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Abstract. The potential role of microRNA (miR)‑210‑3p in 
carcinogenesis and the cisplatin sensitivity of ovarian cancer 
were evaluated in the present study. The relative expression 
levels of miR‑210‑3p in cisplatin‑sensitive SKOV‑3 cells and 
cisplatin‑resistant SKOV‑3/DDP cells were determined using 
reverse transcription‑quantitative polymerase chain reaction 
analysis. miR‑210‑3p mimics and inhibitors were transfected 
into SKOV‑3/DDP cells. Cell Counting Kit‑8, scratch and 
Transwell invasion assays and flow cytometry were conducted 
to evaluate the role of miR‑210‑3p in ovarian cancer cells. A 
luciferase reporter assay was used to verify the association 
between miR‑210‑3p and E2F transcription factor 3 (E2F3). 
Drug sensitivity was evaluated by treating the cells with 
cisplatin. The expression level of miR‑210‑3p was lower in 
SKOV‑3/DDP cells than in SKOV‑3 cells. Compared with 
the untransfected control, SKOV‑3 cells transfected with 
miR‑210‑3p exhibited a significantly higher survival rate. The 
overexpression of miR‑210‑3p inhibited SKOV‑3/DDP cell 
proliferation, migration and invasion, and promoted cell apop-
tosis. By contrast, the inhibition of miR‑210‑3p promoted cell 
migration and invasion. The luciferase reporter assay confirmed 
that E2F3 was a direct target gene of miR‑210‑3p. Cisplatin 
treatment resulted in a sharp decrease in the survival rate of 
SKOV‑3/DDP cells transfected with the miR‑210‑3p mimics. 
The decrease in cell survival rate caused by the overexpression 
of miR‑210‑3p was rescued by the overexpression of E2F3 in 
SKOV‑3/DDP cells. Taken together, these results suggest that 
miR‑210‑3p may act as a tumor suppressor in ovarian cancer 
cells and affect the sensitivity of cells to cisplatin by directly 
targeting E2F3. This indicates its potential use as a therapeutic 
target for improving drug resistance in ovarian cancer.

Introduction

Ovarian cancer is one of the most common types of cancer 
in women and the most life‑threatening gynecologic tumor, 
which led to ~151,900  cases of mortality worldwide in 
2012 (1,2). There are no obvious clinical symptoms in the early 
stages of this disease. Although the international promotion 
of treatment protocols consisting of surgery and neoadjuvant 
chemotherapy have significantly improved the survival rate of 
patients with ovarian cancer, the 5‑year‑survival rate remains 
<45% (3). Drug resistance is responsible for the failure of 
platinum‑based chemotherapy, wherein patients initially 
respond to these agents but relapse ~6 months following their 
initial chemotherapy (4). Therefore, there is an urgent need to 
understand the multiple mechanisms underlying the progres-
sion of ovarian cancer and chemotherapy drug resistance to 
develop effective targeted therapies.

As a type of gene regulatory factor, microRNAs (miRNAs) 
are endogenous, non‑coding RNAs with a length of ~22 
nucleotides that are widely involved in physiological processes, 
including cell growth and replication (5). miRNAs specifi-
cally bind to the 3'‑untranslated region (UTR) of the target 
mRNAs  (6). In 2006, Chan and Loscalzo  (7) found that 
miRNAs are involved in ovarian cancer oncogenesis, and 
numerous subsequent studies have demonstrated the impor-
tance of miRNAs in cell development, invasion, apoptosis and 
drug sensitivity in ovarian cancer. For example, miR‑7 exhibited 
specific methylation in resistant cell lines and was associ-
ated with poor prognosis in patients with ovarian cancer (8); 
miR‑509‑3p sensitized ovarian cancer cells to cisplatin treat-
ment by targeting anti‑apoptotic genes, including MCL1, B‑cell 
lymphoma 2 (BCL2) and BCL2L2 (9); the overexpression of 
miR‑630 promoted SKOV3 cell proliferation and migra-
tion (10); and the overexpression of miR‑18b was associated 
with the metastasis of ovarian cancer cells via phosphatase and 
tensin homolog (PTEN) (11). In addition, the E2F transcription 
factor 3 (E2F3) has been shown to act as a crucial protein in the 
cell cycle process and is a known target of miR‑210‑3p. Studies 
have shown that E2F3 is downregulated at the protein level 
upon induction of the expression of miR‑210 in human ovarian 
cancer (12).

The present study aimed to characterize the expression 
level of miR‑210‑3p between a cisplatin‑resistant human 
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ovarian cancer cell line (SKOV‑3/DDP) and a cisplatin‑sensi-
tive cell line (SKOV‑3) to evaluate the regulatory mechanisms 
of miR‑210‑3p and its target gene, E2F3, in the carcinogenesis 
and cisplatin sensitivity of SKOV‑3/DDP cells.

Materials and methods

Cell lines, culture conditions and miRNA transfection. The 
293T human embryonic kidney cell line was purchased from 
the Chinese Academy of Sciences (Beijing, China) and was 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
10‑013‑CVR; Corning Incorporated, Corning, NY, USA) for 
conducting a luciferase reporter assay. The SKOV‑3/DDP cell 
line was selected for the present study following referral to 
previous studies (13). The SKOV‑3 cisplatin‑sensitive human 
ovarian cancer cell line and the SKOV‑3/DDP cisplatin‑resistant 
cell line were obtained from Huiying Biological Technology 
Co., Ltd., (Shanghai, China). The SKOV‑3 and SKOV‑3/DDP 
cells were cultured in Roswell Park Memorial Institute 
(RPMI)‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; HyClone; GE Healthcare Life Sciences, Logan, 
UT, USA), penicillin (100 U/ml), and streptomycin (100 µg/ml) 
in an incubator with 5% CO2, at 37˚C.

The SKOV‑3/DDP cells in logarithmic phase were diluted 
to a density of 1.0x105/ml, plated in six‑well plates and incu-
bated at 37˚C in a humidified atmosphere of 5% CO2 for 36 h. 
The SKOV‑3/DDP cells were transfected with 50 nM of the 
miRNA mimics, mimic negative control (NC), miRNA inhib-
itor and inhibitor NC using Lipofectamine® 2000 (11668019; 
Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. For the cell proliferation, apoptosis, 
wound healing and migration assays, the cells were divided 
into the following mimic and inhibitor groups: i)  Mimic 
groups: Mimic NC subgroup, transfected with the mimics 
control sequence; miR‑210‑3p mimic experimental subgroup, 
transfected with miR‑210‑3p mimics; ii)  inhibitor groups: 
Inhibitor NC subgroup, transfected with the inhibitor control 
sequence; miR‑210‑3p inhibitor experimental subgroup, trans-
fected with the miR‑210‑3p inhibitors sequence.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Total RNA was extracted using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) in accor-
dance with the manufacturer's protocol. The concentration 
and purity of the extracted RNA samples were detected with 
an ultraviolet spectrophotometer at a wavelength of 260 nm. 
Following this, ~1 µg of RNA and 3 µM primer F+R were 
transcribed to cDNA using Thermoscript RT kits (Takara Bio, 
Inc., Otsu, Japan). RT‑qPCR analysis was performed using 
a SYBR‑Green PCR master mix kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) with ~1 µg cDNA on an ABI 
7500 Real‑Time PCR system; U6 small nuclear RNA was 
used as an internal control. The specific primer sequences are 
shown in Table I. PCR amplification was conducted using the 
following cycling conditions: Initial denaturation at 95˚C for 
5 min; 40 cycles of denaturation at 95˚C for 10 sec, annealing 
at 60˚C for 30 sec, and extension at 72˚C for 1 min; followed by 
a final extension at 72˚C for 10 min. Three independent experi-
ments were performed to detect the relative gene expression 

level. The relative expression was quantified using the 2‑ΔΔCq 
method (14).

Cell proliferation assay. The cells (~1x103) in the logarithmic 
growth phase were plated per well, in 96‑well culture plates. 
Cell proliferation was examined using a conventional Cell 
counting kit‑8 (CCK‑8) assay. CCK‑8 solution (Beyotime 
Institute of Biotechnology, Shanghai, China) was used in 
accordance with the manufacturer's protocol. The plates were 
incubated in the dark for 3 h, and the absorbance value at 
450 nm wavelength was recorded.

Cell apoptosis assay. The effect of miR‑210‑3p on apoptosis 
was detected through flow cytometry using the Annexin 
V‑fluorescein isothiocyanate (FITC) cell apoptosis kit 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. The SKOV‑3/DDP cells trans-
fected with miR‑210‑3p mimics, miR‑210‑3p inhibitor and 
corresponding NC controls were cultured in serum‑free 
Roswell Park Memorial Institute 1640 medium (RPMI‑1640; 
10‑040‑CVR; Corning Incorporated) at 37˚C in a humidified 
atmosphere of 5% CO2 for 36 h. All cells were collected and 
washed three times with phosphate‑buffered saline (PBS; 
pH 7.4) and suspended in the staining buffer provided in 
the kit. The cells were mixed with 5 µl of Annexin V‑FITC 
and propidium iodide (PI) and were subjected to FACScan 
flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) 
following incubation for 10 min at room temperature. The 
cells were pipetted into a test tube and 300 µl of PBS was 
added to each tube. PI (~1 µl; 50 µg/ml) was added to each 
sample and cell apoptosis was measured within 30 min. Cells 
that were Annexin V‑positive and PI‑negative were considered 
apoptotic.

Wound healing assay. Following transfection, a scratch was 
produced in the monolayer cultures of cells using sterile 200‑µl 
pipette tips. The detached cells were removed by washing twice 
with PBS and the plates were incubated in a medium without 
FBS. Images were captured immediately (0 h) and after 24 h. 
Images of five random fields were captured under an inverted 
microscope, and the numbers of migratory cells were counted. 
Each experiment was repeated at least three times.

Invasion assay. Following transfection, the cells were divided 
and washed twice with PBS. The cells (5x105) were seeded in 
the upper chamber of a Transwell insert (12‑µM pores) covered 
with Matrigel (0.7 mg/ml; Collaborative Research, Inc., TX, 
USA). The lower chamber was filled with RPMI medium 
(400 ml). Following incubation for 24 h, the non‑migrated cells 
in the upper chamber were gently removed and the migrated 
cells present on the lower surface of the insert were stained 
with formaldehyde. Images were captured under an optical 
microscope following staining with crystal violet.

Luciferase reporter assay. To verify whether miR‑210‑3p 
directly targets and inhibits E2F3, the entire 3'‑UTR of 
E2F3 was cloned downstream of the luciferase gene, into 
the multiple cloning site of the pMIR‑REPORT (Promega 
Corporation, Madison, WI, USA) vector, to construct the 
pmiR‑E2F3‑wild‑type (WT) plasmid. TargetScan (http://www.
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targetscan.org/vert_71/) was used to predict the binding sites 
of miR‑210‑3p on E2F3, and to introduce sequence muta-
tions to construct the pmiR‑E2F3‑mutant (MUT) vectors. 
pRL‑TK, the Renilla luciferase expression vector (Promega 
Corporation), was used as an internal reference. The 293T 
cells were transfected with 50 nM miR‑210‑3p mimics or NC, 
with the luciferase reporter vector using Lipofectamine® 2000. 
The transfected cells were cultured at 37˚C in a humidified 
atmosphere of 5% CO2 for 24 h. The activity of luciferase was 
determined according to the Dual Luciferase Reporter Gene 
Assay system (Promega Corporation).

Western blot analysis. The SKOV‑3 and SKOV‑3/DDP cells 
(~1x105) with cisplatin (Meilun Dalian, Liaoning Sheng, 
China) at concentrations of 0.5, 1, 2, 5, 10, 20 and 40 mg/l in 
12‑well culture plates were then cultured at 37˚C in a humidi-
fied atmosphere of 5% CO2 for 48 h. Total cell lysate was 
prepared by RIPA lysis (Beyotime Institute of Biotechnology).
The concentration of protein was determined using the 
Bicinchoninic Acid Protein Assay kit (Shanghai Solarbio 
Bioscience & Technology Co., Ltd., Shanghai, China). 
The proteins were separated on a 10% polyacrylamide gel 
(Shanghai Solarbio Bioscience & Technology Co., Ltd.) by 
electrophoresis and the separated proteins were transferred 
onto polyvinylidene fluoride membranes. The membranes 
were blocked with 5% bovine serum albumin (FBS; Gibco; 
Thermo Fisher Scientific, Inc.) for 1 h at room temperature. 
The proteins were incubated with primary antibody against 
E2F3 (rabbit anti‑human, 1:1,000, Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) and a rabbit anti‑human primary 
antibody against glyceraldehyde‑3‑phosphate dehydrogenase 
(GAPDH, mouse anti‑human, 1:1,000, Shanghai Solarbio 
Bioscience & Technology Co., Ltd.) overnight at 4˚C. 
Following the addition of horseradish peroxidase‑labeled 
secondary antibody (1:5,000, Shanghai Solarbio Bioscience 
& Technology Co., Ltd.) and incubation for 1  h at room 
temperature, the protein signals were detected with chemilu-
minescence. The Gel Doc EZ Imager (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) was used to capture the protein 
image. ImageJ software version 1.8.0 (National Institutes of 
Health, Bethesda, MD, USA) was used to determine the gray 
value of the target band.

Cisplatin sensitivity analysis. The viability of the SKOV‑3 and 
SKOV‑3/DDP cells treated with cisplatin at concentrations of 
0.5, 1, 2, 5, 10, 20 and 40 mg/l for 48 h was evaluated. The E2F3 

sequence was inserted into a pReceiver vector (GeneCopoeia, 
Inc., Rockville, MD, USA) to construct the pReceiver E2F3 
vector. The cells in the experiment were assigned to the five 
following groups: SKOV‑3/DDP, NC (SKOV‑3/DDP with 
empty vector), miR‑210‑3p mimics (SKOV‑3/DDP with 
miR‑210‑3p mimics), E2F3 (SKOV‑3/DDP with pReceiver 
E2F3 vector), and miR‑210‑3p mimic + E2F3 (SKOV‑3/DDP 
with miR‑210‑3p mimics and pReceiver E2F3 vector). All 
cells were exposed to cisplatin and the absorbance value was 
detected using the CCK‑8 assay. The results are expressed 
as the cell survival rate, which was determined according to 
optical density (OD) as follows: Percentage survival=(mean 
OD value of treated group/mean OD value of control group) 
x100%.

Statistical analysis. The software SPSS 21.0 (IBM Corp., 
Armonk, NY, USA) was used to analyze statistical signifi-
cance. All assays were independently performed three times 
and measurement data are presented as the mean ± standard 
deviation. A two‑sided Student's t‑test was used to analyze the 
differences between the two groups. The significance of differ-
ences between groups were evaluated with one‑way analysis of 
variance followed by Student‑Newman‑Keuls post hoc tests. 
P<0.05 was considered to indicate a statistically significant 
difference. 

Results

Expression of miR‑210‑3p is significantly decreased in 
SKOV‑3/DDP cells. RT‑qPCR analysis was used to assess the 
expression levels of miR‑210‑3p in SKOV‑3/DDP and SKOV‑3 
cells, which revealed that the expression of miR‑210‑3p was 
significantly lower in the SKOV‑3/DDP cells than in the 
SKOV‑3 cells (Fig. 1A). Following treatment with cisplatin, 
the viability of the SKOV‑3/DDP cells was significantly higher 
compared with that of the SKOV‑3 cells (Fig. 1B). These results 
suggest that the downregulated expression of miR‑210‑3p may 
affect the growth of ovarian cancer cells and their resistance 
to cisplatin.

Overexpression of miR‑210‑3p represses the ability of cell 
proliferation. To assess the influence of miR‑210‑3p on the 
proliferation of SKOV‑3/DDP cells, miR‑210‑3p mimics or NC 
were transfected into SKOV‑3/DDP cells. The expression level 
of miR‑210‑3p was significantly increased in the cells trans-
fected with miR‑210‑3p mimics (Fig. 2A). The CCK‑8 analysis 

Table I. Primer sequences for RT‑qPCR analysis.

Primer name	 Sequence

hsa‑miR‑210‑3p‑RT	 5'‑GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCAGCCG‑3'
hsa‑miR‑210‑3p‑F‑qRT	 5'‑AGGCTGTGCGTGTGACA‑3'
hsa‑miR‑210‑3p‑R‑qRT	 5'‑AGTGCGTGTCGTGGAGTCG‑3'
U6‑F	 5'‑CGATACAGAGAAGATTAGCATGGC‑3'
U6‑R	 5'‑AACGCTTCACGAATTTGCGT‑3'

F, forward; R, reverse; miR, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction.

https://www.spandidos-publications.com/10.3892/mmr.2019.10129
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revealed that the ability of cells to proliferate was significantly 
lower in the SKOV‑3/DDP cells than in the NC group of cells 
(Fig. 2B).

Overexpression of miR‑210‑3p promotes cell apoptosis. To 
clarify the influence of miR‑210‑3p on cell apoptosis, Annexin 
V/PI staining was performed to detect apoptotic cells. The 
proportion of apoptotic cells was significantly higher in the 
cells transfected with the miR‑210‑3p mimics than for those 
transfected with the mimics control sequence, suggesting that 
the overexpression of miR‑210‑3p promoted cell apoptosis 
(Fig. 3A and B).

miR‑210‑3p suppresses the migration of SKOV‑3/DDP cells. 
To examine the influence of miR‑210‑3p on cell metastasis, a 
wound healing assay was conducted for the SKOV‑3/DDP cells. 
The results of the Transwell assay suggested that the number of 
cells passing through the membrane in the miR‑210‑3p mimic 
group was significantly decreased compared with that in the 
corresponding control (P<0.01; Fig. 4A and B). The expression 
level of miR‑210‑3p was significantly decreased in the cells 
transfected with miR‑210‑3p inhibitors (Fig. 4C). The number 
of cells passing through the membrane in the miR‑210‑3p 
inhibitor group was significantly increased compared with 

that in the corresponding control (P<0.01; Fig. 4D and E). 
These results clearly indicated that the ectopic expression of 
miR‑210‑3p inhibited cell migration.

miR‑210‑3p inhibits cell invasion in SKOV‑3/DDP cells. The 
tumor invasion assay revealed that the number of invasive cells 
among the SKOV‑3/DDP cells transfected with miR‑210‑3p 
mimics was significantly decreased compared that in the 
corresponding control (P<0.01; Fig. 5A and B), whereas the 
miR‑210‑3p inhibitor promoted cell invasion compared with 
that in the corresponding control (P<0.01; Fig. 5C and D). 
These data suggest that the ectopic expression of miR‑210‑3p 
inhibited cell metastasis and invasion.

E2F3 is the target gene of miR‑210‑3p. TargetScan was 
used to predict the potential miR‑210‑3p targets. E2F3 was 
selected for further examination as it contained a conserved 
binding site for miR‑210‑3p (Fig.  6A). The results of the 
dual luciferase reporter assay (Fig. 6B) indicated that the 
dual luciferase activity of pmiR‑E2F3‑WT was significantly 
lower in the miR‑210‑3p mimics group than in the control 
group (P<0.05), whereas that of pmiR‑E2F3‑MUT was not 
significantly decreased (P>0.05). The levels of E2F3 in the 
SKOV‑3/DDP and SKOV‑3 cells were significantly decreased 
with the overexpression of miR‑210‑3p (Fig. 6C). Therefore, 
miR‑210‑3p may directly target E2F3 and negatively regulate 
its expression.

Figure 1. Expression of miR‑210‑3p. (A) R elative expression levels of 
miR‑210‑3p of the SKOV‑3 human ovarian cancer cell line and SKOV‑3/DDP 
cisplatin‑resistant cell line. (B) Cell proliferation ability of the SKOV‑3 
human ovarian cancer cell line and SKOV‑3/DDP cisplatin‑resistant cell 
line. The viability of SKOV‑3 and SKOV‑3/DDP cells treated with cisplatin 
at concentrations of 0.5, 1, 2, 5, 10, 20 and 40 mg/l for 48 h was evaluated. 
*P<0.05 compared with SKOV‑3 cells; **P<0.01 compared with SKOV‑3 cells 
(n=3). miR, microRNA.

Figure 2. Overexpression of miR‑210‑3p inhibits SKOV‑3/DDP cell prolif-
eration. (A) Expression levels of miR‑210‑3p in SKOV‑3/DDP cells following 
transfection with the miR‑210‑3p mimics. (B) OD450 of SKOV‑3/DDP cells 
following transfection with the miR‑210‑3p mimics. **P<0.01 compared with 
NC (n=3). miR, microRNA; NC, negative control cells transfected with the 
mimics control sequence; OD, optical density.
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Figure 3. Overexpression of miR‑210‑3p induces apoptosis of SKOV‑3/DDP cells. (A) Representative images showing Annexin V/PI staining results in 
SKOV‑3/DDP cells following different treatments. (B) Detection of apoptosis following Annexin V/PI staining. **P<0.01 (n=3). miR, microRNA; NC, negative 
control cells transfected with the mimics control sequence; PI, propidium iodide; FITC, fluorescein isothiocyanate.

Figure 4. miR‑210‑3p inhibits the migration of SKOV‑3/DDP cells. (A) Representative images of the overexpression of miR‑210‑3p showing cell migration 
results in SKOV‑3/DDP cells following different treatments. (B) Recovery rates of cell migration. (C) Expression levels of miR‑210‑3p in SKOV‑3/DDP 
cells following transfection with the miR‑210‑3p inhibitors. (D) Representative images of the inhibited expression of miR‑210‑3p, showing cell migration of 
SKOV‑3/DDP cells following different treatments. (E) Recovery rates of cell migration. Magnification, x100. **P<0.01 (n=3). miR, microRNA; NC, negative 
control cells transfected with the mimic or inhibitor control sequence. 

https://www.spandidos-publications.com/10.3892/mmr.2019.10129
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Overexpression of miR‑210‑3p affects the sensitivity of 
SKOV‑3/DDP cells to cisplatin by targeting E2F3. A CCK‑8 
assay was performed to assess the viability of cells following 

treatment with different concentrations of cisplatin. In 
comparison with the SKOV‑3/DDP group, the IC50 value of 
cisplatin in the miR‑210‑3p mimics group was significantly 
decreased. The analysis of cell survival rate suggested that, with 
different concentrations of cisplatin, the cell survival rates in 
the SKOV‑3/DDP and miR‑210‑3p mimics groups were higher 
compared with those in the SKOV‑3 group (P<0.05). The 
cell survival rates of the NC and miR‑210‑3p mimics + E2F3 
groups did not differ significantly (P>0.05) from that of 
the SKOV‑3/DDP group, whereas that of the miR‑210‑3p 
mimics group was significantly decreased (P<0.05; Fig. 7). In 
conclusion, transfection with the miR‑210‑3p mimic signifi-
cantly reduced the effect of cisplatin on the SKOV‑3/DDP 
cells. The overexpression of E2F3 rescued the miR‑210‑3p 
mimics‑induced sensitivity to cisplatin.

Discussion

In the present study, the role of miR‑210‑3p in the carcino-
genesis and cisplatin sensitivity of ovarian cancer cells was 
investigated. The expression of miR‑210‑3p was significantly 
lower in cisplatin‑resistant SKOV3/DDP cells than in chemo-
sensitive SKOV3 cells. Transfection of the SKOV3/DDP 
cells with miR‑210‑3p mimics resulted in the inhibition of 
cell proliferation, migration and invasion, and the induction 
of cell apoptosis. E2F3 was verified as the direct target of 
miR‑210‑3p. The transfection of SKOV3/DDP cells with 
miR‑210‑3p mimics also increased the sensitivity of cells to 
cisplatin. However, the overexpression of E2F3 attenuated this 
effect of the overexpression of miR‑210‑3p.

Several studies have suggested the important role of 
miR‑210 in cancer. However, there are contradictory results 

Figure 5. miR‑210‑3p inhibits the invasion of SKOV‑3/DDP cells. (A) Representative images of the overexpression of miR‑210‑3p showing cell invasion results 
in SKOV‑3/DDP cells with different treatments. (B) Numbers of invasive cells in the mimic experiment. (C) Representative images of the inhibition of expres-
sion of miR‑210‑3p showing cell invasion results in SKOV‑3/DDP cells with different treatments. (D) Numbers of invasive cells in the inhibitors experiment. 
Magnification, x100. **P<0.01 (n=3). miR, microRNA; NC, negative control cells transfected with the mimic or inhibitor control sequence. 

Figure 6. miR‑210‑3p directly targets E2F3 in 293T cells. (A) Binding 
site of miR‑210‑3p at the 3'‑UTR of E2F3 and mutated 3'‑UTR of E2F3. 
(B) Western blotting of the expression of E2F3 in SKOV‑3 and SKOV‑3/DDP 
cells. (C) Relative luciferase activity. *P<0.05 (n=3). miR, microRNA; NC, 
negative control cells transfected with the mimics control sequence; 3'‑UTR, 
3'‑untranslated region; WT, wild‑type; MUT, mutant; E2F3, E2F transcrip-
tion factor 3; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase.
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with respect to the role of miR‑210 as an oncogene or gene 
suppressor. miR‑210 is upregulated in head and neck cancer, 
pancreatic tumors  (15), glioma  (16), non‑small cell lung 
cancer (17) and prostate cancer (18). By contrast, the expres-
sion of miR‑210 is downregulated in esophageal squamous 
cell carcinoma (19), bladder cancer (20), angiosarcoma (21) 
and renal cell carcinoma  (22). The function of miR‑210 in 
ovarian cancer remains to be fully elucidated. Under hypoxic 
conditions, miR‑210 is upregulated in epithelial ovarian cancer 
tissues and ovarian cancer cell lines (23). miR‑210 is located 
on chromosome 11p15.5, on which allelic loss is observed in 
ovarian cancer (24,25). Giannakakis et al (12), reported that 
miR‑210 gene copy number was deleted in 64% ovarian cancer 
samples and was associated with the expression levels of mature 
miR‑210. The level of miR‑210 is also reduced in primary 
ovarian cancer cells compared with that in effusions (26). These 
results are consistent with the observations of the present study. 
Therefore, miR‑210‑3p is not only a simple tumor‑stimulating 
miRNA in cancer but may have a dual role as an oncogene and a 
tumor suppressor. The results of the present study revealed that 
the overexpression of miR‑210‑3p suppressed cell multiplication, 
migration and invasion abilities, and promoted cell apoptosis in 
cisplatin‑resistant SKOV3/DDP cells. Therefore, miR‑210‑3p 
mainly functions as a tumor suppressor gene in SKOV3/DDP 
cells and may prevent the progression of ovarian cancer.

The protein E2F3 is a key molecule involved in cell cycle 
progression. E2F3a acts as an oncogene in ovarian cancer (27). 
The E2F3 isoforms (E2F3a and E2F3b) are overexpressed in 
ovarian cancer tissues, compared with normal tissues; of these, 
the expression of E2F3a is known to be associated with tumor 
stage (28). The present study verified that miR‑210‑3p directly 
targeted the 3'‑UTR region of E2F3 and it was hypothesized 

that downregulation of the expression of miR‑210‑3p may affect 
certain signaling pathways in ovarian cancer. miR‑210‑3p 
suppressed SKOV3/DDP cell multiplication via E2F3 through 
cell cycle arrest, as observed in esophageal squamous cell 
carcinoma.

miRNAs have been investigated in multiple tumor types 
for their roles in drug resistance. For example, the deregula-
tion of miR‑340‑5p and miR‑128 led to an increase in cisplatin 
resistance in osteosarcoma cells and glioma cells, respec-
tively (29,30). The serum level of miR‑210 was associated with 
the sensitivity to cisplatin‑based chemotherapy in non‑small 
cell lung cancer (31). Zhao et al (32), reported on the associa-
tion between the expression of miR‑9 and increased response 
of cancer cells to cisplatin treatment. In the present study, the 
overexpression of miR‑210‑3p reduced the suppressive effect 
of cisplatin on resistant cells, however, the overexpression of 
E2F3 eliminated the miR‑210‑3p‑induced resistance to cispl-
atin. Taken together, the present study highlights the potential 
role of miR‑210‑3p as a novel therapeutic target for ovarian 
cancer. miR‑210‑3p affects the sensitivity of cisplatin‑resistant 
cells to cisplatin by targeting E2F3 in ovarian cancer. Further 
investigations are warranted to evaluate the specific regulation 
network of miR‑210‑3p and its target gene in ovarian cancer 
and develop effective drugs for clinical application.

In conclusion, the overexpression of miR‑210‑3p repressed 
the cell proliferation, apoptosis, migration and invasion of 
cells, and the inhibition of miR‑210‑3p promoted cell migra-
tion and invasion. Th overexpression of miR‑210‑3p decreased 
the sensitivity of SKOV‑3/DDP cells to cisplatin treatment 
via E2F3. miR‑210‑3p may serve a tumor suppressor role in 
ovarian cancer cells and be a potentially valuable therapeutic 
target for improving cisplatin resistance in ovarian cancer cells.

Figure 7. Effects of miR‑210‑3p and E2F3 on the sensitivity of SKOV‑3/DDP cells to cisplatin. SKOV‑3/DDP, NC, miR‑210‑3p mimic, E2F3, and miR‑210‑3p 
mimic + E2F3 groups refer to SKOV‑3/DDP cells transfected with no sequence, empty vector, miR‑210‑3p mimics, pReceiver E2F3 vector, and both 
miR‑210‑3p mimic and pReceiver E2F3 vectors, respectively. *P<0.05 and **P<0.01 compared with SKOV‑3/DDP, NC, and miR‑210‑3p mimic + E2F3 (n=3). 
miR, microRNA; NC, negative control; E2F3, E2F transcription factor 3.
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