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Carcinoma of the ovary is the leading cause of death from gy-
necological cancer in western countries. Ovarian carcinoma
is commonly associated with the accumulation of fluid con-
taining malignant cells in the peritoneal, and not infrequently
in the pleural cavity. The differentiation of these cells from
reactive mesothelial cells is at times difficult. In addition,
tumor progression in ovarian carcinoma and the biological
characteristics of carcinoma cells in effusions compared to
their counterparts in solid tumors are poorly understood. This
review details the current knowledge regarding diagnostic
and biologic aspects of effusion cytology, with emphasis on
ovarian carcinoma. Results from our first studies of effusions
are subsequently presented. These attempt to address several
issues. First, to improve the diagnostic ability to detect can-
cer cells in effusions using antibodies designed for the differ-
entiation of epithelial cells from mesothelial cells. Secondly,
to study genotypic and phenotypic differences between ovar-
ian carcinoma cells in effusions, solid primary tumors and
metastatic lesions, as well as to compare malignant cells in
peritoneal and pleural effusions. These studies of carbohy-
drate antigens, E-cadherin complex and matrix metallopro-
teinases (MMP) attempted to evaluate whether ovarian carci-
noma cells in effusions possess true metastatic properties, or
are similar to the cells in primary tumors, thereby merely rep-
resenting the result of a shedding process. Finally, the prog-
nostic role of these molecules was studied in solid tumors
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from a patient cohort consisting of long- and short-term sur-
vivors, followed for up to 20 years.

Figure 1 on http://www.esacp.org/acp/2001/23-3_4/david-
son.htm.

1. Introduction

1.1. Carcinoma of the ovary

Carcinoma of the ovary is the leading cause of death
from gynecological cancer in the United States [1],
causing the death of approximately 15,000 women ev-
ery year. The incidence of this disease is comparable
in other western countries [2], among them the Scan-
dinavian countries [3]. In Norway approximately 450
new cases are diagnosed every year, and the incidence
of the disease is on the rise [3]. Ovarian carcinomas are
often asymptomatic in the early stages of their growth.
In a large international study, 64% of the patients pre-
sented with stage III or IV disease [4]. Despite the in-
troduction of chemotherapeutic regimes as adjunct to
surgery, the 5-year survival of ovarian carcinoma re-
mains at 35%, being 20% for serous carcinomas, the
most common histologic subtype [5,6].

1.1.1. Embryology
Surface epithelial tumors of the ovary account for

more than 60% of all ovarian tumors, and for almost
90% of the malignant ovarian neoplasms in the west-
ern world [5,7]. Most of these tumors are believed to
derive from the coelomic surface epithelium covering
the ovary. The latter is continuous with the coelomic
epithelium that penetrates the early gonad to form the
Müllerian duct. This common embryonic origin is re-
flected in the various differentiation pathways of ovar-
ian tumors in the adult [7]. In the reproductive period,
and more so in the post-menopausal period, extensions
of the surface epithelium form epithelial inclusions,
which become cystic. Epithelial tumors arise most of-
ten from these inclusions, accounting for the dominant
cystic appearance of many of these tumors [7].
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Fig. 1. Expression of metastasis-associated molecules in ovarian carcinoma cells in effusions. Figures 1-A to 1-C: Protein expression of
E-cadherin complex molecules. Figures 1-D to 1-F: Carbohydrate antigen expression. Figure 1-G: Protein expression of the protease matrix
metalloproteinase-2 (MMP-2). Figure 1-H: mRNA MMP-2 expression. Figure 1-I: mRNA expression of the angiogenic molecule basic fibroblast
growth factor (bFGF). This figure can be viewed in full colour on: http://www.esacp.org/acp/2001/23-3_4/davidson.htm.

1.1.2. Classification
Ovarian carcinomas are classified according to four

criteria, namely cell type, the pattern of growth, the
presence or absence of a stromal component and the
degree and character of proliferation in the neoplastic
cells [7]. Epithelial tumor cell types comprise (WHO
classification, 1995): Serous, mucinous, endometrioid,
clear cell, transitional, squamous, combined and un-
differentiated. The pattern of growth is defined as ex-
ophytic, endophytic, or both. The component of pro-
liferating ovarian stroma is minor in most ovarian tu-
mors, with the exception of the benign Brenner tu-
mor. The degree and character of proliferation give
rise to the division of epithelial tumors into benign,
borderline and malignant tumors. Benign tumors (cys-
tadenomas) appear in all ages, most often in the fifth
decade. They have a higher incidence than their ma-
lignant counterparts, comprising 70% of all serous tu-
mors, the most common histologic type [7]. These tu-

mors appear macroscopically as unilocular or multi-
locular cysts that are often filled with clear fluid. The
microscopic appearance is characterized by the pres-
ence of uniform cells that form a single layer, cover-
ing the cyst walls. Borderline tumors represent 5–10%
of all serous tumors. Their gross appearance is cystic,
as their benign counterparts. However, macroscopic
papillae are present in the cyst walls. Multi-layering
and cellular atypia are seen microscopically, but stro-
mal invasion is absent. Borderline tumors are associ-
ated with a favorable outcome, even in the presence
of extra-ovarian spread. Ovarian carcinomas often dis-
play solid areas macroscopically, and are characterized
by the presence of stromal invasion and a desmoplastic
stromal reaction.

1.1.3. Local and distant spread
Ovarian tumors characteristically spread to other

pelvic organs, such as the uterus and the fallopian
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tubes, by means of direct extension. Spread to other
pelvic structures can occur by a similar mechanism.
Tumors that disrupt the ovarian capsule and grow ex-
ophytically are able to shed malignant cells into the
peritoneal cavity and cause ascites. Malignant cells
in ascites often form extensive and multi-focal tu-
mor implants in the walls of the peritoneal cavity,
with a varying extent of intramural invasion. How-
ever, the co-existence of lymph node metastases and
peritoneal spread in some patients raises the possibil-
ity of lymphatic spread as an additional origin of tu-
mor implants [8,9]. Serous and undifferentiated carci-
nomas have been shown to metastasize most often to
both pelvic and para-aortic lymph nodes in two stud-
ies, and the presence of lymph node metastases corre-
lated with metastatic involvement of other organs [8,
9]. The number of lymph node- positive cases was
32/125 (26%) for paraaortic lymph nodes and 25/109
(23%) for pelvic lymph nodes [8,9]. The frequency of
other metastases in one of these studies was as fol-
lows: positive peritoneal cytology: 61%; pelvic peri-
toneum: 42%; uterus and tubes: 41%; omentum: 36%;
sigmoid colon and rectum: 34%; intestines and mesen-
tery: 28%; subdiaphragmatic surface: 26%; liver and
spleen capsule: 10% [9].

Distant lymphatic and/or hematogenic spread of
ovarian carcinomas can involve any organ, including
the brain [10], although some organs (e.g., liver) are
more frequently involved [11]. Liver involvement was
as high as 8/47 (17%) of patients, second only to pleu-
ral effusion, in one series of stage IV carcinomas [12].

1.1.4. Staging
Staging of ovarian tumors is based on the federation

of gynecological oncologists (FIGO) staging system.
This defines stage I tumors as confined to the ovary,
stage II tumors as those with pelvic extension, stage III
tumors as tumors with intra-peritoneal growth outside
the ovaries, and stage IV tumors as those with distant
metastatic spread.

1.1.5. Treatment
Ovarian carcinomas are treated by surgery combined

with chemotherapy, when indicated. Localized dis-
ease is treated by hysterectomy and bilateral salpingo-
oophorectomy, with possible conservation of one ad-
nex in young patients in their reproductive years.
Disease that has spread beyond the ovary is treated
by hysterectomy and bilateral salpingo-oophorectomy
with an optimal debulking procedure. The latter at-
tempts the removal of all visible tumor implants. The
chemotherapeutic regimen includes platinum-based

Table 1

Possible prognostic factors in ovarian carcinoma

Prognostic factor Reference

Stage [17]

Age [17–19]

Grade [17,20–22]

Aneuploidy [22–26]

Histologic type [5]

Ascites Discussed in text

CA 125 [27,28]

p53 [29]

c-erbB-2 and EGF receptor [30–40]

Colony-stimulating factor-1 (CSF-1) [41,42]

Urokinase-type plasminogen activator (uPA) [43–46]

and its inhibitor PAI-1

Interleukin-6 and -12 (IL-6, IL-12) [47,48]

Vascular endothelial growth factor (VEGF) [49–58]

Lrp multidrug resistance marker [59]

nm23 metastasis-suppressor gene product [60–63]

p21 oncoprotein [64]

Glutatione S-transferase [65]

E-cadherin complex proteins [66–68]

MUC4 gene [69]

p27 cyclin-dependent kinase inhibitor [70]

protocols, often as a combined protocol with cy-
clophosphamide and doxorubicin [13].

The beneficial role of cytoreductive debulking sur-
gery for ovarian cancer patients was established by
Munnell in 1968 and implemented as the standard of
therapy for stage III patients based on the studies of
Griffiths [14,15] and others [16]. Three recent indepen-
dent studies established a role for debulking surgery
for stage IV patients as well [11,12,16].

1.1.6. Prognosis
Established and suggested adverse prognostic fac-

tors for ovarian carcinoma patients prior to the initia-
tion of our project are detailed in Table 1 [17–70]. The
following merit more detail:

1. Tumor spread beyond the ovary. This is the most
important prognostic factor. Stage I tumors are as-
sociated with a 5-year survival of 87%, whereas
patients diagnosed with stage II, III and IV tumors
have a 5-year survival rate of 60%, 30%, and 18%,
respectively [17].

2. Advanced patient age [17–19]. Patients younger
than 40 years have a 5-year survival of 75%, as
compared with 21% for those that are 70 years
older or more.
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3. High tumor grade [17,20–22]. Well-differentiated
tumors are associated with a 5-year survival of
80%, as compared to 23% for poorly differenti-
ated ones.

4. Aneuploidy was associated with poor prognosis
in some studies [22–25], although the validity of
this association was recently challenged [26].

5. Histologic type. Serous and undifferentiated car-
cinomas have a significantly worse outcome when
compared to other morphologic subtypes (en-
dometrioid, mucinous and clear cell carcino-
mas) [5].

6. The presence of ascites (discussed in detail be-
low).

7. Tumor expression of c-erbB-2 [30–32] and Epi-
dermal growth factor receptor (EGFR) [33,34].
These results have not been confirmed by other
studies [35–40].

8. Elevated levels of vascular endothelial growth
factor (VEGF) serum levels or protein and mRNA
expression in tumor cells [49–54]. These re-
sults have not been confirmed in additional stud-
ies [55–58].

9. Absence of E-cadherin protein expression [66]
and reduced immunoreactivity for α-catenin [67]
in tumor cells has been associated with poor sur-
vival, while nuclear β-catenin expression pre-
dicted favorable outcome [68].

1.2. Ascites in ovarian carcinoma patients

Ovarian carcinomas are associated more than any
other malignant neoplasm with the accumulation of
fluid in the peritoneal cavity. Abdominal discomfort,
manifested as abdominal pain, swelling or heaviness,
resulting from the presence of ascites is the most com-
mon presenting symptom of this disease, occuring in
65% of patients [71,72]. Ascitic accumulation is the
combined result of both lymphatic obstruction and in-
creased production of peritoneal fluid by cells lining
the peritoneal cavity [73–75]. However, whereas the
presence of malignant cells in pleural effusion defines
a stage IV disease even in the absence of solid metas-
tases and marks an extremely poor prognosis [15,16],
the clinical significance of ascites is controversial. The
presence of large-volume ascites correlated with a less
favorable prognosis in a subgroup of 390 patients, di-
agnosed and followed at The Norwegian Radium Hos-
pital, in one study of stage I tumors (p = 0.03 in
Cox regression analysis for survival, p = 0.034 for
relapse) [76]. However, it reached only marginal sig-

nificance in another study of 194 patients diagnosed
with stage I disease (p = 0.05) [77]. The presence
of large-volume ascites correlated with positive peri-
toneal cytology in an additional study [78]. Two stud-
ies of advanced-stage ovarian carcinomas (total num-
ber of patients = 585) have shown an association be-
tween the presence of ascites and adverse outcome
(p = 0.018, p = 0.0001) [79,80]. Conversely, sig-
nificance (p = 0.035) in univariate analysis exclu-
sively [81] or the lack of significance [82] were re-
ported in two additional studies of 267 stage III–IV pa-
tients. Three studies of tumors of all stages have as-
sociated ascites with poor prognosis [17,26,83]: The
presence of tumor-positive ascites was a predictor of
death in a study of 59 patients (p = 0.03) [26]. Ab-
dominal swelling, as a manifestation of ascites, was as-
sociated with a median survival of 1.28, whereas pa-
tients free of the symptom had a median survival of
3.04 years (p < 0.0001) [83]. Five-year survival de-
creased from 29.6% for stage IV ascites-free patients
to 22.1% and 15.9% for patients with ascites negative
and positive for malignant cells, respectively, in an en-
compassing study of 21,240 ovarian carcinomas [17].
A study of primary peritoneal carcinomas, tumors that
share many of the morphological and clinical charac-
teristics of ovarian carcinomas, failed to demonstrate a
similar association [84].

1.3. The expression of adhesion molecules,
carbohydrate antigens and matrix
metalloproteinases (MMP) in primary and
metastatic ovarian tumors

Limited and often contradicting data are available
regarding the expression of these molecules in primary
ovarian carcinomas, when compared to their respective
metastatic lesions. Furthermore, no large-scale com-
parative studies of primary and metastatic lesions com-
pared with effusion specimens have been performed.

Adhesion molecules. Down-regulation of E-cadherin,
α-catenin and β-catenin mRNA levels was detected in
17 metastatic lesions when compared to correspond-
ing primary ovarian carcinomas [85,86]. However, two
studies of E-cadherin expression in a total of 31 ovar-
ian carcinomas using immunohistochemistry and im-
munoblotting failed to demonstrate a similar differ-
ence [87,88].

Although experimental [89–93] and serological [94]
studies of integrin, selectin, and CAM molecule ex-
pression are available, limited data exist regarding the
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expression of these molecules in a large series of
human ovarian carcinomas and/or metastatic lesions.
A single study of integrin expression, analyzing 24
ovarian carcinomas, reported an irregular or absent im-
muonreactivity for α6 and β4 integrins in 17/24 and
11/24 tumors in the cell surface or basement mem-
brane region, respectively, when compared with nor-
mal ovaries [95]. The expression of α2, α3 and β1 inte-
grins was unaltered [95]. An additional study evaluated
the expression of collagen type I in 36 primary bor-
derline or malignant carcinomas of different histologic
subtypes and 4 metastatic lesions [96]. Strong irregu-
lar peritumoral staining for collagen type I was found
in the peritumoral stroma in both poorly differentiated
primary tumors and metastatic lesions, as well as in
some tumor cells [96].

Carbohydrates. Higher levels (>41 U/ml) of sialosyl-
TN in serum, ascitic fluid and cyst fluid were detected
in 48 ovarian carcinomas when compared with be-
nign ovarian tumors, with a decline in serum levels for
14 patients following surgery [97]. Similar epithelial
antigen and blood group-related antigen profiles were
found in ovarian carcinoma specimens from different
sites, including a total of 11 ascites specimens [98,99].

Matrix metalloproteinases. Expression of MMPs and
their inhibitors (TIMP) was detected in several stud-
ies [100–111]. Comparative studies of primary and
metastatic tumors have not been attempted to date.

1.4. Serous effusions – the diagnostic difficulty

Malignant neoplasms are characterized by their abil-
ity to metastasize to distant organs. Tumor spread
frequently involves the serosal surfaces, most often
with breast (40% of malignant effusions) and ovar-
ian (22% of malignant effusions) carcinomas in fe-
male patients [112]. As the finding of malignant cells
in serous effusions signifies the spread of disease be-
yond the organ of origin, it is associated with signifi-
cant therapeutic and prognostic implications. However,
morphological examination of cytological specimens
often fails to detect malignant cells in effusions. This
is due, in part, to the difficulty in discerning between
cancer cells and benign mesothelial cells. Mesothe-
lial cells react to a wide variety of stimuli and in-
juries that break their continuity by proliferation and
reactive cellular changes. Consequently, hyperplastic
mesothelial cells in various benign clinical settings
undergo marked nuclear and cytoplasmic alterations,
some of them mimicking the morphology of malignant

cells [112,113]. Furthermore, these changes may fol-
low radiation or chemotherapy, common adjuncts to
surgery in the treatment of various malignancies [112].
The diagnostic difficulty is especially noted with ovar-
ian carcinomas, due to the postulated common ori-
gin of mesothelial and ovarian surface epithelial cells.
In addition, benign conditions (e.g., endosalpingiosis)
may be extremely difficult to differentiate from border-
line ovarian carcinomas or well-differentiated serous
carcinomas in both cytological [114–120] and biopsy
specimens [121]. Many studies deal with the differen-
tiation of malignant cells, primarily of epithelial ori-
gin, from benign or malignant mesothelial cells in ef-
fusions. The reported results can be summarized in the
following way:

1.4.1. Immunohistochemical characterization of
epithelial and mesothelial cells in effusions

Various markers were evaluated for their ability to
differentiate between mesothelial and epithelial cells
using immunohistochemistry. The primary antibod-
ies applied include carcinoembryonic antigen (CEA),
Leu-M1 (CD15), Ber-EP4, MOC-31, B72.3 (anti-TAG
72), and E-cadherin [122–142], all epithelial markers.
The sensitivity of CEA immunostaining in these stud-
ies ranges from 0 to 100%. However, a comparative
evaluation of these reports is impossible. This results
from the use of polyclonal vs monoclonal CEA, lack of
details regarding the antibody specificity or the tissue
origins of the malignant cells that were evaluated, or
simply a choice of tumors of various origins. Similarly,
the results for Ber-EP4 vary greatly, with a reported
sensitivity of 32–100%, and specificity of 12–100%.
Nevertheless, nine studies of effusion specimens have
demonstrated a specificity of 98–100%, although with
a widely discrepant sensitivity. B72.3 is one of a few
antibodies that have demonstrated relatively consistent
results in the evaluation of specificity, both in histology
specimens and in cytology samples, the range being
96–100%. The reported sensitivity in these studies var-
ied from 69% to 100%. Leu-M1 is considered specific
for adenocarcinoma cells, but with a relatively low sen-
sitivity (60%). Markers considered to be mesothelium-
linked are HMBE-1, calretinin, and thrombomodulin
[142–144]. The results for these markers vary, with
sensitivity of 60–90% and a specificity range from less
than 50–100%. Epithelial membrane antigen (EMA)
is immunoreactive in both malignant mesotheliomas
and adenocarcinomas, but the pattern of staining is dif-
ferent, being thick membranous in mesotheliomas and
often cytoplasmic in adenocarcinomas. Various other
markers, such as lectins (sensitivity = 60–87%, speci-
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ficity = 100%), fibronectin (fibronectin-negative/CEA
positive combination was seen in 81% of carcinomas),
and desmin (sensitivity = 95%, specificity = 100%),
were reported as epithelial- or mesothelial-specific in
single studies [130,145–147].

Combinations of the above markers led to higher
sensitivity and specificity, but no combination resulted
in 100% for both these values.

1.4.2. DNA ploidy in tumor cells in effusions
The value of DNA analysis in the diagnosis of ma-

lignant cells in effusions (both epithelial and mesothe-
lial) was evaluated in a large number of studies [148–
154]. It has also been shown in primary ovarian carci-
noma [155]. The sensitivity of DNA analysis was com-
pared to immunohistochemical staining with antibod-
ies directed against p53 [148], Ki-67 [149] and various
epithelial markers [150]. The importance of standard-
ization of preparation and study protocols, as well as
interpretation was highlighted in the ESACP consensus
report [156,157]. Aneuploid populations were detected
in 50–65% of malignant effusions in most of the above-
mentioned studies. In one study [158], immunopheno-
typing of epithelial cells for CEA using flow cytometry
was performed, but the small number of effusions that
was analyzed (no = 6) makes it difficult to interpret
the results. The above-detailed reports are in general
discouraging, primarily as a result of a relatively low
sensitivity, matched against more sensitive and cost-
effective immunohistochemical studies.

1.4.3. Cytogenetic studies
Many cytogenetic studies, using either traditional

cytogenetic chromosomal analysis or fluorescent in
situ hybridization (FISH), were employed for the di-
agnosis of both metastatic carcinomas and malignant
mesotheliomas in effusions [159–170]. Three of these
studies evaluated the presence of double minutes in
ovarian [162] or various [164,165] carcinoma cells in
effusions. Double minutes were detected in 19/24 ovar-
ian carcinomas and 10/21 and 34/55 carcinomas of
different origins. Aneuploidy for chromosome 8 was
detected in 75% (30/40) of breast carcinomas [159]
and 20% (2/10) of pancreatic carcinomas [160] using
FISH. Abnormalities in chromosomes 1, 3, 6, 7, 10,
and 12 were detected in ovarian carcinomas using cyto-
genetic chromosomal analysis [170], while other chro-
mosomes (chromosomes 8, 11, 17, 18, X and Y) were
additionally abnormal in tumor cells of various ori-
gins [161,163,166,168]. Results were less promising
for malignant mesotheliomas, due to difficulties in the
cytological diagnosis of these tumors [169].

1.4.4. Proliferation markers
The expression of proliferation markers in serous ef-

fusions was evaluated in a limited number of studies.
The number of Ki-67 immunoreactive tumor cells was
found to be higher among patients with poor survival,
though without statistical significance, in a study of
26 effusions, using the value of 20% positive counts
as cut-off [149]. An additional study of 28 malignant
effusions reported a correlation between Ki-67 counts
and aneuploidy, with high sensitivity and low speci-
ficity in the detection of malignant cells [171]. The av-
erage Ki-67 counts for benign, malignant diploid and
malignant aneuploid effusions were 11, 19, and 35, re-
spectively. Proliferating cell nuclear antigen (PCNA)
counts were found to be significantly higher in malig-
nant effusions (p < 0.001), when compared to benign
ones in a study of 87 effusions [172]. Three studies
of nucleolar organizer regions (AgNOR) have found
this method beneficial in the differentiation of benign
mesothelium from malignant cells [173–175]. Differ-
ences as high as mean AgNOR counts of 12.57 in nu-
clei of lung carcinoma cells in effusions, vs. a mean of
3.96 in benign effusions were detected [173]. In con-
trast, the lack of sensitivity for AgNOR counts was
pointed out in a fourth study [176].

1.5. Serous effusions – studies of genotypic and
phenotypic changes involved in the metastatic
process

The above studies have achieved an acceptable level
of diagnostic accuracy in serous effusions. The com-
bination of morphology, in the hands of experienced
cytopathologists, and an immunohistochemical panel
of epithelial and mesothelial markers, leads to a cor-
rect diagnosis in over 90% of cases. The addition of
proliferation markers, DNA ploidy, and chromosomal
analysis can help in the characterization of exception-
ally difficult cases. However, these studies do not of-
fer anything to the understanding of the pathological
and biological mechanisms that are responsible for the
appearance of metastatic cells in effusions. Although
some efforts have been made to analyze the differ-
ences between primary tumors from various organs
and corresponding distant metastases (see below for
ovarian carcinomas), very limited data exists with re-
spect to malignant cells in effusions. The phenotypic
and genotypic changes in tumor cells of serous flu-
ids with respect to primary tumors and metastatic le-
sions and their role in determining patient survival
have not been established. Furthermore, comprehen-
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sive studies designed to evaluate the role and presence
of molecules that are acknowledged as central in the
malignant transformation of cells, as well as in the
metastatic process, are lacking. The available studies
are often contradictory in their results and conclusions,
often due to the inclusion of carcinomas from different
origins.

The following data are available to date:

1. Studies of apoptosis
The expression of Fas in tumor-associated lympho-

cytes and monocytes from cancer-associated effusions
has been evaluated in one study [177]. However, no
studies of apoptosis in tumor cells of serous effusions
have been published to date.

2. Studies of tumor suppressor genes, oncogenes, and
cell cycle proteins

The diagnostic role of p53 immunostaining was
evaluated in several studies [148,152,178–183], gener-
ally with beneficial results, although a relatively low
sensitivity was reported in some of the latter [148]. The
role of p53 in the diagnosis of malignant cells in effu-
sions was doubted in one study, due to immunoreac-
tivity in benign mesothelial cells [184]. No molecular
studies of p53 gene status in effusions were published
to date. p21 and MDM2 immunoreactivity were eval-
uated in one study [180] using immunohistochemistry.
No studies of p15, p16, p21, p27, retinoblastoma gene
product, retinoblastoma-related proteins, cyclins, and
cdks have been reported.

Few reports of oncogene status in effusions are
available. A role for c-myc gene amplification in a
small subset of pancreatic carcinomas was postulated
in one study [160], but c-myc mRNA was detected
in both benign and malignant effusions using north-
ern blotting and in situ hybridization in an addi-
tional study [185]. Immunohistochemical staining for
c-erbB-2 was found in both benign and malignant con-
ditions in one study, although its inclusion in a panel
with anti-p53 and anti-B72.3 resulted in enhanced di-
agnostic sensitivity [184]. However, c-erbB-2 posi-
tivity was detected in adenocarcinomas, primarily of
breast and ovarian origin, but not in benign or ma-
lignant mesothelial cells in an additional study [186].
Four studies of various carcinomas have demonstrated
a diagnostic role for the detection of K-ras and Ha-
ras mutations in the characterization of effusions [187–
190]. K-ras mutations were found in 8/9 pancreatic and
2/10 breast carcinoma cells in effusions [187,189,190].
H-ras mutations were detected in 67% of malignant ef-
fusions in a study of 40 benign and malignant effusions
[188].

3. Adhesion molecules
CD44. Two studies of effusions have postulated a
diagnostic role for CD44 variants in the detection of
malignant cells in effusions, with contradictory re-
sults [191,192]. One of the studies above did show a
beneficial use of v7 but not of v6 in the detection of ma-
lignant cells, using RT-PCR [191]. The second study
reported a beneficial role for both v4-5 and v6 vari-
ants, using immunohistochemistry [192]. Filie and co-
workers reported no benefit in using CD44 as a marker
in cytological specimens [193].

E-cadherin adhesion complex. Three limited studies
of E-cadherin expression in effusions, one of gastric
carcinomas [194], and two others of unspecified ade-
nocarcinomas [140,141], have reported markedly dif-
ferent results using immunohistochemistry. No stud-
ies have evaluated E-cadherin status in effusions using
molecular methods. Prior to our report, no studies of
catenin status in effusions were published.

Selectins. No studies of selectin status in effusions
were published.

Integrins. The expression of β-1, β-3, and β-4 in-
tegrins in resting and activated mesothelial cells, as
well as in malignant mesotheliomas, was documented
in one study [195]. An additional study reported the
presence of the β-1 integrin subunit in colorectal car-
cinoma cells in effusions [196].

CAM molecules. The presence of ICAM-1 on meso-
thelial cells, with concomitant lymphocyte reactivity
with anti-LFA-1 was reported in a study of both benign
and malignant effusions [197]. ICAM-1 immunore-
activity in metastatic gastric carcinoma cells was re-
ported in an additional study [198]. No studies have
evaluated V-CAM status in effusions.

Carbohydrate antigens. Several studies have re-
ported the measurement of carbohydrate tumor-asso-
ciated antigens in effusions [199]. However, limited
data exist on the expression of these molecules on
carcinoma cells. CA 19-9 (Sialyl Lewis A) was re-
ported to be highly specific and moderately sensitive
for the differentiation of adenocarcinomas from ma-
lignant mesotheliomas [143]. The expression of Sialyl
Lewis A and Sialyl Lewis X on colorectal carcinoma
cells was reported in an additional study [196].

Similar epithelial antigen and blood group-related
antigen profiles were found in a study of 12 ovarian
carcinomas, analyzing specimens from different sites,
including a total of 11 peritoneal effusions [200,201].
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4. Proteases
Cathepsins. A single report has described the pres-
ence of a latent form of cathepsin B in pleural effu-
sions in breast cancer patients [202]. No reference to
the presence of the enzyme on tumor cells was made.
There are no studies on cathepsin D in effusions to
date.

Matrix metalloproteinases. The presence of metal-
loproteinases (MMPs) and their inhibitors (TIMP) in
effusions was reported in two studies [203,204], us-
ing zymography and western blotting for the study of
MMP-2, MMP-8, MMP-9, and TIMP-2. No studies of
MMP and TIMP expression in cancer cells in effusions
were available prior to our report.

5. Growth factors
Transforming growth factor-α (TGF-α) and epider-

mal growth factor (EGF) levels in effusions were in-
vestigated in one study [205]. The former, but not the
latter, was detected using radioimmunoassay and ra-
dioreceptor assay. No studies were performed regard-
ing EGF or EGF-receptor expression in tumor cells.
Platelet-derived growth factor (PDGF) and PDGF re-
ceptor were detected on benign mesothelial cells and
malignant mesothelioma cells in two studies [206,
207], as well as in the pleural fluid of patients suffer-
ing from lung adenocarcinomas [208]. No studies of
PDGF expression in metastatic carcinoma cells in ef-
fusions are available. Vascular endothelial growth fac-
tor (VEGF) levels have been found to be elevated in
malignant ascites, when compared with ascites in pa-
tients with cirrhosis [209], more so in the presence of
metastatic tumor [210]. Fibroblast growth factor (FGF)
expression in effusions was not reported to date.

6. Other markers of malignant cells
Telomerase. Five studies of telomerase expression in
effusions, using PCR [211] and the TRAP assay [212–
215] were published to date. In the largest study, ana-
lyzing 144 pleural effusions, sensitivity of 91.4% and
specificity of 94.2% have been reported [211].

Multi-drug resistance (MDR). A single report com-
pared the value of three monoclonal antibodies against
the MDR-related P-glycoprotein, in a study of both tis-
sue samples and effusions [216].

1.6. Serous effusions – studies of genotypic and
phenotypic changes involved in the metastatic
process in ovarian carcinomas

Many of the above studies have analyzed a small
number of tumors. Others have analyzed a larger num-

ber of specimens, but included carcinomas of various
origins, making the interpretation of results difficult for
a given tumor. Still others have failed to specify the ori-
gin of the tumors. Only one of the 64 studies detailed
in Section 1.4 [114] evaluated ovarian carcinomas ex-
clusively.

The above-detailed data regarding the association of
ascites with clinical outcome are indeed inconclusive.
Malignant cells in varying numbers are often found in
the ascitic fluid, and their presence could be demon-
strated in peritoneal washings even in the absence
of ascites, a finding that mandates the use of intra-
operative washings as part of the clinical staging proce-
dure for gynecological malignancies [217,218]. How-
ever, the true nature of these cells in unclear. Whereas
malignant cells that originate from ovarian carcinomas
are clearly endowed with metastatic properties when
present in pleural effusions, the cells in ascites can re-
sult from shedding from the tumor surface. These cells
have not been defined with respect to their metastatic
profile. Neither were they investigated for their possi-
ble genotypic and phenotypic alterations when com-
pared with primary tumors, peritoneal metastases and
metastases to distant organs.

We have recently initiated a long-term study of the
biology of ovarian carcinoma cells in effusions, with
the following goals in mind:

1. To improve the diagnostic ability to detect can-
cer cells in effusions from patients suffering from
ovarian carcinomas, using a battery of antibodies
designed for the differentiation of epithelial cells
from mesothelial and inflammatory cells.

2. To study the genotypic and phenotypic differ-
ences between ovarian carcinoma cells in effu-
sions and malignant cells in primary tumors and
metastatic lesions in the peritoneal cavity, hol-
low organs and solid organs. In addition, to com-
pare between malignant cells in ascites and those
in pleural effusions, in order to evaluate whether
ovarian carcinoma cells in effusions possess true
metastatic properties, or are similar to the parent
cells in the primary tumor, thereby merely repre-
senting the result of shedding of tumor cells.
This part included:

A. A study of the expression of matrix met-
alloproteinases (MMP) and their inhibitors
(TIMP) at both protein and mRNA level, using
immunohistochemistry, in situ hybridization
(ISH) and polymerase chain reaction (PCR)
techniques.
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B. A study of carbohydrate antigen expression
using immunohistochemistry.

C. A study of E-cadherin complex protein ex-
pression using immunohistochemistry, immu-
noblotting and immunoprecipitation.

3. To analyze the prognostic role of the molecules
studied in ovarian carcinoma. This was achieved
through a study of solid tumors from a patient co-
hort consisting of long- and short-term survivors,
followed for up to 20 years.

The first study [219] evaluated the role of five ep-
ithelial markers in the detection of cancer cells in
serous effusions. Eighty-four specimens (61 from pa-
tients with a known gynecological neoplasia, 23 con-
sisting of various non-gynecological malignancies or
tumors of unknown origin) were studied. Sections
were immunocytochemically stained using the anti-
bodies against CA 125, and carcinoembryonic anti-
gen (CEA), as well as the Ber-EP4, BG8 (for Lewis
Y blood antigen), and B72.3 (TAG-72) antibodies.
Staining in tumor and mesothelial cells was evaluated.
When membrane staining was evaluated, all markers
except CEA showed sensitivity exceeding 75%. Mem-
brane positivity using anti-CEA, B72.3 and BerEP4
showed a specificity of 100%. However, membranous
staining in mesothelial cells was evident in 13% and
31% of cases with the use of BG8 and anti-CA 125,
respectively. The combination of Ber-EP4, B72.3, and
BG8 resulted in sensitivity of 95%. Thus, the com-
bination of Ber-EP4 and antibodies directed against
and carbohydrate antigens (B72.3 and BG8) proved the
most beneficial in the detection of malignant cells in
effusions. CEA and CA 125 were shown to have a lim-
ited role in the detection of metastases from gyneco-
logical tumors due to the low sensitivity of the former
and the low specificity of the latter.

After establishing a diagnostic panel for effusions,
we began a series of four additional studies of speci-
mens from Norwegian patients diagnosed with ovarian
carcinomas. The first study [220] analyzed the diag-
nostic power of a carbohydrate antigen panel consist-
ing of 5 monoclonal antibodies for Lewisy (Ley)(2 an-
tibodies), Sialyl Lewisx (Slex), Tn and Sialyl Tn (STn)
antigens in 63 malignant and 15 reactive effusions.
Up-regulated expression or loss of expression of these
molecules on the surface of cancer cells has been pre-
viously shown to be associated with a metastatic phe-
notype and poor survival in epithelial malignancies of
different origins. In addition, we compared antigen ex-
pression in carcinoma cells in effusions with those of

corresponding primary tumors and metastatic lesions
(n = 97). Staining for the four antigens was seen in
carcinoma cells in serous effusions in the majority of
cases (range = 71–85%). In contrast, immunoreactiv-
ity was detected in mesothelial cells in only 6–23%
of the specimens studied. An up-regulation of Tn and
STn expression was detected in carcinoma cells in ef-
fusions when compared with both primary tumors and
metastatic lesions. Expression pattern was similar for
tumor cells in pleural and peritoneal effusions. We con-
cluded that cancer-associated carbohydrate antigens
are a useful adjunct in the differentiation between ma-
lignant epithelial and reactive mesothelial cells. We hy-
pothesized that the up-regulation of Tn and STn may
represent a transient phenotypic alteration facilitating
metastasis. Finally, the similarities between cells in the
pleural and peritoneal cavity provided the first support
to our theory, attributing a fully metastatic phenotype
to the latter.

In parallel to the study of serous effusions, we began
an evaluation of the prognostic role of the molecules
designated for the study of cytology specimens. This
was achieved through the analysis of two groups of Is-
raeli patients diagnosed with advanced-stage ovarian
carcinoma- one with an extremely favorable outcome,
the other with a uniformly poor survival. The first study
of this cohort [221] investigated the expression of the
abovementioned carbohydrate antigens. Sections from
76 primary ovarian carcinomas and metastatic lesions,
from 45 patients diagnosed with advanced stage ovar-
ian carcinomas (FIGO stages III–IV), were immuno-
histochemically stained. Long-term survivors (21 pa-
tients) and short-term survivors (24 patients) were de-
fined using a double cut-off of 36 months for disease-
free survival (DFS) and 60 months for overall sur-
vival (OS). Staining for all four antigens was seen
in the majority of cases (range = 72–96%). Absence
of immunoreactivity for STn was seen in 9/38 (24%)
metastatic lesions and only 1/38 (3%) primary tu-
mors. Primary tumors and metastatic lesions of long-
term survivors displayed immunoreactivity patterns
that were comparable to those of short-term survivors.
However, in survival analysis, more diffuse staining for
Slex showed marginal correlation with poor survival,
while a trend towards poorer survival was seen in tu-
mors that were more extensively stained for Ley and
Tn. We concluded that altered expression of STn is ob-
served with tumor progression in a fraction of ovarian
carcinomas, and that expression of membrane carbohy-
drate residues does not appear to be a strong predictor
of disease outcome.



116 B. Davidson / Ovarian carcinoma and serous effusions

The second study of effusions and solid tumors in-
vestigated the expression of E-cadherin complex pro-
teins using immunohistochemistry, immunoblotting,
and immunoprecipitation [222]. In addition, we eval-
uated the dignostic role of calretinin, a mesothelial
marker using immunohistochemistry. Sixty-seven ma-
lignant effusions and 97 corresponding primary (=36)
and metastatic (=61) lesions were immunohistochem-
ically stained for E-cadherin, α-, β- and γ-catenin.
Membrane immunoreactivity for E-cadherin, α-, β-
and γ-catenin was often detected on carcinoma cells in
effusions, but rarely on reactive mesothelial cells. The
opposite distribution was seen for calretinin. An asso-
ciation was seen between E-cadherin and α-catenin ex-
pression, in both effusions and solid tumors, and for
β-catenin in solid tumors. Up-regulation of all four
cadherin complex proteins was seen in carcinoma cells
in effusions, when compared to corresponding primary
tumors. Similar to effusions, metastatic lesions showed
up-regulation of α-, β- and γ-catenin when compared
to primary carcinomas. Carcinoma cells in effusions
showed in addition elevated levels of E-cadherin when
compared to metastatic lesions. Staining results were
similar for cells in peritoneal and pleural effusions. Im-
munoblotting (29 malignant effusions) confirmed the
presence of all four proteins in the majority of sam-
ples, and co-precipitation of E-cadherin and β-catenin
was seen in all 10 examined specimens. E-cadherin
complex proteins and calretinin were thus shown to be
powerful diagnostic markers in effusions. The similar-
ities in expression in the pleural and peritoneal com-
partments further attested to the biologic similarities
of cancer cells at these sites. The up-regulation of
E-cadherin complex proteins in serous effusions and
metastatic lesions was hypothesized to mark an early
metastatic phenotype, possibly mediating survival of
tumor cells at these sites through the inhibition of
apoptosis.

The corresponding study of the Israeli cohort [223]
analyzed the correlation between expression of
E-cadherin complex proteins, epidermal growth factor
receptor (EGFR) and c-erbB-2, and disease outcome
using immunostochemistry. γ-catenin protein expres-
sion was up-regulated in metastatic lesions. The ex-
pression of all studied proteins, with the exception of
EGFR, was more diffuse in tumors of short-term sur-
vivors. In addition, the presence of cytoplasmic stain-
ing for c-erbB-2 was associated with poor survival
in survival analysis. Similar results were seen in the
evaluation of primary tumors alone for γ-catenin. The
more prevalent expression of E-cadherin complex pro-

teins in ovarian carcinomas associated with a rapidly
fatal clinical course is in agreement with the findings
for the Norwegian patient group, and was hypothe-
sized to be associated with the anti-apoptotic effect at-
tributed to E-cadherin in recent reports.

The third comparative study of the Norwegian pa-
tient cohort [224] evaluated protein and mRNA expres-
sion of matrix metalloproteinases (MMP) and their in-
hibitors (TIMP). Sixty-six effusions and 96 tissue sec-
tions were stained for MMP-1, MMP-2 and MMP-9
using immunohistochemistry (IHC) and analyzed for
mRNA expression of MMP-2, MMP-9 and TIMP-2 us-
ing in situ hybridization (ISH). MMP-2 and MMP-9
mRNA levels in 30 effusions were subsequently ana-
lyzed using reverse transcription polymerase chain re-
action (RT-PCR). MMP and TIMP expression was de-
tected in both carcinoma and mesothelial cells in effu-
sions. However, it was consistently higher in malignant
cells, reaching significance for MMP-1 and MMP-2
protein levels, as well as for TIMP-2 mRNA expres-
sion. In tissue sections, MMP-1, MMP-2 and MMP-9
protein expression was mostly localized to tumor cells,
while mRNA of MMP-2, MMP-9 and TIMP-2 was lo-
calized to stromal cells. Adenocarcinoma cells in ef-
fusions showed an up-regulation of MMP-2 protein
and mRNA expression when compared to primary tu-
mors, with a concomitant down-regulation of TIMP-2
mRNA levels. Cancer cells in peritoneal and pleu-
ral effusions again showed comparable expression of
all markers. RT-PCR demonstrated the presence of
MMP-2, but not MMP-9, in 28/30 specimens.

We concluded that malignant epithelial cells have a
central role in the synthesis of metalloproteinases and
their inhibitors in serous effusions, while stromal cells
have the corresponding role in solid tumors, both pri-
mary and metastatic. MMP-1 and MMP-2 production
predominates, while that of MMP-9 is negligible. Up-
regulation of MMP-2 and down-regulation of TIMP-2
mRNA levels occurs in ovarian carcinoma cells in effu-
sions, possibly marking the acquisition of a metastatic
phenotype. Carcinoma cells in peritoneal and pleural
effusions possess a similar MMP profile, further estab-
lishing the true metastatic nature of the former.

In the next study, aimed at further investigating
MMP status in effsusions, we analyzed mRNA ex-
pression of membrane-type metalloproteinases (MT-
MMPs), and its correlation with the expression of ma-
trix metalloproteinase-2 (MMP-2) [225]. The levels
of MMP-2, MT1-MMP, MT2-MMP and MT3-MMP
were evaluated in 43 malignant pleural and peritoneal
effusions using reverse transcription-polymerase chain
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reaction (RT-PCR). The cellular localization of MT1-
MMP was additionally studied in 66 effusion speci-
mens and 85 primary and metastatic tumors (total =
151) using mRNA in situ hybridization (ISH). MMP-2
mRNA was detected in 37/43, MT1-MMP in 25/43,
and MT2-MMP in 32/43 effusions, using RT-PCR.
MT2-MMP mRNA expression was detected more of-
ten in effusions consisting predominantly of carcinoma
cells (91%) than in those with a mixed cellular pop-
ulation (60%), while MMP-2 and MT1-MMP were
equally detected in both effusion types. MT3-MMP
mRNA was not detected in any of the studied effusions.
High levels of MMP-2 mRNA were more often de-
tected in effusions with high MT1- and/or MT2-MMP
mRNA expression. Using ISH, MT1-MMP mRNA
was localized predominantly to cancer cells in both
malignant effusions and solid lesions. Tumor cell
MT1-MMP expression in effusion specimens did not
differ from neither primary nor metastatic lesions. As
for the molecules in previous studies, MT-MMP ex-
pression in tumor cells in effusions showed no associ-
ation with effusion site using both ISH and PCR. We
concluded that MT1- and MT2-MMP mRNA are both
expressed in serous effusions of ovarian carcinoma pa-
tients, in some cases in a mutually exclusive manner.
mRNA of both enzymes is localized primarily to tumor
cells and is often co-expressed with MMP-2 mRNA.
MT3-MMP mRNA does not appear to be expressed by
ovarian carcinomas.

The final study of the Israeli cohort analyzed the po-
tential association between the expression of MMP-2,
MMP-9, MT1-MMP and TIMP-2, and disease out-
come [226]. Sections from 36 primary ovarian carcino-
mas and 34 metastatic lesions (total = 70) were studied
using mRNA in situ hybridization (ISH) technique. In-
tense mRNA signals were detected more frequently in
tumor cells of short-term survivors with use of all four
probes. Comparable findings were observed in peritu-
moral stromal cells with ISH for MMP-2, MMP-9 and
TIMP-2 mRNA. Primary tumors with intense mRNA
signal for TIMP-2 (no = 14) were uniformly associ-
ated with a fatal outcome. In univariate analysis of pri-
mary tumors, mRNA levels of TIMP-2 in stromal cells,
as well as for MMP-9 and TIMP-2 in tumor cells, cor-
related with poor outcome. In univariate analysis of
metastatic lesions, mRNA levels of TIMP-2 in stro-
mal cells, as well as for MMP-2 and MT1-MMP in
tumor cells, correlated with poor outcome. The pres-
ence of MT1-MMP in stromal cells correlated with
longer survival. In a multivariate analysis of ISH re-
sults for primary tumors, TIMP-2 levels in stromal

cells and MMP-9 levels in tumor cells retained their
predictive value. We concluded that MMP-2, MMP-9,
MT1-MMP and TIMP-2 are valid markers of poor sur-
vival in advanced-stage ovarian carcinoma.

2. Perspectives

In the first phase of our study of ovarian carcinoma
cells in effusions, we analyzed the expression of sev-
eral molecules associated with epithelial differentia-
tion, malignant transformation, cellular adhesion, in-
vasion and metastasis. The object was to interpret the
assembled data in the light of three central questions
related to ovarian carcinogenesis. These will be dis-
cussed separately here.

2.1. The diagnostic problem

An experienced cytopathologist can diagnose cor-
rectly the majority of body cavity effusions met in ev-
eryday practice. There is, however, little doubt that
mistaken diagnoses occur far too often with the use
of morphology alone. Caution is advised in the inter-
pretation of effusion morphology due to the ability of
mesothelial cells to masquerade as malignant cells, as
a result of architectural and cellular alterations asso-
ciated with their reaction to numerous stimuli. How-
ever, in view of the overwhelming majority of false-
negative diagnoses in many laboratories, the ability
of malignant cells to masquerade as benign cells and
avoid recognition in routine smears is of no lesser con-
cern. To further confound matters, macrophages are
able to present themselves as indistinguishable from
both mesothelial and tumor cells. The use of ancillary
methods in effusion diagnosis is therefore mandated in
all but unequivocal cases. Electron microscopy has in
the past been regarded as the gold standard for this pur-
pose [120]. However, it is not available in many institu-
tions and demands specialized personnel. Immunohis-
tochemistry has consequently become the method of
choice in most hospitals. Numerous reports are avail-
able regarding the value of these markers [123–147],
but still it is difficult to draw practical conclusions.
This reflects the inclusion of tumors of different ori-
gins, different antibodies, and different staining proto-
cols. In addition, the protocol used for the morphologic
diagnosis, which provides the basis for the immuno-
cytochemical interpretation, is often not detailed. Our
first study included several tumor types, but focused on
ovarian carcinomas. It reproduced the beneficial results
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associated with the use of antibodies directed against
carbohydrate antigens in the diagnosis of metastatic
adenocarcinomas. It also pointed to the usefulness of
Ber-EP4 in this scenario. Most of all, it helped us to
establish an efficient protocol, involving both a double
blind morphologic diagnosis (followed by discussion
of problematic specimens) and a battery of markers for
the detection of cancer cells. In this panel we were sub-
sequently able to include additional carbohydrate anti-
gens, as well as E-cadherin and the three cadherins, the
latter previously not investigated for this role. This use
of this protocol resulted in a diagnostic accuracy ap-
proaching 100%.

2.2. Prognostic data

The prognosis for ovarian carcinoma patients re-
mains poor. Despite the inclusion of new effective
chemotherapeutic agents, such as Paclitaxel, in current
treatment protocols, long-term survival in advanced-
stage ovarian carcinoma is an unusual event. Still, as
most patients present with stage III/IV disease, effort
should be directed towards the definition of prognostic
markers among this group. We have recently character-
ized a patient cohort of long-term survivors diagnosed
with advanced-stage ovarian carcinoma, with an aver-
age overall survival of 10 years. We compared marker
expression in tumors of these patients with those ob-
tained from patients with poor outcome, matched for
age, tumor type, histological grade, and stage. Dif-
ferences in expression were seen for the majority of
studied molecules, reflecting their central role in the
malignant phenotype and tumor progression. We were
able to confirm the prognostic role of MMP-2, previ-
ously shown to be a marker of adverse outcome on pro-
tein level, studying mRNA expression. We also pro-
vided first evidence of correlation between mRNA ex-
pression of two additional MMPs, MMP-9 and MT1-
MMP, and poor survival in ovarian carcinoma. Finally,
stromal expression of TIMP-2, previously thought to
be an inhibitor of MMPs and thus a marker of favor-
able outcome, was shown to be the strongest predic-
tor of poor outcome. The latter finding is in agree-
ment with reports for other carcinomas, as well as with
the recently described role of TIMP-2 in the activa-
tion of MMP-2, together with MT1-MMP [227–229].
Studying the expression of E-cadherin complex pro-
teins, we subsequently demonstrated higher expression
of E-cadherin, as well as α-, β-, and γ-catenin in tu-
mors of short-term survivors, statistically significant
for the latter marker. These findings are in agreement

with recent studies of other epithelial malignancies, re-
porting up-regulation of these molecules in metastatic
lesions, as well as anti-apoptotic effect of E-cadherin
expression in vitro. Thus, the simplified view, associ-
ating loss of E-cadherin complex protein expression
with tumor progression and poor survival, appears to
apply to some, but not all, epithelial malignancies. The
low incidence of mutations in the genes coding for
these proteins in ovarian carcinomas [230], and the
reported beneficial prognostic role of β-catenin mu-
tations in early-stage ovarian carcinoma [231] sup-
port, together with our findings for both patient co-
horts [222,223], the opposite role for these molecules
in ovarian carcinogenesis. Finally, expression of three
of the four carbohydrate antigens studied was higher in
tumors of short-term survivors. Although of marginal
or no statistical significance, this finding may represent
up-regulated expression of tumor-associated glycopro-
teins, known to contain these molecules, in aggressive
tumors.

Put together, these data point to the potential biolog-
ical and prognostic significance of studying advanced-
stage ovarian carcinomas with differing outcomes. We
have recently reported on the prognostic role of the
transcription factor Ets-1 [232] and the αv integrin
chain [233] in this cohort. Although patients with lo-
calized disease constitute the vast majority of poten-
tially curable cases, characterization of the molecular
genotypic and phenotypic traits of tumors from long-
term survivors may provide useful information for fu-
ture therapeutic interventions.

2.3. The metastatic sequence in ovarian carcinoma

There is little doubt that the main pathway in-
volved in dissemination of ovarian carcinomas utilizes
the peritoneal cavity and the organs within it. Dis-
tant metastases often occur late and are clearly less
prevalent than their intra-abdominal counterparts. The
widely accepted mechanism for this phenomenon is
a process of direct shedding from the surface of the
ovary, accompanied by the accumulation of ascitic
fluid. Taken as such, one would tentatively expect these
cells to show little, if any difference from the cells in
the primary tumor from which they originated. Follow-
ing the same line of thought, cells in peritoneal effu-
sions would have to differ from those in pleural effu-
sions, as the latter are accepted as fully metastatic and
define stage IV disease. However, most of the stud-
ies that compared primary tumors and effusions in-
cluded far too few (mostly ten or less) cases for any
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conclusions to be drawn [201]. Comparative studies of
carcinoma cells in the pleural and peritoneal cavities
are not available even on a limited scope. Our results
in the four studies presented show that ovarian carci-
noma cells in primary tumors and effusions are all but
similar. This finding is substatiated by the results of
several additional studies of metastasis-associated and
regulatory molecules, such as the adhesion molecule
CD44s [234], angiogenic genes [235], nerve growth
factor receptors [236] and integrins (Davidson et al.,
submitted) performed by our group.

The differences between cancer cells in primary tu-
mors and effusions can be the result of several factors:

1. Differences in microenvironment. The central in-
teraction of cancer cells in solid tissues is with peri-
tumoral stromal cells of fibroblastic origin. Endothe-
lial cells and a usually sparse inflammatory infiltrate
are additional candidates. Although the latter cell pop-
ulation is present (to an extremely variable extent) in
effusions, stromal and endothelial cells are substituted
by mesothelial cells. These are indeed of mesenchymal
origin, but differ morphologically and phenotypically,
as well as with respect to synthesized molecules, from
stromal cells of solid tissues. Mesothelial cells are in-
deed capable of elaborating several molecules involved
in adhesion, invasion and cellular signaling (e.g., in-
tegrins, CD44 and CAM molecules). However, their
cellular representation in effusions ranges from prac-
tically nil to florid reactions in which an isolated can-
cer cell is “drowned” in a sea of reactive cells. Still,
secretion of various mediators by mesothelial cells lin-
ing the peritoneal cavity may induce some of the alter-
ations observed in cancer cells. Regrettably, this theory
fails to explain the similarities between ovarian cells in
effusions and those in solid metastases observed in this
study.

2. Treatment-induced differences. A considerable
fraction (70–80%) of the studied effusions has been
obtained from patients suffering a relapse after one
or more courses of chemotherapy. In contrast, many
of the solid tumors studied were obtained at pri-
mary operation, before adjuvant therapy was instituted.
Chemotherapeutic agents induce a large number of cel-
lular alterations, some of which could have affected
the expression of the molecules studied. However, this
theory fails to provide an explanation for the differ-
ences between primary and metastatic lesions removed
from the patient on the same day, and for the sim-
ilarities between pre-treatment metastases and post-
or mid-treatment effusions. Thus, although the role of
chemotherapy in modifying genes and proteins in can-

cer cells merits attention, it does not provide a satisfac-
tory explanation for this biological dilemma.

3. Technical factors. Having instituted the prospec-
tive collection of effusion specimens, we also estab-
lished a working protocol, designed to enable rapid and
efficient treatment of all sumbitted specimens. Care
was exercised to minimize the time between their ar-
rival to the department and their evaluation. Even if
we assume that all specimens were treated in the same
manner, the possibility exists that the corresponding
surgical specimens were subjected to different condi-
tions (e.g., different fixation time in formalin), that are
able to influence protein and mRNA expression. As
pointed above, we would expect to find differences be-
tween effusions and solid lesions, and not between pri-
mary tumors and metastases/effusions. The use of ap-
propriate controls (e.g., GAPDH in RT-PCR, poly d(T)
in ISH) aided in ruling out the possibility of non-viable
tissue.

In conclusion, our studies so far have attempted to
define some of the alterations undergone by ovarian
carcinoma cells in effusions, and to evaluate these find-
ings in view of the current knowledge regarding the
metastatic sequence in ovarian carcinoma. It would be
presumptive to assume that the identity of ovarian car-
cinoma cells in the peritoneal cavity can be elucidated
as a result of these preliminary studies. It would be
similarly naive, however, to accept without question-
ing the shedding hypothesis as the exclusive interpre-
tation of tumor progression in ovarian carcinogenesis.
The differences between the cells in ascites and those
of the corresponding primary tumors show that these
cells undergo a series of alterations after leaving their
native organ. Some of these (as catenin expression)
remain in solid metastases, while others are modified
or dampened (E-cadherin or MMP-2 expression). Our
recent studies suggest that expression in solid metas-
tases is often intermediate between primary tumors and
effusions, raising the possibility of an entirely differ-
ent sequence of disease progression (from primary tu-
mor to solid metastasis to effusion) rather than the ac-
cepted one. Whatever the underlying mechanism, the
differences between carcinoma cells in primary tumors
and effusions may have far-reaching therapeutic conse-
quences, as we are probably dealing with two biologi-
cally distinct cell populations. The striking similarities
between cells in pleural effusions (universally accepted
as fully metastatic) and peritoneal effusions lend addi-
tional support to our hypothesis that the latter are of
fully metastatic nature. Futhermore, they point to the
lack of any biological basis for the clinical distinction
between carcinoma cells at these two sites.
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