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Expression of Candidate Tumor Markers in
Ovarian Carcinoma and Benign Ovary:
Evidence for a Link Between Epithelial
Phenotype and Neoplasia

RONNY DRAPKIN, MD, PHD, CHRISTOPHER P. CRUM, MD, AND
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EpCAM, epithelial membrane antigen (EMA)–mucin 1 (MUC1),
esothelin, and CD9 have been reported to be overexpressed at the
NA level in ovarian carcinomas. By using immunohistochemistry, we
rofiled the protein expression of these gene products in ovarian
arcinoma tissues and compared them with benign ovarian surface
pithelium (OSE) and cortical inclusion cysts (CICs). Immunoreac-
ivity for EMA and calretinin were used to define epithelial and
esothelial differentiation in nontumor tissues, respectively. Papil-

ary serous (n � 16) and endometrioid (n � 10) tumors were immu-
opositive for EMA/MUC1 (100%), mesothelin (75% and 30%, re-
pectively), CD9 (88% and 90%, respectively), and EpCAM (100%).
ll ovarian carcinomas and carcinoma cell lines tested were negative
or calretinin. In nonneoplastic ovary, both OSE and CICs ranged
rom flat-to-cuboidal to stratified and ciliated in appearance. OSE

ith a cuboidal morphology had a similar immunoreactivity as omen-
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al peritoneum, expressing calretinin, mesothelin, and CD9. In con-
rast, CICs with stratified and ciliated epithelium show expression
atterns similar to those in fallopian tubes. They frequently ex-
ressed EMA, EpCAM, mesothelin, and CD9. This immunopheno-

ype is preserved in ovarian carcinomas, suggesting that Müllerian
etaplasia signals the acquisition of these markers and that their

xpression is maintained in ovarian carcinomas that originate from
his epithelium. HUM PATHOL 35:1014-1021. © 2004 Elsevier Inc. All
ights reserved.

Key words: EMA/MUC1, EpCAM, mesothelin, CD9, calretinin,
MA, ovary, carcinoma.

Abbreviations: EMA, epithelial membrane antigen; OSE, ovarian
urface epithelium; IHC, immunohistochemistry; CICs, cortical in-
lusion cysts; hOSE, human ovarian surface epithelial [cell lines].
The ovarian surface epithelium (OSE) covers the
ntire ovarian surface and varies morphologically from
imple flat mesothelium to cuboidal to low
seudostratified columnar ciliated epithelium.1,2 Al-
hough during early reproductive life the OSE is gen-
rally simple in appearance, with aging, the ovarian
urface becomes more complex, with the development
f cortical inclusion cysts (CICs) in most ovaries. CICs
re largely epithelial in appearance, and the source of
his epithelium is unclear. Potential sources include
ransfer of endometrial or salpingeal epithelium to the
varian surface by exfoliation, direct contact with
alpingeal epithelium by adhesions, and epithelial
etaplasia of the OSE.3 In the latter scenario, the

ncorporation of the epithelium into the ovarian cortex
ay occur by repair of ovulation sites, adhesions, and

urface invaginations that develop during the process
f ovarian atrophy (reviewed in Vanderhyden et al4 and
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n Drapkin and Hecht5). The incidence of CICs in-
reases with advancing age, and they are common in
ostmenopausal women. Although generally benign in
ature, these epithelial rearrangements are widely

hought to be the potential origin of most ovarian
pithelial cancers. The more frequent appearance of
pithelial invaginations and inclusion cysts in women
ith a hereditary predisposition for ovarian cancer sup-
orts this hypothesis (reviewed in Vanderhyden et al,4

rapkin and Hecht,5 and Wong and Auersperg6).
In addition, the most common subtypes of ovarian

pithelial tumors are histologically similar to other tu-
ors arising in the female genital tract. For instance,

erous carcinomas resemble tumors arising in the fal-
opian tubes, whereas ovarian endometrioid and muci-
ous carcinomas resemble endometrial and endocervi-
al carcinomas, respectively. This similarity is consistent
ith the fact that although continuous with the me-

othelial lining of the peritoneal cavity, the OSE shares
common embryologic origin with epithelia of Mülle-

ian duct–derived tissues; they both arise from the
oelomic epithelium in the area of the gonadal ridge.
his common origin is evident in normal adult ovaries
s the commonly observed histological transformation
f the OSE to a more columnar and ciliated cell type, a
rocess referred to as Müllerian metaplasia. In fact,
SE cells in culture can be driven to both epithelial

nd mesothelial differentiation.1,2 Moreover, results
rom several observational studies support the hypoth-
sis that dysplasia or hyperplasia arising within these
pithelial inclusion cysts may represent a histological
recursor to ovarian carcinoma.7-10
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CANDIDATE TUMOR MARKERS IN OVARIAN CARCINOMA AND BENIGN OVARY (Drapkin et al)
Together, these morphological observations sug-
est that the OSE normally undergoes a physical relo-
ation from the surface into the ovarian cortex through
rocesses related to ovulation and aging. Once en-
rapped in the cortex, a conversion from the flat cuboi-
al mesothelial cells to stratified Müllerian epithelial
ells can occur, perhaps under the influence of stromal
ormones.11 Malignant transformation of these CIC
pithelial cells can then result in carcinomas with the
orphological variations and characteristics of ovarian

arcinomas. The particular molecular and genetic
vents associated with neoplastic transformation of the
varian epithelium on the surface or in CICs are still

argely unknown. However, recent large-scale genome-
ide studies of ovarian cancers have revealed that cer-

ain genes are overexpressed in ovarian cancer cell
ines and primary tumors.12-15 It is currently unclear
here in the process of neoplastic transformation of

he OSE these genes are involved, but their gene prod-
cts may serve as useful tools in the early detection of
varian cancer and perhaps in the development of
ovel therapeutics.

As a first step in determining the potential roles of
hese genes in the diagnosis, detection, or treatment of
varian cancer, we asked whether we could validate
heir expression in human ovarian tumor samples by
mmunohistochemistry (IHC). A review of the litera-
ure identified a large number of genes that are over-
xpressed in ovarian carcinomas relative to cultured
varian surface cells. However, when we applied a lim-

ted set of restrictions, the list of genes was greatly
educed. We selected 5 genes for further study. Our
ata indicate that all 5 genes are overexpressed at the
rotein level in the most common ovarian carcinomas.
oreover, the results from our analysis on OSE and
ICs provide a link between metaplasia of the surface
pithelium, CICs, and ovarian carcinogenesis.

ATERIALS AND METHODS

Genomewide experimental approaches have been ap-
lied to the study of ovarian cancer. Attempts to identify
enes involved in ovarian tumorigenesis have used primary
uman ovarian tumors and cell lines in a wide array of
xperimental methodologies, including differential display,
erial analysis of gene expression, global gene expression
rofiling using cDNA arrays, comparative genomic hybridiza-
ion, 2-dimensional gel electrophoresis of cellular proteins,

TABLE 2. Antibodies Used

Gene
Source and Location

(Mono/Poly)

pCAM Dako, Carpinteria, CA
esothelin Novocastra, UK
D9 Neomarkers, Fremont, CA
MA/Muc1 Dako
alretinin Zymed, San Francisco, CA
R Dako

NOTE. Incubation times and buffer in each case was 40 minute

Abbreviations: TBS, Tris-buffered saline; EMA, epithelial membrane
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nd proteomic analysis of serum proteins. Published studies
ere identified in MEDLINE and reviewed. Genes conform-

ng to the following parameters were selected: (1) genes
p-regulated in ovarian cancers relative to normal ovarian
urface epithelium and (2) genes appearing in at least 2
ndependent published studies. Among the genes fulfilling
hese criteria were HE4, mesothelin, EpCAM, mucin 1, and CD9.
elevant references are cited in Table 1. Those with commer-
ial antibodies were chosen and included mucin 1 (also called
UC1, epithelial membrane antigen [EMA]), EpCAM (also

alled ESA, EGP40, 323/A3), mesothelin, and CD9. Studies
n HE4 will be presented elsewhere. EMA and calretinin
erved as positive controls for epithelial and mesothelial dif-
erentiation, respectively.

mmunohistochemistry

Immunohistochemical localization of target proteins was
erformed on 4-micrometer sections from paraffin-embed-
ed tissue. In addition to the aforementioned commercially
vailable antibodies used in this study, we also employed
rimary antibodies for the estrogen receptor (ER) and the
esothelial marker calretinin. Antigen retrieval was per-

ormed as described in Table 2. Primary antibodies were
etected with the Envision� system that employs horseradish
eroxidase–labeled polymer conjugated to goat anti-mouse

mmunoglobulin antibodies. Immune complexes were iden-

TABLE 1. Genes Commonly Overexpressed in
Ovarian Carcinomas*

Gene Function Reference No.

E4 Epididymis-specific protease 13
inhibitor 34

35
12
36
37

ucin1 Glycoprotein 13
36
37
12

pCAM Glycoprotein 38
39
12
34

esothelin Glycoprotein 39
12
34

D9 Transmembrane protein 36
34

*This list includes genes that were identified in at least 2 inde-
endent studies.

munoperoxidase Staining

lone Dilution
Retrieval Time in

Min (method)

Ep4 1:100 10 (protease)
1:50 30 (microwave)

1 Prediluted 30 (microwave)
1:200 30 (microwave)

yclonal 1:300 30 (microwave)
1:200 30 (microwave)

S.
for Im

C

Ber
5B2
9CO
E29
Pol
1D5

s, TB

antigen; ER, estrogen receptor.
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HUMAN PATHOLOGY Volume 35, No. 8 (August 2004)
ified by using a peroxidase reaction with DAB� as chromo-
en (Envision� detection system, K4006, Dako Corp, Carpin-
eria, CA). Positive controls were established for each stain,
ncluding peripheral nerve (EMA); mesothelioma (mesothe-
in); tonsil (CD9); and normal skin, appendix, or muscle
EMA). Slides were counterstained with methyl green.

ell Lines, Lysate Preparation, and Western
lot Analysis

Human ovarian surface epithelial (hOSE) cell lines were
mmortalized by infection with a replication-defective retro-
irus encoding the human papillomavirus oncoproteins E6
nd E7 as described elsewhere16 and were nontumorigenic in
ude mice. All the ovarian cell lines, except MCAS, were
erived from the ascitic fluid of women with advanced carci-
oma. OV-90, OVCA-420, and OVCA-429 were generated

rom women with serous tumors; OVCAR-3, SKOV-3, and
AOV3 were derived from women with poorly differentiated
varian adenocarcinomas; MCAS is a line derived from the
olid component of a mucinous cystadenocarcinoma.17 All
ines were cultivated in M199 media (Sigma, St. Louis, MO)
upplemented with MCDB105 (Sigma) containing 10% fetal
ovine serum at 37°C in a 10% CO2-containing atmosphere.
ells were harvested at 80% confluence and lysed in ice-cold
ETN buffer (20 mM Tris-HCl [pH 8], 150 mM NaCl, 1 mM
DTA, 0.5% NP-40) for 45 minutes. Insoluble material was
emoved by centrifugation.

Soluble cell lysates were resolved on 4% to 12% gradient
ris-Glycine gels (Invitrogen Corporation, Carlsbad, CA) and

ransferred onto nitrocellulose membranes (Invitrogen) with
semidry blotter. Membranes were incubated with anti-cal-

etinin polyclonal rabbit antibodies (Zymed, South San Fran-
isco, CA) at a dilution of 1:1000. After subsequent washes, a
orseradish peroxidase linked anti-rabbit Ig secondary anti-
ody (Amersham Biosciences, Piscataway, NJ) was added. The
lots were developed with a chemiluminescence kit from

mersham Biosciences.

1016
ase Selection

After institutional review board approval, the computer
ecords of the Departments of Pathology of Brigham and
omen’s Hospital and Beth Israel-Deaconess Medical Center
ere queried for the diagnosis of papillary serous or endo-
etrioid type (grade 1-2) ovarian carcinoma. Slides of each

ase were reviewed, and only tissue sections of tumor with
djacent residual ovary were selected. In addition, we identi-
ed cases in which benign ovaries were removed incidentally

or another procedure (7 cases) or as prophylaxis for familiar
ancer (8 cases). In all, 26 cases of cancer (16 papillary serous
nd 10 endometrioid type) and 11 normal ovaries were ex-
mined.

istological Evaluation of Staining

Tumors were considered positive if �50% of the tumor
ells in the tissue section were reactive. Staining patterns in
SE and CIC are described in the Results section.

ESULTS
pithelial Versus Mesothelial Antigens

To establish internal controls for these studies, we
xamined the expression patterns of calretinin and
MA (MUC1). Calretinin is a calcium-binding protein

hat is expressed in mesothelial cells and mesothelio-
as but not in adenocarcinomas of various sites.18,19

ecent studies have shown that calretinin is expressed
obustly in OSE and its invaginations and in CICs lined
y flat-to-cuboidal epithelium.20,21 In contrast, EMA is a
igh molecular weight transmembrane glycoprotein
xpressed in many carcinoma and nonneoplastic epi-
helia, but is not expressed in OSE or peritoneum.22,23

FIGURE 1. Epithelial and mesothelial
controls (10 � objective). All cases of
carcinoma were reactive for epithelial
membrane antigen (EMA; A) and nega-
tive for calretinin (B). Calretinin high-
lighted the residual normal ovarian sur-
face epithelium (OSE), whereas EMA
was negative. (C) Ovarian cancer cell
lines show restricted calretinin protein ex-
pression. Human OSE (hOSE) cell lines ex-
pressed calretinin, whereas ovarian can-
cer cell lines do not.
All our cases of ovarian carcinoma were reactive
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CANDIDATE TUMOR MARKERS IN OVARIAN CARCINOMA AND BENIGN OVARY (Drapkin et al)
or EMA and negative for calretinin (Fig 1A and B). In
ddition, calretinin highlighted the residual normal
SE (Fig 1B). We confirmed this observation by using
ormal hOSE and a battery of ovarian cancer cell lines

n a Western blot analysis. When compared with hOSE
ell lines, which expressed calretinin, none of the ovar-
an cancer cell lines were positive, consistent with our
HC data (Fig 1C). Equal protein loading was confirmed
y Western blotting for �-tubulin (data not shown).

ocalization of Antigens in Tumors

We then proceeded to ask whether the candidate
varian tumor markers we identified (Table 1) are
verexpressed at the protein level in our set of ovarian
erous and endometrioid carcinomas and how these
atterns compare to normal ovarian tissues. We found
hat the majority of tumors stained with EMA, mesothe-
in, CD9, and EpCAM (Fig 2). Conversely, all the tu-

ors were negative for calretinin (Fig 2; Table 3).
nterestingly, mesothelin expression was more promi-
ent in the serous-type tumors, whereas it was only
eakly reactive in endometrioid histology. EMA, Ep-
AM, and CD9 localized to the cell membrane, whereas
esothelin showed an apical or luminal pattern. CD9

taining accentuated a luminal distribution and did not
tain every adjacent cell in an epithelial sheet.

varian Surface Epithelium

Staining of normal tissues was more complex and
orrelated with the local histology. The ovarian surface

IGURE 2. Papillary serous ovarian carcinoma (20 � objectiv
eins. Mesothelin generally had an apical staining pattern (A
MA/MUC1 (D) had strong diffuse membranous and cytopla
ccentuation. Calretinin stains (F) were all negative.
pithelium ranged from flat to cuboidal to stratified n

1017
nd ciliated in appearance. Transitions between these
pithelial architectures were typically abrupt and dis-
ontinuous. Cuboidal and flat-surface epithelium
ended to stain with calretinin but not with EMA (Fig
), consistent with our controls (Fig 1). EpCAM reac-
ivity paralleled that of EMA in normal ovarian tissues.

esothelin reactivity was confined to areas with strati-
cation or plump cuboidal cells. The apical mesothelin
taining pattern seen in tumors was also present in the
ormal surface cells. However, mesothelin staining was
enerally very weak and focal at the ovarian surface,
ompared with the carcinomas and underlying cortical
nclusion cysts (see below). CD9 staining was variable
ut was generally confined to cuboidal surface epithe-

ium and, focally, in stratified areas of the surface. In
eneral, OSE staining with these markers paralleled the
taining seen in reactive mesothelium or peritoneum
omentum; Fig 5).

ortical Inclusion Cysts

Cortical inclusion cysts also had variable histology
anging from flat or cuboidal to stratified and ciliated.
here were only occasional cysts showing transitions
etween histologies (see Figure 4). The predominant
taining patterns are listed in Table 4. The majority of
ICs with flat or cuboidal histology stained similar to

he ovarian surface with reactivity for calretinin but not
or EMA, EpCAM, or mesothelin (Table 4). However,
ICs with stratified histology had reactivity with EMA,
pCAM, and mesothelin but were negative for calreti-

mmunohistochemistry using antibodies against specified pro-
t occasionally stained more extensively (B). EpCAM (C) and

staining. CD9 (E) had a membranous pattern with apical
e). I
) bu
smic
in (Fig 4; Table 4). CD9 was generally negative in CIC
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HUMAN PATHOLOGY Volume 35, No. 8 (August 2004)
Table 4). The fallopian tube served as an epithelial
ontrol with reactivity for EMA, EpCAM, and mesothe-
in, but not for calretinin (Fig 5; Table 4). The CD9
taining pattern of the fallopian tube showed patchy
taining of basally located cells (Fig 5). Interestingly,
ormal proliferative endometrial glands stained with
MA, CD9, and EpCAM but not for mesothelin, except

n areas of ciliated metaplasia.
As mentioned above, cysts with a transition be-

ween flat or cuboidal and stratified/ciliated histologies
ere rare but when present did adopt a mixed antigen
eactivity (Fig 4, bottom panel). In these cases, flat or
uboidal cell morphology was associated with calretinin
ositivity, whereas stratified or ciliated epithelium was
MA/MUC1 positive. These findings suggest that CICs
ouse a potential transition in morphology that is ac-
ompanied by a change in tumor antigen expression.
he stroma around the CIC with stratified or ciliated
istology was not histologically distinct. However, occa-
ionally, both the stromal cells and adjacent epithelial
ining were ER positive (data not shown).

ISCUSSION

In human ovarian carcinomas, overexpression of
MA/MUC1, EpCAM, mesothelin, and CD9 has been

hown in some studies to occur at the RNA level (see
able 1). In this article, we have verified that the cor-
esponding proteins are highly expressed in both se-
ous and endometrioid carcinomas. Calretinin, a
arker of mesothelial cells and OSE, was not expressed

n these tumors and served as a control in these exper-
ments. Expression of EMA/MUC1, EpCAM, and CD9
as present in both endometrioid and serous subtypes,
hereas mesothelin was more significantly associated
ith the serous phenotype. Similar findings for EpCAM
ecently have been reported.24 Immunohistochemical
istinctions between serous and well to moderately dif-
erentiated endometrioid histologies are not surprising
ecause these histologies are known to be biologically
nd clinically distinct.25 For example, serous cancers
re more aggressive and more frequently associated
ith mutations in the p53 gene, and the overexpression
f p53 is often used to separate serous from endometri-
id subtypes.26 Further studies will determine whether
esothelin can distinguish histological subtypes.

We found that the epithelium in CICs is distin-
uished by absence of calretinin and presence of EMA/
UC1 immunoreactivity, a phenotype similar to that

TABLE 3. Staining Pattern in Tumors

Group
(No. of Cases)

n (%)

Calretinin EMA Mesothelin CD9 EpCAM

apillary serous (16) 0 (0) 16 (100) 12 (75) 14 (88) 16 (100)
ndometrioid (10) 0 (0) 10 (100) 3 (30) 9 (90) 10 (100)

Abbreviation: EMA, epithelial membrane antigen.
een in the epithelial cells of the fallopian tube. Me- i

1018
othelin is a glycoprotein that is abundantly expressed
n peritoneal mesothelial cells and in peritoneal me-
otheliomas.27 CD9 is a broadly expressed, transmem-
rane protein of the tetraspanin superfamily with a
utative role in endothelial cell function.28 Whereas
esothelin is variably expressed in OSE, it is strong in
IC. In contrast, CD9 is abundantly expressed on the
SE and hilar vasculature but is lost in CICs.

The observation that benign CICs and ovarian car-
inomas coexpress EMA/MUC1, EpCAM, and me-
othelin, whereas the OSE is negative for these markers
uggests that ovarian carcinomas do not emerge di-
ectly from the transformation of surface mesothelial
ells but rather require an additional alteration. Our
ata suggest that the additional step involves a meta-
lastic transformation of the normal surface to a mul-
ilayered or ciliated Müllerian epithelium. Such meta-
lasia is most often observed in CICs. Moreover, the
resence of these markers in the ensuing carcinomas
uggests that once acquired by the CIC Müllerian epi-
helium, the expression of these markers is preserved in
eoplasia.

Various models to explain ciliated epithelium in
IC have been postulated. One mechanism proposes

hat Müllerian-type epithelium arises from transfer of
ndometrial or tubal epithelium to the ovarian surface
y exfoliation or adhesions.3,4 Although we cannot ex-
lude this transfer model, we found occasional CICs
hat show a morphological transition from flat to Mül-
erian-type epithelium, suggesting in situ metaplasia. In
ddition, surface invaginations of OSE with stratifica-
ion maintained the peritoneal (calretinin-positive)
taining pattern. The metaplasia model for ciliated cyst
ormation is further supported by the uncommitted
henotype of OSE. OSE has features of epithelial and
esenchymal origin that are characterized by expres-

ion of cytokeratin, laminin, and collagen IV as well as
imentin and collagen I and III. In addition, E-cadherin

IGURE 3. Ovarian surface epithelium (OSE) immunoreactiv-
ty (20� objective). Immunohistochemistry using antibodies
gainst specified proteins. OSE is calretinin positive (A) and
pithelial membrane antigen is negative (B), even in areas of
ultilayering. (C) Mesothelin is diffusely reactive but is en-

anced and adopts an apical pattern in areas of multilayer-

ng. (D) CD9 was generally confined to areas of multilayering.
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IGURE 4. Cortical inclusion cyst (CIC) immunoreactivity (20 � objective). (A-C) Immunohistochemistry for calretinin, epithelial
embrane antigen (EMA), and mesothelin. EMA and mesothelin are positive in cysts with stratified or ciliated epithelium, whereas

alretinin is negative (D-F). The staining of CICs for calretinin, EMA, and mesothelin was similar in ovaries removed for cancer
rophylaxis (familial) and those removed for other reasons (incidental). (G, H) In cysts with a histological transition from flat to
ultilayered or ciliated epithelium, EMA is positive only in the metaplastic or ciliated areas.
TABLE 4. Staining Pattern in Surface and CIC Epithelium

rea Histology Calretinin EMA Mesothelin CD9 EpCAM ER

urface
1 Flat � � � � � �
2 Cuboidal � � � (apical) � � �
3 Stratified � � � (apical) � �/�* �

IC
1 Flat/cuboidal � � � (apical) � � �
2 Cuboidal � �/�* � (apical) � � �*
3 Stratified � � � � � �
4 Stratified (ciliated) � � � � � �

eritoneum (omentum)
Flat, papillary � � � �/�* � �

allopian tube
� � � (apical) � � �

ndometrium
Proliferative NA � �† � � �

Abbreviations: CIC, cortical inclusion cysts EMA, epithelial membrane antigen; ER, estrogen receptor; NA, not available.
*Scattered patches of cells are positive.

†Positive in areas of ciliated metaplasia.
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HUMAN PATHOLOGY Volume 35, No. 8 (August 2004)
nduces mesenchymal-to-epithelial transition in human
SE, which results in the expression of estrogen, pro-

esterone, and androgen receptors.29-31 To explore the
ransfer hypothesis for endometrioid carcinomas, we
tained normal Müllerian tissues for the tumor markers
Fig 5). Mesothelin stains normal fallopian tube and
reas of ciliated metaplasia in endometrium but not
ormal cycling endometrial glands. Mesothelin expres-
ion, therefore, is more closely related to histological
ifferentiation than to the site of origin.

In conclusion, we used IHC to validate the expres-
ion of several putative tumor markers at the protein
evel on human ovarian cancer tissues. The studies used
o define our list of candidate tumor markers were
ased on the assumption that OSE and ovarian carci-
omas can be distinguished at the RNA level. Although

his is a valid assumption, our findings suggest that
dditional steps are required beyond the simple trans-
ormation of the OSE. Specifically, we found that al-
hough these markers were indeed overexpressed in
he tumors we tested, they were also present in Mülle-
ian-type epithelium within benign CICs. As such, these
esults suggest that some of the markers identified as
varian tumor markers are actually markers of Mülle-
ian differentiation, not necessarily bona fide markers
f neoplastic transformation. These observations sup-
ort the hypothesis that the OSE is not the direct
recursor of ovarian epithelial neoplasms but instead
ust first undergo metaplasia to become Müllerian-

ike.8,9 A subsequent neoplastic event within this Mül-
erian epithelium may trigger oncogenic transforma-
ion. Support for this model comes from studies in

IGURE 5. Immunoreactivity in fallopian tube, peritoneum, a
pecified proteins. Omentum is positive for calretinin (A) and me
); staining for CD9 is patchy (D). Fallopian tube is positive for EM
H) and CD9 (J); mesothelin is positive only in glands with cilia
umor. CD9 staining in endometrium (J) is strong, but patchy.
heep that showed that ovulation causes oxidative base i

1020
amage to the cells in the vicinity of the rupture site
nd that such DNA damage is associated with up-regu-
ation of the p53 tumor suppressor.32 Because one

echanism of CIC formation is related to ovulation,
NA damage to OSE cells during this process may

esult in formation of CICs with cells harboring DNA
amage. Perhaps in conjunction with these events, ex-
osure to the high levels of the gonadotropic hor-
ones (follicle-stimulating hormone and luteinizing

ormone) seen during menopause may predispose the
IC epithelium to neoplastic transformation. Recent

tudies using murine models of ovarian epithelial tu-
ors have supported the notion that the OSE is the cell

f origin of ovarian carcinomas.33

Acknowledgment. The authors thank Dr. Sam Mok
Brigham and Women’s Hospital, Boston, MA) for the kind
ift of the human ovarian surface epithelial cell lines, Cathy
uigley (Brigham and Women’s Hospital, Boston, MA) for
er expertise in tissue immunohistochemistry, and Drs. Mi-
hael Seiden, Patrick Sluss, Steve Skates, David Livingston,
nd Paola Vermeer for discussion and support.

EFERENCES

1. Papadaki L, Beilby JO: The fine structure of the surface
pithelium of the human ovary. J Cell Sci 8:445-465, 1971

2. Blaustein A, Lee H: Surface cells of the ovary and pelvic
eritoneum: A histochemical and ultrastructure comparison. Gy-
ecol Oncol 8:34-43, 1979

3. Dubeau L: The cell of origin of ovarian epithelial tumors and
he ovarian surface epithelium dogma: Does the emperor have no
lothes? Gynecol Oncol 72:437-442, 1999

4. Vanderhyden BC, Shaw TJ, Ethier JF: Animal models of ovar-

ndometrium. Immunohistochemistry using antibodies against
elin (C) but is negative for epithelial membrane antigen (EMA;
), mesothelin (F), and CD9 (G). Endometrium is positive for EMA

etaplasia (I), and mesothelin staining is apical, similar to the
nd e
soth
A (E

ted m
an cancer. Reprod Biol Endocrinol 1:67, 2003



a

h
1

t

e
l

o

i
n

r
7

s
p

h
g

i
o

p
2

o
v

c
c
1

c

i
s

o
P

s
m
o

s
t

g

e

v
D

a
c

i
a

M

e
2

o

t
p

d
s
R

i
s

p
2

m
6

s
p

e

e
m

u

CANDIDATE TUMOR MARKERS IN OVARIAN CARCINOMA AND BENIGN OVARY (Drapkin et al)
5. Drapkin R, Hecht J: The origins of ovarian cancer: Hurdles
nd progress. Womens Oncol Rev 2:261-268, 2002

6. Wong AS, Auersperg N: Ovarian surface epithelium: Family
istory and early events in ovarian cancer. Reprod Biol Endocrinol
:70, 2003

7. Gusberg SB, Deligdisch L: Ovarian dysplasia. A study of iden-
ical twins. Cancer 54:1-4, 1984

8. Mittal KR, Zeleniuch-Jacquotte A, Cooper JL, et al : Contralat-
ral ovary in unilateral ovarian carcinoma: A search for preneoplastic
esions. Int J Gynecol Pathol 12:59-63, 1993

9. Resta L, Russo S, Colucci GA, et al: Morphologic precursors of
varian epithelial tumors. Obstet Gynecol 82:181-186, 1993

10. Deligdisch L, Einstein AJ, Guera D, et al: Ovarian dysplasia
n epithelial inclusion cysts. A morphometric approach using neural
etworks. Cancer 76:1027-1034, 1995

11. Cramer DW, Welch WR: Determinants of ovarian cancer
isk. II. Inferences regarding pathogenesis. J Natl Cancer Inst 71:717-
21, 1983

12. Hough CD, Sherman-Baust CA, Pizer ES, et al: Large-scale
erial analysis of gene expression reveals genes differentially ex-
ressed in ovarian cancer. Cancer Res 60:6281-6287, 2000

13. Schummer M, Ng WV, Bumgarner RE, et al: Comparative
ybridization of an array of 21,500 ovarian cDNAs for the discovery of
enes overexpressed in ovarian carcinomas. Gene 238:375-385, 1999

14. Jones MB, Krutzsch H, Shu H, et al: Proteomic analysis and
dentification of new biomarkers and therapeutic targets for invasive
varian cancer. Proteomics 2:76-84, 2002

15. Petricoin EF, Ardekani AM, Hitt BA, et al: Use of proteomic
atterns in serum to identify ovarian cancer. Lancet 359:572-577,
002

16. Tsao SW, Mok SC, Fey EG, et al: Characterization of human
varian surface epithelial cells immortalized by human papilloma
iral oncogenes (HPV-E6E7 ORFs). Exp Cell Res 218:499-507, 1995

17. Kidera Y, Yoshimura T, Ohkuma Y, et al: [Establishment and
haracterization of a cell line derived from mucinous cystadenocar-
inoma of human ovary]. Nippon Sanka Fujinka Gakkai Zasshi 37:
820-1824, 1985

18. Doglioni C, Tos AP: Calretinin: A novel immunocytochemi-
al marker for mesothelioma. Am J Surg Pathol 20:1037-1046, 1996

19. Ordonez NG: Role of immunohistochemistry in distinguish-
ng epithelial peritoneal mesotheliomas from peritoneal and ovarian
erous carcinomas. Am J Surg Pathol 22:1203-1214, 1998

20. Cao QJ, Jones JG, Li M: Expression of calretinin in human
vary, testis, and ovarian sex cord-stromal tumors. Int J Gynecol
athol 20:346-352, 2001

21. Attanoos RL , Webb R, Dojcinov SD, et al : Value of me-
othelial and epithelial antibodies in distinguishing diffuse peritoneal
esothelioma in females from serous papillary carcinoma of the

vary and peritoneum. Histopathology 40:237-244, 2002
1021
22. Tashiro Y, Yonezawa S, Kim YS, et al: Immunohistochemical
tudy of mucin carbohydrates and core proteins in human ovarian
umors. Hum Pathol 25:364-372, 1994

23. Giuntoli RL 2nd, Rodriguez GC, Whitaker RS, et al: Mucin
ene expression in ovarian cancers. Cancer Res 58:5546-5550, 1998

24. Went PT, Lugli A, Meier S, et al: Frequent EpCam protein
xpression in human carcinomas. Hum Pathol 35:122-128, 2004

25. Scully R, Young R, Clement P: Tumors of the Ovary, Malde-
eloped Gonads, Fallopian Tube, and Broad Ligament. Washington,
C, Armed Forces Institute of Pathology, 1998

26. Caduff RF, Svoboda-Newman SM, Bartos RE, et al: Compar-
tive analysis of histologic homologues of endometrial and ovarian
arcinoma. Am J Surg Pathol 22:319-326, 1998

27. Chang K, Pastan I, Willingham MC: Isolation and character-
zation of a monoclonal antibody, K1, reactive with ovarian cancers
nd normal mesothelium. Int J Cancer 50:373-381, 1992

28. Maecker HT, Todd SC, Levy S: The tetraspanin superfamily:
olecular facilitators. FASEB J 11:428-442, 1997

29. Auersperg N, Wong AS, Choi KC, et al: Ovarian surface
pithelium: Biology, endocrinology, and pathology. Endocr Rev 22:
55-288, 2001

30. Auersperg N, Edelson MI, Mok SC, et al: The biology of
varian cancer. Semin Oncol 25:281-304, 1998

31. Mittal KR, Zeleniuch-Jacquotte A, Cooper JL, et al: Con-
ralateral ovary in unilateral ovarian carcinoma: A search for preneo-
lastic lesions. Int J Gynecol Pathol 12:59-63, 1993

32. Murdoch WJ, Townsend RS, McDonnel AC: Ovulation-in-
uced DNA damage in ovarian surface epithelial cells of ewes: Pro-
pective regulatory mechanisms of repair/survival and apoptosis. Biol
eprod 65:1417-1424, 2001

33. Orsulic S, Soslow R, Vitale-Cross L, et al: Induction of ovar-
an cancer by defined multiple genetic changes in a mouse model
ystem. Cancer Cell 1:53-62, 2002

34. Wang K, Gan L, Jeffery E, et al: Monitoring gene expression
rofile changes in ovarian carcinomas using cDNA microarray. Gene
29:101-108, 1999

35. Ono K, Tanaka T, Tsunoda T, et al: Identification by cDNA
icroarray of genes involved in ovarian carcinogenesis. Cancer Res

0:5007-5011, 2000
36. Welsh JB, Sapinoso LM, Su AI, et al: Analysis of gene expres-

ion identifies candidate markers and pharmacological targets in
rostate cancer. Cancer Res 61:5974-5978, 2001

37. Shridhar V, Lee J, Pandita A, et al: Genetic analysis of
arly-versus late-stage ovarian tumors. Cancer Res 61:5895-5904, 2001

38. Wong KK, Cheng RS, Mok SC: Identification of differentially
xpressed genes from ovarian cancer cells by MICROMAX cDNA
icroarray system. Biotechniques 30:670-675, 2001

39. Hough CD, Cho KR, Zonderman AB, et al: Coordinately
p-regulated genes in ovarian cancer. Cancer Res 61:3869-3876, 2001


	Expression of Candidate Tumor Markers in Ovarian Carcinoma and Benign Ovary: Evidence for a Link Between Epithelial Phenotype and Neoplasia
	MATERIALS AND METHODS
	Immunohistochemistry
	Cell Lines, Lysate Preparation, and Western Blot Analysis
	Case Selection
	Histological Evaluation of Staining

	RESULTS
	Epithelial Versus Mesothelial Antigens
	Localization of Antigens in Tumors
	Ovarian Surface Epithelium
	Cortical Inclusion Cysts

	DISCUSSION
	Acknowledgment
	REFERENCES


