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Fig. 3 Time courses of cohort migration and IQGAPL 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 IQGAPL 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
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Fig. 4 A shift of IQGAPL 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-lIQGAPL antibody (upper panel,
IQGAPL). Relative protein levels of IQGAPL 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 IQGAPL 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. 18). 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 IQGAPL protein (Fig. 2a). However,
the amount of IQGAP1 co-immunoprecipitated with
E-cadherin increased by approximately 60% at that time
(Fig. 2b, IQGAPL and its quantification graph). This
change was associated with an approximate 20% de-
crease in the a-catenin level in the E-cadherin immuno-
precipitates (Fig. 2b, a-catenin and its quantification






graph), as reported previously [18]. The E-cadherin im-
munoprecipitates contained a-, - and y-catenin which
formed complexes with E-cadherin in addition to
IQGAPL (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
IQGAPL 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 bhinding of IQGAPL to Ecc increased during CM,
we examined the IQGAPL level in the membrane frac-
tion to confirm that IQGAP1 bound to Ecc on the cell
membrane. The amount of IQGAPL 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 IQGAPL 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 IQGAPL with a confocal laser microscope using an
immunofluorescent technique. The results are shown in
Fig. 5. On a horizontal view (Fig. 5a, c, €), 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. 5 Immunocytochemical localization of IQGAPL 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. ¢, d IQGAPL stained with anti-IQGAPL antibody is demon-
strated as green. e, f Merged actin and IQGAPL. a, ¢, e A horizon-
tal view taken at the plane through the basal half of migrating cells.
In a, amigrating 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 cellsisindicated by arrowsind and f
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Fig. 6 Stimulation of cohort migration by type-1 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 pg/ml FN or C-1 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-l-coated substratum, triangles
migration on FN-coated substratum, sguares 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
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Fig. 7 Effect of C-1 or FN-coated substratum on the protein level
of IQGAPL 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-IQGAPL antibody (upper panel, IQGAPL).
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 IQGAPL 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
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Fig. 8 Effect of RGD/RGE peptides on hepatocyte growth fac-
tor/scatter factor (HGF/SF)-induced migration and protein levels
of IQGAPL 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 aone (C), HGF/SF and the GRGDS pep-
tide (200 pg/ml) (RGD), or HGF/SF and the GRGESP peptide
(200 pg/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 IQGAPL protein levels in Ecc is shown (upper panel,
IQGAPL). 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 IQGAPL
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

and also formed short radiating bundles at the base of the
leading edges of the migrating cells (Fig. 53). IQGAPL,
shown in green, were demonstrated predominantly along
the lateral membranes of the migrating cell sheets
(Fig. 5¢). The merged view more clearly shows predomi-
nant localization of actin filaments in piled-up cell is-
lands and that of IQGAPL in latera membranes of mi-
grating cells (Fig. 5e). Moreover, on a vertical view,
which was observed along a solid line marked in Fig. 5a,
IQGAPL 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 IQGAPL 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

b
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=
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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-1 or FN-coated substratum al-
ready migrated to the level of 60—70% of their maximum
migrations. At thistime, cells were lysed and the level of
IQGAPL in Ecc was examined by means of immunopre-
cipitation with anti-E-cadherin antibody. Migrating cells
on C-l 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 a5p1 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 pg/ml) almost com-
pletely inhibited CM (Fig. 8a) as previously shown [17],
while GRGESP (200 pg/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
IQGAPL 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



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 a-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 IQGAPL at the membranes of the lower
portion of migrating cells, the site of compartmentalized
disruption of cell-cell adhesion. IQGAPL has been
shown to negatively regulate the Ecc-based cell—cell ad-
hesion by dissociating a-catenin, a key molecule that
links the E-cadherin/B-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—ell adhesion during cohort type migration.
Correlation between the levels of IQGAPL 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 Racl, which inhibits
IQGAP1-induced cell dissociation, into carcinoma cells
suppressed HGF/SF-induced CM, while transfection of
dominant negative mutant of Racl, which stimulates
IQGAP1-mediated cell dissociation, enhanced the CM
(K. Nabeshima et al., unpublished results). These find-
ings also support our speculations. |QGAP1-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
IQGAPL regulatory system operates, especialy in hu-
mans, remain to be clarified [5]. Our work suggests its
possible involvement in human carcinoma cell move-
ment.

Recently IQGAPL expression was examined immuno-
histochemically in human endometrial [11] and gastric
[27] carcinomas. We also examined IQGAPL 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
IQGAPL were found at cell adhesive sites, where a-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 IQGAPL was inversely
correlated with that of E-cadherin or a-catenin. These
lines of evidence suggest that IQGAPL might be bound
to the E-cadherin/p-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
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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 |ead-
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 IQGAPL. 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 IQGAPL in Ecc increased more than
that caused by HGF/SF aone. On the contrary, when mi-
gration was inhibited with RGD peptides, the level of
IQGAPL1 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—ell 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 1 and 3 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—ell adhesion mole-
cules, such as E-cadherin. For example, overexpression
of integrin-linked kinase (ILK), a serine/threonine kinase
that binds to the integrin 1 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 a3p1 integrin
expression, associated with impaired adhesion to FN and
laminin [3]. Similarly, in mouse mammary epithelial
cells, transition from epithelia to fibroblastic phenotype
by TGF-p1 correlated with decreased expression of
E-cadherin, ZO-1 (a tight junction molecule) and des-
moplakin | and I (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, pl4ARF and
pl6!NK4a that play active roles in the p53 and Rb tumor
suppressive pathways, respectively. We analyzed the a-
terations of pl4ARF, p16!NK4a and p53 to study the contri-
bution of each pathway in tumorigenesis of 29 patients
with primary and consecutive (second primary) sgua-
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-
guence 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 pl4ARF
and pl6'NK4a were assessed using differential PCR.
Results: Altogether inactivation (methylation, loss of
heterozygosity and mutation of exon 1f) of pl4ARF 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 pl16/NK4a 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 pl4ARF and pl6INK4a,
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-
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tions or by INK4a-ARF inactivation. p14ARF methylation
occurred independently of pl6'NK4a glterations 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 Sguamous 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 a. [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 pl4 ARF and p16'NK4a, js 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. pl4ARF |eads 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 pl4ARF and p53 gene inactivation must be rare
events in the same tumor [14, 22]. p16'NK4a 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, p16/NK4a and pl14ARF, share a common cod-
ing sequence for exons 2 and 3 with distinct sequences
for promoters and exon 1, which is spliced into 1o and
1p: exon 1o for p16'NK4a gnd 1p 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 pl6 'NK4a
have been described as major factors in carcinogenesis
[8, 11, 12, 16, 19, 21].

So far, there have only been afew studies demonstrat-
ing the aterations of both genes encoded by the INK4a-
AREF locus as an event in tumorigenesis of HNSCC [18,
25, 34] and, to our knowledge, there is no investigation
comparing the ateration 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, p16/NK4a gnd p53in 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 |
n=5, stage Il n=7, stage |11 n=7 and stage IV n=10 tumors. All pa-
tients were informed of specia 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 um, 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
dlide (the sections were covered with 25 pl 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 pl6 methylation assay kit was used (Oncorlinc,
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 pg/100 W) was denatured with 0.2 M NaOH for 10 min at
room temperature. DNA modification reagent | was added, incu-
bated for 24 h at 50°C and subsequently purified with DNA mod-
ification reagents |1 and |11 in the presence of 50 pl 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
[1x9, four ANTPs (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 W) 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 pl4ARF
and also p16!/NK4a, the restriction enzyme-related polymerase chain
reaction (RE-PCR), as described by Chaubert et a. [10]. Genomic
DNA was digested with four methyl-sensitive (Hpall, Nael, Eagll
and Kspl) and one non-methyl-sensitive (Mspl) restriction en-
zyme. After chloroform/phenol extraction and precipitation, a
316-bp fragment of p1l4ARF exon 1 containing one Hpall and one
Kspl site was amplified by PCR. The following primers were
used: 5'-GCCTGCGGGGCGGAGAT-3' (forward) and 5'-GCGG-
CTGCTGCCCTAGA-3' (reverse). For pl6!NK4a g 150-bp frag-
ment of exon 1 containing two Hpall and one Kspl 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 TINOMO Gl Oropharynx R
TINOMO G2 Oropharynx R 12
2 TINOMO G3 Vocal cord R
T3NOMO G2 Larynx 17
3 T3NOMO Gl Buccal mucosaR
T2N2MO Gl Buccal mucosaR 7
4 T2N2MO G3 Base of tongue L
T2N2Mx G2 Base of tongue L 16
5 T4AN2MO Gl Naso-Oro-Hypopharynx L
T2NOMx G3 Oropharynx L 7
6 T3N2MO G2 Oral cavity/Oropharynx L
T4ANOMO G2 Oral cavity/Oropharynx L 10
TAN2Mx Gl Oral cavity/Oropharynx L 4
7 T3N2MO G2 Base of tongue L
T2NOMx Gl Base of tongue L 24
8 T3N2MO Gl Tonsil R
T2NOMx G2 Base of tongue 8
T3NOMx G3 Base of tongue, Epiglottic 8
9 TINIMO Gl Oropharynx
T3N1IMO G2 Oro/hypopharynx 34
TAN2Mx G3 Hypopharynx 5
10 T2NOMO Gl Vocal cord R
T4ANOMXx G2 Larynx 9
11 T2NOMO Gl Vocal cord L
T4ANOMO G2 Larynx 10
T3NOMXx Gl Trachea 8
12 T2NOMO G2 Floor of mouth L
T3N2Mx G2 Floor of mouth L 10
13 T2N1IMO Gl Tonsil L
T3N1IMx Gl Base of tongue 7
14 T2N1IMO Gl Vocal cord L
T3NOMO Gl Larynx L 9
T3N2MO G2 Hypopharynx,Esophagus 7
15 TINOMO Gl Vocal cord L
T3NOMO G2 Larynx L 8
16 T2NOMO G2 Lower lip
TINIMX G3 Lower lip 15
17 T3N2MO G2 Base of tongue
T2NOMO Gl Oropharynx 4
T2NOMO G2 Oropharynx 6
18 T3N2MO G2 Larynx/Hypopharynx
T2NOMx G2 Hypopharynx 7
19 TINOMO G2 Vocal cord R
T2NOMO G2 Larynx 9
20 T2NOMO Gl Floor of mouth R
T3NOMO G3 Floor of mouth R 8
21 T2NOMO Gl Tonsil L
T2N2Mx G2 Oropharynx L 23
T3N2Mx Gl Oropharynx L 14
22 TINOMO G2 Vocal cord R
T2N2MO G3 Larynx L 29
23 T3N1IMO G3 Oropharynx R
T2N2MO G2 Oropharynx R 8
24 T3N1IMO G2 Oropharynx, floor of mouth L
T2NOMO G2 Floor of mouth L 6
TANOMXx G2 Floor of mouth 4
25 T4AN2MO G2 Oropharynx/oral cavity
T4NOMO G2 Oral cavity 10
26 T3NOMO G2 Hypopharynx, supraglottic
TAN2Mx G3 Hypopharynx 10
27 T2NOMO Gl Supraglottic L
T2N2MO Gl Larynx 6
28 TIN2MO G3 Hypopharynx
T4ANOMO G3 Hypopharynx 20
T2NOMO G2 Hypopharynx 8
T3N2Mx G3 Hypopharynx 2
29 T3N2MO G3 Hypopharynx/larynx
T4N2MO G3 Upper esophagus 14
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Fig. 1 Analysis of pl4ARF pl6/NK4a and p53 in three primary
squamous cell carcinomas (case no. 6, no. 16 and no. 28; same pa-
tients asin 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 (Hpall, Kspl).
Digestion with the non-methyl-sensitive enzyme Mspl 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 p16'NK4a gnalysis with RE-PCR. Digestion
with the non-methyl-sensitive enzyme Mspl serves as a negative
control; undigested DNA (control) served as positive control.
Methylation of p16 'NK4a js detected in case 6, but not in cases 16
and 28. ¢ p16'NK4a 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-
cificaly to the methylated bisulfite-modified DNA. MSP results
are expressed as unmethylated p16-specific bands (U) or methylat-

ed pl6-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 pl6 'NK4a s detected in case 6, but not in
cases 16 and 28. d Immunostaining of p16 'NK4a protein in primary
sguamous cell carcinomas. Case 6 with methylated p16 INK4a and a
complete loss of pl6 INK4a (tumor cells negative for p16 protein).
pl6 INK4a s detectable in case 16 and case 28 (brown reaction
product within the tumor cell nuclei). There is aso an immuno-
staining within the non-tumorous tissue (original magnification
x40). e Immunostaining of pl4ARF protein in primary sguamous
cell carcinomas. Case 6 with unmethylated p1l4 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).
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Patient No.
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Fig. 2 Allelic dosage analysis of p14ARF and p16/NK4a, 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 1f or exon 3 and the internal control inter-
feron (IFN)-y 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 1 or exon 3 and the IFN-y was 70-100% of the ra-
tio found in HepG2, suggesting that there was no loss at the
INK4a-ARF locus

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, ). Two CpG dinu-
cleotides of exon 1 of pl4ARF and three from pl6 'NK4a 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 p16'NK4a genes was per-
formed using differential PCR. DNA fragments were amplified in
exon 1b of p14ARF, exon 3 of p16/NK4a and exon 2 using the follow-
ing primers. pldarf exon 1b ARF2F 5-CTCGTGCTGATGCT-
ACTAGAG-3 and ARF2R 5-AAGTCGTTGTAACCCGAATG-3';
pl6 exon 3 pl6ex3F 5-CGATTGAAAGAACCAGAGAG-3 and
pl6ex3R 5-ATGGACATTTACGGTAGTGG-3'; and interferon-y
INFGF2dF 5'-GCAGGTCATTCAGATGTAGC-3 and INFG2RdR
5-AGAGCACAAACAGAGGATGA-3'. As negative control, aglio-
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-
terna control IFN-y 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 1a, 3 and 2 of the INK4a-ARF gene
were analyzed by means of PCR-SSCP. Primer sequences for ex-

ons 1 a,p and 2 have been described previously [32]. Exon 1f 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 pl 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 p16/NK4a and p14ARF mRNA,
multiplex RT-PCR was performed. Total RNA was extracted from
30 pg microdissected hepatocellular carcinoma tissue by TRIzol
reagents (GIBCO BRL, Rockville, Md.). After ethanol washing
and drying, RNA was suspended in 60 ul diethyl pyrocarbonate-
(DEPC)-treated water. After concentration determination, 2 g to-
tal RNA was subjected to reverse transcription reaction using ran-
dom oligonuclectide primers and superscript |1 reverse transcrip-
tase (Gibco BRL, Rockville, Md.) in a 20-pl reaction volume for
60 min at 42°C. The RT reaction product (1 i) was then amplified
by means of PCR using the forward primers of exon 1o und 1f
and the reverse primer for exon 2 of the pl6/NK4a-p14ARF gene.
The primers were as follows: forward exon lo (sense 1) 5'-
GCTGCCCACGCACCGAATA-3'; exon 1f (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 pl6/NK4a and
200 bp for pl4ARF, respectively. The PCR products were electro-
phoresed on a 2% agarose gel and stained. -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 EImer/Cetus, Norwalk Conn.). The following
primers were used to amplify p53 exons 4 to 9:

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

e Exon5:5-TGT TCA CTT GTG CCC TGA CT-3 and 5'-CAG
CCTGT CGT CTCTCCAG 3

e Exon 6: 5-TGG TTG CCC AGG GTC CCC AG-3' and 5'-
TTAACCCTTCTTCCCAGAGA 3
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Table2 p53 Mutations, p16 and pl4 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 pl6methyl pl4methyl Mutation Loss of
heterozygosity
Codon amino acid
6 wit + - ¢.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 TTIC—-TTT - - wt ND
wt + + wt ND
wt + + wt ND
9 62 GAA — GAG + - wt ND
245 GGC — GAC - - ¢.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 bpdel - - wit ND
248 CGG — CAG + - wt ND
7 125 ACG — AAG - - wt LOH
282 CGG — TGG - - ¢.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 + - wit ND
219 CCC—TCC - - ¢.305G>T: G102 V ND
248 CGG — CAG - - ¢.305G>A: G102E ND
29 178 CAC — AAC - - Wt ND
241 TCC — ACC - - Wt ND

e Exon 7:5-CCC CTG CTT GCC ACA G-3 and 5'-CTA CTC
CCA ACCACCCTT GT-3

e 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 al 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 AmpliTag 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 al 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 y2-statistics were used for contingency tables.
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Methylation status of p14ARF and p16/NK4a genes

Promoter methylation of pl4ARF was present in 13 of 68
cases (19%) (Table 2 and Table 3). However, only 2 of
the primary carcinomas presented p14 ARF dterations by
methylation compared with 11 recurrent tumors (Te-
ble 4). This difference was significant (x2; P<0.05). In
corresponding non-neoplastic mucosa no pl4 ARF pro-
moter methylation was detected.

Analysis of the adjacent p16'NK4a 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 pl4 ARF and pl6 'NK4a
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-

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
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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 pl16'NK4a 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
alelic dosage analysis. The alelic balance of the two
genes was determined using the interferon-y 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 pl6 INK4a gr 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 1f,
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 pl4ARF or

Egtient plémethyl  plamethyl  Mutation hgt’frg;ygosny pl6INKda showed a complete loss of immunoreactivity
: (Fig. 1d, €) within the tumor tissue, whereas in tumors
2 - + wit ND lacking alterations a moderate to strong immunoreactivi-
- + wt ND ty was observed in all cases (Fig. 1d, €). All of the tissue
s N - m klgH samples of normal mucosa showed a positive immuno-
10 + - wt ND
- - wt LOH
11 + - wt ND
+ - m NB Table5 pl4/p16 Alterationsin relation to p53 mutation
12 - - wt ND pl4 Methylation wt- p53 mt-p53 Total
- - wt ND (n=36) (n=32)
13 + - wt ND
- + wt ND Absent 28/36 (78%) 27/32 (84%) 55/68 (81%)
17 - - m kj%H Present 8/36 (22%)  5/32 (16%) 13/68 (19%)
N - - wt “B p16 Methylation
8 N B ‘é"g%@ A ND Absent 23/36 (64%) 23/32 (62%) 46/68 (68%)
' Present 13/36 (36%)  9/32(28%) 22/68 (32%)
19 - - wt ND
- - - i Non INK4aARF mutation
_ _ wt LOH Absent 35/36 (97%) 27/32 (84%) 62/68 (91%)
+ _ wt ND Present (1R) 1/36 (3%) 5/32 (16%)  6/68 (9%)
22 + - t ND
- - m ND Loss of heterozygosity
23 - - wt ND Absent 31/36 (86%) 27/32 (84%) 58/68 (85%)
- - wt ND Present 5/36 (14%)  5/32 (16%) 10/68 (15%)
Table4 pl4 Alterationsin pri-
mary andprecurrent tumor P pl4 Lossof INK-ARF Total .
Methylation  heterozygosity Mutation (1p) pl4 Alterations
Primary tumor (n=29) 2129 (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
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histochemical protein expression of p14 ARF and only oc-
casional expression of p16'NK4a,

Multiplex RT-PCR for p16'NK4a- and p14ARF mRNA

Using a specific sense primer for exon 1o, and exon 1f
and a common reverse primer for exon 2, both tran-
scripts were simultaneously amplified in a single reac-
tion. pl6'NK4a mRNA was amplified in 36 of 68 cases,
p14ARF transcripts were detected in 39 of 68 tumors.
Among the tumors with downregulated pl6'NK4a or
pl4ARF 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 pl4 ARF or pl6 INK4a (Table 5), tumor grade
or stage.

Methylation status of p14afand p16'NK4ain relation to
p53 mutations

There was no significant difference in the rate of methyl-
ation of p14ARF in tumors with or without p53 mutations
(Table 5). p16!NK4a 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 'NK4a presented mutated p53.

Discussion

HNSCCs develop in a multi-step process, acquiring dif-
ferent molecular aterations during carcinogenesis. So
far, mutations of p53 and abberations of pl6 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 pl6 NK4a 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 a. and Wu et a. [16, 37]
attributed a major inactivation event to homozygous de-
letions of p16 'NK4a E|-Naggar et al. [12] postulated pro-
moter methylation of pl6 INK4a as possible early altera-
tions in HNSCC carcinogenesis. Alterations of pl4 ARF
have been shown to be rare events in tumor devel opment
[18]. Our investigations revealed promoter methylation
of pl4 ARF and p16 'NK4a 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 'NK4a 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 put not p14 ARF in esophageal
SCC. In accordance with Viswanathan et al. [34] and
Olshan et al. [24], alterations of pl6 INK4a as well as
pl4 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 1f, 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 pl6 'NK4a methylation
and LOH at INK4a-ARF showed no significant differ-
ence. However, the frequency of promoter methylation
of pl4 ARF aswell as point mutations at exon 1f3 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 pl6 INK4a gppears to be the main



cause of inactivation of the INK-ARF locus in HNSCC.
Promoter methylation occurs exclusively for either
p14ARF or p16!NK4a gnd 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 1gA and 1gG are involved in the im-
mune defense against Helicobacter pylori in infected pa-
tients. In contrast to 1gG, 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 1gG 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 1gG, 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
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tissue (MALT), which contains plasma cells producing
H. pylori specific antibodies. Gastric mucosal 1gA,
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 1gA, mucosal 1gG
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 asfrom mucosal 1gG.

The humoral immune response to H. pylori has been
investigated in many studies by testing specific 1gG anti-
bodies in the serum [3, 6, 9, 17, 16, 18, 21, 23]. Other
studies have analyzed the mucosal 1gA and 1gG immune
response in H. pylori infection [4, 13, 19, 20, 23]. This
study for the first time compares the IgA and 1gG 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 1gG. 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 al 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-
icaly 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 apair 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 (4x105/ml)
were cultured in RPMI 1640 medium with 10% fetal calf serum
and 40 pg gentamicin at 37°C in a humidified 5% carbon dioxide,
95% air incubator. The viahility 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
days1,4,and7.

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

Fig. 1 Representative mucosal
and serum IgA immune re-
sponseto H. pylori in H. pylori
gastritis of patients with gastric
ulcer, carcinomaand MALT-
type lymphoma. Serum IgA
antibodies recognized only a
subset of antigens detected by
mucosal 1gA, whereasthe IgA
immune response in antrum
and corpus was identical

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 1gG

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. 2 Representative mucosal
and serum 1gG immune re-
sponseto H. pylori in the

H. pylori gastritis of patients
with gastric ulcer, carcinoma
and MALT-type lymphoma.
The IgG immune responsein
antrum, corpus and serum was
identical

120D —p

67kD —»

25kD —»

(Fig. 1). No significant differences in the mucosal 1gA
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-
a IgA (Fig. 1). There was no correlation between the
pattern of antigens recognized by IgA or 1gG and the
underlying disease (lymphoma, carcinoma, or ulcer).
Mucosal 1gG recognized a broad spectrum of low and
high molecular H. pylori antigens. In contrast to IgA,
mucosal 1gG did not differ from serum 1gG (Fig. 2).
Comparing humoral immune response in the mucosa
and the serum clearcut differences between H. pylori
specific 1gG and IgA between these two compartments
were found in al 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 immunaoblot pattern between mucosa 1gG
and serum IgG are identical (Fig. 2). In conclusion, our
data show that mucosal IgA was not represented by se-
rum IgA and 1gG, and that the H. pylori specific mucos-
al 1gA and 1gG 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
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Fig. 3 In example, differences between the IgA and 1gG 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 1gG antibodies recognized different H. pylori
antigens

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. 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- Positive
tientsinfected by H. pylori .
(n=21) n %
UreB specific IgA
Mucosa 10 48
Serum 0 0
UreA specific IgA
Mucosa 15 67
Serum 5 24

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 humora 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 1gA 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. 1gG 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 1gG 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 1gG
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]. Asin 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 1gG, and that the
H. pylori specific mucosal IgA and 1gG 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



H. pylori, and serum IgA and 1gG does not represent mu-
cosal 1gA, mucosa 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 CISis usu-
ally afocal lesion occurring in aclinical 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
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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 thisform 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 CISis 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-



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 thisis 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 genitaliamay 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 aretrospective 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 urothelia 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.
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Histological and immunohistochemical examinations

Routine hematoxylin-and-eosin-stained histological sections
from 11 cases of pagetoid urothelial CIS were selected from are-
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-pm-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-
clona 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
(DQY7) 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- Marker Source Dilution Incubation  Immunoreactivity
toid urothelial carcinomain time (min)  (Pegetoid CIS)
it IS) of the urin
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Epithelial membrane antigen Signet Prediluted 30 + (<5%)
Carcinoembryonic antigen Signet Prediluted 30 -
Luminal epithelial antigen 135 Dako 1:30 40 + (<5%)
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Fig. 1 Pagetoid carcinoma in situ (CIS) of the urinary bladder.
a Medium power (hematoxylin and eosin, x250). b CKAEL
¢ CKAES. d CK7. e CK20. f High-molecular-weight cytokeratin
(note negative immunostaining in pagetoid cells). g Epithelia
membrane antigen. h Carcinoembryonic antigen (note negative
immunostaining in pagetoid cells). i Luminal epithelial antigen
135. j ki67-MIB1. k p53. | 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%)

=
-1 oy’

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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Table 2 Clinicopathological features of 11 patients with pagetoid urothelial carcinomain 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  Trigonetright 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)
ic  2c 4c  5c antibodies against CEA and HMWCK (Fig. 1). Prolifera-
32 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 acian blue stainings. Image DNA ploidy analysis
24 = 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;
Q Fig. 2).
O 16
©
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Discussion
89 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
0 1 clinicopathological and immunohistochemical features

|
8 16

DNA Mass Picograms

Fig. 2 Pagetoid carcinoma in situ (CIS) of the urinary bladder.
Aneuploid DNA ploidy histogram (DNA index 1.4)

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

of this unusual form of urothelial CIS. Pagetoid changes
have been recently considered as a pattern of growth of
CIS, aso 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



152

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 surviva 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, athough detailed studies documenting this hypothe-
sis have been performed in only afew 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 urothelia
pagetoid CIS [1, 3, 4, 7, 9, 11, 21, 23, 26, 27]. These le-
sions have been usualy 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 adifferential 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 a. [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
ClSaswell asitsclinica 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
clona re-arrangement of the immunoglobulin heavy-
chain gene. The overal results indicate a clona 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
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rare non-synthesizing and non-secretory plasmacytomas
from lymphoma.
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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 7.4x1091 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



Fig. 1 Chest X-ray showing a vague intrapulmonary mass (arrow)
and a sequestered pleural effusion pattern in the right lower lung

was found to contain 7035 1U/I (normal, less than approximately
60% serum level, i.e., <100 |U/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, 34RE12, 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, 1gG, 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, VLJIH) primers (synthesized by Nihon Bioservice,
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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 DDBJEMBL/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 nuclel 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)(g12), —4, del(4)(q21), +5,
+6, +7, +8, +8, del(8)(p21)x2, -9, —10, add(12)(g24.1),
-13, -13, +14, -15, add(15)(pl11.2), -16, —19, +20,
i(21)(q10), +marl, +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 12 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 cellsin a pleura effusionisa
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-
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Fig. 3 aMolecular genetic
analysis using polymerase
chain reaction (PCR) on tumor
cells showing clonal rearrange-
ment of immunoglobulin heavy
chain. M molecular size con-
trol, | 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 caseindicating
the 1-2(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

1

I-2 gene caggtgocage tggtgoagte tggggotgag gtgaagaage ctggggocte agtgaaggte

Sample TTCCAG
a8l CDR1

|=2 Beng  gect goaagy cttockggata caccttoace ggotactata tgoactygqt gogacaggoo

aample AG TCC GAAGACCTAT GGGGAAGTGG CCIAAINTAT ACGTGGCCCA ISIAGTCCGE
121 CDR2Z

I-2 pene cctggacaaq ggottgagtyg gatgggatgyg atcaacccocta acagtggtgg cacaaactat

sample GGACCTGTTC CCGA CTCAC CTACCCTGCL TAGNNGGGAT AGTCACCACC GTGTTGGATA
181

I-2 gene goacagaagt ttcagggoag ggtcaccaby accagggaca cgboccatcag cacagoctac

sample -G CTACA AAGTCCCGTC CCAGELGTAC TGOTCCCTGT GCAGGTAGTC GTGTCGGATG
241

I-2 gene atggagctgé grcaggotgaq atctgacgac acggecgtgt attactgtge gaga

Sample TACCTCAMAT CGTCOGACTC TAGANNNGIG TGOCAGCACA TARCGHNCACG AAGG

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-

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. x100. b Cytology of pleural
effusion. Large atypical cells with irregular nuclei, large nucleoli,
and some small cytoplasmic vacuoles. x300. ¢ VS38c immuno-
staining in cells of solid tumor. x100. d Electron microscopy
showing poorly differentiated plasmacytic appearance with well
devel oped rough endoplasmic reticulum (arrows), peripherally po-
sitioned nuclel with large nucleoli, and well developed Golgi ap-
paratus. Nucleus contains euchromatin and large nucleolus. x5000

nodeficiency syndrome (AIDS)-related lymphomas with
plasmacytic features and massive malignant pleural effu-
sion have been described — plasmablastic lymphoma of
the lung [8] and AlIDS-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
EBNAZ2. 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.
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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 techniquesin 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 dlide at al magnification levels together with
al 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 dides, 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-
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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 dlide, i.e, for the construction of a virtual case
(VC). A VCiscomposed of acollection 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 am of supporting research
studiesin the field of quantitative pathology.

Materials and methods

Acquisition system and V C 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 adlide 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



160

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 isin-
tended. The VCs technical numerical features (images number,
construction time, and storage disk space) depend on tissue
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Fig. 1 Graphical representation of images corresponding to differ-
ent magnification, i.e., 2.5, 5, 10, 20, and 40x

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:

NAcq = (INT ( Stissue/ DimAcq) +1 )2

where §; e iSthe size of the tissue, Dim, isthe 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 is2, or INT (2.7)=2]

Let us consider, for example, an acquisition objective of 40x
and patched images at 2.5, 5, 10, and 20x — the total number of
images of theVC is:

Ntot = Nj 5 + N5, + Nijgx +Noox + Naox
= Nasy % (1 +4 + 16 + 64 + 256) = Na sy x 341

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,, Ny, % 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 40x, and each image
represents an area of 0.19x0.15 um?2.

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-

Fig. 2 The graph reports on the 18000 1200
X-axis the linear dimension of 16000
thetissue. Y-axis on the left re-
ports the number of images ac- 14000 1000
quired using a 40x objective = o
and on the right the storage 2 12000 BO0 =
space required. For 5, 10, and [= —r
15 mm of tissue, linear dimen- 3 10000 2
sion acquisition time values are ® 80 600 ©
00 Ex
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E 6000 400
= (]
4000 t = 48 min
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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, Ny, % 65 kb, which is the
dimension of a JPEG-compressed 24-bit image of 760x572 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 cm?, 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

V Cs 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: aLeica DM
RXA robotic microscope (Leica Microsystems S.PA, Milan, Italy)
equipped with high-magnification objectives (10x, 20x, 40x);
3CCD video camera and Matrox Meteor PCI Frame Grabber
(Matrox, Montreal, Canada) installed on a Pentium |l 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
spatia resolution of 760x572 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
dlides, using robotic microscopes, in order to construct
V Cs 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-
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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. VVC-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, §].

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 dlide 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 alows 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
dotsin grid cellsindicate the images aready viewed, and
black dots remind the viewer that a text note has been as-
sociated previously by the pathologist with that specific
image.

V Cs 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
V Cs 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 additiona stains
suggested or required, the time needed to make the diag-
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Fig. 3 Theinterface of avirtua
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
20x image. On the bottom left,
the panoramic overview of the —
tissueis overwritten by agrid
corresponding to the high-reso-
lution 20x image: red dotsin g
the grid cells distinguish the al-
ready viewed areas taken at 20x
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 S
image of the VC ordered in b
columns by magnification; the B
red lines correspond to the
already viewed images. On the
top of the interface, the text box

contains a note related to the
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Fig. 4 The microvessel map of
abreast carcinoma, detected
from the corresponding virtual
case (20x acquisition objective)
isreported. The blue delineated
area is ahot spot of 0.8 mm2

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, alowing all pathologists
to have complete access to rare and relevant cases.

In the research field, VCs potentialy offer many
advantages in the setting of quantitative pathology. We
developed a VC-based system for the analysis of breast

6100

carcinoma samples immunostained with antibodies
against endothelia cells in order to evaluate the micro-
vessel density in a completely automatic way. Our
V C-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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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, especialy in diagnostic cytology. The

accreditation of cytotechnicians, cytopathologists, and
laboratories could be uniformly achieved using VCs of
al kinds of cytological specimens, previously validated
by appropriate scientific societies. The main advantage
of VCs over a galery 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 alarge 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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Conclusions

Present technology allows one to provide comprehensive
data using digital multimedia methods. VCs are the best
digital means of presenting not only al the information
to be found on a glass slide, but also the pertinent addi-
tional clinical and pathologica 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
asin 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.
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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 aperipheral 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-amelablasts 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 controversia
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-1V 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] aswell as tumor invasion processes by lam-
inin or type-1V 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 intragpithelial 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 |oose appearances of tissue architecturesin
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 um 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

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, ¢). MRNA signals were demonstrated intensely in the
peripheral area of tumor cell nests but only dlightly in the central
area of tumor cell nests and in stroma (d). Original magnification:
x105




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 lIsland, 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 5x104 cellsin 2 ml DMEM containing 10% fetal calf
serum (FCS, ICN Pharmaceuticals, Costa Mesa, Calif.), 1% gluta-
mine, 50 pg/ml streptomycin and 50 1U/ml penicillin, and incubat-
ed at 37°C under a humidified 5% CO,/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 1-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 pg/ml. For visualization of reaction products, sections were
treated with 0.02% 3,3'-diaminobenzidine in 0.05 M Tris-HCI
(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
19G.

For immunofluorescence for primary cell cultures, cells at a
concentration of 3x104 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
1gG or rhodamine-conjugated goat anti-mouse 1gG (1:50, respec-
tively; Miles Scientific, Naperville, 111.), as described previously
[2]. As a control, preimmune rabbit or mouse 1gGs 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 um were used.
After deparaffinization, they were washed in three changes of 2x
standard saline citrate (SSC) and treated with 5 pg/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-
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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: x146

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,
1x Denhardt’s solution, 100 pg/ml salmon sperm DNA, 125 pg/ml
yeast tRNA, 3x SSC, 50% formamide, and 500 ng/ml probes.
After hybridization, the sections were rinsed in 2x 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 pg/ml
proteinase K (Sigma) at room temperature for 20 min, followed by
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washing with 0.027 M glycine in diethyl dicarbonate-treated PBS.
Hybridization was performed as described above.

Immunopreci pitation

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 pCi [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 15,000xg 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 10,000xg 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-B-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 | 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 afinal 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-

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 isimmunolocalized in
intercellular spaces within tumor nests as well as within myxoma-
tous stroma (b). mMRNA signals are most enhanced in the peripher-
a 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 x21, b x62, ¢ x21, d x126




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, especialy 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. 1Db).
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 asin 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. 2¢).

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 amost 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, especialy 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).

Cellsin primary culture
Cultured ameloblastoma cells showed polygonal- to

spindle shapes in culture. When 5x104 cells were plated
into a 35-mm dish, they spread over the dish in a mono-
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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, especialy in
tumor cells forming vacuoles (c). Original magnification: x180

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 epithelia 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. 5¢). In ad-
dition, fine granular signals of immunofluorescence for
HSPG could be seen in the cytoplasm. These intracellu-
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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 immunol o-
calized in intercellular spaces in mesh-like fashion and within
cytoplasm in dot-like fashion (c). Original magnification: x400

lar signals were regarded as some molecular formsin the
course of biosynthesis.

To confirm the biosynthesis of HSPG by amel oblasto-
ma cells biochemically, cells in primary culture were la-
beled with [35S]methionine for protein or [3>S]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

1 2
kDa o
g

— | G

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

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 1gG
(not shown). The findings were well consistent with
the morphological evidence of immunofluorescence
(Fig. 5¢).

Using ISH, intensive mRNA signals for the HSPG
core protein were demonstrated in most of the tumor
cellsin 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 praobes (Fig. 7b).

Total RNAs were extracted from both fresh tissues of
a surgically removed ameloblastoma and its tumor cells
in culture, and 3 pg 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. 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: x146

kDa

368 -

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
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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 amel oblastomas 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, especialy 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 thetis-
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, athough 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-
icaly and ultrastructurally to demonstrate the intercellu-
lar deposition of glycosaminoglycans in the enamel pulp
[16, 17]. We have aso 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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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 aways 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 caled 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. |mmuno-
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 Metalothionein (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.
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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 drugsin 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 isin
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-
sisfor 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), isan
ectodermically derived structure. Surgery is the common
approach, but radiation and chemotherapy have aso
been used to treat the OSCC [40]. Taken together, thisis
relevant evidence that MT overexpression could be relat-
ed to a worse prognosis for the patient with oral cancer.



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 surviva 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
(12), gingivae (7), and buccal mucosa (2). Patients had not re-
ceived any previous therapy. In our sample, the male-to-female ra-
tiowas 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 | or 1), whereas the remaining 49 pa-
tients (82%) presented advanced disease (TNM stages |11 or 1V).
Histological data were obtained from 54 biopsy and six resection
specimens. All of the cases were evaluated on new 3 um 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 O to
142 months (median of 9 months, Clg5,=18.3£6.9 months). Prob-
ably because of the small number of tumors of stages | and I1, 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-um sections were plat-
ed on pretreated dides (3-aminopropyltriethoxy-silano). It was
followed by deparaffination, hydratation, and blocking of intrinsic
enzymatic activity (peroxidase depleted with 10% H,O,, and avi-
din and biotin with egg and milk, according to Miller et a.) [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 ora sguamous 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
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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 Uberlandia.

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 athough there was wide vari-
ability among the cases (MT index range 1-98%). Mean
MT index was 59.6% (median=66%, Clg5,,=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 @). In well-differentiated neoplasms, only cells |o-
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%, Cl 45,,=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 M T 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
modificationsin the MT levels throughout the cell cycle,
suggesting a role for the protein in cell proliferation [17,
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Fig. 1 a Heterogeneity for metallothionein (MT) immunol abel-
ing in oral squamous cell carcinoma (Streptavidin-Biotin-Peroxi-
dase, 400x). b Peripheral MT immunostaining of well-differenti-
ated oral squamous cell carcinoma (Streptavidin-Biotin-Peroxi-
dase, 400x). ¢ Nuclear Ki-67 immunolabelling in oral squamous
cell carcinoma (Streptavidin-Biotin-Peroxidase, 400x)

Fig. 2 Kaplan-Meier overall 100
survival curves for patients r
with OSCC according to the g
metallothionein (MT) index. w 804
Patients who have tumors with ]
aMT index over 76% have a E
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than those with lower indexes U
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Table1 Relative surviva 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 Clgsy, P value
MT indexa 2.98 1367 001
TNM staged 3.08 1191 004
aQver 76%

b Advanced disease (stages |1 or 1V)

o MT index < T6%

& MT index > 76%

TIHE (HONTHE)

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-



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 invaidate 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-xB-mediated apoptosis [28, 29].
Preventing potentially fatal genetic injury or apoptosis,
MT could €licit 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 essentia to clarify
whether this occurs in vivo, with tumors of high MT
content also devel oping 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

177

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 thisimportant 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-
sisof 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
overal 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 apoptosisinhibition, remains to be elucidated.
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Abstract Male rats received daily intraperitonea 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 aong
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-
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lease of ET-1, which is actively processed by ECE-1 in
the WP bodies.
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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 |1 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 a. [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 (CdSO,) 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 CdSO, in the present study. For cadmium-
treated groups, the rats were injected with 2.0 mg/kg CdSO, 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 pm?
endothelia 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 x40,000 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-um-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%
H,0, 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 pg/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 pg/ml in PBS, or anti-rat ECE-1 antiserum
at a concentration of 2 pg/ml in PBSfor 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% H,O, 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 pg/ml in PBS,
or anti-rat ECE-1 antiserum at a concentration of 1 pg/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 1gG-coated 15 nm colloidal gold (British Bio cell In-
ternational, Golden Gate, UK) for immunostaining of ET-1, or
with goat anti-rabbit 1gG-coated 15 nm colloidal gold (British Bio
cell International, Golden Gate, UK) for ECE-1 with a dilution of
1:100in 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 adong the thoracic endothelia, the following procedures
were carried out using four randomly-chosen rats of the control
and cadmium-treated groups each. Tota length of each endotheli-



Fig. 1 a Anendothelial cell
(EC) of thoracic aorta contains
afew 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. ¢ Theincrease is much
more pronounced in an endo-
thelial cell of the Cd8 group.
a, b, ¢ x36,000
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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 abig 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 Cd6é 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

Endothelia cells of the thoracic aortae contained afew 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 Cd6é and Cd8 groups (Fig. 1¢). By
the quantifiable data shown in Fig. 2, the number of WP
bodies per 100 pm? 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.

Number of WP bodies
per 100 um? EC area
N
[=]

o

Cd3

Cont. Cdé Cds

Fig. 2 Quantification of Weibel-Palade (WP) bodies. Number of
WP bodies per 100 um? 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
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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 preferentialy localized along the endo-
thelium (E) in al groups. a, b, ¢, d x800

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. 53). 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. 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 preferentialy localized along the endothelium
(E) in al groups, but enhanced immunoreactivity is noted in the
cadmium-treated groups (b, ¢, 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, ¢, and 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. 5¢—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-
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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 al cadmium-treated groups (b, ¢, 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 (arrowheadsin c and d). a, b, ¢, d x800

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. 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 al cadmium-treated groups. Bars mean +SEM, **P<0.01,
*P<0.05

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-

C

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, ¢ x54,000

endothelial layer by degranulation and/or exocytosis in
amanner 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-



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 x54,000
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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

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-
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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

vascular endothelial cells. Our immunoelectron micro-
graphs also indicated the enhanced immunoreactivity
for ET-1, especialy 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 isin 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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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.
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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 classica 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 chromosomesin all primary TCCs, assess-
ing numerical as well as structural aberrations. In a pre-
vious study with a limited number of stage Tato 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, atotal 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 al tumour specimens
(counts/10 hpf) was estimated using previously described counting
methods [2]. A total of ten fields was counted using a x10 ocular
and a x40 objective with a numerical aperture of 0.75 and a field
width of 450 um. The tumour growth pattern (solid, papillary of
mixed) was also recorded. The histology of al 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 pg/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/I 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



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 patientsin 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 isre-
flected in alower 5-year RFS.

During the follow-up period, a total of 30 patients
(38%) died in the group with a norma chromosomal
classification. Of these 30 patients, 4 (13%) died due to
TCC after amean 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
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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).

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

-Y ession-f % % 1

* 2 [significant differences ey ooressonree - 84% 88% 0

(P<0.05)]
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Fig. 1 Recurrence-free survival
according to chromosome class.
Five-year recurrence-free sur-
vival: normal chromosomal
classification (n=80) = 65%
(95%Cl, 59-71), abnormal
chromosomal classification
(n=186) = 38% (95%Cl, 34-42);
P=0.01

Table 2 Relationship of chro-
mosome classification to other
prognostic factors

* ~2 [asignificant differences
(P<0.05)]

recurrence free survival according to chromosomal
classification
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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<(.0001
Solid or mixed 6 (8) 67 (36)
Mitotic index
<5 67 (84) 75 (40) a<(0.0001
=5 13 (16) 111 (60)
Sex
Mae 69 (86) 147 (79) 0.2
Femae 11 (14) 39 (21)
Age
<68 Years 44 (55) 86 (46) 0.2
=68 Years 36 (45) 100 (54)

Table 3 Univariate analysis of prognostic factors for recurrence- Table4 Univariate analysis of prognostic factors for progression-

free survival free survival
P value (log rank) P value (log rank)
Stage (pTavs pT1) 0.18 Stage (pTavs pT1) a0.01
Grade (1 vs2avs 2b vs 3) 0.3 Grade (1 vs2avs 2b vs 3) a0.004
Growth pattern (papillary vs non-papillary) 0.34 Growth pattern (papillary vs non-papillary) a0.0007
MI (5 vs=5) 0.11 MI (5 vs=b) a0.001
Age (<68 years vs =68 years) a0.04 Age (<68 years vs =68 years) 0.5
Chromosomal analysis (normal vs abnormal)  a0.01 Chromosomal analysis (normal vs abnormal)  a0.03

aSignificant differences (P<0.05)

aSignificant differences (P<0.05)



Fig. 2 Progression-free survival
according to chromosome class.
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Table5 Multivariate analysis of recurrence-free and progression-free survival

Recurrence-free survival Progression-free survival

P value Risk ratio  95% ClI Pvaue  Riskratio 95% ClI
Stage (T1 vs Ta) 0.9 0.5
Grade (1+2avs 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 0.04 215 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

Multivariate analysis

Two prognostic factors determined RFS in multivariate
analysis, namely chromosomal classification (RR = 1.98,
95%Cl 1.25-3.14) and age (RR = 0.64, 95%Cl 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%Cl 1.02-4.53) and by
growth pattern of the tumour (RR = 1.95, 95%ClI
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
asignificantly 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 adlightly 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 Taand T1 bladder
carcinomeas 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 al 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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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-
norma 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 Taand 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 proveto
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 Taand T1 tumoursis 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 al Taand 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
(FDCY) 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 revea 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.
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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
thusfar [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, especialy 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,
4.3x2.8-cm mass, with positive internal and peripheral power
doppler flow. Mammography showed a nodular opacity devoid of
microcalcifications and with alow 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 sheis currently free of dis-
ease 19 months after surgery.
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Table 1 Primary antibodies

and immunohistochemical Antibody Source Clone Dilution Results
results. EMA epithelial mem-
brane antigen, CK cytokeratin, CDla Immunotech 010 1:2 -
MPO myeloperoxidase, P poly-  CD3 Dako P 1:100 -
clonal, — no staining, + weak, ~ €D20 Dako L26 1:200 -
++ moderate, +++ strong. CD21 Dako IF8 1:20 .
Immunotech, Marseille, CD23 Novocastra 1B12 1:80 -
France; Dako, Glostrup, CD30 Dako Ber.H2 1:10 -
Denmark; Novocastra, CD34 Novocastra QBENd/10 1:400 —
Newcastle upon Tyne, UK; CD35 Dako Ber-MAC-DRC 1:100 +
Boehri nger, Mannheim, CD68 (K Pl) Dako KP1 1:150 +
Germany S-100 Dako P 1:1600 +++
Anti-human melanoma Dako HMB45 1:50 -
EMA Dako E29 1:20 ++
CK pool Novocastra AEL/AES 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%

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-um 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 39x10 HPF)
and often atypical.

The immunohistochemical results are shown in
Table 1. The neoplastic cells were immunoreactive for
CD21 (Fig. 1€), 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-

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 x1000; b—d x250; b—d, f inset, e, g, h x400; e-h he-
matoxylin counterstain
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Fig. 1 Legend see page 195



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 aloose
arrangement of vimentin-type
intermediate filaments. Uranyl
acetate-lead citrate; original
magnification x4400. 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
anetwork of microtubules.
Uranyl acetate-lead citrate;
origina magnification x300.

b (inset) In some cells, micro-
villous-type cytoplasmic pro-
cesses are present in small
groups irregularly distributed
aong the entire profile of a
pseudoglandular space. Uranyl
acetate—ead citrate; original
magnification x7000
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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
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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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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 Gl: 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%
tumor matrix was similar to that of fetal chondrocytes and ~ mesenchymal precursor (@) ~ © lIA
. . . e . . © vim, $-100
cartilage, but did not allow clear identification of differen- l
tiation profiles. Cytogen@tic apalysis enabled the de_:tection crondroprogenter (@) :,'f:“
of chromosomal alterations in many chondrogenic neo- \1 © $-100
lasms, which however were distributed randomly and o
P Y ‘@) IIB,Agg M, {% vim
© I, X, Agg

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-
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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]

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].



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-
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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 COLS3, 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 COLI10
(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, ¢ 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.
I-n Osteochondromas show a fetal growth plate cartilage like carti-
lagenous organization with a tumor matrix positive throughout for
proteoglycans (1 toluidine blue) and COL2 (m) and COL10 (n) in
the zones next to the area of bone formation. (a, f HE; c, i, 1 tolui-
dine blue; b, d, e, gk, m, n immunostainings for the antigens indi-
cated above; magnification bars 100 pm)



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. 21). 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 COLI10
(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. 31, m). This also explains the expression of
osteonectin [12], because hypertrophic chondrocytes in
fetal growth plate cartilage typically express osteonectin
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[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, 1) 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. 40, 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 (¢), 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
COLI10 (I) 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, I, m immunostainings for the antigens indicated
above; magnification bars 100 um)
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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 COLI1
(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)

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, ] mRNA) and focally COL10 (m protein, n mRNA).
0—s Chondroblastomas show histologically areas resembling chon-
droid tissue (0) 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, 0, t, u HE; p toluidine blue; b—d,
f-h, j, k, m, v immunostainings for the antigens indicated above;
I, n in situ hybridization experiments for COL2A1 (1) and
COL10A1 (n) mRNA using antisense probes; magnification bars
100 pm)

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-Bs) 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-Bs 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-



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.
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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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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

fibrosarcoma/MFH

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

Dako (Denmark)
Dako (Denmark)

Antigen Type Dilution Digestion Source
Vimentin (V9.1) m 1:200 -
S-100 r 1:20000 P
Collagen I r 1:200 H
Collagen II r 1:50 H
Collagen II-C1/D3/E8 m 1:50 H
Collagen ITA r 1:1000 H
Collagen III r 1:2000 H
Collagen VI r 1:5000 H
Collagen X (X-36, X-54) m 1:20 H
Aggrecan (5G5) m 1:5000 H

,P Synbio (Germany)

,P Novacastra (United Kingdom)

,P Dr. Holmdahl [35]

, Pt Dr. Sandell [48]

,P Dr. Giinzler (Aventis, Frankfurt)

, P Dr. Timpl [61]

, Pt Dr. von der Mark [27]; Quartett (Berlin, FRG)
, Pt Dr. R. Perris (Aviano, Italy)

[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,
COLY, COLI11 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



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-
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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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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

PSA Vimentin Desmin

SMA CK S100

diagnosis
NSE AR PR Ki67/

protein Mib-1

Benign
stromal
nodules
(BPH)

Type 4

Stromal
nodules with
atypia (BPH)

Type 1

Leiomyoma Type 1
with atypia

Post- Type 2
operative

spindle cell

tumor

Embryonal -
mesenchymal

Fibroblastic
Fibromuscular
Smooth
muscular

Fibromuscular —
nodule with
cellular
pleomorphism

and
leiomyoma-like
pattern

Solitary nodule, —
smooth muscle
proliferation,
range of
diameter

1-12 cm, rare
mitoses, bizarre
nuclei,
multinucleation,
giant cells,
nucleolar
vacuolization

Spindle cell -
proliferation

with chronic
inflammation,

+ 4

prominent
plexiform
vasculature,

rate of mitosis
up to 25/10 HPF

-+ 4+ o+ +

[
+ +
+ 4+
+ +
+ +

—— e

Leiomyosarcoma
stromal sarcoma

Leiomyosarcoma
stromal sarcoma

Stromal sarcoma
leiomyosarcoma,
Kaposi’s
sarcoma

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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Fig. 1 a Cell rich stromal nodule of the prostate with fibrous and
myxoid pattern (H&E x200). b Leiomyoma of the prostate with
cellular atypia (H&E x200)

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. la, 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-

Fig. 2 a Postoperative spindle cell nodule of the prostate showing
inhomogeneous chronic inflammation, varying cellularity and nu-
clear pleomorphism (H&E x400). 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 x400)

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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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,

Fig. 3 a Solitary fibrous tumor of the prostate showing thick
bands of collagen and focal storiform growth (H&E x400).
b Leiomyosarcoma of the prostate showing necrosis (H&E x200)

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-



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 x400). b Fibromyxoid
low-grade sarcoma with small myxoid areas and moderate to
strong cellular pleomorphism. (H&E x400)

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

Fig. 5 a Phyllodes tumor of the prostate with increased mitotic
rate, increased cellularity and pleomorphism (H&E x400). b Stro-
mal sarcoma of the prostate (H&E x400)

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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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 - 4+ —/+ + Rarely —CD 68 - - —  1(~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  Bigencapsulated — + + + ) - - - - 1 Stromal
fibrous tumor tumor, spindle sarcoma,
cell pattern, hemangio-
enlarged nuclei, pericytoma
no necrosis
Phyllodes Type 3  Epithelial- + + (+) + 4+ - - -+ 1 Rhabdomyo-
tumor stromal tumor, sarcoma
(epithelial- increased stromal
stromal tumor) component,
relatively

frequent mitoses,
invasive pattern

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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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 CDI117-negative CD34 positive stromal tumors
(GINST); a-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 GILTSs 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.
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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.
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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



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 CDI17 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 CDI117
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
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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, 400x 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), a-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-um 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, a-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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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 a-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

(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. le, 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 CDI17 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. 2¢), 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

“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



A
F 4 F o’

AT A O
AR R
AL ‘1 'E‘..\"i%‘ y .

1

\
R YA

a
i 1,«.—-;"

RS eary
T s e

2 R (i %
’ ‘!;a"‘-’#

AR

AL R M A SR S T
B e - r = “w s
Shen e
RS TR
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. ¢ 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. 2¢c), and GINTs (45%),
whereas more than 90% of the GILTs were composed of
spindle-shaped cells (Fig. 2b). Nuclear pleomorphism
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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-
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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
a-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). ¢ 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

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-



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-
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genic tumors, GIGT gastrointestinal glial/schwannian tumors, GINT
gastrointestinal neuronal/glial tumors, GIFT gastrointestinal fibrous
tumors

tive CD34 positive stromal tumors, GILT gastrointestinal leiomyo-

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

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

Esophagus  Stomach Duodenum  Jejunum Tleum Colon Rectum GI tract (NOS) Soft tissue
(n=2,0.8%) (n=1006, 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(147%) 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(143%) 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%]

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
a-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

MSA ASMA DES NSE  PGP95 SYN CHRA S-100 GFAP  CD34 CDIl7 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%)  (153%) (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
13%) 91.3%) (87%) (43%) (30.4%) (4.3%) (8.7%) (43.5%) (8.6%) (4.3%)
GIGT 1 1 16 12 21 18 4 9
48%) (48%) (162%) (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 1 1 7 1 7 5
(9.1%) (100%) (100%) (100%) (9.1%) (63.6%) (100%) (63.6%) (45.5%)

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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Fig. 3 Analysis of disease-spe-
cific survival showing signifi-
cantly different outcomes for
the immunophenotypic subs-
types of gastrointestinal mesen-
chymal tumors

cumulative survival

p=0.0034
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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 GINSTSs (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.

100 200 300

months

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 GINTSs.
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



[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 CDI117-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 CDI117-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-
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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 react