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Abstract. – OBJECTIVE: We investigate 
whether microRNA-200a could regulate prolifer-
ation and invasion of ovarian cancer cells, there-
by participating in the occurrence and devel-
opment of ovarian cancer. We also explore the 
specific mechanism of microRNA-200a in regu-
lating ovarian cancer. 

PATIENTS AND METHODS: Expression level 
of microRNA-200a in ovarian cancer tissues and 
paracancerous tissues were detected by quanti-
tative Real-time polymerase chain reaction (qRT-
PCR). The regulatory effects of microRNA-200a on 
proliferation and invasion of ovarian cancer cells 
were examined by Cell counting kit-8 (CCK-8) and 
cell invasion assay, respectively. Dual-luciferase 
reporter gene assay was performed to confirm the 
binding relationship between microRNA-200a and 
PTEN (phosphatase and tensin homolog deleted 
on chromosome ten). The regulatory role of mi-
croRNA-200a in PTEN expression was accessed 
by Western blot. Rescue experiments were con-
ducted to assess whether microRNA-200a regu-
lated proliferation and invasion of ovarian cancer 
cells by inhibiting PTEN expression.

RESULTS: MicroRNA-200a expression in ovar-
ian cancer tissues was significantly higher than 
that of paracancerous tissues. Besides, microR-
NA-200a was also overexpressed in ovarian can-
cer cell lines than that of normal ovarian cells. 
Overexpression of microRNA-200a promoted 
the proliferative and invasive abilities of SKOV3 
and OVCAR3 cells. Dual-luciferase reporter 
gene assay showed that microRNA-200a could 
directly degrade PTEN. Overexpression of PTEN 
in SKOV3 and OVCAR3 cells partially reversed 
the increased cell proliferation and invasion in-
duced by overexpressed microRNA-200a.

CONCLUSIONS: Overexpressed microR-
NA-200a promoted the proliferative and invasive 
abilities of ovarian cancer cells, which might be 
related to the targeted regulation of PTEN ex-
pression.
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Introduction

Ovarian cancer is one of the three major ma-
lignancies in gynecology. Although its incidence 
rate ranks the third after cervical cancer and uteri-
ne body cancer, its mortality rate ranks the first1, 2. 
Because of the covert anatomical location of ovary 
and insidious symptoms, effective diagnostic and 
therapeutic measures for ovarian cancer are still 
lacked3. Therefore, searching for specific molecu-
lar markers for early diagnosis and new therapy 
strategies of ovarian cancer have become a hot to-
pic in clinical research4,5. MicroRNAs are a class 
of non-coding, small RNAs with 22 nucleotides in 
length. MicroRNA regulates gene expressions at 
post-transcriptional level6, 7. Dysregulated microR-
NAs may lead to the occurrence and development 
of many diseases, including tumors and cardiova-
scular diseases8, 9. Calin et al10 found that microR-
NA-15 and microRNA-16 were absent in more 
than 60% cases of chronic lymphocytic leukemia. 
Other investigations have also found a variety of 
differentially expressed microRNAs in tumors11-13. 
The microRNA-200 family is a research hotspot 
in recent years, including microRNA-200a, mi-
croRNA-200b, microRNA-200c, microRNA-141 
and microRNA-429. Saydam et al14 reported that 
in meningioma cells, microRNA-200a inhibited 
tumor development by downregulating β-caten-
in expression via Wnt signaling pathway. Xia et 
al15 reported that microRNA-200a inhibited the 
proliferation and invasion of nasopharyngeal car-
cinoma cells (C666-1 and CEN-1) by degrading 
mRNA levels of ZEB2 and CTNNB1. Upregulated 
microRNA-200a was also observed in tumors. For 
example, microRNA-200a and microRNA-200b 
were overexpressed in pancreatic cancer. MicroR-
NA-200a expression was negatively correlated to 
the overall survival of patients with esophageal 
adenocarcinoma16,17. Other studies found that mi-
croRNA-200a expression was remarkably eleva-
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ted in ovarian cancer tissues18. However, its spe-
cific biological mechanism remains to be further 
elucidated. Our study aims to elucidate the effects 
of miRNA-200a on the proliferation and invasion 
of ovarian cancer cell lines. We further verified 
whether microRNA-200a could exert its biologi-
cal function through targeted regulation of PTEN 
expression (phosphatase and tensin homolog dele-
ted on chromosome ten).

Patients and Methods

Specimen Collection
A total of 32 cases of ovarian cancer tissues and 

paracancerous tissues were surgically resected 
from ovarian cancer patients. Tissues were imme-
diately rinsed with DEPC (diethyl pyrocarbonate) 
water (Beyotime, Shanghai, China) and stored 
into liquid nitrogen. Subsequently, clinical data 
of enrolled patients were collected from the De-
partment of Pathology and Medical Records. All 
patients were solicited for patient consent. This 
study was approved by the Ethics Committee of 
Zhongnan Hospital of Wuhan University.

Cell Culture and Transfection
Normal ovarian epithelial cell line (HOSE) and 

ovarian cancer cell lines (SKOV3, OVCAR3, A2780 
and ES2) were selected for the experiments. Cells 
were cultured in RPMI-1640 (Roswell Park Me-
morial Institute-1640) (HyClone, South Logan, UT, 
USA) containing 10% fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA), 100 U/mL penicillin 
and 100 µg/mL streptomycin and placed in 5% CO2 
incubator at 37°C. After the cell confluence was 
up to 50-60%, the mixture of transfection reagent 
and Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) was added to the culture dish. 6 h later, 
serum-free medium was changed to serum-contai-
ning medium. Transfection efficacy was verified by 
quantitative Real-time polymerase chain reaction 
(qRT-PCR). The microRNA mimics, inhibitors and 
pcDNA-PTEN used in this study were provided by 
Gene Pharma (Shanghai, China).

QRT-PCR 
The tissue and cellular RNAs were extracted 

according to the instructions of TRIzol method 
(Invitrogen, Carlsbad, CA, USA). Briefly, TRI-
zol reagent containing tissues or cells was centri-
fuged at 4°C and the supernatant aqueous phase 
was collected. After incubation with isopropyl 
alcohol, the RNA precipitation was centrifuged 

and air-dried at room temperature. Finally, 20-30 
μL of DEPC were added to re-dissolve the RNA. 
All RNA samples were stored in a -80°C free-
zer after the concentrations were measured. Re-
verse transcription was performed following the 
instructions of TaKaRa OneStep PrimeScript® 
miRNA complementary Deoxyribose Nucleic 
Acid (cDNA) Synthesis Kit (TaKaRa, Otsu, Shi-
ga, Japan). PCR detection was conducted using the 
SYBR Green I fluorescent dye method. The pri-
mer sequences were as follows: MicroRNA-200a 
(F: 5’-UUCUCCGAACGUGUCACGUTT-3’, R: 
5’-ACGUGACACGUUCGGAGAATT-3’), PTEN 
(F: 5’- TGGATTCGACTTAGACTTGACCT-3’ 
R: 5’-GGTGGGTTATGGTCTTCAAAAGG-3’), 
GAPDH (glyceraldehyde 3-phosphate dehydro-
genase) (F: 5’-AGCCACATCGCTCAGACAC-3’, 
R: 5’-GCCCAATACGACCAAATCC-3’), U6 (F: 
5’-CTCGCTTCGGCAGCAGCACATATA-3’, R: 
5’-AAATATGGAACGCTTCACGA-3’). The re-
lative concentration was calculated by the 2-ΔΔCT 
method. The experiment was repeated 3 times and 
the average value was taken.

Cell Counting Kit-8 (CCK-8) Assay
The cells in the logarithmic growth phase were 

selected and seeded in 96-well plates at a density 
of 1×106 /mL. 10 μL of CCK-8 solution (Dojindo, 
Kumamoto, Japan) were added to each well and in-
cubated at 37°C in a 5% CO2 incubator for another 
4 h. The absorbance was measured at 450 nm by a 
microplate reader (Bio-Rad, Hercules, CA, USA). 

Cell Invasion Assay
The final concentration of Matrigel was adju-

sted to 1 mg/mL with pre-cooled serum-free me-
dium at 4°C. Matrigel was pre-coated on the upper 
chamber surface of the transwell culture chamber 
and maintained at 37°C for 3-5 h. The cells in lo-
garithmic growth phase were digested and prepa-
red as cell suspension at a concentration of 2×105 
/mL. A total of 600 μL of suspension were added 
in the lower chamber (24-well plate) and 100 μL 
of suspension were added to the upper chamber. 
After 24 hours of cell culture, culture medium in 
the upper chamber was removed. The cells were 
fixed with paraformaldehyde for 30 min and stai-
ned with crystal violet for 15-30 min. Cell inva-
sion was observed under a light microscope.

Dual-Luciferase Reporter Gene Assay 
The binding sites of microRNA-200a and 

PTEN were predicted by Target Scan. The pla-
smids containing wild-type PTEN (PTEN-WT) 
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and mutant-type PTEN (PTEN-MUT) sequences 
were constructed by Nanjing Ruizhen Biotechno-
logy Co., Ltd. (Nanjing, China). The mimics and 
negative control of microRNA-200a were provi-
ded by Gene Pharma (Shanghai, China). Relative 
fluorescence after transfection was then measured 
by a standardized method of dual-luciferase re-
porter gene assay. 

Western Blot
Total protein was extracted using RIPA (ra-

dioimmunoprecipitation assay) (Beyotime, 
Shanghai, China). SDS-PAGE (sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis) gel 
concentration was selected according to the size 
of target protein. After gel electrophoresis, the 
protein was transferred to PVDF (polyvinylide-
ne difluoride) membrane (Millipore, Billerica, 
MA, USA) and routinely immunostained. Mem-
branes were incubated with primary antibodies 
overnight, followed by incubation with secon-
dary antibody for 1 h. Chemiluminescence 
(Thermo Fisher Scientific, Waltham, MA, USA) 
was used to visualize the protein bands. 

Statistical Analysis
Data analysis was performed using Statistical 

Product and Service Solutions (SPSS) 20.0 (IBM, 
Armonk, NY, USA) and GraphPad statistical 
software (La Jolla, CA, USA). The Student’s t-test 
was performed to compare the difference of two 
groups. All measurement data were expressed as 
mean ± standard deviation. p<0.05 indicated the 
difference was statistically significant.

Results

MicroRNA-200a was Overexpressed 
in Ovarian Cancer

MicroRNA-200a expression in 32 cases of ova-
rian cancer tissues and corresponding paracan-
cerous tissues was measured by qRT-PCR. The 
results showed that microRNA-200a was ove-
rexpressed in ovarian cancer tissues than that of 
paracancerous tissues (Figure 1A). Similarly, mi-
croRNA-200a was also highly expressed in ova-
rian cancer cells, including SKOV3, OVCAR3, 
A2780 and ES2 cells (Figure 1B). Among them, 
SKOV3 and OVCAR3 cells expressed the highest 
level of microRNA-200a, which were selected for 
further study. Transfection efficacies of microR-
NA-200a mimic and inhibitor in ovarian cancer 
cells were verified by qRT-PCR (Figure 1C-1D).

MicroRNA-200a Promoted Proliferation 
and Invasion Of Ovarian Cancer Cells 

Cell proliferation was detected after mi-
croRNA-200a overexpression or knockdown 
in SKOV3 and OVCAR3 cell lines. CCK-8 as-
say results showed that microRNA-200a ove-
rexpression remarkably promoted proliferation, 
whereas knockout of microRNA-200a inhibited 
proliferation (Figure 2A-2B). In addition, cell 
invasion assay indicated that overexpressed mi-
croRNA-200a significantly promoted invasive 
ability of SKOV3 and OVCAR3 cells (Figure 
2C-2D).

MicroRNA-200a Downregulated PTEN 
Expression

We identified PTEN as a potential target gene 
for microRNA-200a through bioinformatics 
prediction and functional analysis (Figure 3A). 
After transfection of microRNA-200a mimic in 
SKOV3 and OVCAR3 cells, the luciferase acti-
vity was significantly decreased in the PTEN-
WT group. There was no significant difference 
in the luciferase activity of PTEN-MUT group, 
indicating the direct binding of microRNA-200a 
and PTEN (Figure 3B-3C). Subsequently, PTEN 
expressions in ovarian cancer tissues and para-
cancerous tissues were detected by qRT-PCR. 
The results showed that PTEN expression was 
significantly decreased in ovarian cancer tissues 
(Figure 3D). The mRNA expression of PTEN 
was negatively regulated by microRNA-200a 
in SKOV3 and OVCAR3 cells (Figure 3E-3F). 
Western blot results showed the negation cor-
relation between protein expressions of PTEN 
and microRNA-200a as well (Figure 3G-3H). 
All above data indicated that microRNA-200a 
can target and degrade PTEN.

PTEN Overexpression Reversed 
the microRNA-200a Effect 
on Proliferation and Invasion 
of Ovarian Cancer Cells

After pcDNA-PTEN was transfected into 
SKOV3 and OVCAR3 cells, the mRNA and 
protein levels of PTEN were both significant-
ly upregulated (Figure 4A-4B). CCK-8 assay 
was performed to detect cell proliferation after 
microRNA-200a overexpression. The data in-
dicated that overexpressed microRNA-200a 
remarkably enhanced the cell proliferation 
ability, which was partially reversed by ove-
rexpressing PTEN (Figure 4C-4D). Similarly, 
overexpression of PTEN also reversed the in-
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creased invasion induced by microRNA-200a 
(Figure 4E-4F). These results demonstrated that 
microRNA-200a promoted proliferative and in-
vasive abilities of ovarian cancer cells by inhi-
biting PTEN expression.

Discussion

MicroRNAs have a wide range of regulatory 
functions in biological processes, such as cell 
growth, apoptosis, differentiation and organ 
development. MicroRNAs are also closely rela-
ted to the proliferation, invasion and metastasis 
of ovarian cancer cells. For example, microR-

NA-214, microRNA-1307 and microRNA-376a 
were reported to promote the proliferation and 
invasion of ovarian cancer cells19-21. MicroR-
NA-17 and microRNA-339-5p inhibited prolife-
ration, invasion and metastasis of ovarian cancer 
cells22, 23. It is of great significance to actively 
explore the potential mechanisms of microRNAs 
in the proliferation, invasion and metastasis of 
ovarian cancer cells. MicroRNA-200a is located 
on chromosome 1p36.33, which exerts an impor-
tant role in the regulation of epithelial-mesen-
chymal transformation, tumor cell proliferation, 
invasion and metastasis. Our research focused 
on the biological function of microRNA-200a in 
ovarian cancer. We demonstrated that microR-

Figure 1. MicroRNA-200a was overexpressed in ovarian cancer tissues. A, MicroRNA-200a was overexpressed in ovarian 
cancer tissues. B, MicroRNA-200a was overexpressed in ovarian cancer cell lines. C-D, Transfection efficacies of microR-
NA-200a mimic and inhibitor. 
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NA-200a expression was significantly elevated 
in ovarian cancer tissues and cell lines. Based 
on the above studies, we selected SKOV3 and 
OVCAR3 cell lines for the functional study of 
microRNA-200a. All results indicated that ove-
rexpressed microRNA-200a promoted the pro-
liferation and invasion of ovarian cancer cells. 
PTEN is a dual-substrate specific phosphatase 
with the activities of protein phosphatase and 
lipid phosphatase. Therefore, it is hypothesized 
that PTEN may affect cell metastasis by regu-

lating protein phosphatase activity. PTEN is 
also considered to affect cell growth by negati-
vely regulating serine/threonine phosphokinase 
(Akt) and phosphatidylinositol 3-kinase (PI3K) 
signaling pathway24,25. Previous works have 
reported that PTEN was closely related to the 
occurrence and development of various tumors. 
Jin et al26 found that PTEN was absent in 67.6% 
of the colorectal cancer tissues, suggesting that 
PTEN was downregulated in colorectal cancer. 
Yu et al27 detected PTEN expression in hepato-

Figure 2. MicroRNA-200a promoted proliferation and invasion of ovarian cancer cells. A-B, Overexpression of microR-
NA-200a significantly promoted proliferation of SKOV3 and OVCAR3 cell lines, while downregulated microRNA-200a signi-
ficantly suppressed the proliferation of SKOV3 and OVCAR3 cell lines. C-D, Cell invasion assay demonstrated that overexpres-
sion of microRNA-200a significantly promoted cell invasion, while downregulated microRNA-200a significantly suppressed the 
cell invasion. Cell counting was performed under a microscope (20×).
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cellular carcinoma and found that PTEN inhibi-
ted the growth of hepatoma cells.

Our investigations indicated that PTEN was a 
downstream target of microRNA-200a and their 
interaction was greatly involved in the develop-
ment of ovarian cancer. First of all, overexpres-
sed microRNA-200a remarkably promoted pro-
liferation and invasion of ovarian cancer cells. 
Bioinformatics analysis predicted that PTEN 
was a potential target gene of microRNA-200a, 
which was further confirmed by dual-luciferase 
reporter gene assay. Further, microRNA-200a 
revealed a negative correlation with PTEN 
expression. Rescue experiments indicated that 

PTEN overexpression partially reversed the ef-
fect of microRNA-200a on ovarian cancer cel-
ls, demonstrating that microRNA-200a might 
affect the proliferation and invasion of ovarian 
cancer cells by regulating PTEN.

Conclusions

We showed that microRNA-200a was ove-
rexpressed in ovarian cancer. MicroRNA-200a 
overexpression significantly promoted prolifera-
tion and invasion of ovarian cancer cells via direct 
binding of PTEN.

Figure 3. MicroRNA-200a targeted binding and degrading PTEN. A, Binding sites for microRNA-200a and PTEN were pre-
dicted by bioinformatics. B-C, The results of dual-luciferase reporter gene assay showed that microRNA-200a directly bound 
to the 3’UTR of PTEN, thus degrading PTEN. D, PTEN was downregulated in ovarian cancer tissues. E-F, Overexpression of 
microRNA-200a significantly decreased mRNA expression of PTEN, while microRNA-200a knockdown significantly upregula-
ted mRNA expression of PTEN. G-H, Overexpression of microRNA-200a significantly decreased protein expression of PTEN, 
while microRNA-200a knockdown significantly upregulated protein expression of PTEN. 
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Figure 4. Overexpression of PTEN reversed the effect of microRNA-200a on promoting proliferation and invasion of ovarian 
cancer. A, The mRNA expression of PTEN was significantly increased after microRNA-200a overexpression in SKOV3 and 
OVCAR3 cells. B, Protein expression of PTEN was significantly increased after microRNA-200a was overexpressed in SKOV3 
and OVCAR3 cells. C-D, The cell proliferation ability was significantly enhanced after microRNA-200a was overexpressed, 
while up-regulated PTEN decreased the proliferation ability. E-F, The cell invasion ability was significantly enhanced after mi-
croRNA-200a overexpression, while upregulated PTEN decreased the invasion ability of the cells. Cell counting was performed 
under a microscope (20×).
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