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MicroRNA-20a contributes to cisplatin-resistance and
migration of OVCARS3 ovarian cancer cell line
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Abstract. MicroRNAs (miRs) have been reported to be
associated with the development of numerous types of
cancer. However, the function of miRs in human ovarian
carcinoma chemoresistance remains largely undefined. In
the present study, cell chemotherapy combined with a Cell
Counting Kit-8 assay demonstrated that miR-20a performed
important roles in ovarian cancer cells chemoresistance.
Flow cytometry, cellular proliferation assays and Transwell
assays results revealed that the proliferation and migration
rates of OVCAR3/DDP cells were increased in comparison
with parental cells. Western blot analysis results suggested
that epithelial-mesenchymal transition (EMT) activated by
miR-20a contributed to OVCAR3/DDP cell migration. The
present study highlighted the importance of miR-20a in
regulating the chemoresistant properties of OVCAR3 cells
and promoting cisplatin-resistant cell migration by activating
EMT. The results of present study may therefore provide
novel insights into reversing the chemoresistance of ovarian
cancer and improving its treatment.

Introduction

Ovarian cancer is the fifth most common type of disease
in females, and in the United States in 2014 there were an
estimated 21,290 new cases and 14,180 mortalities due to
ovarian cancer (1). Although the 5-year survival rate of
females with ovarian cancer has improved, it is only ~20% (2).
Platinum-based combinations of chemoresistance is one of
the obstacles limiting the success of cancer drug treatments
and minimizing the effectiveness of chemotherapy in a large
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number of patients (3). Cisplatin, one of the most common
forms of platinum, is often used as one of the first-lines of
treatment following surgical resection of visible nidus in
ovarian cancer (3). In order to improve patient outcomes, it
is critical to overcome cisplatin resistance of ovarian cancer
cells (4).

Epigenetic changes at the molecular and cellular levels
contributing to cisplatin-resistance have previously been
reported, including alterations of platinum-DNA adducts,
impairment in the apoptotic response of cells to adduct products,
DNA methylation status transformation, histone modification
and microRNAs (miRs) (5,6). miRs are reported to be involved
in the regulation of various biological processes, including
embryonic development, cellular proliferation, differentiation,
migration and apoptosis (7,8). Studies have suggested that aber-
rant miR expression levels have been associated with tumor
biology, including resistance to various chemotherapeutic
agents (9,10). For example, let-7b suppression induces resistance
to cisplatin by the upregulation of cyclin D1 in glioblastoma (11).
miRs overexpression has also been demonstrated to result in
resistance to drugs in colorectal and prostate cancer (12,13).
miR-522 expression level was reduced in doxorubicin (DOX)
resistant colon HT29 cell line and affected the sensitivity of the
cells to DOX treatment by targeting ABCB5 (14). miR-200b
has been shown to enhance chemosensitivity in prostate
cancer via the regulation of Bmi-1 (15). miR-20a, a member
of the miR-17-92 cluster, acts as a transforming growth factor
[ receptor 2 suppressor for reverting cisplatin-resistance and
inhibiting metastasis in non-small cell lung cancer (16). Of note,
miR-20a also inhibited the pro-apoptotic activity and induced
chemoresistance in leukemia cells (17). Our previous study
demonstrated that miR-20a promoted proliferation and inva-
sion by targeting the amyloid precursor protein in the ovarian
cancer OVCAR3 cell line (18). The present study hypothesized
that miR-20a may be involved in in ovarian cancer resistance
to cisplatin and aimed to investigate the underlying mechanism
of chemoresistance in OVCAR3 cells. A cisplatin-resistant
subline, OVCAR3/DDP, was established from the OVCAR?3
ovarian cell line. miR-20a facilitated OVCAR3 cells resistance
to cisplatin and contributed to OVCAR3/DDP cell migration.
The enhanced migration ability of OVCAR3/DDP cells may
be due to epithelial-mesenchymal transition (EMT) induced by
miR-20a.
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Materials and methods

Cell culture and transfection. Cells were routinely cultured
in RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), 100 IU/ml penicillin and 100 pg/ml streptomycin,
and incubated at 37°C in a humidified chamber supplemented
with 5% CO, until confluence reached 70-80%. Transfec-
tion was performed using Lipofectamine™ 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol.

Plasmid construction. To construct the overexpression
and control plasmids, the sequences of miR-20a precursor
(sh-miR-20a) and control (NC-miR-20a) were subcloned
into pcDNA3.1 polyclone sites with HindIIl and BamHI
sites, pri-miR-10a and pcDNA3, respectively. To knockdown
the miR-20a expression, the sequence of miR-20a inhibitor
(ASO-miR-20a) and control were synthesized (Gene Pharma,
Shanghai, China). The sequences used are indicated in Table I.

Establishment of OVCAR3/DDP cell lines. OVCAR3/DDP
cells were induced using a progressive concentration of
cisplatin. Briefly, OVCAR3 that were sourced from Tianjin
Medical University (Tianjin, China) cells in the logarithmic
growth phase were treated with 2.5 gmol/I cisplatin. Following
48-72 h, cisplatin was removed and the cells were cultured at
37°C without cisplatin for ~3 weeks until they recovered. Then
the cells were treated with 5 gmol/l and 10 gmol/1 cisplatin,
respectively. The cisplatin resistant OVCAR3/DDP cell line
was successfully established when cells survived in 10 gmol/l
cisplatin for ~2 months with a normal activity.

Cell Counting Kit-8 (CCK-8) assay. Cell viability was
assessed using CCK-8 (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan). The absorbance at 450 nm was detected
using a Thermo Scientific Mulyiskan FC Microplate Spectro-
photometer. For the inhibition detection, the OVCAR3 and
OVCARS3/DDP cells were treated with 5 different concentra-
tions (0, 0.25, 2.5, 25, 250, 2,500 pmol/l) for 48 h, and then
added with CCK-8. Inhibition (%) = {1 - [OVCAR3/DDP
optical density (OD) - Blank OD]/(OVCAR3 OD - Blank
OD)} x 100%. Resistance index = OVCAR3/DDP half-maximal
inhibitory concentration (IC,,)/OVCAR3 ICs,,.

Cell cycle analysis. Cells were seeded in 25 cm?tissue culture
flasks at a density of 25x10%/well in the corresponding growth
medium, and harvested when they reached 80% confluence.
Subsequently, cells were washed with PBS twice and fixed
in ice-cold 70% ethanol in PBS for 24 h at 4°C. Subsequent
to washing, the fixed cells were treated with 0.01% RNase
for 10 min at 37°C and then stained with 0.05% propidium
iodide (PI) for 20 min at 4°C in the dark. The cell cycle was
determined using a FACScanto flow cytometer (BD Biosci-
ences, Franklin Lakes, NJ, USA) and analyzed using ModFit
software v.4.1 (Verity Software House, Inc., Topsham, ME,
USA).

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). The total RNA
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Table I. Primer sequences for reverse transcription-quantitative
polymerase chain reaction.

Gene Primer Sequence
miR-20a  F  GCTGCCGTAAAGTGCTTATAGTG
R CAGAGCAGGGTCCGAGGTA
miR-20a CTACCTGCACTATAAGCACTTTA
inhibitor
miR-20a GACTACACAAATCAGCGATTT
control
sh-miR- F  UAAAGUGCUUAUAGUGCAGGUAGTT
20a R CUACCUGCACUAUAAGCACUUUATT
sh-NC F  UUCUCCGAACGUGUCACGUTT
R ACG UGACACGUUCGGAGAATT
U6 F  ATTGGAACGATACAGAGAAGATT
R GGAACGCTTCACGAATTTG

F, forward; R, reverse; miR, microRNA; sh, short hairpin; NC, nega-
tive control.

of OVCAR3/DDP cells was isolated using EASYspin
tissue/cell total RNA extraction kit (Aidlab Biotechnolo-
gies, Ltd., Beijing, China) and the cDNA was synthesized
using the First-Strand cDNA Synthesis kit including DNase
(Takara Bio., Inc., Otsu, Japan) from 3 ug total RNA with
a thermocycler (Arktik 96, Thermo Fisher Scientific, Inc.).
miR expression level was analyzed by stem-loop RT-qPCR
using Hairpin-itd miRs RT-PCR Quantitation kit (Shanghai
GenePharma Co., Ltd., Shanghai, China) and SYBR Premix
Ex Taq (Takara Bio, Inc.) on a PikoReal 96 Real-Time PCR
System (Thermo Fisher Scientific, Inc.). The qPCR assay was
performed as follows: 95°C for 3 min for 40 cycles of 95°C for
12 sec and 62°C for 40 sec. The fold change was normalizing
to U6 by using 244%4 (19). The primer sequences are provided
in Table I. All experiments were performed in triplicate.

Western blot analysis. Protein samples were obtained by
lysing ovarian cancer OVCAR3/DDP cells in a standard
sample buffer (50 mM Tris-HCI; pH 6.8; 2% SDS; 10%
glycerol) with level of shaking for 20 min at 4°C, with gentle
triturating 4 times. Lysates were collected and cleared by
centrifugation at 12,830 x g for 5 min at 4°C. Then, 30 ug
protein of each group was loaded into 10% SDS-PAGE. The
membranes were blocked with 5% bovine serum albumin
(BSA; Amresco, LLC, Solon, OH, USA) at 37°C for 1 h
and incubated with the specific antibodies diluted with 5%
BSA at 4°C overnight. The membranes were washed with
TBST 3 times for 5 min, and then incubated with goat
anti-rabbit peroxidase-conjugated secondary antibody for
2 h at 37°C. The following primary antibodies were used
at the indicated dilutions: Anti-E-cadherin pAb (dilution,
1:500; cat. no. sc-7870), anti-N-cadherian pAb (dilution,
1:500; cat. no. sc-393933; both from Santa Cruz Biotech-
nology Inc., Dallas, TX, USA), anti-Vimentin (dilution, 1:500;
cat. no. bs-8533R) and B-tubulin pAb (dilution, 1:1,000; cat.
no. bs-14263R, both from Bioss Biological Technology Co.,
Ltd., Beijing, China).
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Figure 1. Establishment of the cisplatin-resistant cell line OVCAR3/DDP. (A) OVCAR3 and OVCAR3/DDP cell viability following treatment with various
cisplatin concentrations. (B) The inhibition rate of cisplatin in OVCAR3 and OVCAR3/DDP cell lines. (C) The IC5, of OVCAR3 and OVCAR3/DDP cells was
determined. "P<0.05. ICs,, half maximal inhibitory concentration; OD, optical density.

Boyden chamber transwell migration assay. The migratory
capability of cells was determined using a Transwell chamber
culture system (8 ym pore; Corning Incorporated, Corning,
NY, USA). Cells were seeded in a Boyden chamber Transwell
without matrigel-coated inserts (2x10*/well) with serum-free
growth medium Opti-MEM (Gibco; Thermo Fisher Scientific,
Inc.). Complete growth medium supplemented with 10% FBS
was added to the lower chamber. Following incubation at 37°C
for 24 h, the cells attached to the lower surface of the insert
filter were counted following 0.1% crystal violet (Solarbio
Science & Technology Co., Ltd, Beijing, China) staining for
10 mins at room temperature.

Statistical analysis. All experiments were repeated inde-
pendently =3 times, and the results are presented as the
mean + standard deviation. A Student t-test was used to
evaluate the statistical differences between the two groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Establishment of cisplatin-resistant human ovarian cancer
cell line OVCAR3/DDP. Cisplatin-resistant capability of
OVCAR3/DDP cells and the parental cells was assessed
using a CCK-8 assay at various concentrations of cisplatin. As
presented in Fig. 1A, OVCAR3 cell viability was gradually
decreased and almost completely inhibited following treat-
ment with 7 ymol/l cisplatin. OVCAR3/DDP cell viability
was slightly decreased following the same concentration
treatment. Subsequently, the ICs, values for the two types of
cells were detected using CCK-8 assay with 5 concentrations
of cisplatin (0.25, 2.5, 25, 250 and 2,500 gmol/l). The growth
inhibition rate of OVCAR3/DDP cells was lower than that of
OVCARS3 cells at each concentration, except 2,500 gmol/I,
at which the two cell lines were almost entirely inhibited
(Fig. 1B). The ICs, of OVCAR3/DDP and OVCAR3 cells
were 122.30+2.83 and 66.08+5.25, respectively, and the index
(RI) of OVCAR3/DDP cells was 1.87 (Fig. 1C). These results
indicated that OVCAR3/DDP cells had increased resistance to
cisplatin compared with OVCAR3 cells.

Increased expression level of miR-20a contributes to
cisplatin-resistance of OVCAR3/DDP cells. It was reported
that miR-20a was involved in drug-metastasis in various types
of cancer cells (16,20). In order to investigate whether miR-20a
performs a role in cisplatin-resistant OVCAR3 cells, mRNA
expression levels of miR-20a in OVCAR3 and OVCAR3/DDP
cells were evaluated using RT-qPCR. As presented in Fig. 2A,
miR-20a was overexpressed in OVCAR3/DDP cells compared
with in the parent cells. In addition, overexpression of miR-20a
(pri-miR-20a) in OVCAR3 could enhance resistance to cispl-
atin compared with in the control group (pcDNA3; Fig. 2B).
Knockdown of miR-20a by ASO-miR-20a could reduce
resistant capability to cisplatin compared with the control in
OVCAR3/DDP cells (Fig. 2C). These results demonstrated that
miR-20a enhanced cisplatin resistance in OVCAR3/DDP cells.

The proliferation of OVCAR3/DDP cells is increased. In
order to determine the proliferation of OVCAR3/DDP cells, a
CCK-8 assay was used to detect the cell viability of OVCAR3
and OVCARS3/DDP cells for 7 consecutive days. The popula-
tion doubling time was analyzed according to T, (doubling
time) = Atx1g2/(IgN, - IgNy); where N, is the cell number at
the beginning and N, is the cell number at the end, and At is
the time from N, to N,. T, (OVCAR3) and T, (OVCAR3/DDP)
were ~88 and 69 h, respectively (Fig. 3A), which suggested
that OVCAR3/DDP cells acquired a reinforced proliferation
compared with OVCAR3 cells. In addition, flow cytometry
assay results demonstrated that there were fewer OVCAR3/DDP
cells in the Gy/G, cell cycle phase and an increased number of
cells in the S and G,M phases (Fig. 3B and C). The prolifera-
tion index of OVCAR3/DDP and OVCAR3 cells was 40.59
and 30.73%, respectively, which suggested that miR-20a may
promote OVCAR3/DDP cellular proliferation.

miR-20a regulates OVCAR3 and OVCAR3/DDP cell
migration. The present study verified the migration abili-
ties of OVCAR3 and OVCAR3/DDP cells. The migration
ability of OVCAR3/DDP cell was enhanced 155% compared
with OVCAR3 cells (Fig. 4A and B). To determine whether
miR-20a had an effect on the migration of cells, a Tran-
swell assay was performed to determine the migration of
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Figure 2. miR-20a contributes to cisplatin-resistance of OVCAR3/DDP cells. (A) miR-20a expression level of OVCAR3 and OVCAR3/DDP cells. (B) Cell
viability of OVCAR3 cells transfected with pri-miR-20a (miR-20a overexpression) and pcDNA3 (control) at various concentrations of cisplatin. (C) Cell
viability of OVCAR3/DDP transfected with ASO-miR-20a (miR-20a downregulation) and control at various concentrations of cisplatin. “P<0.05. OD, optical

density; miR, microRNA.
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Figure 3. The proliferation ability of OVCAR3/DDP cells is enhanced. (A) Cell viability of OVCAR3 and OVCAR3/DDP cells was determined using the Cell
Counting Kit-8 assay. (B) Cell cycle distribution of OVCAR3 and OVCAR3/DDP cells examined by flow cytometry assay. (C) Histograms represent flow
cytometry data for cell populations in GO/G1, S and G2/M stages of the cell cycle. The data represents >3 evaluations. "P<0.05. OD, optical density.

OVCARS cells transfected with pri-miR-20a or pcDNA3 and
OVCARS3/DDP cells transfected with ASO-miR-20a or the
control. An increased or decreased number of migrated cells
were observed corresponding to upregulation or downregula-
tion of miR-20a (Fig. 4C and D).

OVCAR3/DDP cells undergo EMT. During the cispl-
atin-resistant cells development, OVCAR3 cells exhibited
protrusion and mesenchymal phenotypes (Fig. SA). Thus, the

present study evaluated the EMT markers of OVCAR3 and
OVCAR3/DDP cells by western blot analysis. OVCAR3/DDP
cells expressed increased levels of Vimentin and N-cadherin
and decreased levels of E-cadherin compared with OVCAR3
cells (Fig. 5B), which suggested that EMT occurred during the
process of cisplatin-resistance. In addition, OVCAR3/DDP
cells transfected with ASO-miR-20a exhibited decreased
expression levels of N-cadherin and Vimentin protein and
increased expression levels of E-cadherin protein, compared
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Figure 4. miR-20a regulates OVCAR3 and OVCAR3/DDP cells migration. (A) Migration activity of OVCAR3 and OVCAR3/DDP cells was detected by
Transwell assay. The representative images are magnification, x100. (B) Quantitative results of three independent experiments. The migrated cells were measured
by software of Image-Pro Plus v.6.0 (""P<0.001). (C) Migration activity of OVCAR3 cells transfected with pri-miR-20a or pcDNA3 and OVCAR3/DDP cells
transfected with ASO-miR-20a or the control was evaluated. Representative images of the photomicrographs were captured at magnification, x100. (D) The

statistical results of the migrated cells are indicated (“P<0.01). miR, microRNA.

with the control group (Fig. 5C and D). These results
suggested that miR-20a may induce EMT in OVCAR3/DDP
cells.

Discussion

Ovarian cancer is the most lethal type of gynecological
cancer (21). Although the international standard of care is
surgery supplemented with paclitaxel and platinum based
chemotherapy, the majority of patients will relapse in one to
two years due to chemoresistance (22). Cisplatin is one of the
most commonly used platinum based chemotherapy treat-
ments for ovarian cancer; however, the resistant mechanism
underlying cisplatin cytotoxicity to cancer cells remains
unclear. Additional understanding of the mechanism under-
lying ovarian cancer resistance to cisplatin may aid the
development of extending the survival rate and increasing the

percentage of females who are cured from ovarian cancer. In
the present study, a cisplatin-resistant subline, OVCAR3/DDP,
was established from OVCAR3 ovarian cancer cells. The
proliferation and migration abilities of OVCAR3/DDP were
enhanced compared with those of OVCAR3 cells.
Dysregulation of miRs has been widely documented in
almost all types of human malignancies (23). Certain miRs
may improve chemotherapy sensitivity, whereas others may
induce chemoresistance of cancer cells (24-26). In ovarian
cancer, miR-130a and miR-374a were demonstrated to func-
tion as negative regulators of cisplatin resistance in A2780
cells (27), whereas miR-31 positively regulated cisplatin
resistance in numerous ovarian cancer cells (28). In the present
study, miR-20a was identified as a novel positive regulator for
OVCARS3 cells cisplatin resistance and migration. Previous
studies have suggested thatmiRs may induce EMT development,
drug resistance and metastasis (29-32). During EMT, epithelial
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Figure 5. Epithelial-mesenchymal transition occurred in OVCAR3/DDP cells. (A) Morphology of OVCAR3 and OVCAR3/DDP cells. (B) The expression
levels of Vimentin, E-cadherin and N-cadherin in OVCAR3 and OVCAR3/DDP cells were determined by western blotting and normalized to that of $-tubulin.
Bars indicated the normalized mean intensity + standard deviation for three independent experiments. (C) The expression levels of Vimentin, E-cadherin
and N-cadherin in OVCAR3/DDP cells transfected with ASO-miR-20a and the control. (D) The relative histogram of the expression levels of Vimentin,
E-cadherin and N-cadherin in OVCAR3/DDP cells transfected with ASO-miR-20a and the control ("P<0.05, “P<0.01, ““P<0.001). miR, microRNA.

cells acquire a mesenchymal phenotype that is characterized
by the loss of intercellular junctions and increased cell migra-
tion (33). In the present study, OVCAR3/DDP cells morphology
was altered due to cisplatin, and the cells expressed increased
levels of E-cadherin and decreased levels of Vimentin and
N-cadherin, compared with the parental cells, which suggested
that EMT occurred during the cells cisplatin-resistance. In
addition, the effects of the EMT markers were reversed by
inhibition of the expression of miR-20a. These results indi-
cated that EMT in OVCAR3/DDP cells may be activated by
miR-20a, which accelerated the ovarian cancer malignant
development.

The present study provided a novel insight into under-
standing the mechanism underlying chemoresistance of
ovarian cancer cells. It also suggested that miR-20a may be
promising as a novel therapeutic target for overcoming drug
resistance and metastasis of ovarian cancer.
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