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Abstract. MicroRNAs (miRs) have been reported to be key 
regulators in numerous types of cancer. The aim of the present 
study was to investigate the role of miR-494 in ovarian cancer. 
Expression of miR-494 was analyzed in ovarian cancer 
tissues and cell lines by reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). miR-494 mimic or 
negative control was transiently transfected into A2780 and 
SKOV3 cell lines. A cell counting kit-8 assay was performed 
to assess the effects of miR‑494 on cell proliferation, and flow 
cytometry was used to evaluate the apoptotic rate. The target 
gene of miR-494 was detected by luciferase assay. Expression 
of fibroblast growth factor receptor 2 (FGFR2) was identified 
using RT-qPCR and western blotting. In the present study, 
decreased expression of miR-494 was observed in ovarian 
cancer samples and cell lines. Overexpression of miR-494 
inhibited ovarian cancer cell proliferation by inducing apop-
tosis. Additional investigation indicated that FGFR2 was a 
direct target of miR-494. Taken together, the results of the 
present study suggested that miR-494 suppressed ovarian 
cancer cell proliferation by inducing apoptosis via targeting 
FGFR2.

Introduction

MicroRNAs (miRs) are small, non-coding RNAs that have 
significant roles in a number of biological processes (1). 
miRs are able to regulate the expression of a wide variety 
of genes by binding the 3'-untranslated region (UTR), 
suppressing messenger (m)RNA translation or degrading 
mRNA, thus modulating numerous cellular activities (2). 
Emerging evidence has demonstrated that a number of miRs 
act as tumor suppressor genes or oncogenes during tumor 

development, suggesting that they may be useful as novel 
diagnostic and therapeutic markers (1). Previous studies have 
demonstrated an abnormal miR expression profile in ovarian 
cancer, suggesting miRs may have a role in the development of 
ovarian cancer (3,4).

Ovarian cancer is the primary cause of cancer-associated 
mortality in women, with an annual incidence of 238,719 and 
mortality rate of 151,917 individuals worldwide in 2012 (5). Due 
to a lack of efficient screening and early diagnosis, an abun-
dance of patients present with distant metastases at the time 
of diagnosis; therefore, ovarian cancer is a challenging public 
health issue (6). The traditional treatments for ovarian cancer 
comprise a combination of surgery and chemotherapy (7); 
however, even following treatment, the prognosis of late-stage 
patients is poor (8). Therefore, it is crucial to investigate the 
molecular mechanisms of ovarian cancer in order to develop 
improved methods of diagnosis.

miR-494 is located on chromosome 14q32.31 (9). It 
has been observed that aberrant expression of miR-494 
is involved in various stages of tumorigenesis (10). Over-
expression of miR-494 promoted apoptosis and inhibited 
growth in gastrointestinal stromal tumor cells and esopha-
geal squamous cell carcinoma cells (11). In A549 human 
lung cancer cells, miR-494 was reported to suppress cell 
proliferation and colony forming activity, and additionally 
induced senescence (12). miR-494 was observed to suppress 
the cell viability and angiogenic ability of medulloblastoma 
cells (13). By contrast, induced expression of miR-494 
enhances cell migration and invasion in glioma cells by 
targeting p190B RhoGTPase activating protein (14). In 
human hepatocellular carcinoma, miR-494 is overexpressed 
and increases proliferation through an acceleration of G1/S 
transition by targeting the mutated in colorectal cancer tumor 
suppressor (15). However, to the best of our knowledge, little 
has been reported regarding the function of miR-494 in 
ovarian cancer.

In the present study, it was initially demonstrated that 
miR-494 is underexpressed in ovarian cancer samples and 
cell lines. Overexpression of miR-494 in ovarian cancer cell 
lines inhibited their proliferation and induced cell apoptosis. 
Furthermore, a luciferase reporter assay confirmed that fibro-
blast growth receptor 2 (FGFR2) was a target of miR‑494, 
implying that miR-494 may suppress ovarian cancer cell 
proliferation via targeting of FGFR2.
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Materials and methods

Tissue specimens. A total of 25 pairs of ovarian cancer tissue 
and adjacent non-tumor tissue were collected at Nanjing 
Medical University Affiliated Wuxi Second Hospital (Wuxi, 
China) from patients during resection. Paired non-tumor 
tissues (adjacent to the tumor) were obtained from the same 
patient that the tumor tissue samples were collected, during 
the same procedure. The tissue samples were obtained during 
surgery and immediately frozen in liquid nitrogen until RNA 
extraction. The mean age of the patients was 51.5 years (range, 
34.0-69.0 years). None of the patients had received radiation or 
chemotherapy prior to surgery. Written informed consent was 
obtained from all patients. The present study was approved by 
the Ethical Committee of Nanjing Medical University Affili-
ated Wuxi Second Hospital (Wuxi, China).

Cell culture and transfection. Ovarian cancer cell lines (ES2, 
HO8910, OVCAR3, A2780, SKOV3 and HeLa) were obtained 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). Cells were cultured in RPMI-1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
supplemented with 1% penicillin/streptomycin (Invitrogen; 
Thermo Fisher Scientific, Inc.) and 10% fetal bovine serum 
(GE Healthcare Life Sciences, Logan, UT, USA), at 37˚C in 
a humidified atmosphere with 5% CO2. miR-494 mimic and 
negative control oligonucleotide sequences were obtained 
from Shanghai GenePharma Co., Ltd., (Shanghai, China). The 
sequences of miR-494 mimic and negative control were as 
follows: miR-494 mimic forward, 5'-UGA AAC AUA CAC GGG 
AAA CCU C-3' and reverse, 5'-GGU UUC CCG UGU AUG UUU 
CAU U-3'; the negative control forward, 5'-UUC UCC GAA 
CGU GUC ACG UTT -3' and reverse, ACG UGA CAC GUU CGG 
AGA ATT -3'. A total of 2x105 cells were seeded into a six-well 
plate (Corning, Inc., Corning, NY, USA) and 100 nM miR-494 
mimic and negative control were transiently transfected into 
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) once the cells had reached 70‑90% confluence, 
respectively.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from the tissue samples and cell lines 
was extracted using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Reverse transcription was performed to obtain complemen-
tary DNA using a reverse transcription kit (PrimeScript™ RT 
reagent Kit with gDNA Eraser; Takara Bio, Inc., Otsu, Japan), 
which also contained DNase. Briefly, 1 µg RNA, 2 µl of 5X 
gDNA Eraser buffer and 1 µl of gDNA Eraser and RNase Free 
dH2O were mixed and incubated at 42˚C for 2 min to remove 
the DNA. The RT reaction system contained 10 µl of the afor-
mentioned reaction solution, 1 µl of PrimeScript RT Enzyme 
Mix I, 1 µl of RT Primer Mix, 4 µl of 5X PrimeScript Buffer 2 
and 4 µl of RNase Free dH2O. The incubation conditions were 
37˚C for 15 min, followed by 85˚C for 5 sec. A sample with 
no DNA was used as the negative control. All reactions were 
performed with an ABI 7300 Real-Time PCR System (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). The expression of 
miR-494 was analyzed by PCR using the SYBR® Premix Ex 
Taq™ II kit (Takara Bio, Inc.). U6 was used for normalization. 

The primers were purchased from Guangzhou RiboBio Co., 
Ltd. (Guangzhou, China), and the sequences used were as 
follows: miR-494 forward, 5'-TGA CCT GAA ACA TAC ACG 
GGA -3' and reverse, 5'-TAT CGT TGT ACT CCA CTC CTT 
GAC -3'; U6 forward, 5'-AAA GAC CTG TAC GCC AAC AC-3' 
and reverse, 5'-GTC ATA CTC CTG CTT GCT GAT -3'. The PCR 
cycling conditions were 95˚C for 3 min, followed by 40 cycles 
at 95˚C for 30 sec, 62˚C for 30 sec and 72˚C for 30 sec.

The expression of FGFR2 was examined using a SYBR® 

Premix Ex Taq™ II kit (Takara Bio, Inc.). β-actin was used as 
the internal control. Experiments were repeated three times. 
The primer sequences were as follows (Genscript, Nanjing, 
China): FGFR2 forward, 5'‑TGA CAT TAA CCG TGT TCC 
TGA G-3' and reverse, 5'-TGG CGA GTC CAA AGT CTG CTA 
T-3'; β-actin forward, 5'-GAC CTC TAT GCC AAC ACA GT-3' 
and reverse, 5'-AGT ACT TGC GCT CAG GAG GA-3'. The 
PCR cycling conditions were 94˚C for 5 min, followed by 32 
cycles of 95˚C for 30 sec, 60˚C for 30 sec and 72˚C for 45 sec. 
The relative expression levels were evaluated by the 2‑ΔΔCq 
method (16).

Cell counting kit (CCK)‑8 assay. Cell proliferation was 
assessed by CCK-8 assay. Cells were seeded into 96-well 
plates (Corning, Inc.) and transfected with miR-494 mimic or 
negative control as described previously. A total of 24, 48, 72, 
96 and 120 h subsequent to transfection, 10 µl CCK-8 (Beyo-
time Institute of Biotechnology, Haimen, China) was added 
into 100 µl medium. Following 2 h incubation with the diluted 
CCK‑8 in RPMI‑1640 medium (Gibco; Thermo Fisher Scien-
tific, Inc.), the cells were lysed in radioimmunoprecipitation 
assay buffer and centrifuged at 13,000 x g for 10 min at 4˚C. 
The absorbance of the supernatants was measured at 450 nm 
on an imark microplate reader (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA).

Apoptosis assay using flow cytometry. Cell apoptosis was 
analyzed using a propidium iodide (PI)/Annexin V‑fluorescein 
isothiocyanate (FITC) double staining cell apoptosis detection 
kit (KeyGEN BioTECH, Nanjing, China), according to the 
manufacturer's protocol, on a FACSCalibur™ (BD Biosci-
ences, Franklin Lakes, NJ, USA). A total of 3x105 cells were 
seeded into a 6-well plate (Corning, Inc.) and transfected with 
miR-494 mimic or negative control. A total of 48 h later, cells 
were collected and stained with Annexin V‑FITC/PI, and the 
percentage of apoptotic and viable cells was determined by 
flow cytometry.

Dual luciferase assay. The wild-type and mutant 3'-UTRs of 
FGFR2 were synthesized and cloned into the luciferase reporter 
vector pGL3 (catalog no., E1761; Promega Corp., Madison, WI, 
USA). HeLa cells were seeded into 24-well plates (Corning, 
Inc.) and cultured until they reached 70% confluence. Subse-
quently, 100 ng wild‑type or mutant pGL3‑FGFR2‑3'‑UTR 
and 10 ng pRL-TK plasmid (E2241, Promega Corp.), together 
with 30 nM miR-494 mimic or negative control were cotrans-
fected into cells using Lipofectamine 2000. The Renilla 
luciferase activity was analyzed at 48 h post transfection using 
the Dual-Luciferase® Reporter Assay System (Promega Corp.) 
on a Lumat3 LB 9508 Single Tube Luminometer (Berthold 
Technologies GmbH & Co. KG, Bad Wildbad, Germany). 
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Renilla luciferase activity was normalized to firefly luciferase 
activity to control for transfection efficiency.

Western blot analysis. Following transfection, cells were 
washed twice with ice-cold phosphate-buffered saline, 
harvested using trypsin (Gibco; Thermo Fisher Scientific, Inc.) 
and lysed in radioimmunoprecipitation assay buffer (Beyotime 
Institute of Biotechnology). Following 30 min of incubation, 
the lysed cells were centrifuged at 13,000 x g for 10 min at 4˚C, 
and the supernatant was removed and frozen at ‑80˚C. Total 
protein extracted was quantified with a BCA Protein Assay 
kit (Beyotime Institute of Biotechnology). Equal amounts 
of protein (80 µg) were separated by 10% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis. The following 
primary antibodies were used: FGFR2 (dilution, 1:500; rabbit 
monoclonal; catalog no., #11835; Cell Signaling Technology, 
Inc., Beverly, MA, USA) and β-actin (dilution, 1:1,000; rabbit 
polyclonal; catalog no., BA0410; Wuhan Boster Biological 
Technology, Ltd., Wuhan, China). Following incubation with 
the primary antibodies overnight at 4˚C, the membranes were 
washed with TBST and incubated with secondary antibody 
(dilution, 1:2,000; goat anti-rabbit; catalog no., BA1054; 
Wuhan Boster Biological Technology, Ltd.) at room tempera-
ture for 2 h. Protein bands were detected using an enhanced 
chemiluminescence detection system (Beyotime Institute of 
Biotechnology).

Statistical analysis. The independent Student's t-test was used 
to compare two preselected groups, which were expressed as 
the mean ± standard deviation. All statistical analyses were 
performed using SPSS version 17.0 (SPSS, Inc., Chicago, IL, 
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Expression level of miR‑494 in ovarian cancer tissues and cell 
lines. In order to investigate the potential role of miR-494 in 
the development of ovarian cancer, the present study detected 
the expression level of miR-494 in 25 ovarian cancer tissues 

and 5 cell lines (ES2, HO8910, OVCAR3, A2780, SKOV3) by 
RT-qPCR. The level of miR-494 expression in tumor tissues was 
reduced compared with that in normal ovary tissues (P=0.012; 
Fig. 1A). Similarly, compared with the three normal ovarian 
tissues that were pooled and used as the normal control, the 
expression of miR-494 in the 5 ovarian cancer cell lines was 
reduced at different extent (A2780 vs. Non-tumor, P=0.017; 
HO8910 vs. Non-tumor, P=0.089; OVCAR3 vs. Non-tumor, 
P=0.28; ES2 vs. Non-tumor, P=0.057; SKOV3 vs. Non-tumor, 
P=0.015; Fig. 1B). Taken together, these results suggest that 
miR-494 may be involved in the development of human 
ovarian cancer.

Overexpression of miR‑494 inhibits ovarian cancer cell growth 
and promotes apoptosis. To investigate the role of miR-494 
on cell growth and apoptosis, the present study performed a 
gain-of-function analysis using A2780 and SKOV3 cell lines. 
miR-494 mimic or negative control was transiently trans-
fected into the two cell lines, and RT-qPCR was performed to 
confirm the effect 48 h later. As demonstrated in Fig. 2A and 
B, the expression of miR-494 in A2780 [miR-494 vs. nega-
tive control (NC), P=0.019] and SKOV3 (miR-494 vs. NC, 
P=0.021) cells was significantly increased following transfec-
tion. CCK-8 was performed to detect the growth ability of 
cells. The results of this assay indicated that overexpression of 
miR‑494 resulted in a significant decrease in cell proliferation 
in 120 h (Fig. 3A, miR-494 mimic vs. NC, P=0.011; Fig. 3B, 
miR-494 mimic vs. NC, P=0.038). The present study addi-
tionally examined the apoptotic changes following miR-494 
transfection with miR-949 mimic. The results revealed that 
the apoptotic rate in miR-494-transfected cells was increased 
compared with the control (Fig. 3C, miR-494 vs. NC, P=0.017; 
Fig. 3D, miR‑494 vs. NC, P=0.024).Taken together, these data 
suggest that miR-494 may inhibit ovarian cancer cell growth 
by inducing apoptosis.

FGFR2 is a target gene of miR‑494. According to the 
predictions made by the online software TargetScan (www.
targetscan.org), Pictar (pictar.mdc-berlin.de/) and miRanda 
(www.microrna.org), a large number of genes were identified as 

Figure 1. Expression of miR‑494 is downregulated in ovarian cancer tissues and cell lines. (A) The expression of miR‑494 was downregulated in ovarian cancer 
tissues. (B) The expression of miR-494 was downregulated in ovarian cancer cell lines compared with normal ovarian tissues. The graph shows the relative 
expression of miR-494 using the 2‑ΔΔCq method, with U6 as the internal control. Data are presented as the mean ± standard deviation from three independent 
experiments. *P<0.05, compared with the Non-tumor group. miR, microRNA.

  A   B
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Figure 3. Effects of miR‑494 on cell proliferation and apoptosis. Overexpression of miR‑494 suppressed cell proliferation in (A) A2780 and (B) SKOV3 cells, 
measured by cell counting kit‑8 assay. Overexpression of miR‑494 enhanced cell apoptosis in (C) A2780 and (D) SKOV3 cells, measured by flow cytometry. 
Data are presented as the mean ± standard deviation from three independent experiments. *P<0.05, compared with the NC group. miR; microRNA; NC, nega-
tive control; OD, optical density; PI, propidium iodide; FITC, fluorescein isothiocyanate.

  A   B

  C

  D

Figure 2. Levels of miR‑494 in miR‑494‑transfected ovarian cancer cells. Transfection of miR‑494 effectively elevated the expression of miR‑494 in (A) A2780 
and (B) SKOV3 cells. Data are presented as the mean ± standard deviation from three independent experiments. *P<0.05, compared with the NC group. miR, 
microRNA; NC, negative control.

  A   B
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direct targets of miR-494. The present study selected FGFR2 
as a likely regulator of cell apoptosis. A luciferase reporter 
assay was performed in order to investigate whether FGFR2 
was a target for miR‑494. The wild‑type (pGL3‑FGFR2‑WT) 
and mutant (pGL3‑FGFR2‑Mut) binding site sequences of 
miR-494 are listed in Fig. 4A. The results of this assay demon-
strated that the luciferase activity of pGL3‑FGFR2‑WT in 
the two cell lines was markedly reduced compared with the 
mutant pGL3‑FGFR2‑Mut (miR-494 mimic vs. NC, P=0.043; 
Fig. 4B), which suggested that miR-494 may directly target 
FGFR2.

In order to confirm the endogenous regulatory role of 
miR‑494 in relation to FGFR2 in ovarian cancer cells, the 
present study measured the level of FGFR2 in A2780 and 
SKOV3 cells following transfection with miR-494 mimic or 
negative control. The results of this investigation indicated 
that the FGFR2 mRNA and protein level were significantly 
downregulated in A2780 (miR-494 mimic vs. NC, P=0.031) 
and SKOV3 (miR-494 mimic vs. NC, P=0.037) cells that had 
been transfected with miR-494 mimic (Fig. 4C and D). Taken 
together, these results indicate that FGFR2 may be a direct 
target of miR-494.

Discussion

Due to the changes to the human lifestyle, the occurrence of 
reproductive-, diet- and hormone-associated types of cancer is 
increasing (17). Accumulating evidence has revealed that miRs 
participate in tumorigenesis, tumor development, drug resis-
tance and other pathological processes of cancer (18). miRs 
affect malignant cellular behaviors by silencing a multitude of 
target genes, and regulating the downstream signaling path-
ways (19). By targeting various genes, miR may have opposing 
roles in different types of cancer (20). Similarly, miR-494 
demonstrates contrasting functions in various types of cancer. 
In gastrointestinal stromal tumor cells, lung cancer cells (12), 
medulloblastoma cells (21), oral cancer cells (22), esophageal 
squamous cell carcinoma cells (23), gastric cancer (24) and 
cholangiocarcinoma (21), miR-494 functions as a tumor 
suppressor gene. By contrast, in glioma cells, oral squamous 
cell carcinoma (25), bronchial cancer (26) and hepatocellular 
carcinoma (15), miR-494 functions as an oncogene. In the 
present study, the expression profile of miR‑494 was evalu-
ated in 25 pairs of tumor and adjacent non-tumor samples. 
The results of this investigation revealed that the expression of 

Figure 4. FGFR2 is a target of miR‑494. (A) The binding sequence of miR‑494 in FGFR2. (B) The relative luciferase activity was significantly decreased in 
cells cotransfected with miR‑494 mimic and wild‑type FGFR2 3'‑UTR in HeLa cell lines. miR‑494 inhibited the expression of endogenous FGFR2, observed 
in terms of (C) messenger RNA and (D) protein levels. β-actin was used as an internal control. Data are presented as the mean ± standard deviation from three 
independent experiments. *P<0.05, compared with the (B) WT and (C) NC groups. FGFR2, fibroblast growth receptor 2; miR, microRNA; WT, wild‑type; Mut, 
mutant, NC, negative control; UTR, untranslated region.

  A   B

  C

  D
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miR-494 was reduced in cancer tissues compared with normal 
tissues, and that the five ovarian cancer cell lines exhibited a 
decreased miR-494 expression level compared with the normal 
control. These results are consistent with previous studies in 
ovarian cancer tissues and cell lines (27,28), suggesting that 
miR‑494 may have a significant role in ovarian cancer.

To elucidate the role and potential underlying mechanism 
of miR-494 in ovarian cancer, a gain-of-function study was 
performed on the A2780 and SKOV3 cell lines. The results 
of the present study indicated that miR-494 inhibited ovarian 
cancer cell proliferation and promoted cell apoptosis. Previous 
studies have shown that miR-494 participates in the regula-
tion of cell apoptosis in human glioblastoma cells, non-small 
cell lung cancer and esophageal squamous cell carcinoma by 
targeting various genes (23,29,30). Wang et al (31) reported 
that miR-494 was able to target pro-apoptotic and anti-apop-
totic proteins, resulting in cardioprotective effects against 
ischemia/reperfusion-induced injury. To additionally investi-
gate the pro-apoptotic role of miR-494 in ovarian cancer, the 
present study predicted the target gene of miR-494. It was 
confirmed by dual luciferase assay that FGFR2 was a target 
gene of miR-494. Subsequently, western blotting revealed 
that the mRNA and protein expression levels of FGFR2 were 
reduced in miR-494 overexpression A2780 and SKOV3 cell 
lines compared with control cells. This indicated that miR-494 
may directly target FGFR2.

FGFR2 belongs to the FGFR family, and is comprised 
of 2 isoforms: FGFR2‑IIIb and FGFR2‑IIIc (32). FGFRs 
are transmembrane tyrosine kinase receptor proteins, which 
have crucial roles in embryonic development, cell growth, 
tumorigenesis, invasiveness, motility and angiogenesis by 
binding matching FGFs (33). In colorectal cancer, FGFR2 is 
highly expressed and correlates with tumor growth, metastasis 
and angiogenesis (34). A reduction in FGFR2 expression was 
observed to inhibit proliferation of ovarian cancer cell lines 
in vitro and additionally reduced the half maximal inhibitory 
concentration of cisplatin (35). FGFR2 has been implicated in 
the regulation of apoptosis in several types of cancer. Overex-
pression of FGFR2 in breast cancer is correlated with a lower 
rate of apoptosis (36). Restoration of FGFR2 expression in 
human prostate cancer cell lines suppresses cell growth and 
tumorigenicity concurrent with increased cell differentiation 
and apoptosis (37). The results of the present study suggest that 
miR‑494 induces apoptosis through targeting FGFR2.

In conclusion, the present study demonstrates that miR-494 
is downregulated in ovarian cancer tissues. miR-494 may 
inhibit the proliferation of ovarian cancer cells by inducing 
apoptosis, potentially via targeting the anti-apoptotic gene 
FGFR2. The findings of the present study provide evidence 
for the clinical value of miR-494 as a target for ovarian cancer 
therapy, and the precise regulatory mechanisms underlying 
these findings are recommended for additional study in the 
future.
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