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Tumor angiogenesis is an essential process for growth and
metastasis of cancer cells as it supplies tumors with oxygen
and nutrients. During tumor angiogenesis, many pro-angiogenic
factors are secreted by tumor cells to induce their own vas-
cularization via activation of pre-existing host endothelium.
However, accumulating evidence suggests that vasculogenic
mimicry (VM) is a key alternative mechanism for tumor vas-
cularization when tumors are faced with insufficient supply of
oxygen and nutrients. VM is a tumor vascularization mechanism
in which tumors create a blood supply system, in contrast to
tumor angiogenesis mechanisms that depend on pre-existing
host endothelium. VM is closely associated with tumor progres-
sion and poor prognosis in many cancers. Therefore, inhibition
of VM may be a promising therapeutic strategy and may
overcome the limitations of anti-angiogenesis therapy for cancer
patients. In this review, we provide an overview of the current
anti-angiogenic therapies for ovarian cancer and the current
state of knowledge regarding the links between microRNAs
and the VM process, with a focus on the mechanism that regulates
associated signaling pathways in ovarian cancer. Moreover,
we discuss the potential for VM as a therapeutic strategy
against ovarian cancer. [BMB Reports 2020; 53(6): 291-298]

INTRODUCTION

Gynecologic cancers that occur in female reproductive organs
include ovarian cancer, uterine cancer, vaginal cancer, cervical
cancer, and vulvar cancer. According to data released in 2019,
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ovarian cancer has the highest incidence and mortality rate
among gynecologic cancers (1, 2). The standard treatments for
ovarian cancer patients are carboplatin and paclitaxel chemo-
therapy, which are effective in 80% of patients. However,
almost all patients develop tumor recurrence and chemotherapy
resistance (3). Furthermore, due to chemotherapy resistance,
the 5-year survival rate for ovarian cancer patients is less than
45% (4). Therefore, novel therapeutic approaches are required
to improve outcomes for ovarian cancer patients. Angiogenesis
refers to the formation of new blood vessels from pre-existing
endothelium, a physiological process that is vital for tissue
repair and development (5, 6). In pathological states such as
cancer, angiogenesis is a fundamental process that supplies
tumors with oxygen and nutrition required for their growth
and survival (Fig. 1). In addition, angiogenesis is an essential
component of the metastatic cascade (5, 6). Vascular endothelial
growth factor (VEGF) and its receptor (VEGFR) are major drivers
of tumor angiogenesis. Inhibitors of VEGF and VEGFR are
widely used for the treatment of solid tumors (7). Although
angiogenesis-targeting therapies have shown promising clinical
results in solid tumors, these therapies have shown only
modest improvements in overall survival (8). In addition, it has
been demonstrated that anti-angiogenic therapy results in
worse clinical outcomes in patients who develop resistance to
anti-angiogenic drugs, suggesting that the possible mechanism
behind anti-angiogenic drug resistance may be the activation
of alternative pathways of tumor neovascularization (8, 9).

Maniotis et al. observed tumor angiogenesis-independent
vascular channels in highly aggressive uveal melanomas and
termed the phenomenon vasculogenic mimicry (VM) (10). Since
then, VM has been observed in many aggressive tumor types
such as ovarian cancer, breast cancer, and glioma (11-13). VM
is the formation of a nutrient and oxygen supply system by
tumor cell-lined vessels, suggesting alternative pathways of
tumor neovascularization (Fig. 1). Tumor cells associated with
VM express markers associated with endothelial cells, the
epithelial-mesenchymal transition (EMT), and cancer stem cells
(CSCs) and contribute to the formation of the tumor vasculature
(11).

EMT is a reversible phenotypic switching process by which
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Fig. 1. Schematic representation of differences between angiogenesis
and VM. During tumor angiogenesis, tumor cells secrete many
pro-angiogenic factors to induce their vascularization via activation
of pre-existing host endothelium, whereas VM is a tumor vasculari-
zation mechanism in which tumors create a blood supply system
when faced with an insufficient supply of oxygen and nutrients.

epithelial cells lose their traits and acquire mesenchymal character-
istics. Accumulating evidence suggests that activation of EMT
not only triggers cancer cell invasion and metastasis, but also
contributes to VM (14). CSCs are closely involved in recurrence
and metastasis in various cancer cells and VM. It has been
shown that cells positive for CSC markers such as CD133 and
aldehyde dehydrogenase1 (ALDH1) play a key role in VM in
various cancer cell types (15-18). VM is associated with advanced
disease at presentation and an extremely poor prognosis in
ovarian cancer (12, 16). Furthermore, it was shown that anti-
angiogenic therapy induces a hypoxic response and VM in
ovarian cancer, suggesting that VM may serve as an alternative
tumor neovascularization (19). In light of this evidence, further
studies are urgently needed to understand the molecular mechan-
isms associated with VM in order to overcome the limitations
of anti-angiogenic therapy and to develop novel therapeutics
that target multiple cancers. In this review, we summarize the
available knowledge regarding current anti-angiogenic therapies
and the mechanisms involved in VM in ovarian cancer. More-
over, we discuss potential therapeutic strategies involving the
regulation of VM in ovarian cancer.
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ANTI-ANGIOGENIC THERAPY IN OVARIAN CANCER

Angiogenesis is a dynamic process that is essential for embryonic
development, wound healing, and ovulation under physiolo-
gical conditions and is tightly controlled by a balance between
angiogenic stimuli and angiogenic inhibitors (5, 20). However,
disruption of the balance between angiogenic and anti-angio-
genic molecules can lead to pathological conditions such as
cancer, diabetic microvascular complications, and inflammatory
disorders (5, 20). Of known pro-angiogenic factors, the most
well-known are members of the VEGF family such as VEGF-A,
VEGF-B, VEGF-C, and VEGF-D. VEGF proteins promote angio-
genesis by binding to VEGFR and subsequently activating sig-
naling cascades (7). In addition, many studies have shown that
VEGF signaling is highly activated in ovarian cancer where it is
closely associated with tumor grade and poor prognosis (21-23).
Thus, blocking pro-angiogenic signaling, such as VEGF signaling,
may be an effective therapeutic option against ovarian cancer.
Therapeutics that involve targeting anti-angiogenic drugs through
VEGF/VEGEFR signaling are summarized below.

VEGF-A targeting agent: Bevacizumab

Bevacizumab is the first recombinant humanized monoclonal
antibody against VEGF-A to be recognized as an anti-angio-
genic agent. Bevacizumab inhibits VEGF-A from binding to
VEGFR. Bevacizumab is approved by the FDA for use in the
treatment and maintenance of platinum-sensitive recurrent
ovarian cancer. Bevacizumab, a representative molecular target
drug, has proven clinical efficacy in the treatment of advanced
and recurrent ovarian cancer whereby it blocks the develop-
ment of new blood vessels in tumors, destroys existing blood
vessels and reduces intratumoral pressure (24, 25). Use of
bevacizumab by ovarian cancer patients delays tumor progres-
sion and is applied as a maintenance therapy against ovarian
cancer. Recently, bevacizumab and chemotherapy have been
combined for use in platinum-resistant ovarian cancer (26).
However, bevacizumab has been shown to improve median
progression-free survival (PFS) for 2-4 months (27). Thus, it is
necessary to identify predictive biomarkers to enable achieving
greater therapeutic responses to bevacizumab only or in combina-
tion with VM inhibitors to enhance the clinical outcomes of
anti-angiogenic therapy in ovarian cancer patients.

VEGRFR targeting agents: Cediranib, pazopanib, nintedanib
Cediranib is an inhibitor of VEGFR (VEGFR1-3) tyrosine kinase
which has been shown to have disappointing efficacy in many
cancers and increased toxicity such as diarrhea, neutropenia,
hypertension, and voice changes (27, 28). Nevertheless, cediranib
treatment of ovarian cancer patients is promising, and signifi-
cant improvements in progression-free survival have been identi-
fied in Phase 3 trials with chemotherapy and maintenance
treatment (29, 30).

Pazopanib is a selective multi-targeted receptor tyrosine ki-
nase inhibitor that inhibits VEGFR, platelet-derived growth
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factor receptor (PDGFR), c-KIT, c-Fms, and fibroblast growth
factor receptor (FGFR), and tumor growth and angiogenesis
(31, 32). Pazopanib also has side effects, such as neutropenia,
fatigue, leucopenia, hypertension, and anemia (33). However,
it has advantages in platinum-resistant and refractory treatment
and platinum-sensitive maintenance in ovarian cancer (34,
35).

Nintedanib competitively inhibits non-receptor tyrosine kinases
such as lymphocyte-specific protein tyrosine kinase (Lck), tyrosine-
protein kinase Lyn (Lyn), proto-oncogene tyrosine-protein kinase
Src (Src), and receptor tyrosine kinases such as PDGFR, FGFR,
FLT3, and VEGFR (27). Nintedanib is used in a variety of
diseases, sometimes in combination with other drugs for the
treatment of some cancers (36). Nintedanib has common side
effects including abdominal pain, vomiting, and diarrhea (37).
However, Phase 3 trials have shown that treatments combining
nintedanib with carboplatin and paclitaxel produce remarkable
therapeutic effects in ovarian cancer patients. However, these
positive effects were accompanied by serious side effects
including adverse gastrointestinal events (38).

Angiogenesis inhibitors that do not target VEGF signaling are
also used as ovarian cancer therapeutics. Angiopoietin 1 and 2
(Ang1/2) bind to the Tie-2 receptor and stimulate proliferation,
motility, and survival in endothelial cells. Trebananib is a non-
VEGF-dependent angiogenesis pathway inhibitor that binds to
Ang 1/2 and inhibits its action on the Tie-2 receptor, thus
inhibiting angiogenesis. Trebananib-based therapies have produced
meaningful effects in terms of progression-free survival when
combined with paclitaxel in patients with recurrent ovarian
cancer (39).

CLINICAL SIGNIFICANCE OF VM IN OVARIAN
CANCER

Anti-angiogenic therapy has some advantages over chemo-
therapy because it does not directly kill cancer cells but rather
stops the formation of new blood vessels that rarely occur in
tissues other than tumors. Therefore, it is well-tolerated by
patients and is associated with fewer side effects. Unfortunately,
the use of anti-angiogenic therapies results in a hypoxic tumor
microenvironment and the development of resistance by
alternative tumor vascularization (40). Understanding the mechan-
isms and signaling pathways involved in VM is expected to
enable overcoming the limitations of anti-angiogenic therapies.

VM is a tumor cell-derived vascular network and a func-
tional micro-circulation system that provides oxygen and
nutrients to tumors independent of angiogenesis, which
contributes to tumor growth and metastasis (9, 41). The first
evidence of clinical significance of VM in ovarian cancer
showed that VM was closely associated with shorter overall
survival and aggressive tumor features (12). Since then, Yu et
al. demonstrated that VM was significantly associated with
tumor grade, tumor/lymph node/metastasis and advanced
stage. Moreover, VM-positive ovarian cancer patients had
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significantly shorter overall survival compared with VM-nega-
tive ovarian cancer patients, suggesting that VM plays a crucial
role in tumor progression and metastasis in ovarian cancer
(15). Given that CSCs are involved in VM, it has been shown
that a combination of markers of VM and the CSC marker
CD133 was associated with advanced tumor stage, non-response
to chemotherapy, and shorter overall survival time in ovarian
cancer (16). Although VM is considered an alternative tumor
vascularization mechanism for tumor invasion and metastasis
and has been shown to be associated with poor clinical
prognosis in ovarian cancer, few studies have assessed the
molecular mechanisms associated with VM in ovarian cancer.
Our efforts to understand the mechanism of VM in ovarian
cancer may provide new insights to enable identifying novel
therapeutic targets. The following sections will outline the
current understanding of the molecular mechanisms associated
with VM and will discuss the possibility of employing
VM-targeted therapy in the treatment of ovarian cancer.

MAJOR MECHANISMS OF VM IN OVARIAN CANCER

Both tumor angiogenesis and VM are critical for tumor blood
supply and play an essential role in the progression of tumor
growth and metastasis. However, although signaling pathways
governing tumor angiogenesis have been extensively studied
(5, 7, 20, 42, 43), signaling pathways associated with VM in
ovarian cancer remain poorly understood. Nevertheless,
owing to the importance of VM in cancer biology, the
molecular mechanisms underlying VM have been gradually
investigated in ovarian cancer. Given that VM occurs due to
the ability of tumor cells to trans-differentiate into vascular
endothelial-like phenotypes, the signaling pathways associated
with  vascular/angiogenesis and hypoxia-related signaling
pathways have been investigated (Fig. 2).

Vascular/angiogenesis signaling in VM
Hendrix et al. investigated the biological significance of
several endothelial cell markers such as CD31, Tie-1/2, and
vascular endothelial (VE)-cadherin in VM, with the hypothesis
that upregulation of endothelial cell markers in aggressive
tumor cells may result in their ability to form VM. It was found
that VE-cadherin was exclusively upregulated in highly aggres-
sive melanoma cells, and knockdown of VE-cadherin led to
inhibition of VM in aggressive melanoma cells, indicating an
essential role for VE-cadherin in VM in melanoma cells (44). It
has been demonstrated that VE-cadherin is involved in VM in
ovarian cancer. VE-cadherin expression was highly upregulated
in VM-positive patients and in SKOV3 and OVCAR3 ovarian
cancer cells under hypoxic conditions (45). It has also been
shown that VE-cadherin expression levels are closely associated
with the propensity for VM in ovarian cancer cells and malignant
ovarian cancer tissues (46, 47), suggesting biological signifi-
cance of VE-cadherin in VM in malignant ovarian cancers.
VEGF is one of the most potent pro-angiogenic factors that
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play a key role in both physiological and pathological angio-
genesis (48, 49). Several studies have identified potential roles
of VEGF in VM in various cancer types (23, 50-52); however,
the role of VEGF in VM remains controversial. The first study
examining the role of VEGF-A in VM in ovarian cancer
showed that VEGF-A promotes VM in vitro, and the expression
of VEGF-A in VM-positive ovarian tumor tissues was higher
than that in VM-negative ovarian tumor tissues. Mechanistic
investigations revealed that VEGF-A stimulation induces the
expression of EphA2, which is necessary for VEGF-induced
neovascularization (23, 53), and knockdown of EphA2 inhibits
VEGF-A-induced VM in ovarian cancer cells (23), suggesting
that EphA2 plays a key role in VEGF-A-induced VM in ovarian
cancer. Additionally, VEGF-A treatment markedly increased
the activity of MMP9, and EphA2 knockdown resulting in
decreased activity of MMP9 and MMP2 in SKOV3 and OVCAR3
ovarian cancer cells, respectively. These findings suggest that
the VEGF-A/EphA2/MMP9 and MMP2 signaling axis plays an
important role in the process of VM in ovarian cancer (23).
Consistent with this report, VEGF and semaphorin4D (SEMA4D)
expression levels were significantly higher in ovarian cancer
tissues than in normal ovarian tissue, and the expression of
VEGF positively correlated with the expression of SEMA4D in
ovarian cancer tissues. Moreover, VEGF and SEMA4D showed
synergistic effects on VM in the human ovarian cancer cell line
A2780, and knockdown of VEGF and SEMA4D decreased the
expression of VMrelated molecues such as MMP2 and VE-cadherin
in ovarian cancer cells (22). Conversely, another study showed
that short-term bevacizumab treatment resulted in increased
metastasis and induced VM in mice receiving short-term
bevacizumab treatment, suggesting that VM may be an
alternative mechanism underlying tumor resistance to anti-angio-
genic therapy (19). The controversy surrounding the role of
VEGF in the regulation of VM might reflect tumor cell type
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Fig. 2. Signaling pathways implicated
in tumor cell VM. This figure summarizes
the signaling pathways involved in the
regulation of VM of ovarian cancer.
Red solid bars denote VM inhibiting
the signaling pathways, Black solid arrows
denote VM promoting the signaling path-
ways.

differences and tumor cell heterogeneity. Therefore, further
studies are needed to fully elucidate the mechanisms associated
with VEGF-driven VM and VEGF-independent VM.

Hypoxia signaling in VM

Tumor hypoxia arises due to rapid proliferation of cancer cells
and dysfunctional tumor vasculature, resulting in rapid exhaus-
tion of oxygen and nutrients. Tumor hypoxia is one of the most
important features of the solid tumor microenvironment, playing
a pivotal role in cancer development, malignancy, and progres-
sion (54). Under hypoxic conditions, hypoxia-inducible factor-1
(HIF-1) is the key transcription factor that binds to the hypoxia
response element (HRE) to regulate the expression of hypoxia-
related molecues such as VEGF and EPO (55, 56), which allow
tumor cells to adapt to a hostile microenvironment. Accumulating
evidence suggests that tumor hypoxia plays a key role in
cancer cell plasticity and is functionally essential for VM (45,
57, 58). Potential hypoxia target molecues containing functional
HREs such as VE-cadherin, VEGF-A, VEGFR-1, EphA2, and
Twist influence VM (57). Initial investigation into the involve-
ment of HIF-1 in VM in ovarian cancer showed that the HIF-1o
inhibitor rapamycin inhibits VM by suppressing CD31 and
Factor VIII, suggesting the involvement of HIF-1ow in VM in
ovarian cancer (59). Additionally, another study investigated
the effects of hypoxia on VM and its underlying molecular
mechanism(s) in ovarian cancer. HIF-1o. expression was
correlated with expression of EMT markers such as vimentin,
Twist1, and Slug as well as shorter survival in patients with
VM-positive ovarian cancer. Under hypoxic conditions, ovarian
cancer cells showed greater VM by inducing EMT. These
findings indicate that EMT is important for hypoxia-induced
VM in ovarian cancer (45). Hypoxia plays a key role in VM in
ovarian cancer cells, and human chorionic gonadotropin (HCG)
is a placental hormone that regulates placental angiogenesis
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during pregnancy which is ectopically expressed in many
malignant tumors (60, 61). Su et al. investigated the involve-
ment of HCG in VM in OVCAR3 ovarian cancer cells under
hypoxic conditions. It was shown that hypoxia induced VM
via upregulation of HCG expression, an effect that was abolished
by knockdown of HIF-1o. In addition, HCG treatment led to
significant VM and endothelial cell marker expression, even
under normoxic conditions (62). By further exploring the role
of HCG in VM in ovarian cancer in vivo, researchers showed
that injection of OVCAR3 ovarian cancer cells overexpressing
chorionic gonadotropin beta polypeptide 5 (CGB5) induced
xenograft tumor formation and VM via upregulation of endothelial
markers such as CD31, VEGF, and factor VIII (63). Considering
a number of studies underscore the importance of hypoxia in
VM for a variety of cancers, clarifying the underlying mechanisms
associated with hypoxia-induced VM and establishing strategies
to regulate VM are urgently needed.

Other important factors in VM

It has been reported that other genes are also involved in VM
in ovarian cancer. X-linked inhibitor of apoptosis-associated
factor 1 (XAF1) plays a key role in the regulation of apoptosis
and angiogenic properties of endothelial cells and cancer cells
(64, 65). Given that angiogenesis and apoptosis signaling are
involved in VM (53, 66), Wang et al. investigated the potential
role of XAF1 in VM in ovarian cancer and found that XAF1
expression was downregulated in the VM-positive group which
was associated with high-grade advanced ovarian cancer. Over-
expression of XAF1 decreased VEGF expression and inhibited
the motility of SKOV3 ovarian cancer cells. An inhibitory role
for XAF1 in relation to VM and VEGF expression was also
shown in xenograft models, suggesting that XAF1 acts as a
negative regulator of VM via VEGF inhibition (67).

Another regulator of VM is the Wnt family of proteins, which
are key regulators of tumorigenesis, endothelial differentiation,
and vascular development. The Whnt signaling pathway includes
the B-Catenin-dependent (canonical) and -independent (non-cano-
nical) pathways. Wnt5a, a member of the non-canonical Wnt
family, is essential for cancer initiation and progression (68,
69). Qi et al. investigated the association between Wnt5a and
VM in ovarian cancer and demonstrated that the expression of
Whtba is significantly correlated with VM and protein kinase
Ca (PKCo) expression, suggesting that it may act as a down-
stream factor of non-canonical Wnt5a signaling. An in vitro
mechanistic investigation showed that Wnt5a induces VM and
regulates the expression of EMT-related markers such as vimen-
tin and E-cadherin in ovarian cancer cells. Additionally, it was
shown that Wnt5a-induced EMT and VM are mediated by the
PKCa pathway in ovarian cancer cells (70).

Decomposition of the extracellular matrix (ECM) is an impor-
tant process in EMT-induced VM. It has been shown that uroki-
nase plasminogen activator (UPA) regulates tumor angiogenesis
by degrading ECM molecules such as laminin, fibronectin, and
collagen (71). Tang et al. investigated the association between
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uPA and VM in ovarian cancer. VM occurrence was positively
correlated with high uPA expression in 90 ovarian cancer
cases and ovarian cancer cells, and uPA knockdown led to a
decrease in VM via regulation of the AKT/mTOR/MMP2/
Laminin5y2 signaling pathway in ovarian cancer cells. In
addition, it was found that cyclin RGD (cRGD) inhibited VM
in ovarian cancer cells via downregulation of uPA expression
and EMT repression (72). These findings suggest that modulation
of uPA expression may be a potential therapeutic target for VM
in ovarian cancer.

Given that activation of endothelin-1 (ET-1)/endothelin A
receptor (ETAR) and ET-1/ETBR signaling is closely associated
with tumor growth, angiogenesis, metastasis, and chemore-
sistance, Sestito et al. investigated the role of ET-1 signaling in
VM in ovarian cancer. It was demonstrated that the dual
ETAR/ETBR antagonist macitentan significantly inhibited VM,
and enabled inhibition of ET-1-induced activation of AKT and
MAPK  signaling pathways in cisplatin resistant A2780 and
2008 cells (73). Thus, macitentan could be a novel potential
drug for ovarian cancer therapy, due to its ability to inhibit
VM.

A recent study showed that syndecan-1 (SDC1) and tumor
angiogenic-associated B-fibronectin isoform (B-FN) play a
pivotal role in VM in ovarian cancer. Combined treatment
with L19-IL2 (an immunocytokine specific for B-FN) and an
anti-SDC1 46F2SIP (small immunoprotein) antibody was effective
in reducing the expression of EMT markers and loss of cancer
stemness traits, which were correlated with inhibition of VM
in mice (74).

MicroRNAs in VM

MicroRNAs (miRNAs) are 21-25 nucleotides small non-coding
RNAs which regulate gene expression post-transcriptionally.
They recognize the 3’-untranslated region (3’-UTR) of the target
mRNA to promote degradation of the mRNA or to inhibit
protein synthesis, thus reducing the expression of the target
gene (75). Many studies have shown that miRNA expression is
dysregulated in various diseases (76-78). Several studies have
demonstrated that miRNAs play an important role in the
regulation of VM in ovarian cancer (46, 79-81).

The miR-200 family (miR-141, miR-200a, miR-200b, miR-200c,
and miR-429) is known to target transforming growth factor-p
(TGF-B), a potent inducer of EMT, and EMT-related transcrip-
tion factors Zinc Finger E-Box Binding Homeobox (ZEB)-1 and
ZEB-2, resulting in the inhibition of ovarian cancer invasion,
migration, metastasis, and EMT (82). Given the inhibitory effect
of the miR-200 family on the EMT process, Sun et al. investi-
gated the role of miR-200a in VM in ovarian cancer. Expres-
sion of miR-200a was downregulated in VM-positive ovarian
cancer, which is associated with high tumor grade/stage, and
metastasis. A mechanistic study revealed that miR-200a
inhibits VM by directly targeting EphA2, a key regulator of VM
in ovarian cancer. These findings suggest that miR-200a-medi-
ated EphA2 regulation plays important roles in the progression
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and prognosis of ovarian cancer patients (79).

As described above, VE-cadherin is highly overexpressed in
VM-forming cancer cells and plays an essential role in VM in
malignant ovarian cancer (45). Therefore, VE-cadherin-targeting
miRNAs could be excellent targets for the control of VM in
ovarian cancer. miR-27b plays an important role in the regula-
tion of VM in ovarian cancer by directly targeting VE-cadherin.
Low levels of miR-27b expression are strongly correlated with
high levels of VE-cadherin expression and robust VM in
ovarian cancer cells. It was demonstrated that miR-27b directly
targets the 3’-UTR of VE-cadherin, and overexpression of miR-
27b inhibits VM, migration, and invasion in ovarian cancer
cells. Additionally, it was shown that miR-27b suppresses ovarian
cancer-associated VM in vivo using a matrigel plug assay (46).

In another study, the authors investigated the relevance of
hypoxia-responsive miRNAs to VM in SKOV3 ovarian cancer
cells. It was shown that miR-765 was markedly downregulated
under hypoxic conditions, and ectopic restoration of miR-765
significantly inhibited VM without affecting cell viability. Interest-
ingly, it was identified that miR-765 directly targets VEGF,
another key regulator in VM in ovarian cancer cells (80).
Although our current understanding of the molecular mechanisms
underlying VM in ovarian cancer is advancing, future studies
are needed to fully understand the molecular mechanism(s)
associated with VM in ovarian cancer. In particular, it has
been demonstrated that CSCs are involved in VM in many
cancers. Therefore, it will be important to determine the
molecular mechanisms associated with VM in the context of
ovarian CSCs in future studies. Fig. 2 shows a summary of the
major signaling mechanisms involved in the regulation of VM
in ovarian cancer.

CONCLUSIONS

Ovarian cancer is one of the most common forms of gyne-
cologic cancer with an extremely high morbidity and mortality
rate. Although initial responses to platinum and taxane-based
chemotherapy are generally good, the recurrence rate is
extremely high (~80%). Several studies show that anti-angio-
genic therapy alone or in combination with chemotherapy is a
promising therapeutic strategy for ovarian cancer. However,
curative rates of anti-angiogenic therapy are not increased in
most ovarian cancer patients (83), and anti-angiogenic therapy
with bevacizumab induces a hypoxic response and VM (19),
which may be associated with limited efficacy and poor
therapeutic response to anti-angiogenic therapy in ovarian
cancer. In addition, accumulating evidence suggests that VM is
closely associated with poor prognosis, high metastatic potential,
and shorter survival in cancer patients. Therefore, as an alter-
native tumor vascularization mechanism, VM targeting may
represent a promising treatment option for ovarian cancer
patients to enhance the clinical outcomes of anti-angiogenic
therapy. In addition, a better understanding of the molecular
mechanisms involved in VM will facilitate overcoming disad-
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vantages associated with current ovarian cancer therapeutics.
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