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Abstract

Background and purpose: Ovarian cancer is the deadliest cancer in women. The main challenge in the
inhibition of ovarian cancer cells is chemo-resistance. Seeking to overcome this issue, several strategies have
been suggested, including the administration of natural products. Grape seed extract (GSE) is a good source
of polyphenols and its anticancer effects have been reported by many studies. In this study we aimed to evaluate
the effects of GSE on OVCAR-3, a chemo-resistant ovarian cancer line.

Experimental approach: OVCAR-3 cells were treated with GSE (71 pg/mL) for 24 and 48 h. Cell viability
and cell apoptosis were measured by MTT and flow cytometry. The real-time polymerase chain reaction was
used to determine the expression of genes involved in the cell cycle (PTEN, DACT1, AKT, MTOR, GSK3B,
C-MYC, CCND1, and CDK4) and apoptosis (BAX, BCI2, CASP3, 8 and 9). The expression of CASP3 protein
was evaluated by the CASP3 assay.

Findings / Results: The results showed that treatment of OVCAR-3 cells with GSE, increased the expression
level of PTEN and DACT1 tumor suppressor genes, as well as apoptotic genes, CASP3, 8, and 9 (P < 0.001).
Also, the induction of tumor suppressor genes expression was associated with an increase in the expression of
BAX/BCL2 gene ratio as pro- and anti-apoptotic genes. The expression of the genes involved in the cell cycle,
CCNDL1 and CDK4, was inhibited (P < 0.001). The results indicated that GSE induced cell apoptosis in a
time-dependent manner (P < 0.001). Also, the GSE treatment resulted in the CASP3 protein expression
(P <0.001).

Conclusion and implications: According to the results of this study, GSE may exert anti-tumorigenic effects
on chemo-resistant OVCAR-3 ovarian cancer cells which might be mediated by the expression of tumor
suppressor genes that interact with cell signaling pathways, cell cycle, and cell apoptosis. Hence, the
consumption of GSE extract during chemotherapy may overcome part of chemo-resistance in ovarian cancer.
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INTRODUCTION

Ovarian  cancer is the  deadliest
gynecological cancer. It accounts for 2.5
percent of all malignancies among females (1).
The main treatment for ovarian cancer is
surgery alongside the use of chemotherapy to
kill the remaining cancer cells. Nevertheless,
most patients become resistant to chemotherapy
drugs such as paclitaxel, carboplatin, and
cisplatin (2). Accordingly, researchers are
seeking strategies to improve chemotherapy
responses in ovarian cancer cells (3). The
knowledge of medicinal plants has grown over
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the years, and the use of new medicines to
overcome various human diseases has become
common (4). Several studies indicated that
natural products can overcome cancer cell drug
resistance (5).

Grape seed extract (GSE) has shown
anticancer activity in various types of human
cancer including breast, prostate, bladder, lung,
and colorectal cancers (6). GSE is mainly rich
in polyphenols such as proanthocyanidins (7).
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The anti-proliferation effects of GSE in oral
cancer has been reported (8). Antitumor activity
of GSE is also were observed in skin cancer (9).
In colorectal cancer, it was suggested that
GSE affects mitochondrial membrane potential,
pro- and anti-apoptotic proteins, and both
caspase-dependent/independent apoptotic
pathways (10). Despite known anticancer
effects of GSE in some type of cancers, the
precise mechanism of its function in ovarian
cancer has not yet been defined.

To evaluate the GSE effects on ovarian
cancer, we assessed phosphoinositide 3-kinases
/ protein kinase B / mammalian target of
rapamycin (PI3K / Akt / mTOR) that is one of
the most investigated intracellular signaling
pathway (11). This pathway is also one of the
most frequently altered intracellular pathways
in ovarian cancer and s activated in
approximately 70% of ovarian cancer cases
(12). The PI3K/Akt pathway is activated in a
different type of cancers and is believed to play
a pivotal role in cell survival signaling. A key
point in Akt regulation is the down-regulation
of the phosphorylated PI3K.

The phosphorylated form of phosphatase
and tensin homologue (PTEN) deleted on
chromosome ten is a driver gene that is
involved in this pathway. PTEN is a frequently
occurring tumor suppressor associated with
ovarian cancer. It negatively regulates PI3K by
the dephosphorylation of PIP3 that lead to
PI3K/Akt phosphorylation. PTEN itself
becomes phosphorylated and so strongly
suppressed by the activation of PI3K/Akt (13).
It is suggested that GSE suppresses PTEN
phosphorylation and in this way increases its
negative regulation on the PI3K pathway (14).
Induction of PTEN gene expression can inhibit
the growth of ovarian cancer cells, stopping
their cell cycle in the G1 phase through down-
regulation of the PI3K/Akt/mTOR pathway,
and inducing the apoptotic process (15). Saito
et al. suggested the fundamental roles of the
PTEN gene in the development of ovarian
tumors (16). PI3K is also suppressed by mTOR.
mTOR, a downstream gene in PI3K/Akt
pathway, is a serine/threonine-protein kinase
that acts through 2 distinct complexes:
mTORC1-raptor and mTORC2-rictor.
MTORC1 acts by influencing on pivotal
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translation-regulating factors. It is believed that
the PI3K/Akt/mTOR pathway is a potential
predictor of invasiveness in ovarian cancers
(17).

Dapper antagonist of catenin-1 (DACTL) is
another tumor suppressor gene that plays a role
in down-regulating cell cycle and inhibiting
cancer cell growth by decreasing nuclear
B-catenin levels. Expression of DACT1 can
inhibit the growth and proliferation of ovarian
cancer cells by increasing glycogen synthase
kinase 3B (GSK3B) and inhibiting Wnt/p-
catenin signaling pathway (18). pB-catenin
signaling acts as an inducer for cell
proliferation in different cancers. It is involved
in cell-cell adhesion and Wnt signal
transduction (19). B-catenin signaling targets
cyclinD1 (CCND1) and C-MYC, and mediate
the progression of the cell cycle (20). Cyclin D1
Is a protein required for progression through the
Gl phase of the cell cycle. C-MYC is a
proto-oncogene and a cell master regulator. In
human colorectal cancer, GSE inhibits cell
growth, induces G1 phase cell cycle arrest and
apoptosis, and modulates cell cycle regulators
(22).

There are two main apoptotic pathways
including the extrinsic and the intrinsic or
mitochondrial pathway (22). It is suggested that
GSE induces apoptosis through B-cell
lymphoma 2-associated X protein (BAX) and
caspase3 (CASP3) pathways (23). The
OVCAR-3 is a cell line consisting of androgen
and estrogen receptors. This cell line was
established for the first time from the malignant
ascites of a patient with progressive
adenocarcinoma of the ovary. The cells are
histologically similar to the patient’s original
cells.

The patient has been received a combination
of chemotherapy drugs and demonstrated
resistance to in vitro clinically relevant
concentrations of these drugs. In addition to
preference using this cell line let scientists
evaluate the effects of other anticancer products
on drug resistance in cancer of ovary (24). In
this study, we aimed to assess the effects of

GSE on chemo-resistant OVCAR-3 in
promoting cell cycle and apoptosis, and
evaluate part of the relevant cellular
mechanisms.
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MATERIALS AND METHODS

Compounds and reagents

GSE powder was purchased from
Sigma  (St. Louis, MO, USA) and dissolved
in 1 mL dimethyl sulfoxide (DMSO);

10 mg/mL stock solution and diluted by
Dulbecco's modified eagle medium (DMEM /
F12) as desired concentration. The final
concentration of DMSO in the test solutions
was less than 0.1% the mixture was heated
30 min in 70 °C, centrifuged 10 min at
1800 rpm, and sterilized using a 0.22 pum
syringe filter (Milipore, USA). It stored at -
20°C until used. Fetal bovine serum (FBS) and
streptomycin-penicillin were procured from
(Sigma, USA). PBS, ethanol (95%), and 3-(4,5
dimethylthiazol- 2yl) -2,5- diphenyltetrazolium
bromide (MTT) were from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

Cell lines and cell culture

The ovarian cancer cell line OVCAR-3 was
purchased from Pasteur Institute of Iran. All
cells were seeded into 25-cm2 flasks with
DMEM/F12 medium (Falcon, Grand Island,
NY, USA) containing 10% FBS supplemented
with 1% penicillin and  streptomycin
and incubated at 37 °C, 95% humidity, and
5% CO02. At 80% confluency, cells were
trypsinized and incubated for downstream
experiments. OVCAR-3 cells were passaged
every 2-3 days.

Experimental groups

OVCAR-3 cells were assigned into six
groups including 1 and 2 control groups (cells
in normal condition with no treatment for
24 and 48 h); 3 and 4 DMSO groups, cells
treated with DMSO as solvent of GSE for 24
and 48 h; and 5 and 6 GSE groups, cells treated
with GSE at I1Cso (71 pg/mL) for 24 and 48 h.

The ICso, the concentration of GSE that
inhibits  half-maximal  proliferation  of
OVCAR-3 cells, were determined as follows:
10,000 cells per well were seeded in 96-well
plates and incubated overnight. Then cells were
treated with a 200 pL serial dilution of GSE
(10 to 250 pg/mL) for 24 h. Assays included
blank wells containing medium only, untreated
control cells, and test cells treated with GSE at
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different concentrations. Afterwards, cells got
through MTT assay to determine the cell
viability rate. ICso curve then were drawn.

MTT assay and determination of cell viability
assays

The cytotoxicity effect of GSE was
determined by MTT assay. Ten thousand cells
per well were seeded in 96-well plates and
incubated overnight. Next, cells were treated
with GSE and DMSO for 24 and 48 h.
For controls, the cells were incubated only with
the medium. Each group was repeated in
6 wells. At the end of treatment, the cell
viability rate was evaluated by MTT assay.
The absorbance in each well was measured at
570 nm wavelength in a microtiter plate
reader (Hiperion, Germany). The reference
wavelength  was higher than 650 nm.
The blanks were given values close to
zero (£ 0.1).

Apoptosis analysis by flow cytometry
OVCAR-3 cells were seeded into 6-well
culture plates and treated for 24 and 48 h.
Annexin V and Propidium iodide (PI) staining
were performed followed by flow cytometry.
The cells were trypsinized and washed with
PBS. After adding the binding buffer, the cells
were treated with 5 uLL of annexin V-fluorescein
isothiocyanate (FITC). Cells were incubated at
room temperature for 15 min and then washed
with washing buffer. Finally, 200 pL buffer and
5 uL PI were added to the cells and apoptotic
OVCAR-3 cells were counted by flow

cytometry (Becton Dickinson, Heidelberg,
Germany) (25).
CASP3 activity assay

CASP3/CPP32 fluorometric assay kit

(BioVision, Catalog # K105-25, USA) was
utilized to evaluate the activity of CASP3. At
the end of treatment, cells were trypsinized and
washed with PBS. The pellet of cells suspended
in 50 pL of chilled cell lysis buffer. Then 50 pL
of 2x reaction buffer (containing 10 mM DTT)
added to each sample. Next, cells were
incubated on ice for 10 min. Subsequently,
50 pL of 2x reaction buffer, 1 pL of
dithiothreitol (DTT, 1 M), and 5 uL of DEVD-
AFC (1 mM) were added to the cell lysates.



Table 1. List of primers used in this study.
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Genes Forward sequence Reverse sequence
PTEN ACCAGTGGCACTGTTGTTTC TCCTCTGGTCCTGGTATGAAG
DACT1 CCCCAAATCTGCAGATGTG TGACGGCATCTAGCTCAGATC
AKT TCTTTGCCGGTATCGTGT TGTCATCTTGGTCAGGTGGT
MTOR TCCGAGAGATGAGTCAAGAGG TCCCACCTTCCACTCCTATG
GSK3 TGTCAAGTTGTATATGTATCAGC AATACAGCAGTATCAGGATCC
C-MYC GCGACTCTGAGGAGGAACAAG TCCAGACTCTGACCTTTTGCC
CDK4 TCTTTGACCTGATTGGGCTG CCATCTCAGGTACCACCGAC
CCND1 ACAAACAGATCATCCGCAAACAC TGTTGGGGCTCCTCAGGTTC
BAX GGAGCTGCAGAGGATGATTG GTCCAATGTCCAGCCCATG
BCL2 AAAATACAACATCACAGAGGAAG CTTGATTCTGGTGTTTCCC
CASP3 AGCACTGGAATGACATCTCG ACATCACGCATCAATTCCAC
CASP8 ACTGGATGATGACATGAACCTG GCTGAATTCTTCATAGTCGTTG
CASP9 CCTTTGTTCATCTCCTGCTTAG CCTCAAACTCTCAAGAGCACC
B-actin TTCGAGCAAGAGATGGCCA CACAGGACTCCATGCCCAG
The reactions were incubated for 2 h at comparative Ct (AAct) method. These

37 °C, 5% CO2, and 95% humidity. Finally,
50 pL of cell lysates were transferred
into a 96 well plate and the absorbance was read
using a fluorometric  spectrophotometer
(Multiple Reader Synergy H1, USA)
with 400 nm excitation and 505 nm emission
filters.

Evaluation of genes’ expression

The expression level of the genes of interest
in this study was determined by real-time
polymerase chain reaction (RT-PCR). Total
RNA from the cells of different treatment
groups was extracted using the YTA Total
RNA Purification Mini kit (Yekta Tajhiz Azma,
I.LR. Iran) according to the manufacturer
protocol. After treatment with DNase | to
remove genomic DNA, cDNA was reverse
transcript using Revert Aid ™  First
Strand cDNA Synthesis Kit
(Fermentas, USA).

Maxima SYBR Green ROX gPCR Master
Mix kit (Fermentas, USA) used according to the
manufacturer’s protocol in an ABI Step One
Plus™ Real-Time PCR System (Applied
Biosystems, USA). The cycling parameters
were as follows: 10 min at 95 °C for initial
denaturation, followed by 40 cycles of
denaturation step at 95 °C for 15 s and
annealing/extension for 1 min at 60 °C. p-actin
(ACTB) was used as a reference gene for
internal control. Data were analyzed by the
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experiments were carried out in triplicate and
were independently repeated at least 3 times
(26). Gene-specific primer sequences are
presented in Table 1.

Statistical analysis

All experiments were repeated three times and
the data are expressed as mean * SD.
Comparison between groups was done using
One-way ANOVA test followed by Post hoc
Tukey test and P values < 0.05 were considered
significant. All data were statistically analyzed
by SPSS software version 23.0.

RESULTS

Cytotoxicity effect of grape seed extract

The treated cells evaluated by MTT assay to
determine the cell viability rate and ICso
curve were drawn according to the obtained
results. Based on the depicted curve, the
concentration of 71 pg/mL corresponded to
50% cell viability of the OVCAR-3
cells following treatment with GSE and
was considered as 1Cso of GSE in this study
(Fig. 1A).

Inhibition of OVCAR-3 cell growth by grape
seed extract

GSE significantly (P < 0.001) decreased the
viability of the cells after 24 h (50.01 £ 2.75%)
and 48 h (43.04 + 1.91%) (Fig. 1B).
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Fig. 1. (A) The Effect of GSE on the viability of OVCAR-3 cells. The cells were incubated with different concentrations
(10-250 ug/mL) of GSE for 24 h. Cell viability was measured with MTT assay. Based on the results, 1Cso of GSE
was in the range of 71 pg/mL; (B) effect of different treatments on OVCAR-3 cells viability.”™ P < 0.001 indicates

significant differences compared to the corresponding DMSO group GSE, Grape seed extract; DMSO, dimethyl
sulfoxide.
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Fig. 2. The effects of GSE on cell apoptosis was determined by flow cytometry. Treatment with GSE at 71 pg/mL for
24 and 48 h, significantly induced apoptosis in OVCAR-3 cells compared with the DMSO treated cells. (A and B)
Control, cells without treatment with any substance in 24 and 48h respectively; (C and D) cells treated with DMSO as
solvent of GSE for 24 and 48 h, respectively; and (E and F) cells treated with GSE at 71 ug/mL for 24 and 48 h,
respectively. P < 0.001 indicates significant differences compared to the corresponding DMSO group GSE, Grape seed
extract; DMSO, dimethyl sulfoxide

Annexin V assay and flow cytometry
As shown in Figs. 2 and 3, compared to the
DMSO-treated cells, the rate of apoptotic cells

after 24 h of treatment with GSE at 71 pg/mL
was 39.4 + 3.1% and for 48 h was 46.4 + 3.5%
(P <0.001).
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Fig. 3. The effect of GSE on the apoptotic cell in different groups evaluated by flow cytometry. P < 0.001 indicates
significant differences compared to the corresponding DMSO group GSE, Grape seed extract; DMSO, dimethyl

sulfoxide.
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Fig. 4. Protein expression of caspase3 in different groups evaluated by caspase colorimetric. ***P < 0.001 indicates
significant differences compared to the corresponding DMSO group GSE, Grape seed extract; DMSO, dimethyl

sulfoxide.

CASP3 activity assay

The protein expression of CASP3 in the
OVCAR-3 cells was measured to ensure cell
death with apoptosis. Caspase colorimetric
assay indicated that the protein expression
levels of CASP3 in the GSE-treated groups
compared to the DMSO-treated group was
increased significantly (P < 0.001). However,
the difference between the GSE-treated groups
was not significant at different times (Fig. 4).

RT-PCR

RT-PCR was used to evaluate the effects of
GSE on the expression level of genes involved
in cell cycle and apoptosis process. The result
showed that treatment with GSE at ICso
increases the expression level of PTEN and
DACT1 tumor suppressor genes and
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consequently affected the expression level of
downstream genes such as AKT, MTOR,
GSK3B and C-MYC that involved in cell
growth and proliferation (P < 0.001, Fig. 5A
and B). Genes involved in cell cycle including
CCND1, cyclin-dependent kinase4 (CDK4)
were  significantly  decreased following
GSE treatment in OVCAR-3 cells compared to
their respective control cells (P < 0.001,
Fig. 5C).

The result indicated that GSE up-regulates
the expression of BAX pro-apoptotic gene and
down-regulates the expression of BCL2 anti-
apoptotic gene (P < 0.001, Fig. 5D). Also
showed that treatment with GSE leads to
increase expression of CASP genes involved in
the intrinsic and extrinsic apoptotic pathway
(P < 0.001, Fig.5E).
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Fig. 5. The effects of GSE on the expression level of genes involved in the signaling pathway, cell cycle, and apoptosis
process evaluated by real-time polymerase chain reaction. (A) The expression level of genes involved in PI3K/ AKT/
mTOR signaling pathway (PTEN, AKT, and mTOR) in different groups; (B) the expression level of genes involved in
Wnt/ B-catenin signaling pathway (DACT1, GSK3B, and C-MYC) in different groups; (C) the expression level of genes
involved in the cell cycle (CDK4 and CCND1) in different groups; (D) the expression level of pro- and anti-apoptotic
genes (BAX and BCL2) in different groups; (E) The expression level of genes involved in the apoptotic process(CASP3,
CASP8, and CASP9) in different groups. *P < 0.001 indicates significant differences compared to the corresponding
DMSO group GSE, Grape seed extract; DMSO, dimethyl sulfoxide; PI3K, phosphoinositide 3-kinases; AKT, protein
kinase B; mTOR, mammalian target of rapamycin; PTEN, phosphatase and tensin homologue; DACT1, dapper antagonist
of catenin-1; GSK3B, glycogen synthase kinase 3f3; CDK4, cyclin dependent kinase4; CCND1,catenin signaling targets
cyclinD1; BAX, B-cell lymphoma 2-associated X protein, BCL2, B-cell lymphoma 2; CASP3, caspase3.
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DISCUSSION

This research aimed at evaluating the
biological effects of GSE on OVCAR-3, an
ovarian cancer chemo-resistant cell line. To
achieve this aim, we evaluated the effects of
GSE on one of the most investigated
intracellular signaling pathway, the
PIBK/AKT/MTOR (27). Given the aberrant
activation of PI3K/AKT/MTOR in some
cancers and the involvement of the PTEN
tumor suppressor gene in the
PIBK/AKT/MTOR signaling pathway, we
investigated the alteration of PTEN expression
in OVCAR-3 ovarian cancer cell line to
evaluate its role in tumorigenesis.

PTEN is a tumor suppressor gene that its
inactivation in some cancer cell lines is
associated with increasing the PI3k/AKT
pathway activity (28). According to the reports,
GSE induces the inhibitory effect of PTEN on
the PIBK/AKT pathway in colon cancer cell
lines (29). Barbe et al. concluded that
anticancer effects of GSE is due to increasing
of reactive oxygen specious by down-
regulation of several molecular pathways
including PIBK/AKT, MAPK Kinas, and NF-
KB (30).

In one study conducted by Takaei et al. the
overexpression of PTEN in ovarian cancer cells
suppressed the growth of tumors and increased
survival time in mice with the peritoneal
disseminated tumor (15). Another study
demonstrated that loss of PTEN in murine
oviductal cells resulted in the invasion of
cancerous cells to the ovary and induced
hyperplasia and tumor formation in the ovary
(31). Saito et al. suggested that the PTEN gene
has a principal role in the development of
ovarian tumors (16).

In our study, we figured out that treatment of
the OVCAR-3 ovarian cancer cells with GSE
leads to the induction of PTEN expression as
well as reduction of the levels of AKT and
MTOR genes, the components of the
PIBK/AKT/MTOR signaling pathway. The
significant reduction in cell growth and
proliferation was seen following treatment with
GSE, which can be attributed to the
overexpression of PTEN and its inhibitory
effect on the PI3SK/AKT/MTOR signaling
pathway.
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Another tumor suppressor gene which plays
an important role in inhibiting ovarian cancer
cell proliferation and provoking apoptosis is
DACTL1. DACT1 regulates the cell cycle and
inhibits cancer cell growth by decreasing
nuclear B-catenin levels. It was reported that
aberrant activation of Wnt/B-catenin pathway in
ovarian cancer leads to the hyperactivity of -
catenin (32). Li et al. suggested that
overexpression of DACTL in type one epithelial
ovarian cancer, reduced its expansion and cis-
platinum resistance by controlling canonical
Whnt signaling and autophagy (18).

In our study we concluded that GSE induced
the upregulation of DACT1 in OVCAR-3 cells
that is in agreement with the results of the
abovementioned studies. Several reports
showed that GSK3B was frequently
phosphorylated and inactivated in epithelial
ovarian cancer (33). It has been determined
overexpression of DACT1 by enhancing the
activity of GSK-3f reduced the level of nuclear
B-catenin and also the Wnt/B-catenin target
genes such as C-MYC (18). Activation of
GSK3B suppresses tumorigenesis by down-
regulation of CCND1 expression and cell cycle
arrest in breast cancer cells (34). Based on the
results of the present study we concluded that
administration of GSE leads to the upregulation
of DACT1 and GSK3B genes and
downregulation of C-MYC gene. This may
indicate the inductive effects of GSE on Wnt
signaling pathway and its subsequent
influences on C-MYC expression. Hence,
inhibiting Wnt signaling pathway may decrease
the resistance of cancer cells to chemotherapy.

It has long been suggested that C-MYC
amplification is a common finding in advanced
stages of ovarian cancer (13). It also has been
recently proven that MYC status is a
determinant of synergetic drug response in
ovarian cancer (35). The expression of CDK4
and CCND1 genes also were assessed
in the present study. It was reported that in
advanced serous epithelial ovarian cancer,
overexpression of CCND1 led to a poor
prognosis (11).

CDK4 gene has an important role in the cell
cycle. Several preclinical studies have shown
that CCND1-CDKA4/6 is a necessary factor for
maintaining the tumorigenic potential of cancer
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cells (35). It has been suggested that GSE
induces apoptosis in bladder cancer cells by
decreasing the expression of CCND1 and
CDK4 (36). In agreement with these findings,
the results of our study showed that treatment
of OVCAR-3 cells with GSE resulted in a
significant reduction in the expression levels of
CCND1 as well as CDK4, 24, and 48 h after
treatment.

To study the effects of GSE on the apoptotic
pathway, the expression of CASP8 and 9 as
well as CASP3 were evaluated. Agraval et al.
suggested that in prostatic cancer GSE induces
apoptosis via activation of caspases in
companion with the destruction of mitochondrial
membrane and releasing cytochrome C (37). In
another study it was shown that anticancer
effects of GSE in colon cancer are associated
with differential modulation of pro- and anti-
apoptotic proteins (10).

In our study, the significant overexpression
levels of CASP8 and 9 as well as CASP3 genes
were observed 24 and 48 h after treatment with
GSE. In addition, CASP3 assay confirmed the
overexpression of CASP3 protein following
treatment with GSE. It is believed that
enhancement in the BAX/BCL2 ratio is
indicative of the initiation of the mitochondrial
pathway apoptosis (35). It was reported GSE
promotes its pro-apoptotic effects on colon
cancer cells by reducing AKT and thereby
inhibiting its effects on BAD and BCL2 (38). In
line with these findings, the results of this study
also indicated an increase in the BAX/BCL2
expression ratio. Also, it was suggested that
treatment with BCL2 inhibitors improved the
response to cisplatin in preclinical models of
ovarian cancer studies (3). The results of our
study demonstrated that the expression of
CASP8 and 9, and CASP3 increased
significantly compared to the control groups.
The expression of CASP3 gene also confirmed
by CASP3 protein assay. This may suggest that
GSE exerts its apoptotic effects on OVCAR-3
cells by activating both intrinsic and extrinsic
pathways.

CONCLUSION

Overall, the results of this study showed that
the treatment of OVCAR-3 ovarian cancer cells
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with GSE led to a reduction in cell growth and
proliferation and induction of apoptosis
process. GSE may render its anti-proliferative
effects by provoking the augmentation of the
PTEN and DACT1 genes expression and its
subsequent  effects on inhibition  of
PI3K/AKT/MTOR and Wnt/Bcatenin signaling
pathway. Also, GSE may exert its apoptotic
effects on ovarian cancer cells by promoting
both intrinsic and extrinsic apoptotic pathways.
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