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Cisplatin resistance is a major cause of treatment failure in advanced ovarian cancer.
The limited evidence shows the paradoxical regulation of miR-205 on chemotherapy
resistance in cancer. Herein, we found that miR-205-5p was enormously increased
in cisplatin-resistant C13K ovarian cancer cells compared with its cisplatin-sensitive
OV2008 parental cells using miRNA microarrays, which was further verified by
quantitative PCR. Furthermore, we confirmed that inhibition of miR-205-5p upregulated
PTEN and subsequently attenuated its downstream target p-AKT, which inversed
C13K cells from cisplatin resistance to sensitivity. Our data suggest that miR-205-
5p contributes to cisplatin resistance in C13K ovarian cancer cells may via targeting
PTEN/AKT pathway.
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INTRODUCTION

Cisplatin is an anti-cancer chemotherapy drug which used to treat ovarian cancer in women who
have already received surgery and/or radiation treatment. However, either resistance to cisplatin or
multi-drug resistance (MDR) to cisplatin-centered chemotherapy is a major cause of treatment
failure in human ovarian cancer. As we know, four well-characterized mechanisms have been
suggested to account for cisplatin-resistance in cancer: (1) pre-target resistance – involving steps
preceding the binding of cisplatin to DNA, (2) on-target resistance – directly related to DNA-
cisplatin adducts, (3) post-target resistance – concerning the lethal signaling pathways elicited
by cisplatin-mediated DNA damage, and (4) off-target resistance – affecting molecular circuitries
that do not present obvious links with cisplatin-elicited signals (Galluzzi et al., 2012, 2014).
Besides lots of genes involved, emerging evidences demonstrate that miRNAs such as miR-141
(Seki, 2011), miR-184 (Tung et al., 2016), miR-199a (Wang et al., 2013), miR-214 (Yang et al.,
2008), and miR-421 (Ge et al., 2016) contribute to cisplatin-resistance in cancer. miR-205, a
frequently silenced microRNA in cancer, has recently been implicated in chemotherapy resistance.
De Cola et al. (2015) showed that upregulation of miR-205 leaded to lapatinib resistance in
breast cancer stem cells via targeting ErbB/HER receptors. On the contrary, however, results from
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Puhr et al. (2012), Bhatnagar et al. (2010), and Alla et al.
(2012) suggested that downregulation of miR-205 contributed to
docetaxel or cisplatin resistance in prostate cancer, and cisplatin
resistance in melanoma cells. Therefore, more extensive and
detailed studies are required to explore the role of miR-205 in
drug resistance associated with cancer chemotherapy.

In present study, we measured the miRNA expression
profiles of cisplatin-resistant C13K ovarian cancer cell line
compared with its cisplatin-sensitive OV2008 parent cell line
using miRNA microarrays, and found that miR-205-5p was
enormously increased in cisplatin-resistant C13K ovarian cancer
cells, which was further verified by quantitative real-time PCR
(qPCR). Furthermore, we investigated the effects of miR-205-
5p on cisplatin resistance in ovarian cancer cells and the
underlying mechanism, and confirmed that inhibition of miR-
205-5p upregulated PTEN and subsequently attenuated its
downstream target p-AKT, which inversed C13K cells from
cisplatin resistance to sensitivity. Our data suggest that miR-205-
5p contributes to cisplatin resistance in C13K ovarian cancer cells
via targeting PTEN/AKT pathway.

MATERIALS AND METHODS

Cell Culture and Transfection
The cisplatin-sensitive human ovarian cancer cell line OV2008
and its cisplatin-resistant clone C13K were supplied by Dr
Wencheng Ding (Cancer Biology Research Center, Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology) (Asselin et al., 2001; Su et al.,
2011). OV2008 cells were maintained in complete RPMI-
1640 medium supplemented with 10% fetal bovine serum
at 37◦C in a humidified atmosphere containing 5% CO2.
C13K cells were cultured in RPMI1640 supplemented
with 10% fetal bovine-serum medium containing 1 µmol/L
cisplatin to maintain resistance. The cells were transfected with
100 pmol hsa-miR-205-5p mimics or hsa-miR-205-5p inhibitor
using Lipofectamine 2000 transfection reagent (Invitrogen,
Carlsbad, CA, United States). The sequences for hsa-miR-
205-5p are as follow: hsa-miR-205-5p mimics (5′-UCCUUCA
UUCCACCGGAGUCUG-3′, 5′- GACUCCGGUGGAAUGA
AGGAUU-3′); hsa-miR-205-5p
mimics negative control (NC) (5′-
UUCUCCGAACGUGUCACGUTT-3′, 5′-ACGUGACACGU
UCGGAGAATT-3′); hsa-miR-205-5p inhibitor (5′-CAGA
CUCCGGUGGAAUGAAGGA-3′); mircoRNA inhibitor NC
(5′-CAGUACUUUUGUGUAGUACAA -3′).

Cytotoxicity Analysis
Cell cytotoxicity was analyzed with Cell Counting Kit-8 (CCK-8)
assay kit (Sigma-Aldrich, St. Louis, MO, United States). Briefly,
cells were seeded into flat-bottomed 96-well plates at a density of
8000 per well and incubated overnight. Cisplatin (Sigma-Aldrich,
St. Louis, MO, United States) with concentrations of 0, 20, 40,
60, 80, 100 and 120 µM was added after adherence. Then cells
were continuously cultured for 24 or 48 h followed by treatment
with 10 ul of CCK-8 solution for additional 1h at 37◦C, and

the absorbance (A) was measured at 450 nm by an Enspire
microplate reader (Perkin Elmer, United States). Cell viability
(%) = experimental group A value/control group A value × 100.
IC50 values (50% inhibition of surviving fraction) were then
estimated using the fitted dose-response curves for cell viability.

RNA Extraction and miRNA Microarray
Analysis
Total RNA was extracted by Trizol reagent (Invitrogen, Carlsbad,
CA, United States). The RNA sample was purified with an
RNeasy Mini Column (Qiagen, CA, United States) and the
RNA quality was assessed by 1.0% agarose gel electrophoresis.
miRNA-profiling was carried out by miRNA microarray using
Affymetrix miRNA 4.0 and Affymetrix GeneChip (Affymetrix,
United States). The random-variance model (RVM) F test was
applied to filter differentially expressed genes for the two ovarian
cancer cell lines. After the significance analysis and false discovery
rate (FDR) analysis, differentially expressed genes were selected
according to their p-value threshold.

qPCR
miRNAs expression was measured using TaqMan miRNA reverse
transcription kit and TaqMan miRNA assay kits (Applied
Biosystems, United States). Primer sequences for hsa-miR-
205-5p: (5′-CCTTCATTCCACCGGAGT-3′; 5′-GTCCAGTTTT
TTTTTTTTTTTCAGACT-3′). PTEN mRNA expression was
measured using TaqMan mRNA reverse transcription kit
and SYBR Green Supermix (BioRad, United States), primer
sequences for PTEN: (5′-TGGATTCGACTTAGACTTGACCT;
5′-TTTGGCGGTGTCATA ATGTCTT).

Cell Apoptosis Assay
Cell apoptosis was measured by Flow Cytometry. All samples
were washed in phosphate-buffered saline and resuspended
in 200 µl binding buffer. Next, 5 µl Annexin–V-fluorescein
isothiocyanate and 10 µl propidium iodide (PI; 1 µg/ml)
were added and the cell suspension was incubated in a
dark chamber for 1h at room temperature. Cell apoptosis
was then determined using a FACSCalibur flow cytometer
(BD Biosciences, United States) and data were analyzed using
CellQuest software (BD Biosciences, United States).

Western Blotting Analysis
Cells were harvested with ice-cold PBS and lysed in lysis buffer
containing a protease inhibitor cocktail. A total of 60 µg
protein was separated by 10% SDS-PAGE and transferred to
polyvinylidene fluoride membranes. Following blocking with
Tris-buffered saline containing 5% skimmed milk for 1 h
at room temperature, the membranes were incubated with
the primary antibodies (anti-PTEN, anti-actin, anti-AKT, anti-
phospho-AKT, Santa Cruz or Cell Signaling, United States) in
blocking buffer overnight at 4◦C. The membranes were washed
three times in TBST and then incubated with horseradish
peroxidase-conjugated anti-mouse/rabbit antibodies at a dilution
of 1:3,000 for 1 h at room temperature. Signals were
detected on X-ray film using an enhanced chemiluminescent
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detection system (Pierce Biotechnology, Inc., Rockford, IL,
United States).

Statistical Analysis
All experiments were repeated at least three times and the data
were expressed as the mean± standard deviation (SD). Statistical
analysis was performed with SPSS 18.0 for Windows (SPSS,
Inc., Chicago, IL, United States). Statistical significance was
determined by the Student t-test or one-way ANOVA. P < 0.05
was considered to indicate a statistically significant difference.

RESULTS

Differentially Expressed miRNAs in
Cisplatin-Resistant Variant C13K Cells
Versus Its Cisplatin-Sensitive OV2008
Parental Cells
C13K cells are cisplatin-resistant variant originating from its
cisplatin-sensitive OV2008 parental cells (Su et al., 2011).
We used miRNA microarray to determine miRNA expression
profiles in both C13K and OV2008 cell lines. We have
identified 113 miRNAs that were significantly differentially
expressed (GEO accession number: GSE120256) in C13K cells,
including 32 upregulated miRNAs (such as hsa-miR-205-5p,
hsa-miR-200c-3p, hsa-miR-100-5p, hsa-miR-155-5p, and hsa-
miR-125b-5p) and 81 down-regulated miRNAs (such as hsa-
miR-214-3p, hsa-miR-199a-3p, hsa-miR-199b-3p, hsa-miR-199a-
5p), compared to OV2008 cells (Figure 1A). Surprisingly,
miR-205-5p was around 9000 fold changes among 32 up-
regulated miRNAs, which was further verified by qPCR
(Figure 1B).

To investigate the role of miR-205, target prediction
using softwares such as miRanda, TargetScan and PicTar
was performed (data in Supplementary Data Sheets 1,2).
Several of the predicted targets are known to be involved
in cancer progression (E2F1, E2F5, ERBB, PTEN), invasion

and metastasis (ZEB1/2, LRP-1). mirTarBase analysis was
performed to further identify the experimentally validated
targets of miR-205. These indicated that some but not all of
these genes are aberrantly expressed in C13K cisplatin-resistant
cells.

miR-205-5p Attenuated
Cisplatin-Induced Cytotoxicity
We confirmed that the viability of C13K cells was
significantly increased following treatment with cisplatin
for 48 h compared to OV2008 cells, and the IC50 values
of cisplatin in C13K cells (107 µmol/L) were higher than
the corresponding values in OV2008 (37 µmol/L), which
indicated that C13K cells exhibited cisplatin resistance
(Figures 2A–C).

To investigate whether miR-205-5p is associated with
cisplatin-induced cytotoxicity in ovarian cancer cells,
we examined the cell viability of C13K and OV2008
cells transfected with miR-205-5p inhibitor or mimics
following cisplatin treatment for 48 h. We observed that
both cell viability and IC50 in C13K decreased upon
downregulation of miR-205-5p (Figures 2D–F), whereas
both of them in OV2008 elevated upon upregulation of
miR-205-5p (Figures 2G–I). These data suggested that
miR-205-5p attenuated cisplatin-induced cytotoxicity
and enhanced cisplatin resistance in ovarian cancer
cells.

miR-205-5p Inhibits Cisplatin-Induced
Apoptosis
To explore whether miR-205-5p accounts for cisplatin-induced
apoptosis in ovarian cancer cells, we measured cell apoptosis
in both C13K and OV2008 cells transfected with miR-205-
5p inhibitor or mimics following cisplatin treatment for
48 h. We found that C13K cells apoptosis increased upon
downregulation of miR-205-5p (Figures 3A,B), whereas OV2008

FIGURE 1 | Elevated expression of miR-205-5p in cisplatin-resistant C13K cells compared with its cisplatin-sensitive OV2008 parental cells. (A) 9 representative
differentially expressed miRNAs with statistically significant fold changes in C13K cells vs. OV2008 cells. Upregulated miRNAs (red bars) are shown above the x-axis,
whereas downregulated miRNAs (green bars) below the x-axis. (B) qPCR validation of the differential expression of miR-205-5p in C13K cells vs. OV2008 cells. The
data represent mean ± SD of three independent experiments (∗P < 0.01).
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FIGURE 2 | Overexpression of miR-205-5p reduced cisplatin-induced cytotoxicity in ovarian cancer cells. C13K and OV2008 cells were treated with cisplatin for
24 h (A) or 48 h (B) and then were assessed for cell viability by CCK-8 assay. IC50 values at 48 h were estimated using the fitted dose-response curves for cell
viability (C). Cells transfected with miR-205-5p inhibitor (D–F) or mimics (G–I) were treated with 40 µM cisplatin for 48 h. Cell viability was assessed by CCK-8
assay. miR-205-5p expression was measured by qPCR in C13K cells (D–F) or OV2008 cells (G–I). The data represent mean ± SD of three independent
experiments (∗P < 0.01).

cells apoptosis reduced upon upregulation of miR-205-5p
(Figures 3C,D).

miR-205-5p Contributes to
Cisplatin-Resistance in Ovarian Cancer
Cells via Targeting PTEN/AKT Pathway
Given the involvement of PTEN in chemotherapy resistance
including cisplatin in cancer (Lee et al., 2005; Juric et al., 2015),

it is important to reveal whether PTEN, one of miR-
205 target genes, is linked to miR-205 upregulation in
cisplatin-resistant ovarian cancer cells. We examined
PTEN mRNA and protein expression by using qPCR and
Western blotting. Our results showed remarkable lower
expression of PTEN mRNA and protein in C13K cells
compared to that in OV2008 (Figures 4A,B). We further
measured the expression of PTEN and AKT in C13K
and OV2008 cells transfected with miR-205-5p inhibitor
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FIGURE 3 | miR-205-5p inhibited cisplatin induced apoptosis in ovarian cancer cells. C13K (A,B) or OV2008 (C,D) cells were transfected with miR-205-5p inhibitor
(A,B) or mimics (C,D), and then were treated with 40 µM cisplatin for 48 h. Cell apoptosis were subjected to flow cytometry. Data represent the mean ± SD of three
independent experiments (∗P < 0.01).

or mimics following cisplatin treatment for 48 h. We
found that PTEN increased and phospho-AKT (p-AKT)
decreased in C13K upon downregulation of miR-205-5p
(Figures 4C,D). On the contrary, PTEN decreased and p-AKT
increased in OV2008 upon upregulation of miR-205-5p
(Figures 4E,F).

DISCUSSION

In the last few years, drug resistance in various cancers has
been linked with aberrant expression of miRNAs, suggesting
that miRNAs might play important roles in chemoresistance
and chemosensitivity (Koster et al., 2013). Although resistance
to current chemotherapeutics represents a significant barrier to
the improvement of the long-term overcome of patients with
ovarian cancer, chemotherapy is still one of the most effective
therapies for ovarian cancer patients. Although altered miRNAs
are differentially expressed in ovarian cancer, the potential role
of miRNAs in the induction of drug resistance, particularly in

platinum resistance, has not been fully investigated. Growing
evidences demonstrate that more and more miRNAs contribute
to cisplatin-resistance in cancer (Yang et al., 2008; Wang et al.,
2013; Ge et al., 2016; Tung et al., 2016). In this study, we
identified 113 miRNAs which were significantly differentially
expressed, including 32 upregulated miRNAs and 81 down-
regulated miRNAs. Most of them (such as miR-205, miR-200c,
miR-100, miR-155, miR-125b, miR-214, miR-199a, miR-199b
and miR-199a) are involved in cell differentiation, proliferation
and apoptosis, and cancer development, progression and
metastasis.

In present report, we suggests that upregulation of miR-
205-5p contributes to cisplatin resistance in C13K ovarian
cancer cells. However, evidences showed the paradoxical
regulation of miR-205 on chemotherapy resistance in various
cancers. Specifically, increased miR-205 level and paclitaxel
resistance were noted in CD133+ ovarian cancer stem cells
compared to adherent OVCAR3 cells (Nam et al., 2012).
Additionally, increased miR-205 level was correlated with high
proliferation, invasion and migration rates, enhanced resistance
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FIGURE 4 | Involvement of miR-205-5p in cisplatin resistance via PTEN/AKT
pathway in ovarian cancer cells. Relative expression of PTEN mRNA (A) and
protein (B) in C13K and OV2008 cells (∗P < 0.01). (C,D) Inhibition of
miR-205-5p increased PTEN and decreased p-AKT in C13K cells with
cisplatin treatment for 48 h. (E,F) Overexpression of miR-205-5p decreased
PTEN and increased p-AKT in OV2008 with cisplatin treatment for 48 h.

to carboplatin both in lung cancer A549 cells and H1975 cells
by inhibiting cellular apoptosis and augmenting cancer cell
survival (Zarogoulidis et al., 2015). However, downregulation
of miR-205 was noted in pancreatic cancer cell lines resistant
to gemcitabine (Bera et al., 2014) and prostate cancer cell
lines resistant to docetaxel (Puhr et al., 2012). Overexpression
of miR-205 resensitized drug-resistant cancer cells and acted
as a tumor suppressor miRNA (Puhr et al., 2012; Mittal
et al., 2014; Ippolito et al., 2016; Chaudhary et al., 2017).
As we know, miR-205 is involved in both physiological and
pathological processes including cell proliferation, apoptosis,
angiogenesis and mesenchymal transition by targeting either
oncogenes or tumor suppressor genes such as PHLPP-2, CTGF,
CYR61, ESRRGr, PTEN, ErbB3, E2F1, E2F5, Zeb1&2, HBx,
PCNA, Her 2&3, VEGF-A, Bcl2, etc (Vosgha et al., 2014),
which results in “dual roles” of cell regulation. Nevertheless,
more extensive and detailed studies are required to explore the

dual role of miR-205 in drug resistance associated with cancer
chemotherapy.

The tumor suppressor PTEN, one of miR-205 target genes,
plays an essential role in cancer development via modulating
cell cycle progression (Qu et al., 2012; Cai et al., 2013).
It was found that PTEN deletion in malignant gliomas,
endometrial cancer, melanomas, breast cancer and other tumors,
indicating that the PTEN gene has an important function
in suppressing transformation to a malignant tumor (Habib
et al., 2011). PTEN levels were significantly decreased in
progesterone-resistant endometrial cancer Ishikawa cells and
that the miR-205 inhibitor increased PTEN expression in
these cells (Zhuo and Yu, 2017). Besides, PTEN acts as a
phosphatase to dephosphorylate phosphatidylinositol (3,4,5)-
trisphosphate (PIP3), which results in inhibition of AKT
signaling pathway (Cantley and Neel, 1999). It has been
implicated that PTEN is involved in chemotherapy resistance
including cisplatin in breast cancer, prostate cancer, melanoma,
and EMT (Lee et al., 2005; Juric et al., 2015). Therefore,
we speculated that miR-205 confers cisplatin resistance upon
ovarian cancer cells through targeting PTEN. In this study,
we confirmed that inhibition of miR-205-5p upregulated
PTEN expression and subsequently attenuated its downstream
target p-AKT, which inversed C13K cells from cisplatin
resistance to sensitivity. Contrarily, overexpression of miR-205-
5p downregulated PTEN expression and subsequently increased
p-AKT level, which turned OV2008 cells from cisplatin sensitivity
into resistance.

Our findings suggest that miR-205 plays an important role in
the loss of PTEN expression and the development of cisplatin-
resistant in ovarian cancer cells. Nevertheless, this research has
limitation. All the data was based on cisplatin-resistant C13K
ovarian cancer cells and its cisplatin-sensitive OV2008 parental
cells. Therefore, we should note that differential expression
patterns of miRNAs in C13K and OV2008 cells in this study
are not applicable for ovarian cancer in general. More ovarian
cancer cell lines need be checked by modulating miR-205
level and drug resistance. However, it was found that miR-
205 regulated the proliferation and invasion of ovarian cancer
OVCAR-3 cell line via suppressing PTEN/SMAD4 expression
(Chu et al., 2018). miR-205 level was increased in ovarian
cancer and it promoted the invasive behavior of ovarian cancer
cell lines (OVCAR-5, OVCAR-8, and SKOV-3) (Wei et al.,
2017).These studies support our conclusion, although the roles
of miR-205 in the induction of drug resistance has not been
investigated.

CONCLUSION

Our data suggest that miR-205-5p mediates downregulation
of PTEN and upregulation of p-AKT, which contributes
to cisplatin-resistance in C13K human ovarian cancer
cells. Biological or pharmacological intervention based
on miR-205-5p may be a new promising strategy to
inverse the cisplatin resistance in human ovarian cancer
cell.
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