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An HCG-rich microenvironment contributes to ovarian cancer
cell differentiation into endothelioid cells in
a three-dimensional culture system
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Abstract. We investigated the expression of human chorionic
gonadotropin (HCG) and its effects on vasculogenic mimicry
(VM) formation in ovarian cancer cells under normoxic and
hypoxic conditions in three-dimensional matrices precondi-
tioned by an endothelial-trophoblast cell co-culture system.
The co-culture model was established using human umbilical
vein endothelial cells (HUVECs) and HTR-8 trophoblast cells
in a three-dimensional culture system. The co-cultured cells
were removed with NH,OH, and ovarian cancer cells were
implanted into the preconditioned matrix. VM was identified
morphologically and by detecting vascular markers expressed
by cancer cells. The specificity of the effects of exogenous
HCG in the microenvironment was assessed by inhibition
with a neutralizing anti-HCG antibody. HCG siRNA was used
to knock down endogenous HCG expression in OVCAR-3
ovarian cancer cells. HTR-8 cells ‘fingerprinted” HUVECs
to form capillary-like tube structures in co-cultures. In the
preconditioned HCG-rich microenvironment, the number
of vessel-like network structures formed by HCG receptor-
positive OVCAR-3 cells and the expression levels of CD31,
VEGF and factor VIII were significantly increased. The
preconditioned HCG-rich microenvironment significantly
increased the expression of hypoxia inducible factor-la
(HIF-1a) and VM formation in OVCAR-3 cells under hypoxic
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conditions. Treatment with a neutralizing anti-HCG antibody
but not HCG siRNA significantly inhibited the formation of
vessel-like network structures. HCG in the microenvironment
contributes to OVCAR-3 differentiation into endothelioid
cells in three-dimensional matrices preconditioned with an
endothelial-trophoblast cell co-culture system. HCG may
synergistically enhance hypoxia-induced vascular markers and
HIF-1a expression. These findings would provide perspectives
on new therapeutic targets for ovarian cancer.

Introduction

Vasculogenic mimicry (VM) is the conversion of aggressive
cancer cells to an endothelial cell-like phenotype and subse-
quent formation of tumor cell-lined vasculature. Thus, tumors
can form their own vasculature for nourishment through VM,
independent of host blood vessels. The presence of VM corre-
lates with an increased risk of metastasis and therefore poor
clinical outcome (1). VM has been reported in many malignant
tumor types, including melanoma, liver, prostate and breast
cancer, glioma and renal cancer (2-7); yet what fascinates us
most is the discovery of VM in the most lethal gynecologic
malignancy, ovarian cancer (8).

The etiology of VM remains unclear. A dynamic, complex
relationship exists between VM and the microenvironment,
which plays a pivotal role in cancer progression and has been
shown to affect VM formation in melanoma (9). Hypoxia, a
feature of the tumor microenvironment, promotes VM forma-
tion in three-dimensional cultures (10-12). Morphological
analysis of choriocarcinoma demonstrated that central blood
channels were surrounded by neoplastic trophoblastic cells
rather than endothelial cells. In the periphery of choriocar-
cinoma, tumor cells invaded uterine stroma-derived blood
vessels, where trophoblastic cells replaced endothelial cells,
forming anastomoses between endothelium-lined vessels and
trophoblast-lined pseudovascular channels. These findings
indicated that choriocarcinoma, noted for its high level of
human chorionic gonadotropin (HCG) secretion, is among the
few tumor types that utilize VM (13). However, little is known
about the role of HCG in VM.

HCG is a cytokine that is ectopically expressed in a variety
of malignant tumor microenvironments, including ovarian
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cancer, endometrial carcinoma, cervical, seminomatous
testicular, bladder and breast cancer (14-20). HCG expression
in ovarian cancer tissue varies relative to grade and stage. HCG
acts on the luteinizing hormone (LH)/HCG receptor (LH-R),
and HCG expression correlates with LH-R expressionin ovarian
cancer tissue which has prognostic value (21). Ziecik et al (22)
demonstrated ubiquitous HCG protein expression in ovarian
cancer samples, and at least 40% of epithelial ovarian cancer
expressed LH-R at high levels. Co-expression of the HCG
protein and LH-R in cancer cells may indicate an autocrine
or paracrine mechanism of tumor-derived HCG activity in
the tumor microenvironment. HCG has now been proposed
as a novel angiogenic factor that could mediate angiogenic
pathways (23,24).

Our recent study showed that treatment of ovarian cancer
cell line OVCAR-3 with recombinant HCG resulted in forma-
tion of tumor cell-lined vasculature and significantly increased
vascular marker expression (25). Herein, we extend our
previous study to determine the influence of the trophoblast
cell microenvironment on VM in ovarian cancer. To further
explore a possible effect of HCG secreted by trophoblast cells
on VM in ovarian cancer cells, we developed an endothe-
lial-trophoblast cell co-culture system as a preconditioned,
HCG-enriched microenvironment. After the co-cultured cells
were removed (26), HCG receptor-positive OVCAR-3 cells
or HCG receptor-negative SKOV3 ovarian cancer cells were
implanted into the preconditioned matrix. VM was identified
morphologically and by detection of vascular cell markers
expressed by cancer cells.

Hypoxia mediates tumor VM through hypoxia inducible
factor-1a. (HIF-1a) (27), and ovarian cancer cells form vascu-
logenic-like networks in a three-dimensional culture under
hypoxic conditions (10). We further used the dual cell system
under hypoxic conditions to gain insight into the interaction
between HCG and hypoxia in promoting VM in ovarian cancer.

Materials and methods

Cell culture. Human umbilical vein endothelial cells
(HUVECs) were purchased from Cambrex (East Rutherford,
NJ, USA) and maintained in Dulbecco's modified Eagle's
medium (DMEM) growth media supplemented with 8% fetal
bovine serum. The first trimester human extravillous tropho-
blast cell line HTR-8 and the ovarian cancer OVCAR-3 and
SKOV3 cell lines were purchased from the American Type
Culture Collection (ATCC; Manassas, VA, USA) and cultured
in 1640 growth medium. OVCAR-3 cells were incubated
under normoxic (21% O,) or hypoxic (1% O,) conditions.
Culture dishes in the hypoxia group were placed in a manu-
ally controlled airtight chamber and hypoxic conditions were
created by flushing 5% CO, and 94% nitrogen through the
GENbox jar 2.5L chamber (bioMérieux SA, Japan) until the
O, concentration was reduced to 1%, as measured by a mini
oxygen meter.

Establishment of an endothelial-trophoblast cell co-culture
system and preconditioned microenvironment. Undiluted
Matrigel was plated into 24-well tissue culture plates at
300 pl/well and polymerized for 30 min at 37°C. HUVECs
(1.0x10%) and HTR-8 (1.0x10%) cells were stained with the
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green fluorescent linker dye PKH67 and the red fluorescent
linker dye PKH26, respectively, and then co-cultured in the
Matrigel. The formation of tube-like structures was moni-
tored by fluorescence microscopy. After establishment of
the endothelial-trophoblast cell co-culture system for three
days, co-cultured cells were removed with 20 mM NH,OH to
establish the preconditioned microenvironment. Furthermore,
ovarian cancer OVCAR-3 and SKOV3 cells were planted in
the preconditioned Matrigel.

ELISA. After establishing the co-culture system, the expres-
sion of HCG in the supernatant was investigated at 0, 24, 48,
72 and 96 h by ELISA using an HCG ELISA kit (Beijing
North Institute of Biological Technology, Beijing, China).
Assay diluent RDIN (50 ul) and 50 ul of each sample or stan-
dard were mixed in the wells of a microplate coated with a
polyclonal antibody specific for B-HCG, and then 100 pl of
substrate solution was added. The enzyme reaction was termi-
nated with the addition of a diluted hydrochloric acid solution.
The intensity of the color was measured at a wavelength of
450 nm. The specificity of the effects of exogenous HCG in the
microenvironment was further assessed by complete inhibi-
tion with a 2.4 pg/ml neutralizing anti-HCG antibody.

Light and electron microscopy. Ovarian cancer cells
were examined by an inverted phase contrast microscope
(Carl Zeiss, Inc., Thornwood, NY, USA). For scanning elec-
tron microscopy, cells were fixed in 2.5% cold glutaraldehyde
in 0.1 M sodium cacodylate buffer and post-fixed in 1%
osmium tetroxide. Specimens were dehydrated in a graded
series of ethanol, displaced, critically point-dried and sputter-
coated with gold before scanning electron microscopy analysis
(S-520; Hitachi, Tokyo, Japan).

Real-time polymerase chain reaction (PCR). Reverse tran-
scription (RT) of RNA was performed using the TagMan Gold
RT-PCR kit as described by the manufacturer (Applied
Biosystems, Foster City, CA, USA). Real-time quantitative
PCR was performed with the Applied Biosystems 9700HT
sequence detection system. Each target was amplified in tripli-
cate with an HCG-specific primer probe set. We devised
primers as follows: HIF-1a, 5'-CTGCCACCACTGATGA
ATTA-3" and 5-GTATGTGGGTAGGAGATGGA-3'; LH-R,
5'"TGGCTGCTGTAAACGTCGGG-3' and 5'-GGAGAGC
TGTACCTTGACAGTGC-3"; CD31, 5-ATTGCAGTGGTTA
TCATCGGAGTG-3' and 5-CTCGTTGTTGGAGTTCAGA
AGTGG-3"; factor VIII (VWF), 5~ ATCGAGGGTCTCG
GGGATGCG-3' and 5-TGCGAAGAGTGCTGCGAAT
GCT-3"; VEGFA, 5'-GACATCTTCCAGGAGTACC-3' and
5"TGCTGTAGGAAGCTCATCTC-3"; B-HCG, 5-TGCCAC
CCTGGCTGTGGA-3' and 5'-GCGGTAGTTGCACACCAC
CTG-3'. A 5-fold titration of control template was included
along with RT-negative and no-template controls. Relative
mRNA levels were calculated using the standard curve method
(ABI User Bulletin no. 2) with 18S as the endogenous control
and O h as the calibrator.

Western blot analysis. The mouse monoclonal antibodies
raised against VEGF, VWF, HIF-1a, 3-HCG and LH-R were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
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Figure 1. Representative fluorescent images of endothelial-trophoblast co-cultures on Matrigel. Human umbilical vein endothelial cells (HUVECs) and
trophoblast HTR-8 cells labeled with green fluorescent PKH67 and red fluorescent PKH26 cell trackers, respectively, were independently cultured (A and B)
or co-cultured (C and D) on Matrigel. Capillary-like tube structures were observed for HUVECs (B) yet not for HTR-8 cells (A). However, in the co-culture
system, HTR-8 cells ‘fingerprinted’ the HUVECs to form capillary-like tube structures (C). After co-culturing for 72 h, HUVECS in the co-culture system
began to break down, and only the tube structures formed by HTR-8 cells remained (D). (A-D) Original magnification, x10.

USA). The rabbit monoclonal antibody raised against CD31
was purchased from Bioworld (Dublin, OH, USA). Cellular
proteins were isolated, separated on an 8% SDS-tris poly-
acrylamide gel and were transferred to a PVDF membrane.
The membranes were blocked before incubation with primary
antibodies (1:100) and horseradish peroxidase-conjugated
secondary antibody (1:1,000). Immunocomplexes were visu-
alized by electrochemiluminescence. Protein expression was
semi-quantified using a Tiannen imager and analysis system
(Shanghai, China).

Small interfering RNA (siRNA). HCG-p siRNAs were
synthesized and ligated into a pcDNA™6.2-GW/EmGFPmiR
vector (Invitrogen, Carlsbad, CA, USA). The sequences of
pSilencer/HCG-p were: AGCAGCAACAGCAGCAGCCTC.
Transfections were performed with 3 ug silencing plasmid
pcDNA™6.2-GW/EmGFP-CGB5 miR, 9 ug ViraPower
Packaging Mix and 2 pul Lipofectamine 2000 (Invitrogen).
Control cells were mock-transfected. Stably transfected
cells were selected by 0.4 mg/ml G418 (Merck, Darmstadt,
Germany) after two weeks.

Indirect immunofluorescence. Cultured cells were fixed in
4% paraformaldehyde then incubated with 2% BSA. After
blocking, the sections were incubated with mouse anti-human
LH-R/HCG antibody (Santa Cruz Biotechnology). Sections
were stained with 1:1,000 FITC-conjugated goat anti-mouse
IgG1 secondary antibody (Caltag). Nuclei were visualized by
staining with 4',6-diamidino-2-phenylindole (DAPI). Sections

were imaged by immunofluorescence microscopy. Negative
controls were produced by omitting the primary antibody.

Statistical analysis. The results are presented as the mean = SD
(standard deviation). Data were analyzed using SPSS 16.0 for
Windows (SPSS, Inc., Chicago, IL, USA). One-way ANOVA
analysis was performed to identify differences.

Results

Establishment of an endothelial-trophoblast cell co-culture
system and preconditioned microenvironment. We established
an endothelial-trophoblast cell co-culture system on Matrigel.
First trimester trophoblast HTR-8 cells failed to form tube-like
structures even after 72 h of incubation and remained aggre-
gated as lumps or acinar structures (Fig. 1A). Under identical
culture conditions, HUVECs migrated, polarized, underwent
cytoskeleton remodeling, branched and formed the classical
capillary-like tube (Fig. 1B). However, when the two cell types
were co-cultured, HTR-8 cells spontaneously ‘fingerprinted’
the capillary tube-like structures of the HUVECs (Fig. 1C).
After 72 h of co-culturing, HUVECs began to breakdown,
and only the tube structures formed by HTR-8 cells remained.
HTR-8 cells distributed along the walls of the tubes and
achieved complete replacement of the HUVECs (Fig. 1D).
After establishing the endothelial-trophoblast cell co-culture
system for three days, co-cultured cells implanted in the
matrix were removed with NH,OH to establish the precondi-
tioned microenvironment.
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Figure 2. Role of the human chorionic gonadotropin (HCG)-rich microenvironment in regulating vasculogenic mimicry (VM) formation. (A) Morphological
flexibility of ovarian cancer cells. (a-¢) Light microscopy and (f-j) scanning electron microscopy images. The morphological plasticity of OVCAR-3 ovarian
cancer cells was absent on a normal three-dimensional Matrigel (a and f). The presence of tubular networks and formation of channels was observed in
OVCAR-3 cells in preconditioned Matrigel (b and g) and was inhibited by treatment with a neutralizing anti-human chorionic gonadotropin (HCG) anti-
body (c and h). Downregulation of HCG expression using HCG siRNA on OVCAR-3 cells failed to decrease vasculogenic mimicry (VM) formation (d and i).
SKOV3 ovarian cancer cells failed to form the capillary-like tubes in preconditioned Matrigel (e and j). a-e, Original magnification, x50; f-j, x400. (B) The
average number of tubes/vacuoles formed by OVCAR-3 cells was quantified in four different fields (magnification, x4). The number of vessel-like network
structures formed by OVCAR-3 cells was significantly increased in preconditioned Matrigel. “p<0.05. (C) HCG siRNA vector was transfected with OVCAR-3.
The protein expression in OVCAR-3 cells was efficiently knocked down. Normal, blank control; control, the control vector transfected cells; HCG RNAi, HCG
knockdown cells. (D) The levels of HCG were measured by ELISA at the indicated times.

Morphological flexibility of OVCAR-3 cells induced by the
HCG-rich microenvironment. OVCAR-3 cells aggregated as
lumps on normal Matrigel (Fig. 2A-a and -f) and migrated,
polarized, underwent cytoskeleton remodeling, branched and
formed classical capillary-like tubes on the preconditioned
Matrigel (Fig. 2A-b and -g). The number of vessel-like network
structures formed by OVCAR-3 cells was significantly
increased in the preconditioned microenvironment (Fig. 2B).
However, SKOV3 cells failed to form capillary-like
tubes (Fig. 2A-e and -j).

We detected expression of HCG in the liquid supernatant
collected after co-culturing for 0, 24, 48, 72 and 96 h. HCG
expression increased gradually, peaked at 72 h, then began
to decrease but remained higher than normal levels (Fig. 2D).
Tube formation was significantly inhibited in the OVCAR-3
cells treated with the neutralizing anti-HCG antibody added
to the endothelial-trophoblast cell co-culture in Matrigel
(p<0.05). This result indicated that HCG in the microen-

vironment was critical for VM formation in OVCAR-3
cells (Fig. 2A-c and -h).

OVCAR-3 ovarian cancer cells were previously reported
to secrete HCG in an autocrine manner (15). To clarify the
source of HCG, we used HCG siRNA to knockdown endog-
enous expression of HCG in OVCAR-3 cells (Fig. 2C). We
found that HCG siRNA treatment in OVCAR-3 cells failed
to block VM formation in the preconditioned microenviron-
ment (Fig. 2A-d and -i). This result indicated that exogenous
HCG secreted by trophoblasts may promote VM formation in
OVCAR-3 cells.

HCG-induced expression of LH-R and vascular cell markers
in OVCAR-3 cells. OVCAR-3 ovarian cancer cell line expresses
LH-R (28), which is consistent with our immunofluorescence
results (Fig. 3A). HCG exerts its effects by binding to LH-R.
Western blotting and PCR results indicated upregulation
of LH-R expression in OVCAR-3 cells in the co-culture
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Figure 3. Expression of the luteinizing hormone (LH)/human chorionic gonadotropin (HCG) receptor (LH-R) and vascular cell markers in OVCAR-3 ovarian
cancer cells induced by the HCG-rich microenvironment. (A) Immunofluorescence images of OVCAR-3 cells. Blue, DAPI-stained nuclei; green, LH-R.
(B and C) Western blotting and real-time PCR indicated significant increases in the protein and mRNA levels of LH-R and vascular markers in the precondi-
tioned group compared with the blank group, and the effect of HCG in the environment was inhibited by the neutralizing anti-HCG antibody. “p<0.05.

environment. Furthermore, the expression of the vascular
markers CD31, VEGF and VWF in the preconditioned group
was significantly increased when compared with the blank and
anti-HCG antibody groups (p<0.05) (Fig. 3B and C).

The role of the HCG-rich microenvironment in regulating VM
formation and HIF-1a expression under hypoxic conditions.
Under hypoxic conditions, OVCAR-3 cells were implanted
in normal or preconditioned Matrigel. Our data showed that
the morphological flexibility, i.e., the appearance of network
structures and channels, of OVCAR-3 cells on the precondi-
tioned Matrigel was significantly greater than that of untreated
cells on normal Matrigel. This plasticity was largely inhibited
by a neutralizing anti-HCG antibody. The expression of the
vascular markers in OVCAR-3 cells implanted in precondi-

tioned Matrigel was also significantly higher than in the blank
and anti-HCG antibody groups (Fig. 4A and C). The peak level
of HCG was significantly higher under hypoxic conditions
than normoxia (Fig. 4B).

Furthermore, we detected the expression of HIF-1a in
the three groups. Our data showed a significantly increased
amount of HIF-1a expression in the preconditioned group
compared with the other two groups, indicating possible
synergistic effects of HCG and hypoxia (Fig. 4D and E).

Discussion
Vasculogenic mimicry (VM) is found in many highly inva-

sive tumors and may greatly influence tumor metastasis and
recurrence (29). VM provides a new perspective on antitumor
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Figure 4. The role of the human chorionic gonadotropin (HCG)-rich micro-
environment in regulating vasculogenic mimicry (VM) formation under
hypoxic conditions. (A) Morphological flexibility of OVCAR-3 ovarian
cancer cells. (a-c) Light microscopy and (d-f) scanning electron microscopy
images. OVCAR-3 cells displayed atypical tubular networks and channels in
a three-dimensional gel exposed hypoxic (1% O,) conditions (a and d). The
formation of tubular networks and channels was significantly increased when
OVCAR-3 cells were implanted on preconditioned Matrigel under hypoxic
conditions (b and e) and were significantly inhibited by treatment with a
neutralizing anti-HCG antibody under hypoxic conditions (c and f). a-c,
Original magnification, x50; d-f, x200. (B) The levels of HCG were measured
by ELISA at the indicated times. The peak level of HCG was significantly
higher under hypoxic conditions than normoxic conditions. (C) The average
number of tubes/vacuoles formed by OVCAR-3 cells was quantified in four
different fields (magnification, x4). (D and E) The protein and mRNA levels
of the vascular markers and HIF-1a in the preconditioned group increased
significantly compared with the other two groups. ‘p<0.05.
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therapy and has become a hot topic and difficult problem
in gynecological cancer research. The interaction between
tumors and other cell types, i.e., the tumor microenviron-
ment, is thought to play an important role in VM. However,
the molecular details governing the microenvironment remain
poorly understood. Seftor et al (26) investigated the unique
epigenetic effects of the microenvironment of aggressive mela-
noma cells on the behavior of non-aggressive melanoma cells.
Collagen matrices preconditioned with aggressive melanoma
cells capable of forming VM-induced poorly aggressive mela-
noma cells, which are initially unable to form VM, to express
vasculogenic genes and form VM in vitro. In this process, the
factors secreted by tumor cells or other niche components in
the microenvironment play a critical role.

HCQG, a recently identified angiogenic factor, is secreted
ectopically in the microenvironment of some non-trophoblastic
tumors. It not only stimulates growth and inhibits apoptosis
of cancer cells (30), yet also has a role in angiogenesis by
increasing capillary formation and endothelial cell migra-
tion in vivo and in vitro (31,32). HCG has been regarded as
a stage- and grade-independent prognostic factor that identi-
fies a subgroup of patients with increased risk of aggressive
disease (33). Elevated serum or tissue levels of f-HCG are
frequently associated with higher cancer aggressiveness and
resistance to therapy (34), while the reduction of f-HCG
expression by modified Ul snRNA caused apoptosis in
cervical cancer cells (19).

Notably, the sinus in choriocarcinoma is similar to VM
formation in ovarian cancer. Trophoblast cells, which produce
high levels of HCG, invade the endovascular tube and replace
the endothelial cells lining the vessels, a process known
as vascular remodeling. In the present study, we designed a
three-dimensional endothelial-trophoblast cell co-culture
system as a preconditioned B-HCG-rich microenvironment
mimicking vascular remodeling to further investigate the role
of B-HCG on ovarian cancer cell differentiation into endothe-
lioid cells.

We found that OVCAR-3 cells formed VM in the micro-
environment preconditioned by the endothelial-trophoblast
cell co-culture system. The fundamental events in the process
were not clearly defined, and any contribution of HCG to VM
formation in the microenvironment was unknown. To clarify
the role of HCG from the microenvironment in VM formation,
we measured the concentration of HCG in the preconditioned
microenvironment. After 72 h of co-culture, we measured up
to 4,000 mU/ml B-HCG in the microenvironment, and the
network structures formed by OVCAR-3 were inhibited by a
neutralizing anti-HCG antibody. Moreover, in preconditioned
Matrigel, CD31, VEGF and VWF expression levels were
upregulated in the OVCAR-3 cells, and these inductive effects
were mostly neutralized by treatment with an anti-HCG anti-
body, which was verified by western blotting and real-time
PCR. The relative protein expressions of vascular markers
were still slightly higher in anti-HCG antibody group than in
blank group from our data, possibly since that the neutralizing
anti-hCG antibody failed to recognize all the dimeric forms of
the hormone. However, LH-R-negative SKOV3 ovarian cancer
cells could not form VM under identical conditions. These
results indicated that HCG secreted in the microenvironment
contributes to OVCAR-3 differentiation into endothelioid cells.
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Hypoxia induces HIF-la expression and formation of
VM (35). Under hypoxic conditions, HIF-1a is the main
regulator of cancer cell transcriptional responses to hypoxia
and VM channels (35,36). We verified this finding herein
by analyzing HIF-la expression and further investigated
the possible relationship between hypoxia and an HCG-rich
preconditioned microenvironment. When the preconditioned
Matrigel was placed under hypoxic conditions, the number
and length of VM were significantly increased compared
with the normoxic condition. Moreover, the expression levels
of HCG, LH-R and HIF-1a, and the vascular markers were
also significantly increased compared with the hypoxia group.
These results indicated that HCG and hypoxia may have
synergistic effects on ovarian cancer cell differentiation into
endothelioid cells.

Nearly 90% of advanced-stage ovarian cancer patients
develop recurrence and eventually die from the development
of resistance to cytotoxic chemotherapy. Therefore, there is
an urgent need to develop novel therapeutics that selectively
kill ovarian cancer cells (37). Since there is abundant LH-R
expression in numerous epithelial ovarian cancers, LH-R may
become an attractive therapeutic target. Vaccines against
B-HCG have been successfully demonstrated, suggesting
a potential adjuvant therapy in cancer treatment (38). Our
results demonstrate the powerful influence of the HCG-rich
endothelial-trophoblast microenvironment on endothelial
differentiation and VM formation in OVCAR-3 ovarian
cancer cells. We anticipate that these findings may provide
new perspectives on tumor cell plasticity and offer new
targets for novel therapeutic strategies. In addition, further
investigation is required to clarify the signal transduction
pathways involved in HCG-induced OVCAR-3 ovarian cancer
cell differentiation.
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