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Abstract
Background. Ovarian cancer is usually not diagnosed until the late stage, and it is resistant to platinum and 
other standard chemotherapy drugs, resulting in high mortality.

Objectives. To investigate the effects of miR-140-5p on cell proliferation, apoptosis, invasion, and migration 
capability in the SKOV3 and OVCAR3 ovarian cancer cell lines through Wnt signaling pathway.

Material and methods. Expression levels of miR-140-5p were checked using quantitative real-time 
polymerase chain reaction (qRT-PCR). The expression of miR-140-5p was upregulated by transfecting cells 
with a miR-140-5p mimic or a mimic negative control (NC). Cell proliferation was assessed using a CCK8 
assay, and cell cycle distribution and apoptosis percentage were detected with flow cytometry. A transwell 
invasion assay was employed to evaluate cell migration and invasion ability. The target complementary rela-
tionship between miR-140-5p and WNT1 was verified using a dual-luciferase reporter assay while β-catenin 
in the nuclei was observed using immunofluorescence. The expression of Wnt signaling pathway-related 
proteins was examined using western blot and qRT-PCR.

Results. The relative expression level of miR-140-5p in SKOV3 and OVCAR3 cells was obviously decreased 
compared with that in the IOSE80 cells (p < 0.05). Besides, upregulated miR-140-5p effectively suppressed 
cell proliferation and increased the apoptosis ratio of SKOV3 and OVCAR3 cells (p < 0.05). In addition, 
the invasion and migration capability of SKOV3 and OVCAR3 cells in miR-140-5p mimic group was largely 
suppressed compared with the NC group (p < 0.05). What is more, the target complementary relationship 
between miR-140-5p and the WNT1 gene was revealed; upregulated miR-140-5p suppressed the expression 
of Wnt signaling-related genes, and restrained nuclear transfer of β-catenin (p < 0.05).

Conclusions. The overexpression of miR-140-5p restricted the proliferation, migration and invasion abili-
ties, and accelerated cell apoptosis in ovarian cancer cell lines SKOV3 and OVCAR3 through the Wnt signaling 
pathway.
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Ovarian cancer has the 7th highest incidence and 8th 
highest fatality rate among malignant gynecological dis-
eases in the world, with a five-year survival rate lower than 
45%.1–4 At present, the most common therapy for ovarian 
cancer is surgical resection of visible lesions, combined 
with chemotherapy using targeted platinum drugs (such 
as cisplatin or carboplatin) and paclitaxel.5 However, long-
term use of these chemotherapy regimens carries the risk 
of drug resistance. Various advances in surgical technol-
ogy and chemotherapy have been made in recent years. 
However, instead of early detection, ovarian cancer is usu-
ally not diagnosed until the late stages, and it is resistant 
to platinum and other standard chemotherapy drugs, thus 
resulting in high mortality.6,7 Therefore, it is urgent to ex-
plore new and effective treatments for ovarian cancer.

Gene therapy, especially microRNA-regulated gene 
therapy, has attracted extensive attention recently years.8 
MicroRNAs (miRs) are able to regulate cell proliferation, 
differentiation and apoptosis, as well as the occurrence and 
development of cancer.9 Regulation of miR expression has 
provided important ideas for the prevention and control 
of a variety of malignant diseases, including papillary thy-
roid cancer, prostate cancer, breast cancer, non-small cell 
lung cancer (NSCLC), and so on.10–13 For example, miR-
140-5p overexpression has effectively inhibited the growth, 
metastasis, invasion, and epithelial-mesenchymal transfor-
mation of hepatocellular carcinoma (HCC) and NSCLC.14,15 
However, the effects of miR-140-5p on ovarian cancer have 
not been clearly illustrated. We learned from a biological 
information website that complementary binding sites exist 
between miR-140-5p and the WNT1 gene, and we know 
that WNT1 is an  important gene in  the Wnt signaling 
pathway, whose abnormal expression plays a key regula-
tion function in the onset and progress of many cancers.16

The aim of our study was to research the expression of miR-
140-5p and the WNT1 gene in ovarian cancer cells, and 
the effects of miR-140-5p on the biological characteristics 
of ovarian cancer cells through the Wnt signaling pathway.

Material and methods

Cell culture and transfection

The  human epithelial ovarian cancer SKOV3 and 
OVCAR3 cell lines used here were originally purchased 
from the ATCC cell bank (Manassas, USA). Human normal 
ovarian epithelial cells IOSE80 were acquired from the cell 
bank of  the  Chinese Academy of  Sciences (Shanghai, 
China). The cells were kept in RPMI 1640 medium with 
10% fetal bovine serum (FBS), 100 μg/mL of streptomycin 
and 100 U/mL of penicillin (Gibco BioSciences, Dublin, 
Ireland) at 37° in 5% CO2, and the cells were not sub-cul-
tured until cell density was up to 80%.

SKOV3 and OVCAR3 cells at the logarithmic growth 
stage were inoculated into six-well plates (5*105 cells/mL) 

and were then co-transfected with miR-140-5p mimic 
or mimic negative control (NC) (Gemma Biological Co., 
Ltd., Shanghai, China) using Lipofectamin 2000 (Invitro-
gen Corp., Carlsbad, USA) following standard instructions.

Dual-luciferase reporter assay

Binding sites between miR-140-5p and WNT1 were first 
predicted on the Bioinformatics & Research Computing 
website (www.targetscan.org) and the fragment sequence 
containing the  binding sites was obtained. Synthetic 
WNT1-WT or WNT1-MUT was inserted into the 3ʹUTR 
of the pMIR-reporter (Thermo Fisher Scientific, Waltham, 
USA) to package recombinant plasmids pMIR-WNT1-WT 
and pMIR-WNT1-MUT, respectively. Correctly identified 
recombinant plasmids WNT1-WT or WNT1-MUT were 
co-transfected into HEK293T cells with miR-140-5p or NC 
plasmids, respectively. After incubating for 48 h, cells were 
cleaved in 1 × passive lysate, and luciferase activity was as-
sessed using a luciferase test kit (Promega, Madison, USA) 
using a dual-luciferase reporter assay system (Promega). 
The related target effect was shown as relative luciferase ac-
tivity (the ratio of firefly luciferase intensity to that of renilla). 
Renilla luciferase activity was used as the internal reference.

qRT-PCR

Total RNA was first extracted using cold Trizol (Invit-
rogen). After the RNA concentration was measured, 1 μg 
of total RNA was transcribed reversely using a cDNA Re-
verse Transcription Kit (Takara Biomedical Technology, 
Beijing, China). Quantitative real-time polymerase chain 
reaction (qRT-PCR) was carried out in an ABI7500 quan-
titative PCR instrument (Thermo Fisher Scientific) using 
a Fluorescence Quantitative PCR kit (Takara Biomedical 
Technology) according to the following procedure: pre-
denaturation for 10 min at 95°C and 40 PCR cycles (denatur-
ation for 15 s at 95°C, annealing for 30 s at 56°C, extension 
for 35 s at 72°C). U6 and GAPDH were the internal refer-
ences for miRNA and mRNAs, respectively. The results 
were analyzed with the 2−ΔΔCt method. All related prim-
ers were provided by the Jima Pharmaceutical Technology 
Co., Ltd. (Shanghai, China) and the primer sequences are 
listed in Table 1. The RT-PCR was carried out in strict ac-
cordance with the instructions, and all consumables used 
in the experiment were soaked in diethyl pyrocarbonate 
(DEPC) (Rongyue Biotechnology Co., Ltd., Shanghai, Chi-
na) to inactivate the enzymes, and were sterilized at a high 
temperature.

Western blot

The protein in the cells was extracted using RIPA lysate 
(R0010; Solarbio Science & Technology Co. Ltd, Beijing, 
China) containing phenylmethylsulfonyl fluoride (PMSF), 
and then incubated on ice for 30 min; the supernatant was 
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obtained by centrifuging at 12,000 × g for 10 min at 4°C. 
The protein concentration was examined using a Pierce BCA 
Kit (23225; Thermo Fisher Scientific), and adjusted to equilib-
rium using deionized water. Forty-microgram protein sam-
ples were added to wells on SDS-PAGE gel and the proteins 
were separated at 80 V using 10% SDS-PAGE gel (P0012A; 
Biyun Tian Biotechnology Research Institute, Shanghai, 
China) for 2 h. The wet transfer method was used to transfer 
the protein to the polyvinylidene difluoride (PVDF) mem-
branes (iseq00010; Merck Millipore, Burlington, USA), then 
the membranes were blocked for 2 h with tris-buffered sa-
line with Tween 20 (TBST) buffer containing 5% skimmed 
milk powder. After being washed 3 times using TBST buffer, 
the membranes were incubated with primary antibodies 
as listed, respectively: β-catenin rabbit antibody (1:1,000, 
ab32572; Abcam, Cambridge, UK), WNT1 mouse antibody 
(1:500, ab15251; Abcam), C-myc rabbit antibody (1:1,000, 
5605; Cell Signaling Technology, Leiden, the Netherlands), 
MMP-7 antibody (1:1,000, 71031; CST), and GAPDH rabbit 
monoclonal antibody (1:10,000, ab181602; Abcam) at 4°C 
overnight. After being washed 3 times using TBST buffer, 
the membranes were conjugated with diluted sheep anti-
rabbit second antibody (1:2,000–1:50,000, ab205718; Abcam) 
and sheep anti-mouse second antibody (1:10,000, Jackson; 
Jackson Immunoresearch, USA) at room temperature for 
90 min. An electrochemiluminescence (ECL) fluorescence 
detection kit (Amersham, Little Chalfont, UK) was used. 
The membranes were treated with enhanced chemilumi-
nescence reagent (Amersham) and imaged with the Bio-Rad 
image analysis system (Bio-Rad Laboratories Inc., Hercules, 
USA) in gel imager. The protein content was analyzed us-
ing Quantity One v. 4.6.2 software (Bio-Rad Laboratories 
Inc.) and relative protein content was shown as a grey value 
of a targeted protein band/gray value of a GAPDH band.

CCK8 assay

Digested SKOV3 and OVCAR3 cells were seeded into 96-
well plates, and the absorbance of cells in the NC group and 
the miR-140-5p mimic group were each measured 3 times. 

After 0 h, 24 h, 48 h, and 72 h of culture, cell absorbance 
was measured using a commercial CCK8 Kit (Solarbio 
Science & Technology Co. Ltd.).

Flow cytometry

Cell apoptosis was evaluated using an Annexin V-FITC/PI  
Double Staining Kit (CA1050; Solarbio Science & Technol-
ogy Co. Ltd.) as follows: SKOV3 and OVCAR3 cells were 
centrifuged, re-suspended and then mixed with 5 µL of An-
nexin V-FITC. The cell suspension was reacted with the 5 µL 
of Annexin V-FITC added before in the dark at room tem-
perature for 15 min. Then, 5 µL of propidium iodide (PI) was 
added 5 min before detection. Subsequently, 5 µL of prop-
idium iodide (PI) was added and reacted on ice in the dark 
for 5 min, and then cell apoptosis was detected using Cube6 
flow cytometry (Sysmex Partec GmbH, Münster, Germany).

The cell cycles of the NC group and the miR-140-5p 
mimic group were detected using a cell cycle DNA detec-
tion kit (Solarbio Science & Technology Co. Ltd.) as fol-
lows: The cells were centrifuged and re-suspended after 
washing, and then centrifuged again to remove the super-
natant. After being fixed and washed, the cells were gently 
and evenly blown and passed through the cell strainer 
to prevent agglomeration. The cells were re-suspended, 
bathed in water at 37°C for 30 min, mixed with 400 μL 
of PI staining solution, incubated in the dark at 4°C for 
30 min, and detected using flow cytometry.

Transwell migration and invasion assay

After being transfected for 48 h, the cells were starved 
in serum-free medium for another 24 h. After being digest-
ed and washed, the cells were re-suspended in RPMI1640 
medium with 10  g/L of  bovine serum albumin (BSA) 
(Thermo Fisher Scientific).

For the invasion assay, a transwell chamber was put into 
a 24-well plate. The upper chamber surface of the bot-
tom membrane in  the  transwell chamber was coated 
with matrigel diluent (40111es08; Shanghai Yisheng Bio-
technology Co., Ltd., Shanghai, China). After air-drying 
at  room temperature, the chamber was cleaned twice 
using serum-free RPMI1640 medium (Gibco, Waltham, 
USA). The density of the cell suspension was adjusted 
to 1*105/mL, and 200 μL of cell suspension was added 
to the upper chamber. At the same time, 600 μL of com-
plete medium accompanied with 10% FBS was added 
to  the  lower chamber. After 24  h, the  cells adhering 
to the upper surface were cleaned with cotton swabs, and 
the invading cells on the bottom surface were fixed with 
4% paraformaldehyde (Leigen Biotechnology Co. Ltd., 
Beijing, China) for 15 min. After staining for 15 min with 
0.5% crystal violet (Solarbio Technology Co. Ltd.), the cells 
were washed 3 times with PBS and 6 fields of vision were 
randomly selected to be photographed with an inverted 
microscope, and the cell number was counted.

Table 1. Related primer sequences of qRT-PCR

Name Sequence

WNT1
F: 5’-CGCTCTTCCAGTTCTCAGACAC-3’

R: 5’-CAGGATGGCAAAGGGTTCG-3’

miR-140-5p
F: 5’-GAGTGT-CAGTGGTTACCGT-3’
R: 5’-GCATGGTCC-GAGGTATTC-3’

β-catenin
F: 5’-GCCACAGGATTACAAGAAGC-3’
R: 5’-CCACCAGAGTGAAAAGAACG-3’

R: 5’-ATCCAGACTCTGACCTTTT-3’

MMP-7
F: 5’-GGGATTAACTTCCTGTATGC-3’

R: 5’-GATCTCCATTTCCATAGGTTG-3’

GAPDH
F: 5’-GGGTGTGAACCATGAGAAGTATG-3’

R: 5’-GATGGCATGGACTGTGGTCAT-3’

U6
F: 5’-CTCGGACTCAGCCTGCA-3’

R: 5’- TCAATATTACCGAGCTGCGT-3’
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The migration assay was the same as the invasion assay, 
except that matrigel coating was not used on the transwell 
chambers.

Immunofluorescence test

The cells were inoculated into 24-well plates in which 
sterile cell climbing slices had already been placed. After 
24 h, the supernatant of the culture medium was discarded 
and the cells were fixed with 4% paraformaldehyde for 
20 min and penetrated for 10 min by 0.1% Triton-100. 
The cells were then washed 3 times and blocked with 5% 
BSA before being incubated with 0.1 mL of β-catenin pri-
mary antibody (1:250, ab32572; Abcam) for 1 h at room 
temperature. After being washed 3 times, the cells were 
incubated with 0.1 mL of a fluorescent second antibody 
(ab150075; Abcam) in the dark for 30 min. After stain-
ing the nuclei with DAPI for 5 min, the slides were care-
fully taken out after being washed 3 more times. Finally, 
the slides were sealed and observed under a microscope.

Statistical analysis

The statistical analysis was performed using SPSS v. 21.0 
statistical software (SPSS Inc., Chicago, USA). Related 
measurement data was shown as means ± standard devia-
tion (SD). A t-test was used to compare differences between 
2 groups and a one-way analysis of variance (ANOVA) with 
the Bonferroni correction was used to compare differences 
among multiple groups. A p-value of <0.05 indicated sta-
tistically significant differences.

Results

Downregulation of miR-140-5p  
in human ovarian cancer cells

With the  aim of  studying the  effects of  miR-140-5p 
on human ovarian cancer cells, the expression difference 
of miR-140-5p in the human epithelial ovarian cancer cell 
line SKOV3, the ovarian cancer cell line OVCAR3 and 
the human normal ovarian epithelial cell line IOSE80 was 
first assessed using qRT-PCR (Fig. 1). The results showed 
that the expression of miR-140-5p in both SKOV3 and 
OVCAR3 cells was sharply decreased compared with 
the expression in IOSE80 cells (p < 0.05).

Effects of miR-140-5p overexpression 
on the proliferation and apoptosis 
of human ovarian cancer cells

To verify the impact of miR-140-5p on human ovarian 
cancer cells, the expression level of miR-140-5p in SKOV3 
and OVCAR3 cells was first checked with qRT-PCR, and 
then cell proliferation was detected using a CCK8 assay 

(Fig. 2A,B). The results showed that expression of miR-
140-5p was significantly upregulated in the miR-140-5p 
mimic group compared with the NC group (p < 0.05). Cor-
respondingly, the proliferation of miR-140-5p in the mimic 
group was significantly decreased compared with the NC 
group (p < 0.05).

The cell cycle was further examined using flow cytometry 
(Fig. 2C). The cell cycle of the miR-140-5p mimic group was 
mainly blocked in the G0/G1 phase compared with the NC 
group (p < 0.05). Cell apoptosis detection was conducted 
using annexin V-FITC/PI staining (Fig. 2D) and the propor-
tion of early apoptotic cells was found to be significantly 
increased in the miR-140-5p mimic group compared with 
the NC group (p < 0.05). These results made it clear that 
upregulated miR-140-5p suppressed proliferation and ac-
celerated apoptosis in SKOV3 and OVCAR3 cells.

Effects of miR-140-5p on migration 
and invasion of ovarian cancer cells

Effects of miR-140-5p on the migration and invasion 
capacity of SKOV3 and OVCAR3 cells were evaluated using 
transwell assays (Fig. 3). The results showed that the mi-
gration and invasion capacity of SKOV3 and OVCAR3 cells 
were both largely inhibited by the emiR-140-5p mimic 
compared with the mimic NC (p < 0.05).

MiR-140-5p mediated the Wnt signal 
pathway by targeting WNT1

Binding sites between miR-140-5p and WNT1 were 
first forecast using a  bioinformatics analysis website 
(Fig. 4A) and then verified with a dual-luciferase reporter 
assay (Fig. 4B). Luciferase activity was strongly decreased 
in the co-transfection group of the miR-140-5p mimic and 
WNT1-WT compared with the NC group (p < 0.05), but 
luciferase activity was not obviously affected by the co-
transfection of the miR-140-5p mimic and WNT1-MUT 
compared with that in the NC group.

Fig. 1. miR-140-5p expression in human ovarian cancer cells and normal 
human ovarian epithelial cells compared with the IOSE80 group, *p < 0.05
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To further reveal the association between miR-140-5p 
and the Wnt signaling pathway, expressions of the Wnt 
signaling pathway-related β-catenin, WNT1 and associ-
ated downstream factors C-myc and MMP-7, which are 
closely related to tumor development, were evaluated using 
qRT-PCR (Fig. 4C) and western blot (Fig. 4F,G). The results 
showed that the expressions of β-catenin, WNT1, C-myc, 
and MMP-7 were all decreased in the miR-140-5p mimic 
group compared to the NC group (p < 0.05).

The results of immunofluorescence in Fig. 4D and 4E 
showed that the number of cells with β-catenin transfer 
to the nucleus was significantly lower in the miR-140-5p 
mimic group than in the NC group, indicating that miR-
140-5p overexpression effectively suppresses nuclear trans-
fer of β-catenin (p < 0.05).

Discussion

From the perspective of molecular biology, we studied 
the role and mechanisms of miR-140-5p in ovarian cancer 
cells. We found that an miR-140-5p mimic largely reduced 
the expression level of Wnt signaling pathway-related sig-
nal molecules, suppressing their activity and thus promot-
ing cell apoptosis and inhibiting the invasion and migra-
tion capabilities of ovarian cancer cells.

Our study found that miR-140-5p was weakly expressed 
in ovarian cancer cell lines. Zheng et al. also found that 
miR-140-5p was weakly expressed in gastric cancer tis-
sues and cells compared with normal tissues and cells.17 

Similar situations have also been demonstrated in breast 
cancer and cervical cancer,18,19 and downregulated miR-
140-5p has always presaged a poor prognosis. Analogously, 
we demonstrated that the overexpression of miR-140-5p 
could inhibit the proliferation, metastasis and development 
of ovarian cancer cell lines. MiR-140-5p has also demon-
strated an ability to block the development of multiple can-
cers, including the proliferation and metastasis of gastric 
cancer cells.17 Besides, miR-140-5p has been shown to in-
hibit tumor metastasis and development by downregulat-
ing the expression of ADAM-related genes in hypopharyn-
geal and colorectal cancer.20,21 Moreover, miR-140-5p can 
not only inhibit the proliferation of synovial fibroblasts 
and inflammatory cytokine secretion by targeting TLR4, 
but can also inhibit proliferation and migration of glioma 
cells by targeting the VEGFA/MMP2 pathway.22,23 In con-
clusion, miR-140-5p can regulate the malignant behavior 
of various kinds of cancers, including ovarian cancer, and 
prevent further deterioration of ovarian cancer.

For our in-depth study of corresponding mechanisms 
of miR-140-5p in ovarian cancer, the potential signaling 
pathways regulated by miR-140-5p were predicted using 
a bioinformatics website, and it was found that there are 
binding sites between miR-140-5p and WNT1. The ex-
pressions of  Wnt pathway-related β-catenin, WNT1, 
C-myc, and MMP-7 were found to be significantly re-
duced in the miR-140-5p mimic group compared to the NC 
group, and the number of cells with β-catenin transfer 
to the nucleus in the miR-140-5p mimic group was also 
decreased significantly compared with the  NC group. 

Fig. 2. Proliferation and apoptosis of ovarian cancer cells

A. miR-140-5p expression in SKOV3 cells and cell proliferation detection. B. miR-140-5p expression in OVCAR3 cells and cell proliferation detection. C. Cell 
cycle detected with flow cytometry and the corresponding column analysis. D. Cell apoptosis detected with flow cytometry and the corresponding 
column analysis. Compared with the NC group, *p < 0.05.
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Fig. 3. Cell migration and invasion capacity detection

A. Cell migration detection in SKOV3 cells and the related histogram analysis. B. Cell migration detection in OVCAR3 cells and the related histogram analysis. 
C. Cell invasion detection in SKOV3 cells and the related histogram analysis. D. Cell invasion detection in OVCAR3 cells and the related histogram analysis. 
Compared with the NC group, *p < 0.05.
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Fig. 4. miR-140-5p mediates the Wnt signaling pathway

A. Binding sites between miR-140-5p and WNT1 were analyzed using a bioinformatics analysis website. B. The relationship between miR-140-5p and 
WNT1 was further verified with a dual-luciferase reporter assay. C. The expression of Wnt signaling pathway-related signal molecules was detected using 
qRT-PCR. D and E. Nuclear transfer of β-catenin was detected using an immunofluorescence test. The corresponding histogram analysis is also shown. 
F and G. Expression of Wnt signaling pathway-related signal molecule genes was detected with western blot; the corresponding histogram analysis is also 
shown. Compared with the NC group, *p < 0.05.
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WNT1 is an important regulatory gene of the Wnt signal-
ing pathway, and overexpression of WNT1 has been shown 
to upregulate the expression of β-catenin, C-myc, MMP-7, 
and related other factors, thus accelerating the prolifera-
tion and development of lung cancer cells.24 In most cases, 
the Wnt pathway activates its target genes by promoting 
β-catenin transfer into the nucleus.25 However, abnormal 
activation of the Wnt signal has the ability to regulate 
cancer stem cells and plays a key role in the production 
and deterioration of multiple types of cancer.26 Similar-
ly, Wu et al. found that miR-140-5p can inhibit the Wnt 
signaling pathway so as to reduce cell proliferation and 
strengthen drug efficacy in breast cancer cells.27

Although we have shown that miR-140-5p regulates 
the proliferation, apoptosis, migration, and invasion abil-
ity of ovarian cancer cells by regulating WNT1, it is still 
unclear whether miR-140-5p could also regulate the pro-
gression of ovarian cancer through other signal factors. 
Thus, more experiments are needed to further explore 
the function and molecular mechanisms of miR-140-5p 
in ovarian cancer, in order to provide a more powerful 
basis for clinical application.

Conclusions

We found that miR-140-5p inactivates the Wnt/β-catenin 
signaling pathway by regulating WNT1, and prevents fur-
ther deterioration of ovarian cancer. MiR-140-5p is ex-
pected to provide novel ideas for the treatment of ovarian 
cancer.
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