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Background: Cisplatin is a commonly used drug for the treatment of various types of malignant
cancers, including ovarian cancer. However, resistance to cisplatin is still a considerable obstacle
to achieve a satisfactory therapeutic effect. The purpose of this study is to develop a strategy to
sensitize ovarian cancer cells to cisplatin-induced cytotoxicity.

Methods: miR-34c levels in ovarian cancer tissues and cell lines were tested by qRT-PCR
analysis. In vitro assays, the effect of miR-34c on cisplatin was evaluated by using MTT.
Expression of MET and phosphorylation of PI3K and AKT were tested by Western blot
assays. Conjugation with Bad and Bcl-x] was evaluated through immunoprecipitation. Flow
cytometry analysis was performed to measure the apoptotic rate of ovarian cancer cells.
Results: Downregulation of miR-34c was observed in ovarian cancer tissues and cell lines.
However, miR-34c overexpression was found to sensitize ovarian cancer cells to cisplatin
treatment in vitro and in vivo. Mechanically, we found that miR-34c targeted the MET gene,
thereby inhibiting the phosphorylation of PI3K and AKT to activate Bad. As a result, miR-
34c reduced resistance of ovarian cancer cells to cisplatin-induced apoptosis.

Conclusion: miR-34c¢/MET axis promotes cisplatin-induced cytotoxicity against ovarian
cancer by targeting the MET/PI3K/AKT/Bad pathway.
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Introduction
Ovarian cancer is a common malignant disease in women. Due to the rapid develop-
ment of ovarian cancer, it is the leading cause of death in gynecologic cancers.
Moreover, the 5-year survival rate of ovarian cancer patients is very low."* Despite
the development of medical technology, surgery and chemotherapy are still the main
approaches for prolonging the life of patients with ovarian cancer.”* However, ovarian
cancer cells usually exhibit resistance to chemotherapy and it is necessary to develop
strategies to increase their sensitivity to chemotherapeutic drugs.>°

Cisplatin is a platinum-based cytotoxic agent that is commonly used for the
treatment of various types of malignant cancers including ovarian cancer. As
a cytotoxic agent, cisplatin cross-links with DNA and subsequently inhibits DNA
replication and transcription and thus induces apoptosis in cancer cells.”'® However,
large doses and the long-term administration of cisplatin usually induce serious side
effects in cancer patients, including nephrotoxicity, gastrointestinal reactions, and bone
marrow suppression.'""'? Furthermore, resistance to cisplatin is still a considerable
obstacle to achieve a satisfactory therapeutic effect in patients with ovarian cancer.'>'*

MicroRNAs (miRNAs) are a group of endogenous and non-coding RNAs with
18-25 nucleotides in length. They act as negative regulators of gene expression via
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RNA binding at the 3’ untranslated region (UTR) of their
target mMRNAs.'>!'® The expression profile of miRNAs has
been found to regulate cell growth, differentiation, apop-
tosis and tumorigenesis. Thus, cancer cells usually exhibit
aberrant miRNA expression patterns.'” ' Recently, stu-
dies have demonstrated that miRNA dysregulation is
responsible for the development of chemoresistance in
multiple cancers including ovarian cancer. Correcting
aberrant miRNA expression may represent a potential
strategy to increase the chemosensitivity of cancer
cells.'*?*2! In the present study, we found that the expres-
sion of miR-34c was decreased in ovarian cancer cells.
Furthermore, miR-34c overexpression promoted cisplatin-
induced cytotoxicity in ovarian cancer cells by targeting
the MET/PI3K/AKT/Bad pathway.

Materials and Methods

Cell Lines and Patient Specimens

The human normal ovarian surface epithelial cell line
HOSEpiC and human ovarian cancer cell lines SKOV3
and A2780 were purchased from the Institute of
Biochemistry and Cell Biology, Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in
Dulbecco’s modified Eagle’s medium (Gibco, Carlsbad,
CA) containing 10% fetal bovine serum (Gibco) at 37°C
in an incubator with an atmosphere of 5% CO,. Human
ovarian cancer tissues and their corresponding paracancer-
ous tissues (tissues 2 cm away from the focus) were
obtained from 25 patients with primary ovarian cancer
and collected at the Linyi people’s Hospital between
June 2017 and December 2018. We have obtained the
written informed consent from all of the patients. The
experimental protocols were approved by the ethics com-
mittee of the Linyi people’s Hospital.

Detection of miR-34c Expression

miR-34¢ expression in ovarian cancer cell lines and tissues
was detected by quantitative real-time reverse transcription
PCR (qRT-PCR) analysis. Briefly, total RNA was extracted
from ovarian cancer cell lines and tissues by using the
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA). Subsequently, the extracted RNA
was reversely transcribed by a One Step PrimeScript
miRNA cDNA Synthesis Kit (TaKaRa Bio, Inc., Otsu,
Japan) according to the manufacturer’s instructions. miR-
34c expression was quantified using SYBR Premix Ex Taq
(TaKaRa) on an ABI PRISM 7900 Sequence Detection

System (Applied Biosystems, Foster City, CA) and nor-
malized to U6 small nuclear RNA.

Transient Transfection

Negative control oligonucleotide (NCO, 5-AGAUGC
UUAUAGCGUGUGCGUAG-3") and miR-34c mimics
(5'-AGGCAGUGUAGUUAGCUGAUUGC-3") were pur-
chased from GenePharma Co., Ltd. (Shanghai, China).
MET small interfering RNA (siRNA) was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA; sc-
29397). A MET eukaryotic expression plasmid was gen-
erated by cloning the open reading frame of the MET gene
into the pcDNA3.1 plasmid (Life Technologies, Carlsbad,
CA). RNA oligonucleotides (50 pmol/mL) or plasmids (2
pg/mL) were transient transfected into ovarian cancer cells
by using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions, followed by incubation for
24 h.

Cell Viability Assay

Transfected ovarian cancer cells were seeded into 96-well
plates overnight followed by incubation with different con-
centrations of cisplatin for 48 h. Subsequently, 20 uL MTT
reagent (Sigma-Aldrich, St. Louis, MO) (5 mg/mL) was
added to the culture medium and the cells were incubated
for 4 h at 37°C in a humidified incubator with 5% CO,. The
absorbance value of each well was determined at 570 nm by
using a microplate reader (Sunrise Microplate Reader, Tecan,
Mannedorf, Switzerland). Relative cell viability in the
experimental groups was normalized to the NCO group.

Luciferase Reporter Assay

The 3' UTR of MET containing a putative miR-34c binding
site was cloned downstream of the firefly luciferase gene in
the pGL3 Luciferase Reporter Vector (Promega, Madison,
WI). A mutant plasmid was created by mutating the seed
region of the miR-34c binding site (CACUGCCU) by using
a site-directed mutagenesis kit (TaKaRa). For the luciferase
reporter assay, the cells were seeded in a 48-well plate
followed by co-transfection with miR-34c (or NCO, 50
pmol/mL), recombinant pGL3 plasmid (2 pg/mL), and
Renilla Tuciferase pRL-TK vector (100 ng/mL; Promega)
for 24 h. Luciferase activity was measured by the Dual-
Luciferase Reporter System (Promega) according to the
manufacturer’s instruction. Relative luciferase activity in
the miR-34c groups was expressed as the firefly/Renilla
luciferase ratio and normalized to the NCO groups.
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Western Blot Analysis

Ovarian cells were lysed using RIPA buffer on ice for 30 min
followed by collection of the supernatants. For the detection of
cytochrome c, we collected the cytoplasmic fraction of cancer
cells in the absence of mitochondria by using a Mitochondria/
Cytosol Fraction Kit (BioVision, Milpitas, CA). The protein
samples were separated by sodium dodecyl sulfate (SDS)-
polyacrylamide gel and transferred to a polyvinylidene fluor-
ide membrane (Millipore, Bedford, MA). Subsequently, the
membrane was blocked in 5% skim milk for 1 h at room
temperature and incubated with the following primary anti-
bodies (Cell Signaling Technology, Danvers, MA): anti-MET,
anti-GAPDH, anti-PI3K, anti-AKT, anti-Bad, anti-
phosphorylated (p)-PI3K, AKT, and Bad, anti-Bcl-x1, anti-
cytochrome ¢, and anti-caspase-9 and —3. The membrane
was washed and incubated with a horseradish peroxidase-
conjugated secondary antibody (Cell Signaling Technology)
for 2 h at room temperature. Proteins on the membrane were
visualized by using an enhanced chemiluminescence detection
kit (Pierce, Rockford, IL).

Co-lmmunoprecipitation

Ovarian cells were lysed by using NP-40 buffer (Beyotime
Biotechnology, Shanghai, China) on ice for 30 min, fol-
lowed by collection of the supernatants. Subsequently,
a primary antibody against Bad was added to the super-
natants and incubated overnight at 4°C. Protein A agarose
beads (Cell Signaling Technology) were added to the
supernatants and incubated for 2 h. The proteins binding
to the agarose beads were separated by boiling in SDS
sample buffer and detected by Western blot analysis.

Detection of Mitochondrial Membrane
Potential and Cell Apoptosis

For the detection of mitochondrial membrane potential
(MMP), the cells were harvested through centrifugation at
2000 r.p.m for 5Smin. Subsequently, cells were washed with
PBS for twice and then stained with 5 uM 5,5',6,6'-tetrachloro
-1,1",3,3'-tetracthyl iodide (JC-1;
Molecular Probes; Thermo Fisher Scientific, Inc.) for 20 min

imidacarbo  cyanine
at 37°C. Cells emitting red fluorescence were considered as
cells with high MMP. For the detection of apoptosis, the cells
were harvested through centrifugation at 2000 r.p.m for Smin.
Subsequently, cells were washed with PBS for twice and then
stained with Annexin V/propidium iodide by using an
Annexin V-FITC Apoptosis Detection Kit (Sigma-Aldrich)

according to the manufacturer’s instruction. Annexin

V-positive cells were considered as apoptotic cells and necro-
tic cells. MMP and cell apoptosis were analyzed by using flow
cytometry (Becton Dickinson, Franklin Lakes, NJ).

In vivo Tumorigenicity

The precursor sequence of miR-34c (5-AGUCUAGUU
ACUAGGCAGUGUAGUUAGCUGAUUGCUAAUAGU-
ACCAAUCACUAACCACACGGCCAGGUAAAAAGAU
U-3') was inserted into a lentivirus by GeneChem Co., Ltd.
(Shanghai, China). Subsequently, 5.0 x 10 transducing units
of recombinant (miR-34c-LV) or empty lentivirus (empty LV)
were then transfected into SKOV3 cells. To establish the miR-
34c-overexpressing ovarian cancer model in mice, 5.0 x 10°
transfected SKOV3 cells were inoculated subcutaneously into
nude mice (BALB/c, nu/nu; 17-22 g in weight; Shanghai
Super-B&K Laboratory Animal Corp., Ltd., Shanghai,
China). For in vivo treatment, the mice were treated with
cisplatin i.p. twice a week (2 mg/kg) after the xenografts
reached 0.5 cm in diameter. At 28 days post-inoculation, the
mice were sacrificed by neck dislocation. The animal experi-
ments were conducted in strict accordance with the guidelines
of the Experimental Animal Care and approved by the Ethics
Committee of Linyi people’s Hospital.

Statistical Analysis

Experimental data were obtained from at least three indepen-
dent experiments and are represented as the mean =+ standard
deviation. Differences between two groups were analyzed by
two-tailed Student’s #tests. In addition, one-way analysis of
variance and Bonferroni’s post hoc test were used to deter-
mine differences among multiple groups. Statistical analysis
was performed by using SPSS 15.0 software (SPSS Inc.,
Chicago, IL). P < 0.05 was considered to be statistically
significant.

Results
miR-34c Is Downregulated in Ovarian

Cancer Cells

To investigate the potential role of miR-34c in ovarian cancer,
25 primary ovarian cancer tumor tissues and their paracancer-
ous tissues were collected from patients and analyzed. We
found that miR-34c expression was significantly lower in
ovarian cancer tissues than that in paracancerous tissues
(Figure 1A). We then analyzed miR-34c expression in ovarian
cancer cell lines. We found that the ovarian cancer cell lines
SKOV3 and A2780 expressed obviously lower levels of miR-
34c compared to the HOSEpiC cell line, which is a human
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Figure | Downregulation of miR-34c in ovarian cancer. (A) Expression of miR-34c in 25 primary ovarian cancer tumor tissues and paracancerous tissues was detected by
qRT-PCR. (B) Expression of miR-34c in the SKOV3 and A2780 cell lines was measured by qRT-PCR.
Notes: Data was expressed as mean+SD. *P<0.05 vs paracancerous tissues, "P<0.05 vs HOSEpiC.

Abbreviation: qRT-PCR, quantitative Real-Time Polymerase Chain Reaction.

normal ovarian surface epithelial cell line (Figure 1B). These
results suggested that miR-34c may negatively regulate the
development of ovarian cancer.

miR-34c Overexpression Sensitizes Ovarian
Cancer Cells to Cisplatin-Induced
Cytotoxicity

To correct the aberrant expression of miR-34c in ovarian
cancer cells, we transfected SKOV3 and A2780 cells with
miR-34¢ mimic. QRT-PCR analysis showed that transfection
with miR-34¢ mimic increased the cellular level of miR-34c in
both cell lines (Figure 2A). Next, we treated the transfected
cells with different concentrations of cisplatin. Interestingly,
we discovered that miR-34c overexpression sensitized ovarian
cancer cells to cisplatin-induced cytotoxicity (Figure 2B).
Intuitively, we demonstrated that the half maximal inhibitory
concentration (IC50) of cisplatin to ovarian cancer was clearly
decreased by transfection with miR-34c (Figure 2C).
Therefore, miR-34c may be used as a sensitizer to enhance
the anti-tumor effect of cisplatin on ovarian cancer in vitro.

miR-34c Targets MET in Ovarian Cancer
Cells

To investigate the mechanism by which miR-34c sensitized
ovarian cancer cells to cisplatin-induced cytotoxicity, we pre-
dicted potential targets of miR-34c using public databases

(TargetScan, miRanda, and PicTar). Among the candidates,
the gene for MET was commonly indicated to contain com-
plementary sequences paired with miR-34c (Figure 3A).
Furthermore, contrary to the decreased levels of miR-34c, we
found that MET expression was upregulated in ovarian cancer
tissues and cell lines (Figure 3B). Thus, we investigated the
potential miR-34¢/MET axis in ovarian cancer. Western blot
analysis showed that transfection with miR-34c clearly
decreased the expression of MET in SKOV3 and A2780
ovarian cancer cells (Figure 3C). Furthermore, luciferase
reporter assays showed that co-transfection with miR-34c
mimic decreased the luciferase activity of pGL3 reporters
containing the wild-type 3' UTR of MET. However, miR-34¢
had no effect on pGL3 reporters with the mutant 3" UTR of
MET (Figure 3D). These results indicated that miR-34c tar-
geted MET in ovarian cancer cells.

miR-34c Enhances the Cytotoxicity of

Cisplatin in Ovarian Cancer by Suppressing
MET

To investigate the potential role of miR-34c/MET axis in
regulating cisplatin sensitivity in ovarian cancer, we chan-
ged the expression of MET in SKOV3 and A2780 cells
through transfection with MET siRNA or plasmid, respec-
tively (Figure 4A). We found that MET overexpression
clearly reduced the effect of miR-34c on sensitizing the
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Figure 2 Overexpression of miR-34c sensitizes ovarian cancer cells to cisplatin-induced cytotoxicity in vitro. (A) Transfection with miR-34c mimic (50 pmol/mL) increased
the cellular level of miR-34c in the SKOV3 and A2780 cell lines. (B) Transfection with miR-34c (50 pmol/mL) increased the cytotoxicity of various concentrations of cisplatin
in the SKOV3 and A2780 cell lines. (C) Effect of miR-34c on the IC50 of cisplatin in the SKOV3 and A2780 cell lines.

Notes: Data was expressed as meanSD. *P<0.05.
Abbreviation: IC50, 50% inhibiting concentration.

ovarian cancer cell lines to cisplatin-induced cytotoxicity
(Figure 4B). On the contrary, knockdown of MET
enhanced the cytotoxicity of cisplatin to SKOV3 and
A2780 cells, which was similar to the effect of miR-34c
(Figure 4C). These results indicated that the expression
profile of MET was associated with cisplatin sensitivity in
ovarian cancer. Overexpression of miR-34c decreased the
expression of MET to sensitize ovarian cancer cells to
cisplatin-induced cytotoxicity.

The miR-34c/MET Axis Regulates the PI3K/

AKT/Bad Pathway in Ovarian Cancer Cells
MET is an upstream regulator of the PI3K/AKT
pathway.”? Thus, we investigated the role of the miR-

34c/MET axis in regulating this highly oncogenic path-
way. Interestingly, miR-34c overexpression inhibited the
phosphorylation of PI3K and AKT, no matter whether or
not SKOV3 and A2780 cells were treated with cisplatin.
Furthermore, miR-34c¢ treatment also reduced the phos-
phorylation of Bad, which is a substrate of AKT.”> On
the other hand, the enforced expression of MET inhibited
the entire PI3K/AKT/Bad pathway in miR-34c and cis-
platin co-treated SKOV3 and A2780 cells (Figure 5A).
These findings indicated the effect of the miR-34c/MET
axis on the PI3K/AKT/Bad pathway in ovarian cancer
cells. Next, we tested the function of Bad in ovarian
cancer cells after treatment with miR-34c¢ and cisplatin.
We found that miR-34c, but not cisplatin, promoted the
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pmol/mL).

Notes: Data was expressed as mean+SD. #P<0.05 vs HOSEpiC, #P<0.05 vs NCO group, *P<0.05.

Abbreviations: MET, hepatocyte growth factor receptor; 3° UTR, 3’untranslated region; NCO, negative control oligonucleotide.
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Figure 4 Role of the miR-34c/MET axis in regulating cisplatin sensitivity in SKOV3 and A2780 cells. (A) Transfection efficiency of MET siRNA (50 pmol/mL) and plasmid (2
pg/mL) in SKOV3 and A2780 cells. (B) Effect of the MET plasmid on miR-34c-promoted cell death in cisplatin-treated (I uM) SKOV3 and A2780 cells. (C) Effect of MET
siRNA on the sensitivity of SKOV3 and A2780 cells to cisplatin (I pM).

Notes: Data was expressed as mean£SD. *P<0.05 vs. NCO group, #P<0.05 vs. cisplatin + NCO group, *P<0.05 vs. cisplatin + miR-34c group.

Abbreviations: MET, hepatocyte growth factor receptor; siRNA, small interfering RNA.

interaction between Bad and Bcl-xl. However, the results indicated that miR-34c can regulate the PI3K/
enforced expression of MET inhibited the effect of AKT/Bad pathway in ovarian cancer cells by suppressing

miR-34c¢ on the function of Bad (Figure 5B). These MET.
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Abbreviations: MET, hepatocyte growth factor receptor; PI3K, phosphatidylinositol 3-kinase; AKT, threonine protein kinase; Bad, BCL2 associated agonist of cell death;

Bcl-xl, B-cell lymphoma-extra large.

miR-34c Sensitizes Ovarian Cancer Cells
to Cisplatin-Induced Apoptosis Through
the Mitochondrial Pathway

The preceding results showed that miR-34c increased the
levels of free Bel-x1 through the MET/PI3K/AKT/Bad path-
way. As Bcl-x] functions as a suppressor of mitochondrial
apoptosis and as a stabilizer of mitochondrial inner mem-
brane potential.**** We investigated the role of miR-34c in
regulating the cisplatin-induced apoptosis pathway. As shown
in Figure 6A, miR-34¢ overexpression enhanced the collapse
of MMP induced by cisplatin. However, the enforced expres-
sion of MET inhibited the enhancing effect of miR-34c on the
cisplatin-dependent collapse of MMP. Due to MMP collapse,
co-treatment with miR-34c increased the level of cytoplasmic
cytochrome c released from mitochondria in cisplatin-treated
SKOV3 and A2780 cells (Figure 6B). Furthermore, we found
the clear activation of caspase-9 and —3 (Figure 6C) and cell
apoptosis (Figure 6D) in cisplatin and miR-34c co-treated
ovarian cancer cells. However, transfection with the MET
plasmid partially inhibited the mitochondrial apoptosis

pathway. Thus, we concluded that miR-34c sensitized ovarian
cancer cells to mitochondrial apoptosis through the MET/
PI3K/AKT/Bad pathway.

miR-34c Enhances Anti-Tumor Effect of

Cisplatin on Ovarian Cancer in vivo

To investigate the effect of miR-34c on regulating the anti-
tumor effect of cisplatin on ovarian cancer in vivo, miR-34c-
overexpressing SKOV3 cells were inoculated subcutaneously
into nude mice. We found that cisplatin treatment inhibited
the growth of SKOV3 tumors. However, the miR-34c-
overexpressing SKOV3 tumors exhibited higher sensitivity
to cisplatin treatment than control SKOV3 tumors
(Figure 7A). This indicated the role of miR-34c in enhancing
the anti-tumor effect of cisplatin on ovarian cancer in vivo.
Subsequently, we separated and purified the tumor tissues to
detect the expression of miR-34c and MET. We confirmed
miR-34¢ overexpression in the miR-34c-LV-transfected
tumors (Figure 7B). In contrast, MET expression was
decreased in the miR-34c-overexpressing ovarian cancer
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Figure 6 miR-34c sensitizes ovarian cancer cells to the cisplatin-induced apoptosis pathway. (A) Effect of miR-34c (50 pmol/mL), MET plasmid (2 pg/mL), and cisplatin (I
uM) on MMP in SKOV3 and A2780 cells. (B) Cytochrome c in the cytoplasmic fraction was detected by Western blot analysis after the removal of mitochondria. (C) Effect
of miR-34c (50 pmol/mL), MET plasmid (2 pg/mL), and cisplatin (I uM) on caspase-9 and caspase-3 in SKOV3 and A2780 cells. (D) Rate of apoptosis in SKOV3 and A2780
cells after treatment with miR-34c (50 pmol/mL), MET plasmid (2 pg/mL), and cisplatin (I pM).

Notes: Data was expressed as mean£SD. *P<0.05 vs. NCO group, “P<0.05 vs. cisplatin + NCO group, *P<0.05 vs. cisplatin + miR-34c group.

Abbreviations: MET, hepatocyte growth factor receptor; MMP, mitochondrial membrane potential.

tumors compared to the control ovarian cancer tumors
(Figure 7C). We thus demonstrated that miR-34c targeted
MET in ovarian cancer cells in vitro and in vivo.

Discussion

Cisplatin-based chemotherapy is an important approach
for the conservative treatment of ovarian cancer.”®?’
However, resistance to cisplatin is still a considerable
obstacle to achieve a satisfactory therapeutic effect in
patients with ovarian cancer.”®**° Strategies are required
to sensitize ovarian cancer cells to cisplatin treatment.>%'!
Recent studies have demonstrated that cisplatin resistance
is usually accompanied with dysregulation of miRNAs in
cancers including ovarian cancer.'>*?** MiR-34c, which
has been reported to act as a tumor suppressor in hepato-

cellular carcinoma and breast cancer,>*>>

improves the
sensitivity of osteosarcoma to cisplatin.*® These reports
suggested the potential role of miR-34¢ as an anti-tumor
treatment.

In this study, we found a significant decrease of miR-
34c expression in ovarian cancer cell lines and tumor
tissues from patients compared to paracancerous normal
tissues. Moreover, despite the fact that the restoration of

miR-34c¢ expression did not induce obvious cytotoxicity in

ovarian cancer cells, it significantly sensitized these cells
to cisplatin-induced cell death. According to the results of
in vivo experiments, cisplatin alone treatment exhibited
some anti-tumor effect on ovarian cancer despite cisplatin
alone cannot affect the MET expression. It is due to the
direct cytotoxicity of cisplatin against cancers. Moreover,
we found that miR-34c significantly enhanced the effect of
cisplatin on reducing the tumor volume. Our finding indi-
cated that miR-34c overexpression enhanced the anti-
tumor effect of cisplatin on ovarian cancer in vitro and
in vivo.

MET, a receptor of hepatocyte growth factor, acts as an
oncogene by promoting tumorigenicity.’’ Studies have
demonstrated that the activation of MET signaling triggers
multiple oncogenic pathways, including the PI3K/AKT
pathway, to inhibit apoptosis and promote tumor prolifera-
tion, metastasis, and drug resistance.?>38-40 Therefore,
MET overexpression usually predicts poor prognosis for
cancer patients, and MET has been considered as
a potential target in cancer therapy.

In this study, we found that MET was significantly
upregulated in ovarian cancer cells. However, change of
MET expression alone can not obviously affect the viabi-
lity of ovarian cancer cells. On the other hand, we found
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Figure 7 miR-34c enhances the anti-tumor effect of cisplatin on ovarian cancer in vivo. (A) Nude mice were inoculated subcutaneously with miR-34c-LV-transfected SKOV3
cells followed by treatment with cisplatin i.p. twice a week (2 mg/kg). Tumor growth was measured every three days. (B) Expression level of miR-34c in purified tumors was
detected by qRT-PCR analysis. (C) MET expression in purified tumors was detected by Western blot analysis.

Notes: Data was expressed as mean£SD. *P < 0.05 vs. empty LV group, “P < 0.05 vs. empty LV + cisplatin group.

Abbreviations: MET, hepatocyte growth factor receptor; LV, lentivirus; qRT-PCR, quantitative Real-Time Polymerase Chain Reaction.

that MET overexpression can decrease the sensitivity of
ovarian cancer cells to cisplatin treatment. On the contrary,
knockdown of MET sensitized ovarian cancer cells to
cisplatin-induced cytotoxicity. These results indicated that
MET was an important regulator that regulated the che-
mosensitivity of ovarian cancer cells. Furthermore, we
proved that the effect of miR-34c on enhancing the anti-
tumor effect of cisplatin on ovarian cancer was dependent
on the inhibition of MET. These findings emphasized the
role of the miR-34¢/MET axis in changing cisplatin sensi-
tivity in ovarian cancer.

Bad (BCL2-associated agonist of cell death) is
a substrate of AKT and functions as a pro-apoptotic protein.
However, the effect of Bad is dependent on its phosphor-
ylation status. Non-phosphorylated Bad conjugates with the
anti-apoptotic protein Bcl-xl and inactivates it; however,
phosphorylated Bad exhibits no function.*"*** In this
study, we proved that miR-34c targeted the MET/PI3K/
AKT pathway to inhibit the phosphorylation of Bad. Due
to the increased levels of dephosphorylated Bad, ovarian
cancer cells were facilitated to the apoptosis signals.
As a result, we found that the restoration of miR-34c

OncoTargets and Therapy 2020:13
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expression sensitized ovarian cancer cells to cisplatin-

induced mitochondrial apoptosis.

In conclusion, we have revealed a role for the miR-34c/

MET axis in enhancing cisplatin-induced cytotoxicity in ovar-

ian cancer. Despite the need for further studies to determine

the clinical prospect of targeting this axis, it may be

a potential strategy to increase sensitivity to cisplatin through

a combination of certain miRNA sensitizers such as miR-34c.
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