N

Journal of Tumor Science =\
&@?_}SCIENTIFIC

Research

NS~ Research and Community

v

Research Article Open @ Access

Metformin Inhibits Cisplatin-Induced Epithelial-to-Mesenchymal
Transition in Chemoresistant Ovarian Cancer by Repressing Akt
Signaling
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ABSTRACT

Objective: The aim of this study was to investigate the role of metformin in reversing the chemoresistance of ovarian cancer and the underlying mechanism.

Material and Methods: The expression of E-cadherin~ vimentin and p-Akt in A2780 and A2780/DDP cells was determined by Western blot. The regulatory
effects of metformin on proliferative and apoptosis in A2780/DDP cells were evaluated by the Cell Counting Kit 8 (CCK-8) and the Annexin V-FITC Kit. The
expression of E-cadherin vimentin and p-Akt in different groups of A2780/DDP cells was determined by Western blot.

Results: The expression levels of E-cadherin were significantly lower in A2780/DDP cells than in A2780 cells (p<0.05); in contrast, the expression levels of
vimentin and p-Akt were significantly higher (p<0.05). The combination of metformin and cisplatin reduced cell viability compared with cisplatin treatment
only. However, the combination of cisplatin and metformin had no effect on apoptosis in A2780/DDP cells. In addition, cisplatin was shown to induce EMT
in A2780/DDP cells (p<0.05), while the combination of metformin and cisplatin reversed EMT. Cisplatin was also shown to increase the expression levels of
p-Akt in A2780/DDP cells (p<0.05), while the combination of metformin and cisplatin reversed the expression of p-Akt.

Conclusion: Metformin can sensitize A2780/DDP cells to cisplatin by inhibiting EMT. We hypothesize that the mechanism responsible for this effect involves

the inhibition of the Akt signaling pathway.

*Corresponding author

Xuechuan Han, Department of Gynecology and Obstetrics, Ningxia People’s Hospital, Yinchuan, China. Tel: 15226276020;

E-mail: xuechuanhan1956@163.com

Received: June 26, 2022; Accepted: July 06, 2022; Published: July 10, 2022

Keywords: Epithelial Ovarian Cancer, Chemoresistance,
Cisplatin, Epithelial-to- Mesenchymal Transition, Metformin

Introduction

Ovarian cancer is a common malignancy in women and represents
the leading cause of cancer-related mortality in the field of
gynecology [1]. The most common form of ovarian malignancy
is epithelial ovarian cancer (EOC); this accounts for more than
90% of all ovarian malignancies. Because of the absence of, or
vague, symptoms and the lack of screening methods, more than
70% of EOC cases are diagnosed at an advanced stage (usually
stage III/IV). The current gold standard for treating ovarian cancer
is optimized cytoreductive surgery followed by platinum-based
combination chemotherapies; this is now considered as the
standard treatment for advanced EOC [2, 3]. Recent advances in
radical surgery and chemotherapy have improved the treatment
outcomes for patients with ovarian cancer. Of the platinum-based
compounds, cisplatin has been proven to be the most effective drug
against cancer. However, the 5-year survival rate for ovarian cancer
is usually lower than 40%; this is because of the development

of resistance to platinum-based therapies and recurrence. The
advent of chemoresistance has emerged as a major obstacle for the
treatment of ovarian cancer. The mechanisms underlying platinum
resistance in ovarian cancer, which have been studied extensively,
include reduced platinum accumulation in cells, impaired DNA
damage repair, and enhanced platinum detoxification. However,
the specific mechanisms that confer resistance to platinum-based
drugs have yet to be fully elucidated [4, 5]. Consequently, there is
an urgent need to investigate the molecular mechanisms underlying
cisplatin resistance. Such work will facilitate the development of
effective and targeted therapeutic strategies for cisplatin resistance
in EOC and the development of more efficacious combined
regimens with the ability to reverse drug resistance.

Metformin is well-tolerated, belongs to the biguanide class
of anti-diabetes drugs and is the most widely prescribed oral
hypoglycemic agent. This drug appears to have a number of
pleiotropic effects, including the potential for being repurposed
as an anticarcinogenic drug. Metformin has been the focus of
a number of recent reviews by virtue of the fact that it exerts
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potential anti-tumorigenic effects and because its safety profile
has been well characterized [6-9]. Several epidemiological studies
have demonstrated a correlation between metformin treatment
and a reduction in both the incidence of cancer and cancer-related
mortality; however, the molecular mechanisms underlying these
effects remain largely unknown. The predominant hypothesis
for the molecular mechanism underlying the anti-cancer effects
of metformin is that AMPK activation and mTORCI inhibition
are involved; collectively, these processes inhibit the growth of
tumor cells [10]. One unique aspect of the anti-cancer effects of
metformin is its capacity to act as a chemosensitizer. For example,
in colon cancer cells, metformin is known to enhance the effects
of 5-fluorouracil and oxaliplatin [11-13]. Metformin has also been
shown to enhance the tumor-suppressing effect of chemotherapy
in breast cancer cells, both in vitro and in vivo [14-16]. With
regards to gynecological cancers, metformin has been shown to
inhibit the proliferation of ovarian cancer cell lines in vitro [17]. In
addition, metformin has also been shown to improve the efficacy
of chemotherapy, both in vitro and in vivo. However, the molecular
mechanisms underlying such effects have yet to be elucidated.
Acquiring a better understanding of these mechanisms will help
pave the way for the use of metformin in routine clinical treatment
of cancer [18-20].

In the present study, we investigated the effects of metformin in a
chemoresistant ovarian cancer cell line and demonstrated that EMT
plays a role in chemoresistance. Furthermore, the combination
of metformin and cisplatin resulted in a clear reduction in cell
viability when compared with cisplatin treatment alone. However,
the combination of cisplatin and metformin treatment had no effect
on apoptosis in A2780/DDP cells. We also found that cisplatin
could induce EMT in A2780/DDP cells and that the combination
of metformin and cisplatin reversed EMT. Cisplatin was also
shown to increase the expression levels of p-Akt in A2780/
DDP cells. Collectively, these results suggest that metformin
can sensitize A2780/DDP cells to cisplatin by inhibiting EMT.
We hypothesize that the mechanism responsible for this effect
involves the inhibition of the Akt signaling pathway. We hope
that our findings will pave the way to the successful translation
of metformin for the clinical treatment of ovarian cancer.

Materials and Methods

Cell Culture

Two ovarian cancer cell lines (A2780 and A2780/DDP) were
purchased from the Cellular Institute in Shanghai, China. A2780
cells were cultured in DMEM supplemented with 10% FBS, 100
U/ml of penicillin, and 1% streptomycin. A2780/DDP cells were
cultured in RPMI 1640 supplemented with 10% FBS, 100 U/ml
of penicillin, 1% streptomycin, and 1000ng/ml of DDP. Both cell
types were maintained in a humidified atmosphere at 37°C and
5% CO,. Media were refreshed completely every 3 days. Cell
passage was conducted at 70% of confluence. Three generations
of well grown cells were collected for testing.

Cytotoxicity Assays

Cell viability was assessed using the Cell Counting Kit 8 (CCK-8)
(Tongren, China) assay. In brief, 5 x 105 A2780/DDP cells (100pul)
were seeded into 96-well plates. After 24 h of incubation, cisplatin
(Sigma, Merck KGaA, Germany) was added at concentrations
of 12.5 pg/ml, 25 pg/ml, 50 pg/ml, and 100 pg/ml. Metformin
(Abcam, Cambridge, England) was also added as well at a
concentration of 100 mmol/l (each concentration was repeated
over three experiments). Cells were then incubated for 24 h. After

24 h, 10pul of CCK-8 solution was added to each well, followed
by 1 to 2 h of incubation at 37°C. Optical density (OD) values
were then read at dual wave lengths of 450 nm to determine cell
viability using a microplate reader (Thermo Fisher Lab systems).

Analysis of Apoptosis

The percentage of apoptotic cells was quantitated using the
Annexin V-FITC Kit (Beyotime, Shanghai, China) in accordance
with the manufacturer’s instructions. In brief, 1 x 10° A2780/DDP
cells were seeded into 6-well plates. After 24 h of incubation, the
cells were divided into three groups: placebo control, DDP (25ug/
ml) and MET (100 mmol/l), and DDP (50 pg/ml) and MET (100
mmol/l). The cells were then incubated for 24 h and 48 h. During
the first 15 min of staining, 1 x 10° cells were analyzed by flow
cytometry using a FAC Scan instrument (Beyotime, Shanghai,
China). Flow cytometry data were subsequently analyzed by Flow
Jo software (Tree Star Inc.).

Western Blotting

For western blotting, A2780/DDP cells were washed twice with
ice-cold PBS. Cell lysates were then prepared by incubation
in RIPA buffer (Beyotime, Shanghai, China) for 30 min on ice
followed by centrifugation at approximately 15 000 g for 20
min. The concentration of total protein in each extract was then
determined using a Bradford protein assay kit (Millipore, Billeride,
MA, USA). Equal amounts of protein (30 mg) were then separated
by electrophoresis and then transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore, Billeride, MA, USA).
The membrane was then blocked with 5% non-fat dried milk
for 2h and incubated overnight with a range of diluted primary
antibodies at 4°C, including Phospho-akt (thr308) (D25E6) XP,
rabbit mAb (1:1000), vimentin rabbit polyclonal antibody (10366-
1-AP 1:5000); AKT rabbit polyclonal antibody (10176-2-AP
1:5000); and E-cadherin rabbit polyclonal antibody (20874-1-AP
1:10000). The Phospho-akt (thr308) antibody was purchased from
Cell Signaling Technology (Cell Signaling Technology, Inc, MA,
USA). All the other antibodies were purchased from Proteintech
Group (Proteintech Group, Inc, Wuhan, China). The following
morning, membranes were washed and incubated for 1 h with
a peroxidase-conjugated secondary antibody (diluted 1:50 000).
Antibody binding was then detected using an ECL detection
system (Solarbio). Densitometric analysis was hen carried out on
each western blot using an Alpha Imager 2200 gel documentation
system with image analysis software. Using this system, we
quantified the band intensities for E-cadherin, vimentin, Akt and
p-Akt, and normalized these values against those for B-actin. Each
experiment was repeated in triplicate.

Statistical Analysis

All experiments were repeated at least three times. Data are
expressed as the mean =+ standard error (SE). An unpaired Student’s
t-test was used to compare differences in the expression levels of
different proteins between A2780 cisplatin-sensitive and A2780/
DPP cisplatin-resistant cell lines. Differences were considered to
be statistically significant when p < 0.05.

Results

A2780/DDP Cells Exhibited Resistance to Cisplatin

In order to investigate the chemoresistance of A2780/DDP cells,
we quantified cell viability in the presence of an increasing
concentration of cisplatin. Compared with the A2780 cell line,
A2780/DDP cells demonstrated enhanced resistance to cisplatin
(Figure 1).
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Figure 1: Cell viability of A2780 and A2780/DDP cells in the
Presence of an Increasing Concentration of Cisplatin

A2780/DDP Cells Exhibited Increased Expression Levels of
EMT Markers

Compared with that in A2780 cells, western blotting showed
a significant increase in the expression levels of mesenchymal
markers vimentin in A2780/DDP cells (p<0.05). In contrast,
the expression levels of the epithelial marker E-cadherin were
significantly reduced in A2780/DDP cells when compared with
A2780 cells (p<0.05). We also used western blotting to investigate
the potential involvement of the AKT pathway and found that
the levels of p-Akt were significantly higher in A2780/DDP cells
(p<0.05). There was no significant difference between A2780/
DDP cells and A2780 cells with regards to the expression of Akt
(p<0.05) (Figure 2a, b).
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Figure 2: The levels of E-cadherin, vimentin, p-Akt, Akt, and
B-actin, in A2780 and A2780/DDP cells. (A) Western blot
images showing E-cadherin, vimentin, p-Akt, Akt, and B-actin.
(B) Quantified western blotting data (mean + SE) from three
independent experiments. The expression levels of E-cadherin in
A2780/DDP cells were significantly lower than those in A2780
cells (p<0.05). The expression levels of vimentin and p-Akt

were significantly higher in A2780/DDP cells than in A2780
cells (p<0.05). There was no significant different between the two
cell lines with regards to the expression levels of Akt.

Metformin Sensitized A2780/DDP Cells to Cisplatin

The first part of our analysis showed that the combination of
metformin and cisplatin led to a reduction in cell viability compared
with that in cells treated with only cisplatin. This suggested that
metformin increased the chemosensitivity of A2780/DDP cells.
However, further analysis showed that combination of cisplatin
and metformin led to an increased proportion of cells undergoing
apoptosis compared with cells treated with cisplatin alone (Figure

3a, b).
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Figure 3: Cell viability and apoptosis in A2780/DDP cells treated
with cisplatin and with a combination of cisplatin and metformin.
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(A) Cell viability of A2780/DDP cells treated with cisplatin and
with a combination of cisplatin and metformin. (B) The proportion
of apoptosis in A2780/DDP cells treated with cisplatin and those
treated with a combination of cisplatin and metformin.

Cisplatin Induced EMT in A2780/DDP Cells while the
Combination of Metformin and Cisplatin Inhibited EMT
Data showed that cisplatin induced EMT in A2780/DDP cells.
Cisplatin decreased the expression of E-cadherin and increased
that of vimentin. In contrast, the combination of metformin and
cisplatin reversed EMT. Furthermore, cisplatin treatment increased
the expression levels of p-Akt in A2780/DDP cells. In contrast,
the combination of metformin and cisplatin reversed the higher
expression levels of p-Akt. Collectively, these results suggest that
metformin sensitizes A2780/DDP cells to cisplatin by inhibiting
EMT via suppression of the Akt signaling pathway (Figure 4).
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Figure 4: The levels of E-cadherin, vimentin, p-Akt, Akt, and
[B-actin, in A2780/DDP cells treated with cisplatin or a combination
of cisplatin and metformin. (A) Cells were treated with different
concentrations of cisplatin and metformin (0, 12.5, 25, 50, and 100
ug/ml, cisplatin5SOpg/ml + 100mmol/l metformin). The cells were
divided into different groups (control. P12.5, P25, P50 . P100
and combination of cisplatin and metformin group). The levels of
E-cadherin, vimentin, p-Akt, Akt, and B-actin, were then determined
by western blotting. (B) The expression levels of E-cadherin were
significantly lower in the P100 group than in the control, P12.5,
and P25 groups (p<0.05). The expression levels of E-cadherin
were significantly lower in the P50 group than in the P12.5 group
(p<0.05). Furthermore, the expression levels of E-cadherin increased
significantly following combination treatment with cisplatin and
metformin group comparing with that in the P50 group (p<0.05).
(C) The expression levels of vimentin were significantly higher in
the P100 group than in the P12.5, P25, and P50 group (p<0.05).
The expression levels of vimentin were lower when treated with
a combination of cisplatin and metformin when compared with
those in the P50 group, although this difference was not significant
(p>0.05). (D) The expression levels of p-Akt were significantly
higher in the P100 group than in the control, P12.5, and P25 groups
(p<0.05). The expression levels of p-Akt were significantly lower
in the group receiving a combination of cisplatin and metformin
group than in the P50 group (p<0.05). (E) There was no significant
difference across groups with regards to the expression levels of Akt.

Discussion

Epithelial-to-mesenchymal transition (EMT) is a key biological
process in which epithelial cells lose cell-to-cell adhesion and
acquire mesenchymal characteristics. One of the hallmarks of
EMT is the loss of E-cadherin, a process that strongly disrupts
cell-to-cell adhesion. The expression of mesenchymal markers,
such as vimentin, replaces that of epithelial markers, including
E-cadherin, such that a range of processes are induced, including
cellular dissemination, invasion, and metastasis [21]. EMT
is known to be governed by a variety of signaling pathways,
including those involving TGF-f, fibroblast growth factor, and
hepatocyte growth factor. EMT also increases the capacity of cells
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to migrate and invade [22, 23]. This complex process occurs during
embryonic development, tumor progression, and tissue fibrosis.
Many studies have indicated that the activation of EMT represents
an important step in the acquisition of malignant phenotypes in
EOC. In ovarian cancer, EMT increases the ability of cells to
migrate and invade [24, 25]. Experimental evidence also indicates
the EMT is associated with chemoresistance in ovarian cancer
[26, 27]. Consequently, EMT may represent a key therapeutic
target for EOC.

The clinical outcomes of patients with ovarian cancer are
determined by timely diagnosis and access to appropriate surgery
and systemic therapies. Therefore, the prognosis of such patients
can be considered as an important indicator of the effectiveness
of the health care system in any given country. Despite advances
in both surgery and chemotherapy, the survival rates for ovarian
cancer have only shown a modest improvement over recent
decade. The major obstacles facing patients with ovarian cancer
are chemoresistance and relapse. Cisplatin is a commonly used
first-line anti-tumor agent for patients with ovarian cancer. This
drug binds to and cross-links DNA in cancerous cells, thus leading
to apoptosis [28, 29]. However, the overall 5-year survival rate
of EOC patients remains low at present, largely because of
resistance to cisplatin. Current evidence indicates that processes
involved in EMT play an important role in the development of
chemoresistance [30]. For example, Marchini et al. reported
that several genes that are involved in EMT are also associated
with chemoresistance in EOC [31]. Another study reported that
the upregulation of genes that induce EMT was associated with
resistance to chemotherapeutic drugs in patients with ovarian
cancer [26]. In the present study, we found that the expression
levels of E-cadherin were significantly lower in A2780/DDP cells
than in A2780 cells, while the expression levels of vimentin were
significantly higher. These findings are consistent with those
reported previously.

Platinum-based drugs such as cisplatin and carboplatin exhibit a
broad range of activity in malignant diseases and are used to treat
many different types of cancer, including ovarian cancer [32]. Since
the introduction of cisplatin into clinical trials, this drug has had a
major impact on the therapeutic management of several different
tumor types [33]. The cytotoxic action of cisplatin is mediated
by its interaction with DNA to form adducts. These intra-strands
crosslinked adducts then activate several signal transduction
pathways and trigger apoptosis. However, the emergence of
primary or acquired resistance eventually limits their efficacy in
treatment. Chemotherapy appears to be a double-edged sword.
Recent studies have reported the biological deterioration of cancer
cells following chemotherapy. In one study, cyclophosphamide
pretreatment induced the metastasis of fibrosarcoma cells in a
nude mouse model [34]. Exposure to chemotherapeutic agents
has also been shown to enhance metastatic potential in colorectal,
pancreatic, breast, and ovarian carcinoma cells [35-38]. Therefore,
chemotherapy is considered to induce EMT and enhance the
metastatic potential of tumor cells. In our study, we found that
cisplatin could induce EMT in A2780/DDP cells. However, the
combination of metformin and cisplatin reversed EMT.

The phosphoinositide-3-kinase (PI3K)/AKT signaling cascade
controls a wide range of cellular functions, including proliferation,
differentiation, tumorigenesis, angiogenesis, and apoptosis. A high
proportion of ovarian carcinomas are known to exhibit molecular
aberrations within the PI3K/AKT signaling pathway, including in
PI3K itself as well as in AKT and mTOR [39, 40]. A mounting body
of evidence demonstrates that the PI3K/Akt signaling pathway is

involved in the development of chemoresistance, because these
pathways regulate the expression of genes that are critical for cell
survival and the evasion of apoptosis [41]. The signal of apoptosis
is known to be primarily activated through AKT, and the activation
of AKT has been observed in patients with both high-grade and
late-stage serous ovarian cancer. The activation of AKT exerts
anti-apoptotic effects and antagonizes cell cycle arrest [42]. A
previous study reported that inhibition of the PI3K/AKT pathways
led to an increase in cisplatin sensitivity in cisplatin-resistant breast
cancer cells [43]. The AKT pathway has also been confirmed to be
activated in cisplatin-resistant ovarian cancer [44]. The findings
of the present study are consistent with previous studies, in that
we observed a significant increase in the expression levels of
p-Akt in A2780/DDP cells compared with A2780. Furthermore,
we found that cisplatin increased the expression levels of p-Akt
in A2780/DDP cells. Previous research has shown that the PI3K/
AKT/mTOR signaling pathway plays a significant role in the
process of EMT [45]. In our study, the combination of metformin
and cisplatin reversed the higher expression levels of p-Akt and
reduced cell viability by inhibiting EMT.

There were some limitations to the present study. First, although
we found that metformin could reverse EMT via the Akt signaling
pathway, the specific mechanism underlying this effect remains to
be identified. Second, our study was only carried out in vitro. It is
now necessary to confirm our findings by carrying out research
in vivo with nude mice.

Conclusion

In the present study, we demonstrated that chemoresistance in
EOC is associated with EMT and that metformin can reverse
such chemoresistance by reversing cisplatin-induced EMT. Our
findings indicate that metformin is a promising therapeutic option
for patients with EOC.
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