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Summary. Ovarian cancer is the most lethal
gynecologic malignancy. This is attributed to frequent
presentation at late stage, when the tumor has
metastasized, as well as to development of
chemotherapy resistance along tumor progression.
Patients with advanced-stage ovarian carcinoma have
widespread intraperitoneal metastases, including the
formation of malignant serous effusions within the
peritoneal cavity. Pleural effusions constitute the most
frequent site of distant metastasis (FIGO stage IV
disease). Unlike the majority of solid tumors,
particularly at the primary site, cancer cells in effusions
are not amenable to surgical removal, and failure in their
eradication is one of the main causes of treatment
failure. Our research in recent years has demonstrated
that a large number of cancer-associated molecules are
differentially expressed in effusions compared to
primary carcinomas and solid metastases. We have
additionally observed that expression of several of these
molecules differs between primary diagnosis (pre-
chemotherapy) and disease recurrence (post-
chemotherapy) specimens, and that they are significantly
associated with response to chemotherapy and patient
survival. These observations are thought to be related to
disease progression, as well as to the unique
microenvironment of effusions, and may have impact on
the selection of targeted therapy in this cancer. This
review discusses our recent observations with respect to
the biology of ovarian carcinoma cells in effusions, and
focuses on the clinical role of tumor-associated
molecules at this anatomic site.
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Introduction

Ovarian carcinoma (OC) is the most lethal
gynecologic cancer and currently ranks fifth in causing
cancer-related deaths among women (Jemal et al., 2009).
OC is treated by combined surgery and chemotherapy,
the latter with platinum compounds and paclitaxel as
choice agents. Despite moderate improvement in the 5-
year survival rate in recent years, the majority of patients
still die of their disease. This is mainly attributed to the
frequent presentation at advanced stage (FIGO stage III-
IV) and to primary or acquired drug resistance
(Holschneider and Berek, 2000; Agarwal and Kaye,
2003; Cannistra, 2004).

OC and the closely-related primary peritoneal
carcinoma (PPC) and fallopian tube carcinoma have a
strong predilection towards metastasis within the serosal
cavities, disseminating in the form of solid metastases
and peritoneal accumulation of effusion fluid (ascites).
Solid metastases are commonly found in the walls of the
peritoneal cavity, as well as in intra-abdominal
structures, including the omentum, intestines, genital
organs, spleen and urinary bladder. This manifests
clinically as abdominal discomfort or pain, swelling or
heaviness, and is the most common presentation of this
disease. The pleural space is frequently involved, either
at diagnosis or, more commonly, at a later stage, and the
pleural cavity is the most common anatomic site
defining stage IV disease (Curtin et al., 1997; Bonnefoi
et al., 1999; Akahira et al., 2001). Lymph node
metastases and dissemination to distant organs occur, but
are distinctly less common (Tsuruchi et al., 1993;
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Cormio et al., 1995; Sakai et al., 1997).

The accumulation of effusion fluid within the
pleural, pericardial and peritoneal cavities is a complex
process that may occur in the presence of relatively few
or no cancer cells within the fluid itself. It is believed to
occur due do the combined effect of lymphatic
obstruction by metastatic cancer cells, increased
production of peritoneal fluid by mesothelial cells lining
the peritoneal cavity and increased vascular permeability
(Hirabayashi and Graham, 1970; Feldman et al., 1972;
Nagy et al., 1995).

Tumor cells in effusions differ from those in the
primary organ or in solid metastases in several respects.
Lacking tissue anchorage, they most frequently assume a
tri-dimensional spheroid morphology, which is most
pronounced in serous carcinoma, the most common
histological type of OC, PPC and tubal carcinoma.
Another central difference is the changing population of
host cells, creating a unique microenvironment at this
anatomic site. In solid lesions, the synthetic capacity of
tumor cells is complemented by that of stromal
myofibroblasts, endothelial cells and leukocytes,
predominantly macrophages (Elenbaas and Weinberg,
2001). In addition, tumor cells are able to induce the
formation of new leaky vessels (angiogenesis) and
obtain nutrients and oxygen, in addition to gaining
access to the circulation. In contrast, tumor cells in
effusions have cross-talk mainly with mesothelial cells,
which constitute the native resident cell population of
the serosal cavities, highly adaptable cells that are able
to synthesize many of the proteins that positively
regulate tumor growth at this site, as well as assume
epithelial or mesenchymal characteristics through the
process of epithelial-to-mesenchymal transition (EMT;
van der Wal and Jeekel, 2007; Witowski et al., 2008;
Yung and Chan, 2009). The ability of cancer cells to
survive and proliferate in effusions attests to their
resistance to cell death induced by loss of anchorage
(anoikis) and to apoptosis, suggesting the presence of
strong pro-survival signals.

As the detection of cancer cells in effusion marks the
presence of metastatic disease, the majority of OC
patients with this manifestation of advanced-stage
disease have little chance of achieving cure, even with
complete response to chemotherapy at diagnosis. The
inability of chemotherapy to eradicate OC has led in
recent years to growing efforts to inhibit tumor growth
using targeted therapy (Blagden and Gabra, 2009;
Barrena Medel et al., 2010; Campos and Ghosh, 2010).
Several classes of drugs targeting growth factors and
their receptors, DNA repair systems, signaling
molecules, and mitotic regulators are currently being
evaluated for their role in inhibiting angiogenesis, cell
survival, and proliferation, and thereby tumor
progression. While the characterization and validation of
new molecular targets in the primary tumor provides
useful insights into the biology of OC, it is crucial to
direct efforts to the molecular characterization of the true
site of disease recurrence and treatment failure, i.e.

metastases. Failure to do so is likely to hamper our
ability to improve patient outcome through the use of
targeted therapy.

In recent years, our group has focused on defining
molecular differences between OC cells in primary
tumors, effusions and solid metastases. We were able to
identify multiple molecules that are differentially
expressed at these anatomic sites, and that have different
prognostic role as function of their specific expression
along tumor progression. Further highlighting the
importance of tumor progression in this setting are the
profound differences between primary vs. recurrent OC
cells in effusions (Davidson, 2004, 2007). Using
genome-based technology, we additionally characterized
new molecular targets that are overexpressed in high
grade serous OC and are associated with
chemoresistance and patient survival (Shih and
Davidson, 2009). The present review summarizes some
of new data generated by our group in recent years, with
focus on effusion biology.

EMT

EMT is a process by which mesenchymal cells are
formed during embryogenesis, in a process that
facilitates migration through the extracellular
environment (ECM) and settlement in areas of new
organ formation (Thiery, 2002). In recent years, EMT-
like processes have been investigated for their potential
role as determinants of cancer cell invasion and
metastasis. The current hypothesis is that carcinoma
cells lose their epithelial characteristics and acquire
certain mesenchymal properties that promote ECM
invasion and distant metastasis in an EMT-like process.
This involves the same transcription factors used during
the embryonic EMT, including Snail, Slug, Twistl, Zebl
and SIP1 (Batlle et al., 2000; Comijn et al., 2001; Hajra
et al., 2002; Bolds et al., 2003; Rosivatz et al., 2002;
Vernon and LaBonne, 2004; Aigner et al., 2007).
However, tumor cells differ from embryonic cells by
having lost specific target recognition, as well as by the
ability to activate autocrine loops of growth signals,
evade apoptosis, and elicit angiogenesis (Gotzmann et
al., 2004).

Transcription factors that mediate EMT negatively
regulate E-cadherin, the prototype member of the
classical cadherin family, which maintains cell polarity
and normal epithelial structure (Pecina-Slaus, 2003;
Cavallaro and Christofori, 2004). In most carcinomas, E-
cadherin-mediated intercellular adhesion is lost during
malignant transformation and tumor progression
(Hanahan and Weinberg, 2000). In addition to E-
cadherin transcriptional inhibition (Poser et al., 2001;
Yokoyama et al., 2001; Jiao et al., 2002), Snail has been
shown to indirectly upregulate the expression of matrix
metalloproteinases (MMP), the most important family of
proteases mediating invasion, metastasis and
angiogenesis (Yokoyama et al., 2003; Miyoshi et al.,
2005), as well as the mesenchymal marker vimentin, and
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to downregulate cytokeratin 18, desmoplakin, MUCI,
claudin and occludin (Cano et al., 2000; Ikenouchi et al.,
2003). The transcriptional repressor activity of Snail is
modulated by its expression level and intracellular
localization.

p21l-activated kinase (Pakl) is a serine/threonine
protein kinase, first isolated as a Rac-binding protein in
the rat brain (Manser et al., 1994). Pakl contains
phosphorylation sites by Akt, cdc2/cdk5 and PDK1
(Bokoch, 2003), and binds to and is activated by several
GTPases, including Racl, rac2, Rac3 and Cdc42, as well
as by the SH3-containing adapter proteins Nck and
Grb2. Extracellular Pak activators include growth factors
(EGF, Heregulin, PDGF), ECM proteins (via integrins),
lipids, interleukins and other cytokines (Bokoch, 2003).
Pak substrates include cytoskeletal proteins (e.g.,
myosin, caldesmon, desmin), kinases (Raf-1, MEK-1),
and various other molecules, including the pro-apoptotic
molecule Bad and Estrogen receptor (ER). Pakl
additionally regulates Snail through phosphorylation at
Ser246, resulting in Snail accumulation in the nucleus,
thereby modulating its activity (Yang et al., 2005). Pak1
activation thus affects major cellular processes,
including regulation of the cytoskeleton and motility,
neurogenesis, angiogenesis, metastasis, apoptosis and
cell survival (Bokoch, 2003).

Recent research has generated data regarding the
expression, biological role and clinical relevance of
EMT regulators in OC. In experimental models, Snail
was shown to mediate E-cadherin downregulation
induced by hypoxia (Imai et al., 2003), promote tumor
growth and metastasis (Jin et al., 2010), induce EMT
(Theriault et al., 2007; Pon et al., 2008), and mediate
invasion (Kurrey et al., 2005). Slug was similarly shown
to be involved in EMT and invasion (Kurrey et al., 2005;
Thériault et al., 2007). Snail expression is increased in
OC compared to borderline tumors (Blechschmidt et al.,
2008) and is associated with poor survival (Tuhkanen et
al., 2009).

Twist expression is related to Paclitaxel resistance in
vitro and to peritoneal metastasis (Wang et al., 2004;
Terauchi et al., 2007). In patient material, Twist
expression is associated with shorter survival (Hosono et
al., 2007). Snail, Slug, Twistl, and SIP1 expression is
higher in OC compared to the ovarian surface
epithelium, and benign and borderline tumors (Yoshida
et al., 2009). Snail expression additionally correlated
with poor survival in this study (Yoshida et al., 2009).
Finally, reduced expression of Zeb transcription factors
in OC compared to the ovarian surface epithelium was
recently reported (Bendoraite et al., 2010).

Our group has previously shown that E-cadherin
protein expression is upregulated in OC effusions
compared to corresponding (patient-matched) primary
carcinomas (Davidson et al., 2000), and reported on co-
expression of E-cadherin and the EMT-associated N-
cadherin in OC cells in effusions (Sivertsen et al., 2006).
Snail, Slug and SIP] mRNA was frequently found in OC
effusions (Fig. 1A), and higher E-cadherin mRNA

expression was associated with longer progression-free
survival, whereas high SIPI/E-cadherin ratio was
associated with poor overall survival (Elloul et al.,
2005). However, Snail and Slug protein expression was
significantly lower in effusions compared to primary
tumors (Elloul et al., 2006). In the latter study, we
additionally observed that Snail localizes to the
cytoplasm rather than the nucleus in uncultured OC cells
from effusions, suggesting that it is not functional in
these cells (Elloul et al., 2006). These data suggest that
OC does not fully follow the classical model of EMT,
and that OC cells in effusions probably undergo at least
partially the reverse process of mesenchymal-to-
epithelial transition.

Recently, we observed that E-cadherin interferes
with spheroid formation in OC cells in vitro, and that
Snail silencing using Small Hairpin RNA reduces
invasion and MMP-2 activity in ES-2 cells. Dominant
negative (DN) Pakl ES-2 and OVCAR-3 clones had
reduced attachment to ECM proteins, invasion and
MMP-2 activity compared to constitutively active (CA)
and wild-type cells. DN Pak1 ES-2 cells additionally had
reduced binding to LP9 cells, generated from benign
mesothelium (Elloul et al., 2010). These data suggest
that the re-expression of E-cadherin in OC effusions is
regulated by Pak1, and that this may affect dissemination
within the serosal cavities. This postulated role of Pak1
is of interest in view of our previous observation that the
Pakl gene is overexpressed in a subset of the OC
specimens using digital karyotyping (Shih et al., 2005).
Additionally, our observation that Pakl protein
expression in primary diagnosis pre-chemotherapy
effusions is associated with longer survival whereas the
opposite is true for disease recurrence post-
chemotherapy effusions (Davidson et al., 2008a)
suggests altered cellular function along disease
progression and merits further research. Of note, Siu et
al. recently reported association between Pakl and p-
Pak1 protein expression in primary OC and poor overall
and disease-free survival (PFS; Siu et al., 2010).

Analysis of clinical specimens showed significantly
higher Twistl, Zebl and Vimentin mRNA expression in
solid metastases compared to primary carcinomas and
effusions (Elloul et at., 2010), further attesting to the
dynamic nature of EMT in OC as function of anatomic
site.

The insulin-like growth factor (IGF) system

The IGF system consists of the peptide hormones
Insulin, IGF-I and IGF-II; the cell surface receptors
insulin receptor (IR), IGF-1R, IGF-2R and hybrid IGF-
1R/IR receptors; and a family of circulating IGF-binding
proteins (IGFBP) (Denley et al, 2005; Guvakova, 2007,
Sachdev and Yee, 2007). IGF-I and IGF-II are 7.6 kDa
and 7.5 kDa peptides that share about 50% homology
with proinsulin and 62% among themselves (Guvakova,
2007). These three ligands bind with different affinity to
IGF system receptors, of which all except IGF-2R
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Fig. 1. Expression of cancer-associated molecules in ovarian carcinoma effusions. A: Snail mRNA; B: IGFBP3; C: IGF-II; D: NF-xB p65; E: claudin-1;
F: claudin-7; G: phospho-mTOR (p-mTOR); H: p-AKT; I: Survivin. Note mitotic figures in H and I (arrows). All figures except 1-A are using
immunohistochemistry, 1-A is by mRNA in situ hybridization (NBT-BCIP staining, counterstained with nuclear fast red).
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possess tyrosine kinase activity (Sachdev and Yee,
2007). Activation of IGF receptors leads to
phosphorylation of adaptor proteins of the IRS family or
SHC, with subsequent activation of the MAPK family
member ERK. IRS proteins additionally activate the
PI3K signaling pathway via AKT and mTOR. The net
effect of MAPK and PI3K activation is cell proliferation
and survival, adhesion, migration and metastasis (Denley
et al, 2005; Guvakova, 2007; Sachdev and Yee, 2007).

The six IGFBP members have a size of 23-31kDa
and contain three domains, the N- and C-domains and
the linker (L-) domain. The N- and C-domains are the
ones mediating IGF binding. Multiple other interactions
are mediated via the C-domain, including binding of
extracellular matrix proteins such as fibronectin,
collagen I, osteopontin and vitronectin, as well as
cellular proteins including integrins and caveolin.
IGFBP members are present in the serum, extracellularly
and in the circulation. In the circulation, they normally
bind 99% of the IGF present, mainly by IGFBP3, the
most abundant family member at this site. IGFBP
positively or negatively regulate the biologic activity of
IGF-I and IGF-II through control of their availability for
ligand-receptor binding. IGF is released by proteolysis
of IGFBP at its L-domain, a process mediated by
multiple proteases, including plasmin, thrombin and
members of the MMP family, or by binding of IGFBP to
the extracellular matrix. Regulation of the IGFBP
affinity to IGF is also achieved via phosphorylation of
the former (Firth and Baxter, 2002; Bach et al., 2005).

The IGF system is under investigation for its
possible role as a target for molecular therapy in cancer,
including OC (reviewed in Beauchamp et al., 2010).
Previous work by other investigators has been
inconclusive with respect to the prognostic role of
IGFBP3 in primary OC (Katsaros et al., 2001; Lu et al.,
2006; Wiley et al., 2006; Walker et al., 2007), whereas
high IGF-II levels have been associated with poor
survival (Sayer et al., 2005; Lu et al., 2006). IGF-II is
part of a panel of 6 serum markers suggested for
detection of early OC (Kim et al., 2009).

We previously reported on the overexpression of the
IGFBP3 and IGF-II genes in OC/PPC compared to
diffuse malignant peritoneal mesothelioma (DMPM), a
tumor that shares many of the clinical, morphological
and molecular characteristics of the former cancer
(Davidson et al., 2006a). We subsequently analyzed the
diagnostic and clinical role of these proteins in effusions
(Slipicevic et al., 2009). Immunostaining of 327
effusions, including 205 OC, showed significantly
higher expression of both proteins in carcinomas
compared to mesotheliomas (Fig. 1B,C). IGFBP3 was
found in the effusion supernatant of all OC, as well as in
breast carcinomas and 16 mesotheliomas using ELISA.
High IGFBP3 expression in pre-chemotherapy and high
IGF-II expression in post-chemotherapy OC effusions
correlated with poor overall survival, and IGF-II
expression in post-chemotherapy effusions was an
independent prognostic factor in Cox multivariate

analysis. This study shows that IGF-II and IGFBP3 are
more frequently expressed in metastatic carcinomas
compared to mesothelioma in effusions, and that IGF-II
and IGFBP3 may be novel prognostic markers in
metastatic OC.

The NF-xB transcription factor

The NF-kB family consists of five proteins, named
RelA (p65), RelB, c-Rel, p50/p105 (NF-xB1) and
p52/p100 (NF-kB2) that form homodimers or
heterodiomers. NF-kB is localized in the cytoplasm in
complex with inhibitors of NF-kB (IkBs), i.e. [kBa, IkB
and IxBe. Cell stimulation results in IxB
phosphorylation in a site-specific manner by activated
IkB kinase (IKK) complexes, the most common of
includes IKKa, IKKB and a regulatory IKKy subunit,
also named NEMO (NF-kB essential modulator)
(Neumann and Naumann, 2007; Perkins, 2007).

The 'canonical' NFkB pathway is activated by TNF-
o, IL-1 and other stimuli, and involves IkBa
phosphorylation at ser32 and ser36 predominantly by
IKKSB. IkBa is subsequently ubiquitinated and degraded
in the 26S proteasome, thereby releasing the NF-kB
p65/p50 heterodimer to translocate into the nucleus
(Neumann and Naumann, 2007; Perkins 2007). Other
NF-kB activation pathways have been described, and
their diversity, in addition to the existence of hundreds of
NF-xB activators and target genes (Pahl, 1999), results
in a myriad of cellular functions and effects (Perkins and
Gilmore, 2006). The binding of NF-«xB transcription
factors to kB elements in promoters and enhancers can
therefore both induce and repress gene expression,
affecting cell proliferation and survival, inflammation,
the immune response, and programmed cell death
(reviewed in Perkins, 2007). Pro-survival NF-xB
signaling is activated by many oncogenes, e.g. HER-2
and HRAS, and the PI3K/AKT pathway and involves
increased proliferation via cyclin D1 activation,
suppression of the JNK cascade, and induction of
angiogenesis, invasion and metastasis, mediated through
upregulation of molecules such as VEGF, VCAM-1 and
MMPs (Madrid et al., 2000; Pianetti et al., 2001;
Basseres and Baldwin, 2006; Sethi et al., 2008). NF-kB-
mediated resistance to cell death occurs through
upregulated expression of anti-apoptotic molecules,
including the inhibitor of caspase activation cFLIP, the
inhibitor of apoptosis (IAP) family members cIAPI,
clAP2 and XIAP, and the Bcl-2 family members
A1/Bfll and Bcl-XL (Wang et al., 1999; Chen et al.,
2000; Tang et al., 2001; Xiao et al., 2003).

Studies using in vitro and in vivo OC models have
shown that inhibition of NF-kB enhances the anti-tumor
efficacy of cisplatin and paclitaxel (Mabuchi et al.,
2004a,b; Liu et al., 2006). The microRNA miR-199A
and MEKK3, part of the mitogen-activated protein
kinase (MAPK) pathway, were recently shown to
regulate IIKB and NF-kB activation (Chen et al., 2008;
Samanta et al., 2009). NF-kB p65 protein expression
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was reported to be higher in OC compared to borderline
and benign tumors and to normal ovaries, and was
associated with high histological grade, advanced stage
and shorter survival (Guo et al., 2008).

We investigated the role of NF-kB in OC in three
studies. In the first one, we compared NF-xB p65 and
IxkBa protein expression in OC effusions to that of
corresponding primary carcinomas and solid metastases
(Kleinberg et al., 2009). Nuclear NF-kB p65 expression,
indicating NF-kB activation, was observed in the
majority of tumors irrespective of anatomic site, with
less frequent cytoplasmic NF-xB p65 and IxB
expression (Fig. 1D). However, the percentage of cells
expressing NF-kB p65 (nuclear or cytoplasmic) and
IxBa was significantly higher in solid lesions compared
to effusions. NF-kB p65 phosphorylation at Ser536 was
found in 94% of the effusions using Western blotting. In
effusions, high (>25% of cells) nuclear NF-kB p65
expression was significantly associated with larger
volume of residual disease and poor response to
chemotherapy at disease recurrence. Nuclear NF-xB p65
expression correlated with poor PFS in univariate
survival analysis and was an independent predictor of
shorter PFS in Cox analysis. These data suggest that NF-
kB p65 is frequently expressed and activated in
advanced-stage OC. The association between nuclear
NF-kB p65 expression in effusions and poor
chemoresponse and PFS supports its involvement in
cancer cell survival.

In a recent study, we analyzed the protein expression
and clinical role of IKKa, IKKB, IKKe, NF-kB p50, NF-
kB p65, RelB, and MMP-9 using immunohistochemistry
in solid OC specimens obtained at diagnosis from a
cohort of 33 patients subsequently treated with
paclitaxel, cisplatin, and cyclophosphamide (Annunziata
et al., 2010). NF-xB p65 and RelB were co-expressed
with IKKa., supporting their existence as a tri-molecular
regulatory complex. A significant association of NF-kB
p50 with poor overall survival was found (p=0.02),
whereas MMP-9 expression was associated with better
prognosis (p=0.01). This study demonstrates that
deregulation of NF-kB activity may influence outcome
in women treated with standard therapy for advanced
OC, and suggests that modification of this pathway may
improve outcome in this cancer.

In the third paper (Hernandez et al., 2010), IKKB
expression by immunohistochemistry was studied in 119
tumors comprised of 42 primary carcinomas and 77 solid
metastases. IKKB was expressed in 89 of 119 tumors,
with comparable immunostaining in primary carcinomas
and metastases. High expression (>25% of cells) of
IKKSB in primary carcinomas was associated with poor
overall survival.

Treatment of the OC cell line CAOV3 with the
IKKB small molecule inhibitor MLN120b and RNA
interference with a short hairpin RNA (shRNA) directed
against IKKB identified set of 9 genes, of which 8 were
downregulated and 1 upregulated, including CLDI,
coding for the gap junction protein claudin-1, /LS8,

coding for the angiogenic molecule Interleukin-8, and
the chemokine genes CXCLI and CXCL2. Inhibition of
IKKSB in vitro suppressed growth, invasiveness, adhesion
to endothelial cells and IL-8 secretion to a variable
degree in OC cell lines.

These data provide further evidence supporting the
role of the NF-xB pathway in general, and IKKSB in
particular, in OC biology.

Claudins

Claudins are a family of more than 20 tight junction-
specific integral membrane proteins. Tight junctions are
located in the apical aspect of epithelial or endothelial
cells, where they maintain cell polarity and regulate the
paracellular transport of solutes and the diffusion of
proteins and lipids (Tsukita et al., 2001; Gonzalez-
Mariscal et al., 2003; Van Itallie and Anderson, 2006).
Claudins contain intracellular amino and carboxy
termini, four transmembrane domains, and two
extracellular loops mediating intercellular interactions
between claudins (Tsukita et al., 2001; Gonzailez-
Mariscal et al., 2003; Van Itallie and Anderson, 2006).
The second extracellular loop serves as a binding site for
Clostridium perfringens enterotoxin in claudin-3 and -4
(Morita et al., 1999). The carboxy terminus of most
claudins contains potential serine and/or thereonine
phosphorylation sites and a PDZ-binding motif, to which
the tight junction cytoplasmic scaffolding proteins ZO-1,
-2 and -3 bind (Morita et al., 1999).

The expression patterns of claudins in normal tissue,
benign tumors and cancer are complex and organ-
dependent (Morin, 2005; Swisshelm et al., 2005; Hewitt
et al., 2006). Higher expression of claudin-3 (Hough et
al., 2000; Lu et al., 2004; Santin et al., 2004; Bignotti et
al., 2006), claudin-4 (Hough et al., 2000; Hibbs et al.,
2004; Lu et al., 2004; Santin et al., 2004; Bignotti et al.,
2006), claudin-7 (Bignotti et al., 2006; Tassi et al., 2008)
and claudin-10 (Bignotti et al., 2006) has been reported
in OC compared to normal ovarian surface epithelium,
with less conclusive data in comparative analyses of OC
with cystadenomas or borderline tumors (Hough et al.,
2000; Rangel et al., 2003; Heinzelmann-Schwarz et al.,
2004; Soini and Talvensaari-Mattila, 2006; Zhu et al.,
2006; Choi et al., 2007). In one of these studies (Tassi et
al., 2008), claudin-7 was found to be expressed in OC
cells in ascites, whereas it was absent from leukocytes
and reactive mesothelial cells. Recently, claudin-4
exosomes were found in the plasma of 32/63 OC
patients compared to 1/50 healthy volunteers (Li et al.,
2009).

Only few studies have investigated the prognostic
role of claudins in OC. Low claudin-3 protein expression
(undefined cut-off) using immunhistochemistry was
associated with a trend for poor survival in an analysis of
115 primary carcinomas (Heinzelmann-Schwarz et al.,
2004). In contrast, Choi et al. found claudin-3 and -4
protein expression in 81% and 85.7% of 84 serous
adenocarcinomas, respectively, and high claudin-3
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expression was associated with shorter survival in both
univariate and multivariate analysis (Choi et al., 2007).
Despite the inconclusive prognostic role of claudins in
OC, their overexpression in tumor cells compared to
normal epithelium and other host cells has led to
growing interest in targeting claudin-3 and -4 as a
therapeutic approach in OC (Romani et al., 2009; Saeki
et al., 2009; Suzuki et al., 2009; Yuan et al., 2009).

In our comparative gene expression array analysis of
OC/PPC and DMPM effusions, we found significantly
higher gene expression of claudin-3, claudin-4 and
claudin-6 in OC compared to DMPM and validated these
findings for claudin-3 and claudin-4 using quantitative
RT-PCR and immunohistochemistry (Davidson et al.,
2006a). We subsequently analyzed the diagnostic role of
claudin-1, claudin-3 and claudin-7 in 325 effusions, and
reported on the higher expression of claudins in OC
compared to adenocarcinomas of other origin, malignant
mesotheliomas and benign reactive mesothelial cells
(Kleinberg et al., 2007a).

In a second study (Kleinberg et al., 2008), we
analyzed the anatomic site-related expression and
prognostic role of claudins in OC. Effusions (n=218),
corresponding primary tumors (n=81) and solid
metastases (n=164) (total=463 tumors) were
immunostained for claudin-1, -3, -4 and -7. All four
claudins were expressed in the majority of tumors at all
anatomic sites (Fig. 1E,F). However, the percentage of
immunostained cells was significantly higher in
effusions compared to primary carcinomas and solid
metastases for claudin-1, -3, and -7. In univariate
survival analysis of the entire cohort, higher claudin-3
and -7 expression in effusions correlated with shorter
overall survival, with similar results for claudin-7 with
respect to progression-free survival. In survival analysis
for patients with primary diagnosis pre-chemotherapy
effusions, higher claudin-7 expression correlated with
shorter overall survival, whereas claudin-1 and -3
expression was associated with poor overall survival for
patients with disease recurrence post-chemotherapy
effusions. In multivariate survival analysis of the entire
cohort, claudin-7 expression was an independent
predictor of poor progression-free survival, whereas
claudin-3 independently predicted poor overall survival
for patients with post-chemotherapy effusions. These
two studies demonstrate that claudins are widely
expressed in OC, with significant upregulation for some
family members in effusions. Claudin expression in OC
effusions has both diagnostic and prognostic value, and
their cancer-specific expression suggest that they may be
a therapeutic target in this disease.

The PIBK/AKT/mTOR signaling pathway

Dysregulation of the PI3K/AKT/mTOR signaling
pathway is a major characteristic of multiple types of
cancer. Following activation by receptor tyrosine
kinases, PI3K converts phosphatidylinositol (4,5)
bisphosphate (PIP,) to phosphatidylinositol (3,4,5)

triphosphate (PIP;) which then acts as a second
messenger activating downstream pathways involving
AKT, mTOR and other proteins (Vivanco and Sawyers,
2002). The tumor suppressor phosphatase with tensin
homology (PTEN) negatively regulates PI3K activity,
and is mutated or deleted in multiple cancer types (Chow
and Baker, 2006; Cully et al., 2006). AKT, a
serine/threonine kinase, comprises three homologous
family members (AKT1, AKT2 and AKT3) which are
broadly expressed, although there are some isoform-
specific features (Bellacosa et al., 2005). Activation
involves a dual mechanism requiring PIP; to recruit the
PH-domain of the AKT protein to the plasma membrane
altering its conformation to allow subsequent
phosphorylation at either Thr308 alone, or for maximal
activation, additional phosphorylation at Ser473
(Bellacosa et al., 2005; Song et al., 2005).
Phosphorylated AKT (p-AKT) promotes cell growth,
protein translation and cell survival, antagonizes cell
cycle arrest, impacts glucose metabolism, and regulates
angiogenesis and invasion (Thompson and Thompson,
2004; Bellacosa et al., 2005; Song et al., 2005).

A major target in the downstream cascade of AKT
activity is mTOR, a protein residing in two functionally
distinct complexes, mMTORC1 and mTORC2. mTORC1
phosphorylates 4E-BP1 (eukaryotic initiation factor 4E
binding protein-1) and p70S6K (ribosomal p70S6
kinase), both regulators of mRNA translation and cell
growth (Guertin and Sabatini, 2007). p70S6K indirectly
exerts negative feedback on PI3K (Guertin and Sabatini,
2007; Yap et al., 2008), while the mTORC2 complex
directly phosphorylates AKT, making mTOR an
upstream as well as a downstream effector in the
signaling pathway (Sarbassov et al., 2005).

Several lines of evidence point to a biological role
for the PI3K/AKT/mTOR signaling pathway in OC
progression, and blocking of this pathway is under active
investigation as a treatment modality in OC (reviewed in
Blagden and Gabra, 2009; Trinh et al., 2009; Campos
and Ghosh, 2010). Tranfection of OC cells with AKT?2
results in increased adhesion and invasion in vitro and
increased metastatic potential in vivo (Arboleda et al.,
2003). Constitutive AKT1 activity or AKT2 gene
amplification in OC cell lines confers resistance to
paclitaxel (Page et al., 2000), and treatment of OC cell
lines with high AKT levels with the PI3K inhibitor
LY294002 sensitizes the cells to cisplatin-induced
apoptosis (Altomare et al., 2004). Combination of
LY294002 and paclitaxel increases chemotherapy
efficacy on tumor growth and reduces ascites volume in
vivo (Hu et al., 2002). Treatment with the mTOR
inhibitor RADOO1 inhibits cell proliferation and
enhanced cisplatin-induced apoptosis in OC cell lines
with high AKT activity, with reduced phosphorylation of
4E-BP1 and p70S6 kinase (Mabuchi et al., 2007).
Combined therapy with rapamycin and the VEGF
inhibitor bevacizumab in SCID mice has been shown to
inhibit intraperitoneal OC cell growth in vivo (Huynh et
al., 2007). Overexpression of PTEN in SHIN-3 OC cells
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leads to reduced VEGF secretion and intraperitoneal
tumor growth in mice (Takei et al., 2008). miR-214
induces cell survival and resistance to cisplatin in OC
cells in vitro through targeting of PTEN (Yang et al.,
2008).

The AKT2 gene is amplified in OC (Bellacosa et al.,
1995; Thompson et al., 1996), and activating mutations
of the PIK3CA gene were recently reported to be
frequent (50% in fresh frozen material) in OC (Kuo et
al., 2009).

Data regarding the prognostic role of AKT and
mTOR in OC are to date inconclusive. Two studies have
shown an association between p-AKT expression in
primary OC and poor survival in univariate, but not in
multivariate analysis (Oda et al., 2007; Guo et al., 2008).
A trend towards higher mortality was found for patients
with AKT2 gene amplification (Bellacosa et al., 1995).
However, increased p-AKT expression did not
significantly correlate with survival in two other studies
(Castellvi et al., 2006; Woenckhaus et al., 2007).
Increased expression of mTOR was associated with
better OS in univariate analysis, but not in multivariate
analysis (Noske et al., 2008). Association between
reduced PTEN expression in primary OC and shorter
disease-free survival was recently reported (Lee and
Park, 2009).

We investigated the expression and clinical role of
the PI3K/AKT/mTOR pathway in effusions in three
studies. Using proteomics, we observed a trend for
shorter survival for patients with disease recurrence
post-chemotherapy effusions with high AKT activation
level (Davidson et al., 2006b).

In a subsequent study (Davidson et al., 2008b), we
analyzed the expression of PTEN and its inhibitor DJ-1,
an oncogene overexpressed in different cancers (Kim et
al., 2005). DJ-1 mRNA was expressed in >80% of
analyzed effusions (n=72), primary carcinomas (n=42)
and solid metastases (n=15), with comparable levels at
all anatomic sites. DJ-1 expression was positively
associated with that of its transcriptional regulators Spl
and Sp3. DJ-1 expression was significantly higher in
post-chemotherapy compared to pre-chemotherapy
effusions, and predicted shorter progression-free survival
in univariate analysis for patients with post-
chemotherapy effusions. PTEN protein expression by
immunohistochemistry was low in effusions (n=210) and
solid tumors (n=92; 23% and 13%, respectively), and
PTEN expression in effusions was unrelated to DJ-1
levels or patient survival.

This study showed that DJ-1 is frequently expressed
in advanced-stage OC irrespective of anatomic site, and
that DJ-1 is co-expressed with its transcriptional
regulators Spl and Sp3. PTEN expression is infrequent
in OC, and analyzing PTEN status in effusions does not
provide prognostic information.

In a recent study, we analyzed p-AKT and p-mTOR
protein expression by immunohistochemistry in a large
cohort of patients diagnosed with serous OC, with focus
on effusions and solid metastases, and evaluated their

clinical relevance (Fig. 1G,H). We additionally
compared the phosphorylation pattern of AKT at Thr308
and Ser473 by immunoblotting, and studied the
relationship between expression of p-AKT, mTOR and
the PTEN inhibitor DJ-1 in serous OC effusions using
flow cytometry (Bunkholt Elstrand et al., 2010).

p-AKT expression in effusions was higher in grade 3
vs. 1-2 tumors. Flow cytometry analysis showed
significant co-expression of AKT, mTOR and DJ-1
expression in effusions (Fig. 2A). Higher p-AKT
Thr308/pan-AKT ratio by Western blotting was
associated with more advanced FIGO stage and a trend
for poor response to chemotherapy at first disease
recurrence. Higher p-mTOR protein expression (>25%
of cells) in effusions by immunohistochemistry was
associated with poor progression-free survival for
patients with post-chemotherapy effusions in univariate
and multivariate analysis.

The data in these three studies support a clinical role
for the PI3K/AKT/mTOR pathway in OC and reinforces
the validity of this signaling pathway as a potential
therapeutic target in metastatic OC.

Folate receptors

Folate (vitamin B9) is involved in one-carbon
transfer reactions that are essential for RNA and DNA
synthesis. Folate is also involved in the remethylation of
homocysteine to methionine, an important step in the
biosynthesis of S-adenosyl methionine, which provides
methyl groups for methylation of DNA, RNA, proteins
and phospholipids. Cellular folate uptake is mediated by
several molecules, including the folate receptor (FR)
family, which consists of four family members, termed
FR-a., -B, -y and —8. The genes coding for FR, FOLRI-4,
are located on the long arm of chromosome 11, and have
about 70% sequence homology. FOLRI and FOLR?2
code for membrane-bound glycoproteins bound to
glycosyl phosphatidylinositol (GPI) anchor, whereas
FOLR3 codes for two forms of secreted protein, FR-y
and FR-y’, the latter of which is a mutated form. The
protein product of FOLR4 has not been identified to date
(reviewed in Kelemen, 2006; Salazar and Ratnam,
2007).

FR members are differentially expressed in normal
and tumor tissues. FR-a, the most extensively studied
family member, is expressed in urogenital organs, the
female genital tract, salivary and bronchial glands, the
choroid plexus, retinal pigment cells and the placenta.
High FR-a levels have been detected in different
carcinomas, including non-mucinous ovarian carcinoma
(OC) (Hough et al., 2001; Parker et al., 2005; Kalli et al.,
2008), endometrial carcinoma and cervix carcinoma, as
well as in non-genital tumors. FR-B is expressed by
hematopoietic cells and the placenta, as well as by
leukemia and lymphoma cells. FR-y has been detected in
normal and malignant hematopoietic cells, as well as
carcinomas of the ovary, endometrium and cervix
(reviewed in Kelemen, 2006; Salazar and Ratnam,
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Fig. 2. Expression of
survival- and
apoptosis-associated
molecules in ovarian
carcinoma effusions
by flow cytometry.

A. DJ-1, expressed in
65.6% of tumor cells
(upper right quadrant);
B. Folate receptor-a
(FRa), expressed in
85.4% of tumor cells;
C. Death receptor-4
(DR4), expressed in
20% of tumor cells;
D-F. Annexin-V,
cleaved caspase-3
and dUTP
incorporation in the
same effusion.
Annexin-V labeling is
seen in 63.4% of cells
(D), compared to
11.9% and 11.6% for
cleaved caspase-3 (E)
and dUTP
incorporation (F),
respectively.
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2007).

FR-a has been investigated for its potential role as a
target for molecular therapy, as modulator of the immune
system, and as a diagnostic marker in imaging (Salazar
and Ratnam, 2007). Therapeutic approaches for blocking
FR-a include the use of antibodies or folic acid
conjugates, and vaccines targeting this protein (Campos
and Ghosh, 2010). Farletuzumab (MORAb-003), a
monoclonal antibody to a-FR that activates antibody-
dependent cell-mediated cytotoxicity and complement-
mediated toxicity is currently investigated for its
therapeutic role in OC (Spannuth et al., 2010).

FOLRI and FOLR3 were identified as genes that are
overexpressed OC/PPC compared to DMPM in our
previously-discussed gene expression array study. In a
follow-up study (Yuan et al., 2009), we validated this
finding at the mRNA and protein level. Ninety-one
effusions (71 OC, 10 breast carcinomas, 10 malignant

mesotheliomas) were assayed for FOLRI and FOLR3
gene expression using qPCR. FR-a expression was
analyzed in 40 OC/PPC, 10 breast carcinomas and 9
nesotheliomas using flow cytometry. qPCR analysis
showed significantly higher FOLRI and FOLR3 mRNA
levels in OC compared to both other cancers, and the
levels of these two genes were directly interrelated in
OC effusions. FR-a protein was similarly more highly
expressed in OC compared to breast carcinoma and
mesothelioma effusions (Fig. 2B). FOLRIand FOLR3
mRNA and FR-a protein expression in OC effusions
was unrelated to clinical parameters or survival.

This study confirmed the role of folate receptors in
the differential diagnosis between OC/PPC and other
cancers affecting the serosal cavities and showed that
FOLRIand FOLR3 are co-expressed in this tumor.
Whereas the high expression of folate receptors in OC
effusions supports their validity as molecular therapeutic

Table 1. The prognostic role of cancer-associated molecules in ovarian carcinoma effusions.

Ref. Molecule Method Effusion type No.2 Univariate Multivariate Prognosis
Elloul et al., 2005 E-cadherin  RT-PCR All 70 p=0.023 (PFS)® NP¢ Good
Elloul et al., 2005 Snail RT-PCR All 70 Nsd NS -
Elloul et al., 2005 Slug RT-PCR All 70 NS NS -
Elloul et al., 2005 SIP1 RT-PCR All 70 NSe NS -
Davidson et al., 2008a Pak1 IHCf Pre-chemotherapy ~ 83 p=0.024 (0S)9/p=0.015 (PFS)" NS (0S)/p=0.016 (PFS)  Good
Davidson et al., 2008a Pak1 IHC Post- chemotherapy 64 p=0.044 (OS) p=0.049 (OS) Poor
Slipicevic et al., 2009 IGFBP3' IHC Pre-chemotherapy 92 p=0.031 (OS) NS Poor
Slipicevic et al., 2009 IGF-II IHC Post- chemotherapy 73 p=0.024 (OS) p=0.04 (OS) Poor
Kleinber et al., 2009 NF-«xB p65 IHC All 164 p=0.048 (PFSy NS Poor
Kleinber et al., 2009 lkBa IHC All 164 NS NS -
Kleinber et al., 2009 dUTP FCM All 52 NS NS -
Kleinber et al., 2009 Caspase-3 FCM All 52 p=0.024 (OS) / p=0.046 (PFS)¥ NS Good
Kleinber et al., 2009 Caspase-8 FCM All 52 NS NS -
Kleinber et al., 2008 claudin-1 IHC All 180 NS NS -
Kleinber et al., 2008 claudin-3 IHC All 180 p=0.038 (OS) NS Poor
Kleinber et al., 2008 claudin-7 IHC All 180 p=0.035 (OS) / p=0.026 (PFS)/ NS (OS) / p=0.017 (PFS) Poor
Davidson et al., 2008b PTEN IHC All 163 NS NS -
Davidson et al., 2008b DJ-1 RT-PCR Post- chemotherapy 30 p=0.027 (PFS) NS Poor
Bunkholt Elstrand et al., 2010 p-AKT IHC Post- chemotherapy™ 56 NS NS -
Bunkholt Elstrand et al., 2010 p-mTOR IHC Post- chemotherapy 56 p=0.005 (PFS) p=0.03 (PFS) Poor
Yuan et al., 2009 FR-o gRT-PCR All 68 NS NS -
Yuan et al., 2009 FR-y gRT-PCR All 68 NS NS -
Davidson et al., 2003 P85-PARP  IHC All 80 p=0.017 (OS) NP -
Dong et al., 2008a TNFR1 FCM" All 76 NS NS -
Dong et al., 2008a TNFR2 FCM All 76 NS NS -
Dong et al., 2008a FAS FCM All 76 NS NS -
Dong et al., 2008a DR4 FCM All 76 p=0.035 (OS) / p=0.041 (PFS) p=0.008 (OS) / p=0.003 (PFS) Poor
Dong et al., 2008a DR5 FCM All 76 NS NS -
Kleinberg et al., 2007b XIAP IHC Pre-chemotherapy 101 NS NS -
Kleinberg et al., 2007b Survivin® IHC Pre-chemotherapy? 101  p=0.002 (OS) / p<0.001 (PFS) NS (OS) / p=0.004 (PFS)  Good
Dong et al., 2009 Annexin-V.  FCM Post-chemotherapy 27 p=0.005 (OS) / p=0.013 (PFS) NP Poor

aNo.: patient number; YPFS: progression-free survival. In some studies, the terms relapse-free survival or disease-free survival are used. °NP: not
performed; @NS: not significant; €: Higher SIP1/E-cadherin ratio correlated with worse overall survival (p=0.018); IHC: immunohistochemistry; 90S:
overall survival; ": p=0.013 for staining intensity, p=0.015 for staining extent); - Additionally associated with poor OS in primary carcinomas (p=0.016);
p=0.025 for patients with post-chemotherapy effusions; ¥: Additionally associated with poor OS (p=0.042) and PFS (p=0.036) for patients with post-
chemotherapy effusions; - Claudin-7 additionally associated with poor OS in pre-chemotherapy effusions (p=0.045), claudin-1 (p=0.018) and claudin-3
(p=0.009) associated with poor OS in post-chemotherapy effusions; ™: No association with survival for p-AKT or p-mTOR in the entire cohort; "FCM:
Flow cytometry; ©: nuclear localization; P: No association with survival for XIAP or Survivin in the entire cohort.
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targets in this disease, their levels do not provide
prognostic information.

Apoptosis

Apoptosis, or programmed cell death, is
characterized morphologically by cell shrinkage,
membrane blebbing, chromatin condensation and
nuclear fragmentation (Lowe and Lin, 2000; Taylor et
al., 2008). This process regulates cell death following
irreparable DNA damage and is also important for
controlling cell number during normal development
(reviewed in Igney and Krammer, 2002).

The distinct morphological and biochemical changes
that define apoptosis are mediated by caspases, a family
of cysteinyl aspartate-specific proteases. Two major
pathways leading to caspase activation have been
characterized.

The extrinsic pathway is initiated by ligation of
transmembrane death receptors including Fas/CD95,
Tumor necrosis factor receptor (TNFR) and TNF-related
apoptosis-inducing ligand receptor (TRAILR) to activate
membrane-proximal caspases (caspase-8 and -10). These
in turn cleave and activate caspase-3, -6 and -7 or B-cell
chronic lymphocytic leukemia/lymphoma 2 (Bcl-2)
proteins, depending on the cell type (Lowe and Lin,
2000; Igney and Krammer, 2002; Taylor et al., 2008).

Many stimuli, including chemotherapy, kinase
inhibitors, hypoxia, growth factor withdrawal and
radiation, trigger apoptotic signaling through the
intrinsic pathway. Following the disruption of the
mitochondrial membrane, mitochondrial proteins that
regulate apoptosis, primarily cytochrome c, are released
into the cytoplasm. The released cytochrome c¢ forms a
complex with the adaptor protein apoptotic protease-
activating factor 1 (APAF1) and pro-caspase-9, in which
pro-caspase-9 is activated. Caspase-9 downstream
activates effector caspases, most notably caspase-3,
resulting in substrate cleavage and the appearance of
apoptotic-related morphological changes. Considerable
crosstalk exists between the extrinsic and the intrinsic
pathways (Wang, 2001). Additionally, growing evidence
shows that other intracellular compartments and
organelles such as the nucleus (Norbury and
Zhivotovsky, 2004), the endoplasmic reticulum
(Orrenius et al., 2003) and the lysosomes (Guicciardi et
al., 2004) participate in apoptotic signaling.

Apoptosis is a highly regulated process. A large
number of molecules, including p53, RAS, heat shock
proteins, cyclins, PI3K pathway members, caspase-8 and
FADD-like apoptosis regulator (cFLIP), Second
mitochondria-derived activator of caspase/ Direct-IAP
binding protein with low pI (Smac/DIABLO), Bcl-2
proteins, Inhibitor of apoptosis proteins (IAPs), and NF-
kB modulate apoptosis (Igney and Krammer, 2002;
Johnstone et al., 2002; Maddika et al., 2007; Riedl and
Shi, 2004). Bcl-2 family proteins are key regulators of
mitochondrial membrane permeabilization, and include
both pro-apoptotic members (e.g. Bax, Bak, Bad, Bcl-

XS, Bid, Bim) that facilitate release of mitochondrial
cytochrome c, and anti-apoptotic members (e.g. Bcl-2,
Bcl-X, ) that block the process (Igney and Krammer,
2002; Maddika et al., 2007; Taylor et al., 2008). The
functions of caspases are modulated by IAPs, which
upon binding with caspases sterically hinder caspase-
substrate binding (Igney and Krammer, 2002; Riedl and
Shi, 2004).

Cancer cells are characterized by resistance to
apoptosis and the presence of overriding survival signals
initiated by autocrine and paracrine pathways, and
defects in various molecules mediating apoptosis or its
regulation have been shown to contribute to tumor
initiation, progression and primary or acquired treatment
resistance (Lowe and Lin, 2000; Igney and Krammer,
2002; Johnstone et al., 2002). For example, in OC cell
lines, decreased activity of caspase-3, deficiency in
APAF1 and overexpression of cFLIP, Bel-2 and Bel-X
have been associated with chemoresistance (Liu et al.,
2002; Abedini et al., 2004; Yang et al., 2004).

A large number of methods are available for
measuring apoptosis, including transmission electron
microscopy, and measurement of DNA fragmentation,
caspase activity, membrane alterations, mitochondrial
changes or phosphatidylserine emergence on the outer
plasma membrane using the Annexin-V assay (Kerr et
al., 1972; Darzynkiewicz et al., 1997; Vermes et al.,
2000; Otsuki et al., 2003; Pozarowski et al., 2004;
Kaufmann et al., 2008). The use of more than one assay
for any given test sample is strongly recommended due
to the limited sensitivity (positive identification of
apoptotic cells) and specificity (detection of apoptotic
vs. necrotic cells) of current assays (Darzynkiewicz et
al., 1997,2001).

Little is known regarding the degree and clinical
relevance of apoptosis or expression of anti-apoptotic
proteins in metastatic OC. Our group studied this aspect
of cancer biology in several studies.

In the first one, we observed infrequent and focal
expression of the 85kDa cleaved fragment of Poly(ADP-
ribose) polymerase (p85-PARP) using immunohisto-
chemistry, with only 6/80 effusions showing
immunostaining in >5% of tumor cells, suggesting that
OC cells in effusions undergo little apoptosis. Notably,
p85-PARP expression, irrespective of the percentage of
cells, was significantly associated with longer overall
survival (Davidson et al., 2003).

Death receptors (DRs) are members of the tumor
necrosis factor receptor (TNFR) superfamily that are
able to induce the extrinsic apoptosis signaling pathway
upon ligand binding. In addition to exhibiting the
cysteine-rich extracellular domain typical of the TNFR
family, DRs are characterized by a conserved
cytoplasmic domain of approximately 80 amino acids,
the death domain (DD), which is essential for
transduction of the apoptotic signal. The mechanism of
signal transduction is best described for Fas (CD95/Apo-
1), TNFR1, TRAILR1 (DR4) and TRAILR2 (DR5).
Their respective ligands include FasL. (CD95L/Apo-1L),
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TNF and TRAIL which can bind to both DR4 and DRS.
Three other receptors, TRAILR3 (DcR1), TRAILR4
(DcR2) and the soluble receptor osteoprotegerin, lack
functional cytoplasmic domains and do not transmit the
apoptotic signal following binding to TRAIL (reviewed
in Ashkenazi, 2002; Wajant et al., 2003; Takeda et al.,
2007).

We investigated the presence of the death receptors
DR4, DRS, Fas and tumor necrosis factor receptor-1 and
-2 (TNFR1 and TNFR2) in 95 OC effusions using flow
cytometry (Dong et al., 2008). DR4, DRS5 and Fas were
expressed by the majority of specimens, with less
frequent expression of TNFR1 and TNFR2 (Fig. 2C).
Surprisingly, DR4 and TNFR2 expression was higher in
FIGO stage IV compared to stage III tumors, and higher
DR4, DR5 and Fas expression in OC cells was
significantly associated with poor response to
chemotherapy administered at disease recurrence. In
addition, higher DR4 expression correlated with poor
overall and progression-free survival in univariate and
multivariate survival analysis.

The results of this study suggest that death receptors
are linked to aggressive clinical course in metastatic OC,
presumably through activation of AKT, ERK and NF-
kB, signaling molecules that have been reported to be
downstream targets for these receptors (Secchiero et al.,
2003; Imamura et al., 2004; Morel et al., 2005). These
data do not support the rationale of activating death
receptor signaling, a widely investigated approach for
treating cancer (Reed, 2006), as a treatment modality for

The IAP family consists of eight members in
humans: cIAP1, cIAP2, NAIP, Survivin, XIAP, Apollon,
ILP2, and Livin (reviewed in Liston et al., 2003;
Schimmer, 2004). IAPs inhibit apoptosis induced by a
variety of stimuli by direct binding and steric inhibition
of caspase activity (Roy et al., 1997; Takahashi et al.,
1998; Sun et al., 1999; Shiozaki et al., 2003), and several
family members, including XIAP and Livin additionally
regulate apoptosis in a caspase-independent manner
through activation of the mitogen-activated protein
JNKIT signal transduction pathway (Sanna et al., 2002).
NF-kB activation by cIAP2 and XIAP (Chu et al., 1997,
Hofer-Warbinke et al., 2000) may further contribute to
the pro-survival effect of IAPs.

A unique property of Survivin is a cell cycle-
dependent expression in the G2/M phase with
localization to components of the mitotic apparatus,
where it is thought to facilitate cell division. Survivin
therefore regulates both cell division and apoptosis (Li et
al., 1998; Altieri, 2003).

We studied the expression of three members of the
IAP family, Survivin, XIAP and Livin, in OC (Kleinberg
et al., 2007b). Western blotting analysis of 106 effusions
showed XIAP and Survivin expression in the majority of
specimens, with no expression of Livin.

Effusions, corresponding primary tumors and solid
metastases were further immunohistochemically
analyzed for XIAP and Survivin expression. Both

proteins were expressed in the majority of specimens at
all anatomic sites (Fig. 1I). However, XIAP and
cytoplasmic Survivin expression was highest in
effusions and solid metastases, respectively, whereas
nuclear Survivin expression was comparable. Nuclear
Survivin was significantly co-expressed with the
proliferation marker Ki-67 in effusions. In univariate
survival analysis for patients with pre-chemotherapy
effusions, higher nuclear Survivin expression by
immunohistochemistry correlated with better
progression-free and overall survival, and the former
correlation was an independent prognostic factor in
multivariate analysis.

This study demonstrated that XIAP and Survivin,
but not Livin, are frequently expressed in OC, with
upregulated XIAP and cytoplasmic Survivin expression
in metastatic lesions. We hypothesized that the
association between higher nuclear Survivin expression
and longer survival may be due to the sensitivity of
proliferating cancer cells to chemotherapy.

In our next study, we established a protocol for the
detection of epithelial cells in effusions combined with
quantification of apoptosis by flow cytometry (Dong et
al., 2008b). OC cells in effusions, detected by expression
of the cell surface markers Ber-EP4 and EpCAM and
lack of CD45 expression, were analyzed for the
expression of intracellular/nuclear markers of apoptosis
(cleaved caspase-3 and caspase-8 and incorporated
dUTP).

We subsequently applied this method to a study of
76 OC effusions (Kleinberg et al., 2009). Caspase
cleavage and dUTP incorporation were limited to <10%
of cells in the majority of effusions. Strong direct
association was seen between cleaved caspase-3 and
caspase-8 levels, as well as between levels of both
cleaved caspases and dUTP incorporation. Levels of the
above apoptotic markers were comparable in pre- and
post-chemotherapy effusions. Higher than median
cleaved caspase-3 levels correlated with improved OS
and PFS.

The data in this study confirmed our earlier
observations that cancer cells in effusions generally
undergo little apoptosis, even following chemotherapy,
and that when present, apoptosis is associated with
improved patient survival.

In a recent study, we applied the Annexin-V assay to
the same series of 76 OC effusions analyzed for caspase
cleavage and dUTP incorporation with the aim of
comparing these methods (Dong et al., 2009). Annexin-
V was expressed in all specimens and was more
frequently detected compared to cleaved caspases and
dUTP incorporation (Fig. 2D,F). Annexin-V expression
was higher in grade 3 vs. 1-2 tumors, and higher
percentage of Annexin-V-expressing cells in post-
chemotherapy specimens was associated with poor
progression-free and overall survival.

This study showed that measurement of apoptosis
using the Annexin-V assay in OC effusions does not
correlate with the caspase cleavage and dUTP
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incorporation assays. This discrepancy and the
association between higher Annexin-V expression and
high-grade disease, as well as poor patient survival,
suggest a role in cell survival rather than apoptosis in
effusions.

Future perspectives

Designing new therapeutic strategies against cancer
requires understanding of the biological mechanisms
which sustain and promote tumor cell proliferation and
survival. In particular, our understanding of the cellular
mechanisms mediating resistance to chemotherapy is
crucial for overcoming this major obstacle in treating
cancer patients. While precious knowledge has been and
is currently gained through in vitro and animal studies,
studies of patient material from large and well-
characterized cohorts are the ultimate test of relevance
and are the ones to decide the clinical role of new
molecules considered as possible candidates for targeted
therapy. In OC, such studies should inevitably include
analyses of metastatic lesions, as these are present in the
majority of cases at diagnosis and are the ones
responsible for the morbidity and mortality of this
disease.

Our studies in clinical material suggest that many
cancer-associated molecules are differentially expressed
in primary tumors, effusions and solid metastases. They
further demonstrate that pre- and post-chemotherapy
effusions have different expression patterns and that a
given molecule may have a different predictive and
prognostic role at diagnosis vs. disease recurrence,
which we regard as evidence of disease progression.
This emphasizes the need to obtain new specimens at
each disease recurrence in order to test them for the
presence of molecules that may be therapeutically
targeted. Our group continues to investigate molecules
that promote cell survival, metastasis and chemo-
resistance in metastatic OC. We increasingly focus on
the mechanisms which regulate gene and protein
expression (e.g., microRNA) in effusions, as
understanding of these processes may help in developing
new agents for gene therapy that may be the basis for
individualized treatment and slow or reverse disease
progression in OC. It is hoped that additional
investigators will focus on validating the expression and
clinical role of cancer-associated molecules in effusions.
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