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Abstract. - OBJECTIVE: To explore the role
of miR-200a combined with PTEN in the pro-
gression of ovarian carcinoma.

PATIENTS AND METHODS: The human ovar-
ian cancer tissues and normal adjacent tissues
(n = 57) were obtained from our hospital. The
human ovarian cancer cell lines OVCAR3 and
A2780, the human ovarian surface epithelial cell
line (HOSEpiC), and HEK293T cells were used
in this study. Cell migration assay and invasion
assay were used to detect the ability of cell
migratory. Quantitative Real-Time Polymerase
Chain Reaction (qQRT-PCR) and Western blotting
were used to detect the expression of miRNA
and proteins.

RESULTS: The clinic pathological analysis
suggested a significant correlation with lymph
node metastasis and tumor-lymph node me-
tastasis (TNM) stage. Moreover, miR-200a was
identified as aberrantly up-regulated in ovari-
an carcinoma tissues and cell lines. Through
transwell analysis, the miR-200a overexpres-
sion significantly enhanced the cell migratory
and invasive abilities. Luciferase assay validat-
ed phosphatase and tensin homolog (PTEN)
was a miR-200a’s direct and functional target
gene. The miR-200a overexpression reduced
the PTEN expression in OVCARS3 cells while the
expression of PTEN was increased via miR-200a
inhibitor as confirmed by Western blot. Fur-
thermore, over-expression of PTEN was found
reversing the inhibition of cell migration and
invasion caused by miR-200a.

CONCLUSIONS: MiR-200a has a carcinogen-
ic effect on ovarian cancer through regulating
PTEN.
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Introduction

Ovarian cancer is a malignant tumor among
females and one of the leading causes of cancer
deaths in the worldwide'. Although considerable
progress has been made in surgical resection and
chemotherapy, the low sensitivity and specificity
of ovarian cancer still limit the reform and inno-
vation of treatment methods®. What is more, ovar-
ian cancer is often diagnosed in the late stages,
when the 5-year survival rates drop below 30%?°.
Therefore, it is essential the discovery and the
development of early-stage biomarkers and treat-
ment strategies for ovarian cancer to improve the
survival rate.

MicroRNAs (miRNAs) can be bound with the
complementary sequences in 3’-untranslated re-
gion (UTR) to regulate the expression of target
genes*. It predominantly led to repress protein
translation or cleaving mRNAS. The miR-200
family including miR-200a is known for inhibit-
ing the mesenchymal transition (EMT) in many
kinds of cancer®’. Among them, it is reported® !
that miR-200a is a tumor suppressor in various
cancers, including nasopharyngeal carcinoma,
ovarian carcinoma, etc. However, some stud-
ies’** reported that miR-200a expression in ovar-
ian cancer showed high expression in patients that
postoperative survival rate was low. The regulato-
ry role of miR-200a is still controversial in ovari-
an carcinoma, and the specific regulatory mecha-
nism remains to be further investigated.

Recently, several studies had revealed that
miR-200a regulated its target genes including
ZEB2', CDK-6", IGF2"®, EPHA2", TGFB2%, and
PTEN? to participate in organ development and
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tumorigenesis. Among those target genes, PTEN
is critical for regulating cell migration and prolif-
eration by activating the PI3K/PTEN/Akt/mTOR
pathway??. PTEN has been reported® that lowly
expression will weaken the effect on inhibiting
the growth of cells in ovarian cancer. Nonethe-
less, it has not been reported about whether miR-
200a targeted PTEN gene expression to regulate
the ovarian cancer cell invasion and migration.

We aimed at exploring the role of miR-200a
combined with PTEN in the progression of ovar-
ian carcinoma. We speculated that the miR-200a
plays a carcinogenic role in the growth of ovari-
an carcinoma by inhibiting PTEN and the results
may provide a novel treatment for ovarian carci-
noma.

Patients and Methods

Tissues and Cell Lines

From 2010 to 2015, the human ovarian can-
cer tissues and normal adjacent tissues (n= 57)
were obtained from the Huai’an Hongze District
People’s Hospital. All the tissue samples were
approved by the Clinical Research Ethics Com-
mittee. Human tissues were frozen in liquid ni-
trogen and then stored in the -80°C refrigerator
for further use. This study was approved by the
Ethics Committee of Huai’an Hongze District
People’s Hospital. Signed written informed con-
sents were obtained from all participants before
the study.

The human ovarian cancer cell lines OV-
CAR3 and A2780, a human ovarian surface ep-
ithelial cell line (HOSEpiC) and HEK293T cells
were used in this study. All the cell lines came
from the Tumor Cell Bank of the Chinese Acad-
emy of Medical Science (Beijing, China), sup-
plemented by 10% fetal bovine serum (FBS) and
1% penicillin. These cells were grown in an in-
cubator at 37°C, with 5% CO, in the atmosphere
(Gibco, Rockville, MD, USA). The medium was
replaced every other day according to the cul-
ture state.

Cell Transfection

The miR-200a mimic and inhibitor, PTEN
siRNA were purchased from RiBoBio (Guang-
zhou, China) and were transferred into OVCAR3
and A2780 cells with Lipofectamine 2000 (Invi-
trogen, Carlsbad, CA, USA) according to manu-
facturers’ protocols.

RNA Isolation and Quantitative
Real-Time Polymerase Chain Reaction
(QRT-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was used to extract total RNA, containing miRNA
from tissue specimens and cell lines. Quantitative
RT-PCR was carried out through the SYBR green
assay (Invitrogen, Carlsbad, CA, USA) with ABI
7300 HT Sequence Detection System (Biosystems,
Shanghai, China). U6 and GAPDH were used as
control of miR-200a and PTEN. The reverse tran-
scription primers and quantitative PCR primers of
miR-200a and U6 were purchased from RIBOBIO
(Guangzhou, China). The miR-200a and PTEN lev-
els were analyzed using the 2 method.

Cell Migration Assay and
Invasion Assay

Transwell chambers (Corning, NY, USA)
were used to evaluate the migratory and inva-
sive ability of ovarian cells. 5 x 10* cells without
serum were placed in the upper chamber on the
non-coated membrane, and the lower chamber
filled with 10% fetal bovine serum (FBS) to in-
duce ovarian cells migrating or invading through
the membrane. Also, the cells were placed in the
upper chamber with the coated membrane for
invasion assay. Then, these cells were incubated
for 48 h for the migration assay and 72 h for the
invasion assay. The cells were then stained with
crystal violet (Beyotime, Shanghai, China).

Luciferase Reporter Assay

The PTEN-wild and PTEN-mut were inserted
into the pGL3 promoter vector (Genscript, Nan-
jing, China) for luciferase reporter experiments.
Then, the vector and miR-200a mimic were trans-
fected into HEK-293T cells by Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). Cells
were cultured in a 24-well plate. About 24 h after
transfection, Dual-Luciferase® Reporter Assay
Kit (Promega, Madison, WI, USA) was applied to
perform luciferase assays.

Western Blot Analysis

The protein samples were obtained using ra-
dioimmunoprecipitation assay (RIPA) buffer
(Beyotime, Shanghai, China). Proteins were sep-
arated through sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
then incubated with 5% blocking reagent in nitro-
cellulose membranes at room temperature. Next,
we incubated the membranes overnight at 4°C
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Table I. Clinicopathological characteristics and miR-200a expression in 57 patients with ovarian carcinoma.

Characteristics Cases (n=57) miR-200a expression p-value
High Low

Age 0.8501
>50 29 16 13
<50 28 13 15

Tumor size (cm) 0.5838
>5 27 15 12
<5 30 16 14

Differentiation 0.3268
Well+ Moderately 31 17 14
Poor 26 14 12

TNM stage 0.0051*
I+11 20 16 4
nr+1v 37 27 10

Lymph-node metastasis 0.001*
Yes 36 6 30
No 21 14 7

Statistical analyses were performed by the y? test. TNM, tumor-node-metastasis. *p<0.05 was considered significant.

with anti-PTEN, anti-GAPDH antibodies (Epit-
omics, Burlingame, CA, USA). The membranes
were washed three times and incubated with
secondary antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Protein expression levels
were measured by Image Lab software (Bio-Rad,
Hercules, CA, USA).

Statistical Analysis

Statistical analysis was analyzed with Graph-
Pad Prism 6.0 (La Jolla, CA, USA) and Statistical
Product and Service Solutions (SPSS) 17.0 (SPSS
Inc., Chicago, IL, USA). All the data were present-
ed as mean + SD. The difference was analyzed by
the Student #-test and Chi-square test. Differences
were considered significant at p<0.05.

Results

The miR-200a Expression
is Increased in Human Ovarian
Carcinoma

The clinic pathological analysis suggested that
miR-200a expression was positively associated
with lymph node metastasis (p<0.01, Table I).
In addition, the qRT-PCR experiment indicated
that the miR-200a expression was significantly
increased in ovarian cancer tissues (Figure 1A).
Consistent with these observations, upregulation
of miR-200a was also confirmed in OVCAR3 and
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Figure 1. In ovarian carcinoma, miR-200a expression was
increased. A, The miR-200a expression was up-regulated in
cancer tissues. B, The miR-200a expression in OVCAR3 and
A2780 cells compared with normal ovarian epithelial cell
(HOSEpiC). *p<0.05, **p<0.01.

A2780 cells compared with normal control (Fig-
ure 1B). Taken together, these results suggest-
ed that miR-200a might be associated with the
pathologic development of ovarian cancer.
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Cell Migration and Invasion
Are Promoted by miR-200a
in Ovarian Carcinoma

Subsequently, we explored the function of
miR-200a in ovarian carcinoma. The transfection
efficiency verified by qRT-PCR showed that miR-
200a mimics enhanced the expression level of
miR-200a while miR-200a inhibitor clearly sup-
pressed the miR-200a expression compared with
the control (Figure 2A). Additionally, the abilities
of cell migration and invasion were significantly
enhanced in the cells with miR-200a mimic com-
pared with the control, indicating that miR-200a
over-expression could promote cell migration and
invasion in OVCAR3 cells (Figure 2B). Moreover,
deleting miR-200a by specific miR-200a inhibitor
reduced the migrated and invasive cell number in
OVCAR3 cell lines (Figure 2C).

MiR-200a Directly Targeted PTEN
in Ovarian Carcinoma

Through TargetScan database (http:/www.
targetscan.org/vert_71/), miR-200a was found to
bind with 3-UTR region of PTEN (Figure 3A).
To confirm that PTEN was directly modulated by
miR-200a, we performed Luciferase assay. It sug-
gested that luciferase activity of the cells contain-
ing miR-200a mimics and the wild-type of PTEN
were significantly suppressed, but this inhibition
was less changed for 3’ UTR with mutated bind-
ing sites (Figure 3B). In addition, endogenous
PTEN mRNA or protein levels were markedly de-
creased in OVCAR3 cells stably expressing miR-
200a compare to that of control cells (Figure 3C).
On the contrary, miR-200a inhibitor enhanced
the expressions of PTEN (Figure 3D). Therefore,
these results indicated that miR-200a directly tar-
geted PTEN, and inhibited the PTEN expression
in ovarian cancer cells.

PTEN is Involved in Cell
Migration and Invasion

Furthermore, the mRNA expressions level of
PTEN in OVCAR3, A2780 cell lines, and nor-
mal cell line were detected. These two cell lines
had significantly low mRNA expression of PTEN
(Figure 4A). Then, we transfected si-PTEN into
OVCARS3 cells to explore its role in ovarian car-
cinoma. The decreased expression of PTEN was
found in transfected cells detected by qRT-PCR
(Figure 4B). Transwell analysis suggested that
knockout of PTEN promoted the migration and
invasion in OVCAR3 cells (Figure 4C, 4D). Fur-
thermore, the down-regulation of PTEN mediated

by miR-200a mimics could be partially reversed
by PTEN plasmid (Figure 5A, 5B). The results
of transwell assay showed that overexpression
of PTEN partially attenuated the acceleration of
miR-200 for cell migration and invasion (Figure
5C). Taken together, miR-200a might promote
cell invasion and migration of ovarian carcinoma
by targeting PTEN.

Discussion

Ovarian carcinoma is one of the most lethal
gynecologic malignancies which are often diag-
nosed in the late stages. Although the treatment of
ovarian cancer has improved because of more ef-
fective surgery and optimized combinational che-
motherapy, the complete cure rate is only 30%*.
Moreover, the mechanisms of its tumorigenesis
and progression are unclear, thus ovarian cancers
are urgent to confirm the molecular mechanisms
involved in their development.

MiRNA as a critical regulator in the can-
cer-related processes has been recognized by
more and more scholars. Moreover, in a variety
of biological pathways such as cell proliferation,
differentiation, metabolism, and apoptosis has
been reported to be influenced by miRNAZ. It
has been reported?®-® that miR-200a belonging to
the miR-200 family is down or up-regulated in all
kinds of cancers, such as esophageal cancer, liv-
er cancer, nasopharyngeal carcinoma, and other
malignant tumor cells. In addition, the significant
role of miR-200a was found during the inhibition
of epithelial-to-mesenchymal transition (EMT)
and metastasis®. However, in ovarian carcinoma,
miR-200a function is rarely reported and contro-
versial. In recurrent ovarian cancer, miR-200a has
been found to have a potentially important func-
tion as a biomarker’®. Moreover, miR-200a has
been reported inhibiting ovarian cancer migration
and invasion with the target of E-cadherin repres-
sor ZEB2*%. The same conclusions are also con-
firmed in many tumors including nasopharyngeal
carcinoma, ovarian cancer, thyroid cancer, and
lung cancer'¢3%32, However, Zhu et al*® found that
the increase in miR-200a had greatly promoted
cell proliferation, and it also contributed to the in-
vasion of ovarian cancer cells. Notably, this study
proved that miR-200a expression was also up-reg-
ulated and promoted cell migration and invasion
in ovarian cancer. Therefore, this research about
the detailed regulation mechanism of miR-200a
in ovarian carcinoma deserves further research.
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Figure 2. miR-200a overexpression could promote ovarian carcinoma migration and invasion in vitro. A, The miR-200a ex-
pressions in OVCAR3 and A2780 cells containing miR-200a mimic and inhibitor were measured via qRT-PCR. B, miR-200a
overexpression increased the migratory and invasive abilities in OVCAR3 cells. C, The miR-200a inhibitor decreased migratory
and invasive abilities in OVCAR3 cells. *p<0.05, **p<0.01.
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Figure 4. PTEN functions to suppress ovarian carcinoma. A, PTEN expressions were examined through qRT-PCR in ovarian
carcinoma cell lines. B, The silence of PTEN was confirmed by qRT-PCR. C, Transwell assay of OVCAR3 cells after treatment
with PTEN si-RNA. D, The number of migrated and invasive cells after treatment with PTEN si-RNA. *p<0.05, **p<0.01.

Furthermore, miR-200a directly targeted PTEN.
Moreover, the current work found that the reduction
of PTEN could promote cell migration and invasion
of ovarian carcinoma. Although a miRNA can regu-
late hundreds of target genes in a tumor, the role of
miR-200a/PTEN axis has not been reported in ovari-
an cancer. In this study, miR-200a overexpression in-
hibited PTEN expression through miR-200a targeted
PTEN. The PTEN as an inhibitor has been studied in
numerous cancers. Li et al** proposed that the PTEN
was involved in cell migration and proliferation in
Hirschsprung’s disease. Especially, miR-200a partici-
pated in the proliferation and apoptosis of endometrial
adenocarcinoma cells and the target gene was PTEN*,
In addition, it has been reported® that the function of
miR-214/PTEN promoted ovarian carcinoma cell sur-
vival and cisplatin resistance. Our conclusion about
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the inhibited function of PTEN is consistent with all
those previous investigations. Collectively, miR-200a
promotes cell invasion and migration through inhibit-
ing PTEN in ovarian carcinoma.

Conclusions

Our results suggested that miR-200a had a car-
cinogenic effect on ovarian cancer through regu-
lating PTEN. This finding may provide an oppor-
tunity to develop efficient biomarkers for ovarian
carcinoma in the future.
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