
Abstract. Ovarian carcinoma is associated with the highest
death rate of all gynecological tumors. On one hand, its
aggressiveness is based on the rapid dissemination of ovarian
cancer cells to the peritoneum, the omentum, and organs
located in the peritoneal cavity, and on the other hand, on the
rapid development of resistance to chemotherapeutic agents.
In this review, we focus on the metastatic process of ovarian
cancer, which involves dissemination of, homing to and
growth of tumor cells in distant organs, and describe
promising molecular targets for possible therapeutic
intervention. We provide an outline of the interaction of
ovarian cancer cells with the microenvironment such as
mesothelial cells, adipocytes, fibroblasts, endothelial cells,
and other stromal components in the context of approaches
for therapeutic interference with dissemination. The targets
described in this review are discussed with respect to their
validity as drivers of metastasis and to the availability of
suitable efficient agents for their blockage, such as small
molecules, monoclonal antibodies or antibody conjugates as
emerging tools to manage this disease.

Ovarian cancer is a deadly disease due to its rapid and early
metastasis to the peritoneum, so-called transcoelomic
dissemination. This rapid spread is facilitated by ascitic fluid,
which embeds the primary tumor and acts as a medium to
promote dissemination to the peritoneum and the omentum,
as well as to organs within the peritoneal cavity. In addition
to this physical prerequisite, which allows angiogenesis-

independent dissemination, other more common mechanisms
of successful metastasis, such as interaction of the tumor cells
with fibroblasts, endothelial cells, mesothelial cells,
adipocytes, platelets, and immune cells are also essential for
the spread of ovarian carcinoma (1). The high lethality of
ovarian carcinoma is caused by the inability to detect the
disease at an early, organ-confined state; 70% of patients
initially present with disease that has spread beyond the
ovaries (2). Organ-confined low-grade tumors can be
removed by surgery without subsequent chemotherapy, while
advanced disease is often treated with debulking surgery,
followed by chemotherapy with carboplatin and paclitaxel
(3). Almost all patients with advanced disease experience
relapse due to chemoresistance and only 30% of them survive
as long as 5 years after initial diagnosis (3). 

Ovarian carcinomas display some features that seem to
prevent the success of chemotherapy. Firstly, growth factors
of the tumor microenvironment support the stabilization of X
chromosome-linked inhibitor of apoptosis (XIAP), an anti-
apoptotic protein inhibiting caspases 3 and 7, which has been
shown to mediate chemoresistance (4-6). Secondly, ovarian
carcinomas exhibit intratumoral heterogeneity as is often the
case with malignancies (7). More specifically, phylogenetic
analysis of ovarian carcinomas from different patients
revealed marked differences in the degree of clonal
expression of genes, as well as subclonal chemotherapy-
resistant populations based on the expression of
chemoresistance-conferring genes (8). Lastly, chemotherapy-
resistant tumor cells derived from ascites of patients with
ovarian cancer are highly tumorigenic in mice and often
exhibit stem cell-like characteristics (9). 

In addition to intratumoral heterogeneity, different subtypes
of ovarian carcinoma have been identified. More than 90%
of ovarian carcinomas have an epithelial histology with the
following subtypes: serous, mucinous, endometrioid, clear
cell, transitional, squamous, mixed, and undifferentiated or
unclassifiable (10). Among these, serous epithelial ovarian
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cancer (EOC) is the most common, accounting for 90% of
ovarian cancer cases. (11). Serous EOCs are classified into
high- and low-grade subtypes according to the degree of
differentiation and specific genetic profile (12). High-grade
serous EOCs account for 70% of all ovarian cancer cases.
Tumor cells from this group exhibit stem cell-like
characteristics, as well as de-activating mutations in tumor
suppressor genes p53 and breast cancer antigens 1 and 2
(BRCA1 and -2) as well as loss of heterozygosity (LOH) on
chromosomes 7q and 9q (13). In contrast, low-grade serous
EOCs exhibit a different distinct genetic profile, including
oncogene-activating mutations in Kirsten rat viral oncogene
homolog (KRAS), v-raf murine sarcoma viral oncogene
homolog B1 (BRAF), and phosphoinositide-3-kinase-catalytic
α (PIK3CA), as well as LOH on chromosome Xq,
microsatellite instability, and expression of amphiregulin (14). 

In this review, we focus on high-grade serous EOCs and
their typical transcoelomic mode of metastasis. In addition to
the above-mentioned genetic profile of de-activated tumor-
suppressor genes, more recent further genetic classification
has revealed additional targets that may possibly be suitable
for anti-metastatic treatment of aggressive high-grade serous
EOCs. The targets are discussed and analyzed with respect to
their validity as contributors to metastasis. Their usefulness
regarding blockage or elimination using small molecules,
monoclonal antibodies or antibody conjugates in preclinical
models and clinical studies is outlined and discussed with
respect to new concepts for treatment of metastatic ovarian
carcinoma. We do not discuss treatment modalities based on
inherited or sporadic mutations in ovarian cancer cells which
result in chemosensitization or synthetic lethality since these
mutations are not specific hallmarks of disseminated ovarian
carcinoma.

General Issues of Pathogenesis of Ovarian Cancer

Three possible anatomical locations for the origin of ovarian
carcinoma have been suggested: the ovarian surface
epithelium (OSE), the mesothelium covering the peritoneal
cavity, and the fallopian tube epithelium (15). Among these,
the OSE seems to be the most common site (2). For the
mechanism of ovarian carcinoma tumorigenesis, three
hypotheses have been raised (2). The first hypothesis claims
this is the result of an accumulation of genetic changes
caused by the repetitive wounding of the OSE and post-
ovulatory repair after each ovulation process (2). The second
hypothesis postulates that pituitary gonadotropins act as
mitogens or even as carcinogens at persistently high
concentrations that are detectable after menopause (2). The
third hypothesis implies inflammation as the cause of ovarian
carcinoma. In this case inflammation may result from
exposure of OSE to pro-inflammatory cytokines/chemokines,
as well as to matrix-remodeling enzymes generated at the site

of ovulation. With respect to the genesis of ovarian
carcinoma, a puzzling issue needs to be resolved: Ovarian
carcinoma is detected bilaterally in 57.5% of cases (16).
Whether bilaterality represents two primary tumors or is a
consequence of collateral metastasis is unknown. 

Irrespective of the exact course of pathogenesis of ovarian
cancer as discussed above, it is generally accepted that
metastasis of serous EOC can occur via the transcoelomic,
hematogenous or lymphatic route (10). In this review, we focus
on the mechanisms that are related to the transcoelomic route
of dissemination, the most frequently observed mechanism of
metastasis of this type of cancer (17, 18). Hematological
metastasis in ovarian cancer is rare, despite the presence of
circulating tumor cells after initial diagnosis (19). This fact is
supported by findings from the application of the peritoneous
shunting technique (20) used to alleviate the pain of patients
with terminal ovarian cancer by reducing the volume of ascites
in the peritoneum. This technique creates anastomosis between
the peritoneum and the jugular vein. Continuous entry of
millions of tumor cells derived from malignant ascites into the
bloodstream can be detected, but the shunts were not found to
significantly increase the risk of metastasis to organs outside
the peritoneal cavity (20). These findings are a compelling
verification of the 'seed and soil' hypothesis (21), which claims
compatibility of colonization with the corresponding target
tissues. Recently, this currently held assumption of non-
hematogenous spread of ovarian cancer metastasis was
challenged by employing a parabiosis model in which two
living mice were joined together to develop a shared
circulatory system (22). In this model, preferential metastasis
of ovarian cancer to the omentum was mediated by the
interaction between human epidermal growth factor receptor 3
(HER3) expressed on ovarian cancer cells and its ligand
neuregulin 1 (NRG1) expressed by cells in the omentum,
allowing tumor homing to as well as growth in the omentum
(22). Ovarian cancer cells can also spread via ovary-draining
lymphatics to pelvic and para-aortic lymph nodes, but this
mode of dissemination is rare. 

The role of genetic changes as drivers of metastasis of
ovarian carcinoma is an unresolved issue. Investigations of
the transcriptional profile by microchip analysis (23, 24),
chromosomal constitution after genomic hybridization (25,
26), and parsimony tree analysis (27) of paired ovarian
carcinomas and their corresponding metastases concluded that
tumor cells from both locations exhibited the same pattern of
expression. These findings are in agreement with the
hypothesis that ovarian cancer metastases are generated by
passive transport of tumor cells with ascites. In contrast,
primary ovarian cancer can also carry complex karyotypic
changes, while metastases thereof possessed either normal
genomes or even fewer genetic abnormalities (28). This
would suggest that secondary peritoneal implants are de novo
occurrences in carcinogenesis of ovarian carcinoma. 
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Transcoelomic Metastasis of Ovarian Carcinoma

This is a multistep process involving dissociation, homing,
and growth of tumor cells in distant organs. The process is
triggered by complex interactions of the tumor cells with the
microenvironment and induction of diverse pathways (29-31).
Crucial steps involve shedding of tumor cells from the
primary tumor, development of resistance to anoikis,
formation of multicellular aggregates (spheroids), transport
by peritoneal fluid, implantation into the peritoneum by
formation of mesothelial lining of pelvic and abdominal
organs such as uterus and fallopian tubes, the omentum and
the mesentery, and their growth as nodules (10, 32).
Dissociation of tumor cells from the OSE is associated with
epithelial–mesenchymal transition (EMT) (33). Once
established in the omentum, an epithelial phenotype is
recovered by mesenchymal–epithelial transition (34). Shed
tumor cells are transported by peritoneal fluid and seed the
peritoneal cavity with tumor cells, which is associated with
the formation of ascites (35). Ascitic fluid is rich in factors
which promote tumor cell growth and invasion, such as
matrix metalloproteinases (MMPs), urokinase-type
plasminogen activator (uPA), lysophosphatic acid, CXC
chemokine ligand 12 (CXCL12), and the ligand of
transmembrane tyrosine kinase c-MET proto-oncogene
product (c-MET), hepatocyte growth factor (HGF) (36). 

Formation of spheroids is another characteristic feature of
ovarian cancer metastasis (37). Spheroids provide an
evolutionary advantage in tumor progression as they are less
sensitive to chemotherapy due to up-regulation of B-cell
leukemia-xL (BCL-xL) (38). In addition, they exhibit
pronounced capacity to adhere to components of the ECM
and mesothelial cells (37). Tumor cells in spheroids are also
protected against antitumoral immune effector cells (29, 30).
Interactions of disseminated individual tumor cells or tumor
cell spheroids with cells of the microenvironment, such as
endothelial cells, platelets, immune cells, fibroblasts,
adipocytes, or mesenterial cells, are essential for metastasis
of ovarian cancer at different stages of the metastatic process
(1). Interaction of ovarian tumor cells with stromal cells
promotes metastatic progression. For example, crosstalk of
tumor cells with cancer-associated fibroblasts results in
expression of invasion-promoting enzymes (30). Interaction
with mesenteric cells is essential for implantation in the
peritoneum (18). Adipocytes of the omentum are promoters
of ovarian cancer metastasis by providing energy for growth
of disseminated ovarian cancer cells (39). Endothelial cells
are of importance for the metastatic process, as they promote
the growth of metastases. After adherence, tumor cells
penetrate the mesothelium and subsequently invade the
underlying tissue, where they are able to induce angiogenesis
as a prerequisite for growth and proliferation of tumor
nodules (29-31). Crosstalk with immune cells by inactivation

of immune effector cells through regulatory T-cells and due
to other immunosuppressive mechanisms is another issue (29,
30). Tumor-associated macrophages have been identified as
important contributors to metastasis, based on their shift from
an antitumoral (M1) to a pro-tumoral (M2) subtype in ovarian
cancer (40, 41). It has also been shown that platelets can
interact with ovarian cancer cells, resulting in activation of
pathways which mediate induction of EMT, extravasation,
invasion, and metastasis (42-44). The contents released from
activated platelets into the peritumoral space can induce
tumor cell proliferation and extravasation of ovarian cancer
cells (42). The role of exosomes in ovarian cancer
dissemination is under intensive investigation (45-47).
Exosomes from SKOV-3 and OVCAR-3 ovarian cancer cells
can induce differentiation of adipose tissue-derived stem cells
into tumor growth- and invasion-promoting myofibroblasts,
which secrete activated immunosuppressive transforming
growth factor β (TGFβ) (48). 

In the following, we describe targets involved in
dissemination, homing, and metastatic growth of ovarian
carcinoma cells. They can be grouped into target classes,
namely proteases, components of the ECM, adhesion and
signaling molecules, metabolism-related targets, chemokines,
and finally pro-angiogenic factors and their corresponding
receptors. An overview of the targets discussed in this review
is shown in Figure 1. An exclusive assignment to metastatic
events such as dissociation, homing, and growth is not
possible for all targets, since some of them have overlapping
functions at different stages of the metastatic process. All
targets discussed in the following are related to serous EOC.

Possible Targets for Therapeutic Intervention

Proteases and components of the ECM. Proteases are
involved in tumor progression, as well as dissemination and
metastatic homing of ovarian cancer cells. Increased
expression of proteases is associated with the progression
from benign to advanced ovarian cancer (49). Functionally,
proteases were originally implicated in the early stages of
ovarian cancer metastasis as they are able to cleave
components of the ECM (50). Recently, the complex and
possibly more important role of proteases in the metastatic
process comprises their ability to modulate important factors
such as cell adhesion molecules, growth factors, and their
receptors, thereby conditioning the microenvironment in
some defined instances in a pro-metastatic way (51). The role
of proteases in modulating metastasis-specific proteins/targets
in ovarian carcinoma is discussed in conjunction with the
specific targets. We describe the role of the matrix
metalloproteinases (MMPs) MT-MMP1 and MMP7 in
shedding of mucin 16 (MUC16) and E-cadherin or cleavage
of vitronectin and fibronectin, respectively, and of integrin
α6β1 in the regulation of ECM degradation by the serine
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protease plasminogen. Likewise, induction of protease
expression by some of these targets is discussed, for example
the induction of MMP2 and MMP9 by L1-cell adhesion
molecule (L1CAM), lysophosphatic acid and c-MET, as well

as their expression in the tumor microenvironment. The role
of interaction of the serine protease uPA with its receptor
uPAR in metastasis of ovarian cancer was validated in mouse
xenograft models of ovarian cancer. Dissemination was
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Figure 1. Overview of targets involved in metastasis of ovarian cancer. Targets discussed in this review are shown. The inner circle represents an
ovarian cancer cell and we highlight intracellular, transmembrane and glycophosphatidylinositol- anchored targets as well as ligands expressed by
stromal cells or ovarian cancer cells as outer circles. The stromal ligands can be expressed by adipocytes, cancer-associated fibroblasts (CAF),
endothelial cells, mesenterial cells or natural killer (NK) cells. A2B1, A3B1, A4B1, A5B1, A6B1: Integrins α2β1, α3β1, α4β1, α5β1, α6β1; CD44:
cluster of differentiation 44; COL: collagen type IV; CX3CL1: C-X3-C motif ligand 1; CX3CR1: CX3C chemokine receptor 1; CXCL 11,12: CXC
chemokine ligand 11,12; CXCR 3,4: CXC chemokine receptor 1,3, 4; FABP4: fatty-acid binding protein 4; FAS: fatty acid synthase; FGF: fibroblast
growth factor; FGFR: FGF receptor; FN: fibronectin; HA: hyaluronic acid; HGF: hepatocyte growth factor; IL8: interleukin 8; KLK4-8, 10:
kallikreins 4-8, 10; L1CAM: L1 cell adhesion molecule; LN: laminin; LTN: lymphotactin; MMP2/9: matrix metalloproteinase 2 or 9; MT-MMP1:
membrane-type matrix metalloproteinase 1; MET: receptor tyrosine kinase 1; MLN: mesothelin; MUC16: mucin 16; PDGF-A: placental growth
factor isoform A; PDGFR: PDGF receptor; SIGLEC 9: sialic acid recognizing immunoglobulin superfamily lectin 9; uPA: urokinase-type plasminogen
activator; uPAR: urokinase plasminogen activator receptor; VCAM1: vascular cell adhesion molecule 1; VEGF: vascular endothelial growth factor;
VEGFR: VEGF receptor; vitronectin: vitronectin; XCR1: lymphotactin receptor X chemokine receptor 1.



inhibited by antisense RNA directed against uPA (52), as well
as by expression of a recombinant extracellular domain of the
uPAR as a scavenger for uPA (53).

Proteases and their corresponding substrates are expressed
in many types of tissues under normal physiological
conditions. Their value as targets for treatment of
dissemination of ovarian carcinoma is rather doubtful as they
are involved in a multitude of physiological and
pathophysiological functions and often cannot be perceived
of as being clearly pro- or anti-tumoral, which was one of the
reasons why clinical studies with MMP were likely to fail in
patients with cancer. 

Kallikreins (KLKs) are a family of 15 serine proteases
which are expressed in diverse tissues and are aberrantly
expressed in EOC (54). Gene microarray analysis and protein
quantitation revealed up-regulation of KLKs 4-8 and KLK10
in EOC (55-59). KLKs contribute to ovarian cancer
dissemination at different levels such as ECM cleavage, cell
shedding, and spheroid formation (54). KLKs 4-7 regulate the
breakdown of ECM proteins such as fibronectin, vitronectin
and laminin, as well as type I and IV collagen, which can
favor pro-metastatic conditions in the microenvironment of
the tumor (54). KLK4 can proteolytically activate uPA from
pro-uPA but also cleave its receptor uPAR, both known to be
present at elevated levels in the ascites of patients with EOC.
The consequences can be pro-metastatic due to activation of
uPA, as well as anti-metastatic due to inhibition of
uPA/uPAR-mediated conversion of plasminogen to plasmin
by cleavage of uPAR (60). Another important function of
KLKs is their involvement in the formation of tumor
spheroids (54). These multicellular structures were shown to
efficiently support survival of disseminating ovarian
carcinoma cells (61). They are able to invade peritoneal cell
layers and form distant metastatic foci (62). KLK4 can
promote spheroid formation leading to homotypic cell
adhesion, as shown with KLK4-expressing SKOV3 cells and
with SKOV3 cells treated with recombinant active KLK4
(54). Although the mechanisms of this phenomenon are not
yet resolved, increased adhesion of tumor cells to ECM
proteins fibronectin or vitronectin or cell–ECM interaction
via α5β1integrin was excluded from playing a role (63).
Similar observations were made with KLK7-expressing
SKOV3 cells in a 3D suspension microenvironment, where
overexpression of KLK7 led to increased levels of α5β1 and
β1 integrin in spheroids, resulting in enhanced adhesion to
fibronectin and vitronectin, potentially promoting homing
(64). This phenomenon was inhibited with an antibody
directed against integrin β1 (64). Four members of the KLK
family (KLK5-8), are overexpressed and up-regulated in
tumor samples of serous EOC in comparison to normal
ovarian tissue at the RNA level (Figure 2). These data
corroborate previous data indicating that KLKs can serve as
important biomarkers in ovarian carcinoma (54). Regarding

their role in therapeutic intervention in metastasis of ovarian
cancer, more target-validation experiments are necessary, for
example, in models of patient-derived EOC growth in
immune-compromised mice. In this context, it is important to
note that the KLK system is likely to share the same
problems from the perspective of target identification as all
tumor-associated proteolytic systems, namely the possible
redundancy of as well as the multiple physiological functions
of its members. 

The ECM consists of ground substance and fibers. The
ground substance is composed of proteoglycans, multi-
adhesive glycoproteins and glycosaminoglycans, the fibers
consist of collagen and elastin (65). The ECM is essential for
tissue integrity, mediating processes such as proliferation,
migration, and differentiation and functioning as a reservoir
for sequestered cytokines and growth factors. In ovarian
cancer, components of the ECM trigger proliferation,
invasion, dissemination, and spheroid formation in the early
steps of metastasis. Cleavage of vitronectin and fibronectin
by MMP2 were pinpointed as early steps of ovarian
carcinoma metastasis (66). In the later steps of metastasis,
ECM components mediate homing by attachment of cancer
cells to peritoneal cells, as is outlined later. 

Hyaluronic acid (HA) is an important large proteoglycan
component of the ECM, playing a dual role in metastasis-
related processes such as dissemination by attenuating cell–
cell interactions on one hand and facilitating homing due to
its cell–cell adhesion-promoting function on the other hand
(67). These processes are dependent on HA size, HA-binding
proteins and cell-surface receptors for HA (67). High levels
of HA were found to correlate with poor prognosis in ovarian
carcinoma (68). The principal surface receptor for HA is the
adhesion molecule CD44 (69). Binding of HA to CD44
promotes ovarian cancer cell migration via human epidermal
growth factor receptor 2 (HER2) activation and nuclear
translocation of β-catenin , as well as cell division cycle 42
(CDC42) and extracellular signal-regulated kinase (ERK)
signaling (70). On the other hand, interaction between HA
and CD44 can mediate adhesion of ovarian cancer cells to
peritoneal cells, at least in part (71). CD44 is expressed by
ovarian cancer cells as well as peritoneal cells and can thus
facilitate cross-linking (adhesion) of CD44-binding proteins
HA and versican (72). Involvement of CD44 in the process
of peritoneal implantation was documented by the finding
that antibody-mediated inhibition of CD44 inhibited
implantation of tumor cells in ovarian cancer xenografts in
nude mice (73). Versican is increased in ovarian carcinoma
and its expression levels have been correlated with poor
patient outcome (74). Metastasis-promoting communication
between ovarian cancer cells and mesothelial cells were
shown with conditioned media (CM) from both cell types.
For example, CM from primary human mesothelial cells
chemotactically induced migration of OvCa cell line through
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gelatin-coated Boyden chambers (75), and other experiments
have shown that peritoneal cells can promote OvCa
cell/peritoneal cell adhesion (76). These findings indicate
reciprocal interactions between both cell types mediated by
secreted factors. Further investigations have implicated
fibronectin in formation and adhesion to peritoneal cells of
OvCa spheroids (77, 78). These observations are compatible
with earlier findings of detection of covalently-linked fibrin–
fibronectin compounds in the stroma surrounding ovarian
cancer metastases and in corresponding ascites (79). 

Mesothelial cell-secreted fibronectin was identified and
investigated in more detail (78). It was shown that human
mesothelial cells secrete fibronectin in the presence of OvCa
cells in organotypic 3D cultures and that fibronectin was
consistently overexpressed in the stroma of 108 omental
metastases. Blocking fibronectin expression in vitro or in
vivo either genetically in a fibronectin floxed mouse model
or via RNAi resulted in decreased proliferation, invasion,

and adhesion of OvCa cells. Overexpression of fibronectin
was based on activation of the TGFβ receptor/ Ras-related
C3 botulinum toxin substrate (RAC1)/SMAD signaling
pathway in mesothelial cells by OvCa cell-secreted TGFβ
(78). It is likely that α5 and β1 integrin subunits are
involved in interaction with fibronectin, since monoclonal
antibodies (mAbs) against these subunits can block adhesion
of tumor cells to peritoneal cells (78). Although several
isoforms of fibronectin have been identified (80), it is
important to note that the fibronectin-related phenomena
described in this review are not assigned to defined
isoforms. A critical issue regarding the therapeutic value of
components of the ECM with respect to their potential for
therapeutic intervention with ovarian cancer metastasis is
their ubiquitous expression in normal tissues, resulting in a
lack of tumor specificity, and their dual role in promoting
dissemination as well as adhesion in a context-dependent
manner.
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Figure 2. Expression of selected kallikrein (KLK) family members in normal ovarian tissues and ovarian tumors as measured by RNA sequencing of
normal ovarian tissues (n=6) [Broad Genotype-Tissue Expression project (GTEX) atlas] (upper panel) and ovarian serous cystadenocarcinoma (n=216)
from The Cancer Genome Atlas (TCGA) (lower panel). Expression values are given as log2 reads per kilobase per million mapped reads (RPKM)
values for GTEX and as normalized read counts for the TCGA data (157). Expression values are therefore not directly comparable. The two red lines
indicate low and high expression in the two datasets. Thresholds were set to an RPKM ≥1 for GTEX and a read count ≥100 for TCGA. Expression
data are shown as box plots, where the black line represents the median, and the black rectangles show the upper and lower 25% quartile. Therefore,
50% of all data points are included in the black rectangle. All other data points, except for outliers, are located between the upper and lower whiskers.



Transmembrane molecules (integrins, MUC16, L1CAM, c-
MET). Integrins, MUC16, L1CAM and c-MET are involved
in several steps of transcoelomic metastasis of EOC. As we
describe in the following, MUC16 and integrins are mediators
of dissemination and homing, whereas L1CAM and c-MET
are primarily involved in dissemination and growth.

Integrins: Integrins are important mediators of invasion,
dissemination, spheroid formation, and homing, as well as
regulators of the plasminogenolytic system in ovarian
carcinoma metastasis (81). They are cell-surface glycoprotein
receptors composed of non-covalently associated α and β
subunits (82). A unique set of ligands can bind to the
assembled heterodimers and mediate signaling through their
cytoplasmic domains (82). Components of the ECM such as
fibronectin, laminin, collagen and vitronectin are ligands for
integrins (82). The general role of integrins in cell migration
and invasion is well documented (83). Binding of
plasminogen activator inhibitor 1 (PAI-1) to uPAR enables
interaction of this complex with adjacent ECM integrins,
promoting their internalization, thereby reducing the adhesive
strength of cells for their substratum, resulting in cell
detachment (84). 

The integrin subunit β1 can heterodimerize with many
different α subunits creating entities which have essential
functions in ovarian cancer metastasis (81). This subunit is
able to bind to laminin, fibronectin and type IV collagen, is
induced by CXCL12–chemokine receptor 4 (CXCR4)
interaction, and can mediate invasiveness of ovarian
carcinoma cells by inducing MMP2 and MMP9 expression
(81, 82). An anti-β1 function-blocking antibody can inhibit
spheroid formation, whereas an antibody inducing clustering
of β1 promotes spheroid formation (70). The function of
integrin β1 in promoting homing was shown through
inhibition of binding of ovarian cancer cells to peritoneal
mesothelium in vitro with another anti-β1 antibody (85).
Several studies have focused on the role of α5β1, which is
expressed in 40% of patients with advanced ovarian
carcinoma and is involved in dissemination of ovarian cancer
(85, 86). For example, interaction between α5β1 and
fibronectin was shown to be involved in formation of
spheroids (85). Loss of E-cadherin leads to up-regulation of
α5β1, facilitating the adhesion of ovarian carcinoma to
secondary sites in the peritoneum (87). A chimeric α5β1 mAb
(Volocixumab) which blocks the interaction between α5β1
integrin and fibronectin is currently being clinically evaluated
in patients with platinum-resistant advanced epithelial ovarian
carcinoma or primary peritoneal cancer (88). 

The following studies have shown that other integrins play
role in ovarian cancer. Vascular cell adhesion molecule 1
(VCAM1) is a homing-related molecule which is expressed
on mesothelial cells and interacts with α4β1 on ovarian
cancer cells (89). Function-blocking antibodies directed
against VCAM1 and the α4- or β1 subunits of α4β1 integrin,

respectively, abolished dissemination and colonization in an
ovarian cancer xenograft model (89). Expression of α6β1
integrin in EOC regulates ECM degradation via the
plasminogen activation cascade (90). The pathophysiological
context was underlined by the demonstration that ascitic fluid
can induce up-regulation of α6β1 and uPAR, with subsequent
enhancement of proliferation, invasiveness, and adhesion of
ovarian cancer cell lines to peritoneal cells (90). Integrins
α6β1, α2β1 and α3β1 have been implicated in spheroid
adhesion of ovarian cancer cells to peritoneal cells through
binding to laminin and type IV collagen, respectively (86).
Taken together, due to the lack of tumor-specific expression,
their involvement in a plethora of normal physiological
processes, and their inherent functional redundancy, targeting
of integrins for inhibition of ovarian cancer metastasis
remains an unresolved issue with respect to its therapeutic
benefit in treatment or prevention of EOC metastases. 

MUC16: MUC16 (also known as marker CA125) is a
heavily O- and N-glycosylated transmembrane protein, which
is overexpressed in 85% of serous EOCs (91). MUC16 is a
large protein (3-5 million Da) with a tandem repeat region of
60 repeats consisting of 156 amino acids each, sandwiched
beween N- and C-terminal domains (91). MUC16 displays a
discontinuous peptide epitope, CA125, which is a marker for
monitoring expression and recurrence of EOC by quantitating
serum levels of CA125 in patient-derived material (92-94). As
derived from public databases and as shown in Figure 3,
MUC16 is expressed and up-regulated in ovarian tumor tissue
in comparison to normal ovarian tissue at the RNA level. As
outlined in the following, MUC16 is involved in proliferation,
dissemination, and homing of ovarian carcinoma cells. The
cytoplasmic domain of MUC16 can associate with SRC-family
kinases. These interactions can lead to proliferation, migration
and dissemination of ovarian cancer cells (91). Secreted
MUC16 confers an immune-protective effect by interacting
with Siglec 9, a receptor found on natural killer cells which
inhibits the in response (95). A possible relationship between
MUC16 and metastasis was indicated by decrease of MMP2
after its knock-down, followed by inhibition of invasion (96).
It was shown that binding of MUC16-derived N-glycan to
glycosylphosphatidyl-inositol anchored mesothelin (MLN)
might be the initial contact between ovarian cancer cells and
the peritoneal surface in the context of the homing process
(97,98). Shedding of MUC16 by MT-MMP1 reduced binding
to mesothelial cells and intact peritoneal implants (99). Binding
of MUC-16 to recombinant Fc-tagged MLN indicated high-
affinity interaction (Kd=5-10 nM) (97, 98). Importantly,
MUC16–MLN interaction even occurred in the presence of
ascites, which normally has a high level of CA125 in patients
with EOC; and MLN-specific antibodies blocked the adhesion
of ovarian cancer cells to mesothelial cells (97, 98). Since
tumor cells express both MLN and MUC16, whereas the
mesothelium expresses MLN but not MUC16, tumor cell
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aggregate formation as well as tumor cell/mesothelial cell
interactions can be explained by MUC16–MLN complex
formation (98). Current therapeutic efforts focusing on MUC16
as a target are based on an antibody conjugate (DMU5754A)
which is composed of a mAb directed against MUC16 and
covalently-linked monomethyl-auristatin E (MMAE) as a
cytotoxic component (94, 100, 101). Site-specific coupling has
improved the therapeutic index of this conjugate (102).
DMU5754A is currently in clinical evaluation in platinum-
resistant ovarian carcinoma patients. Despite expression of
MUC16 in mucinous epithelia of the respiratory and female
genital tract, as well as in salivary glands and nasopharynx
(103), toxicity was low. One complete response and reduction
of tumor mass in five patients out of a cohort of 20 patients
was observed (104), indicating potential for clinical efficacy of
DMU5754A. As a bottom-line, MUC16 appears to be a
promising target for treatment of ovarian cancer metastases.

L1CAM: L1CAM is an important mediator of migration,
invasion and proliferation of ovarian carcinoma cells, as well

as growth of disseminated cells, as outlined in the following.
L1CAM is a neuronal adhesion molecule consisting of six Ig-
like domains and five fibronectin-like domains in the
extracellular domain, a transmembrane domain and a
cytoplasmic domain with five potential phosphoserine
residues which can interact with components of the
cytoskeleton, second messenger pathways, kinases, and the
nuclear factor-ĸB (NF-ĸB) signaling pathway (105, 106). In
normal ovarian epithelial cells and EOC cells, L1CAM
exhibits several differential functions (107). In normal
ovarian epithelial cells, it supports cell–cell adhesion,
enhances apoptosis and has no effect on proliferation,
whereas in EOC cell lines, L1CAM inhibits cell–cell
adhesion and apoptosis. The switch in function in ovarian
cancer cells is due to cleavage of the extracellular domain by
a disintegrin and metalloprotease domain (ADAM) proteases
resulting in binding to integrins via its arginine-glycine-
aspartic acid motif in the sixth Ig-domain (108). L1CAM–
integrin binding induces production and release of interleukin
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Figure 3. Expression of L1 cell adhesion molecule (L1CAM), transmembrane tyrosine kinase c-MET proto-oncogene product (MET) and mucin 16
(MUC16) in normal ovarian tissues and ovarian tumors. Expression, as measured by RNA sequencing of normal ovarian tissues (n=6) [Broad
Genotype-Tissue Expression project (GTEX) atlas] and ovarian serous cystadenocarcinoma (n=216) from The Cancer Genome Atlas (TCGA) are
shown in the upper and lower panel, respectively. For GTEX, expression values are given as log2 reads per kilobase per million mapped reads
(RPKM) values and as normalized read counts for the TCGA data (157). Expression levels are, therefore, not directly comparable. The two red lines
indicate low and high expression in the two datasets. Thresholds have been set to an RPKM ≥1 for GTEX and Read Count ≥100 for TCGA. Expression
data are shown as box plots where the black line represents the median and the black rectangles show the upper and lower 25% quartile. Therefore,
50% of all data points are included in the black rectangle. All other data points, except for outliers are located between the upper and lower whiskers.



1β (IL1β) which binds to the the IL1 receptor, resulting in
activation of NFĸB signaling. Soluble L1CAM can bind to
integrins in an autocrine/paracrine fashion and thereby
promote cell migration (108). It was shown that invasion of
EOC cell lines is dependent on ERK1/2 and PI3K signaling,
as well as on expression of MMP2 and MMP9 (108, 109).
The proliferation-mediating effect of L1CAM was
demonstrated with mAbs directed against L1CAM (110).
L1CAM is expressed and up-regulated in ovarian tumor
tissues in comparison to normal ovarian tissues at the RNA
level (Figure 3). Based on in vitro and patient data, it was
demonstrated that L1CAM and its soluble version can induce
IL1β (111). A clinical study based on quantitation of soluble
L1CAM in ascites from 232 patients with serous EOC
revealed soluble L1CAM as a marker for decreased
progression-free survival and chemoresistance, as well as
abundant expression of IL1β in ascitic fluid (112). An
immunohistochemistry-based study reported that L1CAM
expression is a marker for unfavorable prognosis in EOC
(113). L1CAM expression in the corresponding tumors
correlated with a highly invasive phenotype, limited
resectability, and metastatic spread. The role of L1CAM in
ovarian cancer metastasis was underlined by two in vivo
models (109, 110). Treatment of nude mice xenografted intra-
peritoneally with SKOV3 ovarian cancer cells with a mAb
directed against L1CAM led to inhibition intraperitoneal
tumor growth and dissemination (110). In the second model,
knock-down of L1CAM in SKOV3 cells resulted in
decreased experimental metastasis to the lungs (109).

Treatment with mAbs or immunoconjugates directed
against L1CAM are emerging as options for therapy of EOC
and should be further evaluated in preclinical ovarian cancer-
related models. Involvement of L1CAM in proliferation,
migration, invasion and growth of EOC cells support ranking
L1CAM as a high priority target for treatment of metastases
of EOC. One of the critical issues for treatment of ovarian
cancer dissemination with antibody-related moieties directed
against L1CAM is the requirement for homogeneity of
expression of the antigen on cells of the corresponding
tumors in the absence of bystander effects of this kind of
therapy. Due to expression of L1CAM on cells of the
peripheral nervous system and in the kidney, the side-effect
profile of the corresponding agents has to be assessed
properly in species which cross-react with the antibody
moiety of the agent (105, 114).

Transmembrane tyrosine kinase c-MET: The role of
receptor transmembrane tyrosine kinase c-MET mediated
signaling in the pathogenesis of several types of cancer is
well documented (115, 116). As shown in the following, c-
MET acts as a mediator of dissemination and growth of
ovarian carcinoma cells. c-MET activates an invasive growth
program via rat sarcoma (RAS), mitogen-activated protein
kinase (MAPK), phosphatidylinositol-3-kinase (PI3K), signal

transducer and activator of transcription (STAT), β-catenin,
or NOTCH pathways (115, 116). Cross-talk between
transmembrane kinases c-MET, receptor d’origine nantais
(RON), and epidermal growth factor receptor has been shown
to increase invasiveness of ovarian cancer cells through
secretion of MMP9 (117, 118). c-MET ligand HGF was
originally identified as scatter factor due to its migration-
promoting activity (119) and is secreted into the ascites of
patients with ovarian carcinoma as a stimulator of ovarian
cancer cell migration (117). In addition to its function as a
promoter of dissemination, a metastasis-related function of c-
MET in the growth of metastases was identified, since c-MET
leads to promotion of angiogenesis (120). In 30% of ovarian
carcinomas, c-MET is overexpressed 3- to 50-fold at the
protein level in comparison to normal matching tissue (121).
The Cancer Genome Atlas (TCGA)-related data also
confirmed up-regulation of c-MET in ovarian tumor tissues
in comparison to normal ovarian tissue at the RNA level
(Figure 3). In patients with ovarian carcinoma,
overexpression of c-MET protein is associated with a poor
prognosis and a lower survival rate in comparison to those
with low expression of c-MET (17 months vs. 32 months)
(122). In an in vivo ovarian cancer xenograft model, as a
proof-of-concept experiment, RNAi directed against c-MET
resulted in 85% inhibition of the number of metastatic
nodules, tumor weight and ascites (122).

c-MET expression is up-regulated by metastasis associated
in colon cancer 1 (MACC1) (123). This results in promotion
of proliferation, invasion and HGF-induced scattering of
colon cancer cells in vitro and in mouse models of colorectal
cancer. MACC1 is a prognostic factor for CRC metastasis in
patients (123). It was shown that MACC1 also induces up-
regulation of c-MET in the OVCAR3 ovarian cancer cell line
(123). Small interfering RNA directed against MACC-1
reduced expression of c-MET protein, migration, and
invasion in this cell line (123). A putative MACC1-binding
site was identified in the 3’untranslated region of c-MET.

Currently a number of mAbs, which inhibit activation of
c-MET by interfering with binding of HGF or interfering with
dimerization of c-MET as a prerequisite for activation, and
small molecules that inhibit its tyrosine kinase activity by
competition with ATP binding or due to allosteric
mechanisms are under clinical evaluation in diverse cancer-
related indications (125). Among these compounds are
selective small molecule c-MET inhibitors such as tivantinib
(ARQ197) and PF04217903 as well as molecules with a
broader spectrum of inhibition, such as crizotinib,
cabozantinib (XL184) and foretinib (125).
Chemokines/chemokine receptors: The role of the interaction
between G-protein-coupled chemokine receptors (GPCRs)
and their respective ligands in the pathogenesis of ovarian
cancer as well as dissemination, homing and growth of
metastases are well documented (126). The CXCL12–
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CXCR4 axis is an example for this kind of interaction and
plays an important role in dissemination of ovarian cancer.
Originally this interaction was shown to be essential for the
homing of hematopoietic stem cells to the bone marrow and
compounds which abolish this interaction, such as Plerixafor
(AMD3100), lead to mobilization of hematopoietic stem cells
(127). Plerixafor has been approved for routine clinical use
for this purpose.

In ovarian carcinoma, CXCR4 is expressed in tumor cells
and CXCL12 is found in ascites (128). CXCL12 enhances
ovarian cancer cell invasion through an αvβ6 integrin-
dependent mechanism with downstream effectors such as
p38MAPK and PI3K/AKT resulting in up-regulation of uPA
and MMP9 (129, 130). It was shown that β1-integrin
mediated NFĸB signaling up-regulates CXCR4 in tumor cells
when they encounter interstitial collagen-rich ECM in 3D
type I collagen gels (130). AMD3100 and abrogation of
CXCR4 by specific RNAi reduced intraperitoneal metastasis
and almost completely abolished metastasis to the omentum
in models of ovarian cancer metastasis (129, 130). Since
CXCL12–CXCR4 interaction is a mediator of angiogenesis,
an impact on growth of EOC metastases is probable (131).
Since CXCL12–CXCR4 interaction drives proliferation,
survival, invasion and growth of ovarian cancer cells,
CXCL12 and CXCR4 are promising targets for anti-
metastatic treatment of ovarian cancer.

In the following, we describe three additional GPCRs and
their ligands involved in dissemination of EOC.
Lymphotactin receptor XC chemokine receptor 1 (XCR1), a
GPCR expressed in ovarian cancer and not in normal ovarian
tissue, was shown to mediate increased migration and
proliferation of ovarian cancer cells by interactions with
lymphotactins 1 and 2 (132). Interaction of peritoneal cell-
expressed membrane-bound form of fractalkine receptor C-
X3-C motif ligand 1 (CX3CL1) with CX3C chemokine
receptor 1 (CX3CR1) on ovarian tumor cells as a mediator of
homing-related adhesion was demonstrated by impairment of
adhesion with function blocking antibodies directed against
CX3CL1 and also by its down-regulation by RNAi (133).
The contribution of stromal cells to homing of disseminated
ovarian cancer cells has also been investigated. As an
example, the cytokine lymphotoxin, which induces CXCL11
on stromal cells and mediates its physiological effect by
binding to CXCR3 expressed by ovarian cancer cells, was
identified as an essential component of the homing process
of disseminated ovarian cancer cells (134). The latter targets
need further preclinical validation for ranking of their priority
as therapeutic targets for treatment of ovarian cancer. Overall,
CXCL12–CXCR4 interaction seems to be the best validated
ligand–GPCR pair in the context of EOC dissemination and
might be a candidate target pair for clinical evaluation.

Fatty acid synthase (FASN) and fatty-acid binding protein
4 (FABP4) as metabolism-related targets: FASN and FABP4

are involved in proliferation, migration, dissemination and
homing, as well as growth of ovarian carcinoma cells, as
outlined in the following. Current efforts regarding lipid
metabolism as a therapeutic target for ovarian carcinoma
have focused on de novo fatty acid synthesis via glycolysis
and glutaminolysis in oncogene-transformed cells (135).
Fatty acid synthase (FASN) promotes proliferation and
EMT via transcriptional regulation of E-cadherin and N-
cadherin and its overexpression correlates with
dissemination and peritoneal metastasis of ovarian cancer
(136). In this context, it was shown that blockage of FASN
induces ubiquitination and degradation of PI3K signaling
proteins in ovarian cancer (137). The involvement of FASN
in the generation of phospholipids involved in the formation
of membrane microdomains that accommodate receptor
tyrosine kinases, including HER1 and HER2, has also been
demonstrated (138). Since fatty acid synthesis is a
physiological process also important for non-transformed
cells, the question remains whether a therapeutic window
can be identified for inhibitors of this process. An important
role of adipocytes for ovarian cancer metastasis was
discovered recently (121, 122). It was shown that five
cytokines, IL6, IL8, monocyte chemoattractant protein
(MCP1), tissue inhibitor of metalloproteinase 1 (TIMP1)
and adiponectin, all secreted by omental adipocytes,
promoted migration, invasion and adhesion (homing) of
SKOV3 ovarian cancer cells to sections of the human
omentum. Co-culture experiments with adipocytes and
ovarian cancer cells revealed transfer of fluorescently
labeled lipids from adipocytes to tumor cells. Increased
lipolysis in adipocytes and increased β-oxidation in cancer
cells was observed. Fatty acids provided by adipocytes act
as an energy source to promote tumor invasion and growth,
as well as the growth of nodules (121). In addition, it was
found that fatty acid-binding protein 4 (FABP4) was up-
regulated in omental metastases compared to primary
ovarian tumors. FABP4 was detected in ovarian cancer cells
at the adipocyte-tumor cell interface (121). FABP4 is a
regulator of lipolysis and acts as a fatty-acid transporter
(140). Blockage of FABP4 by small molecules resulted in
drastically reduced lipid accumulation in the cancer cells
and adipocyte-mediated invasion. In Fabp4 knock-out mice,
metastatic growth of ovarian cancer cells was impaired
(139, 141). Taken together, these data show FABP4 merits
further exploration as a therapeutic target for inhibition of
ovarian cancer metastasis. It will be interesting to see
whether fatty acid–FABP4 interaction can be disrupted with
small molecules of high selectivity and potency, and
whether inhibition of this interaction is more selective in
terms of tumor specificity than inhibition of FASN.

Pro-angiogenic factors: Growth of metastatic nodules in
the peritoneum is dependent on angiogenesis (31). Following
the metastatic process, disseminated tumor cells in ascites
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fluid first interact with the innermost layer of the
peritoneum, the mesothelium. After adherence to and
penetration of the mesothelium and subsequent invasion of
the submesothelial connective tissue, tumor cells are able to
induce remodeling of the ECM and promote angiogenesis as
a prerequisite for tumor cell proliferation and growth as
nodules. Involvement of pathways based on signaling of
vascular endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), fibroblast growth factors (FGFs) and
angiopoietins have been identified in this context (31). In
preclinical models, it was shown that the omentum is a major
site for growth and metastasis of intraperitoneal tumors
(142). In addition to tumor cells, a subset of hypoxic CD105-
expressing mesothelial cells are possible sources of VEGF
and FGFs, which can promote angiogenesis (142). Further
preclinical models of ovarian cancer with involvement of the
peritoneum have underlined the role of VEGF-mediated
neovascularization and increased vascular permeability of
blood vessels in the peritoneum, a prerequisite for ascites
formation (143). A humanized mAb directed against
VEGFA, bevacizumab, has been approved for the treatment
of ovarian carcinoma (144). Bevacizumab increases the
efficacy of chemotherapy in early treatment of ovarian
cancer as well as in relapsed, platin-resistant disease. Many
other anti-angiogenic agents are under clinical development
in patients with ovarian cancer. Among the protein-based
agents are aflibercept, a VEGF trap which binds to and
neutralizes all isoforms of VEGF, as well as AMG-706, a
peptibody which binds to angiopoietins 1 and 2 and
neutralizes their function (145). Another category of
angiogenesis-inhibiting compounds are small molecule
tyrosine kinase inhibitors with varying patterns of specificity,
targeting VEGFR1, -2, and -3, PDGFRs and FGFRs (31).
Examples are drugs such as sorafenib, sunitinib, BIBF 1120
and pazopanib, which are all in clinical development in
different cancer-related indications (31).

Other targets. Additional important targets involved in
metastasis of ovarian carcinoma have been identified. A
selection of these targets are summarized in the following
without outlining experimental details. Interaction of cluster
of differentiation (CD95 with its ligand CD95L results in
apoptosis in many types of cells. However, in ovarian
carcinoma, this interaction promotes tumor growth and
invasion (146). RAB25, a small GTPase, is amplified and up-
regulated in many ovarian carcinomas and regulates motility,
aggressiveness, apoptosis and autophagy (147). Expression of
forkhead box M1 (FOXM1), a transcription factor, correlates
with poor prognosis as assessed by immunohistochemistry in
158 patients with ovarian carcinoma (148). FOXM1 induces
ovarian cancer cell proliferation and migration of HO-8910
ovarian cancer cells, as well as expression of MMP2, MMP9
and VEGFA (148). 

Several micro RNAs (miRNAs) have been shown to
modulate invasion and metastasis of ovarian cancer cells.
miR-150 and miR-146 are highly expressed in omental
lesions compared to primary tumors and are involved in
promoting spheroid formation and metastasis (149). miR-124
inhibits migration and invasion of ovarian cancer cells by
targeting sphingosine kinase 1 (150). miR-124 is down-
regulated in clinical ovarian carcinoma species in comparison
to normal tissues and down-regulation correlates with the
severity of metastasis (150). miR-22 inhibits cell migration
and invasion of ovarian cancer cells and has been linked to
progression of ovarian carcinoma to late stages without
impact on cell viability and apoptosis (151).

Concluding Remarks

As outlined, transcoelomic dissemination of ovarian cancer
cells involves distinct steps such as dissemination of tumor
cells from the primary tumor, formation of multicellular
aggregates (spheroids), survival in ascites and interactions
with cells of the microenvironment. The latter comprise
crosstalk with immune cells and platelets, components of the
stroma such as fibroblasts, endothelial cells and peritoneum-
related cells such as mesenterial cells and adipocytes. Analysis
of the functional contribution of distinct steps of metastasis,
such as dissemination, homing and growth of disseminated
tumor cells as nodules, has resulted in identification of several
molecular targets for therapeutic intervention. We did not
discuss approaches based on the mutational status of the EOC
of patients such as inducing synthetic lethality with poly ADP
ribose polymerase inhibitors in patients with BRCA1 or -2
mutations which are being evaluated in several ongoing
clinical studies (152, 153). This also holds true for other
synthetic lethality-based approaches based on the genetics of
the primary tumor (154, 155).

The targets discussed in this review are involved in several
steps of the metastatic cascade. In addition to targets for
chemo-therapeutic agents such as cisplatin and paclitaxel,
VEGFA and germline mutated BRCA1/2 are presently the only
clinically validated molecular targets for treatment of ovarian
carcinoma. Therefore, in addition to the approved agents
bevacizumab and oliparib, other antibody-related agents or
small molecule inhibitors inhibiting VEGF signaling (144) and
mutated BRCA1/2 (152, 153) are promising agents for
achieving clinical benefit. Targets such as proteases,
components of the ECM and integrins seem to be less
promising due to issues of involvement in many normal
physiological processes, lack of tumor specificity or functional
redundancy within the target class. Transmembrane targets
such as MUC16, L1CAM, c-MET and CXCR4 are up-
regulated in EOC and have been validated in several preclinical
EOC-related in vivo models. They are druggable with antibody-
related or small molecules and corresponding agents are
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candidates for clinical development. Fatty and metabolism-
related FABP4 is a promising intracellular target, but it has to
be shown that potent and selective low molecular compounds
with a tolerable therapeutic window can be identified.

Overall, the link between metastasis and chemoresistance
should be investigated in more detail to identify targets for
beneficial therapy of metastasis of ovarian cancer. In addition,
identification of ovarian cancer-specific metastasis-associated
membrane antigens would foster approaches for therapy of
ovarian cancer metastasis based on antibody-related or small
molecules. 
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