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Abstract. – OBJECTIVE: Phosphatase and
tensin homologue deleted on chromosome ten
(PTEN) regulates cell proliferation and apoptosis by inhibiting phosphatidylinositol-3 kinase
(PI3K) and protein kinase (AKT) signaling. High
expression of miR-21 was associated with ovarian cancer. This study aims to investigate whether miR-21 regulates PTEN/PI3K/AKT signaling
as well as its role in the proliferation and apoptosis of ovarian cancer cells.
MATERIALS AND METHODS: Bioinformatics
analysis was used to identify the binding site between miR-21 and the 3’-UTR of PTEN mRNA. A dual-luciferase reporter gene assay was performed
to confirm the relationship between miR-21 and
PTEN. The expression of miR-21, PTEN, and p-AKT
was measured in normal ovarian cell IOSE80, ovarian cancer cell lines A2780, and SKOV3. miR-NC
or miR-21 inhibitor was transfected into A2780 or
SKOV3 cells followed by the analysis of the expression of miR-21, PTEN, p-AKT, cell apoptosis by flow
cytometry, and proliferation by EdU assay.
RESULTS: There was a targeted relationship between miR-21 and PTEN. Compared with IOSE80
cell, levels of miR-21 and p-AKT were significantly
elevated in A2780 and SKOV3 cells, with the statistical reduction of PTEN expression (p<0.05). The inhibition of miR-21 significantly reduced the expressions of miR-21 and p-AKT and induced PTEN level
in A2780 and SKOV3 cells, which also restricted cell
proliferation and promoted cell apoptosis.
CONCLUSIONS: The miR-21 expression is
found elevated in ovarian cancer cells. The suppression of miR-21 increases PTEN expression,
inhibits PI3K/AKT activity, promotes cell apoptosis, and reduces cell proliferation. This finding provides new leads to the future treatment of
ovarian cancer.
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Introduction
Ovarian cancer (OC) is a kind of malignant tumors in female reproductive systems and ranked

as the fifth among all malignant tumors that seriously threaten women’s life1. Phosphatase and
tensin homologue deleted on chromosome ten
(PTEN) negatively mediates phosphatidylinositol-3 kinase (PI3K) and protein kinase (AKT/
PKB) signaling and plays an important role in
the regulation of cell proliferation, migration,
invasion, and apoptosis. The decrease of PTEN
has been reported to be involved in the pathogenesis of several cancers, such as gastric cancer2,
lung cancer3, and thyroid cancer4. Accumulative
studies have demonstrated the association of
abnormally high expression of miR-21 with the
development, progression, and drug-resistance
of ovarian cancer, suggesting that miR-21 might
serve as a cancer suppressor gene5-9. This study,
therefore, aims to investigate the role of miR-21 in
the regulation of PTEN/PI3K/AKT signaling as
well as its effect on proliferation and apoptosis of
ovarian cancer cell.

Materials and Methods
Reagents
The normal human ovarian epithelial cell
IOSE80 was bought from Shanghai Huiying Biotech (Shanghai, China). The human ovarian cancer
cell line A2780 and SKOV3 were provided from
Shanghai Yubo Biotech (Shanghai, China). RPMI
1640 medium and fetal bovine serum (FBS) were
purchased from Gibco (Waltham, MA, USA).
Lipo 2000 was bought from Invitrogen (Carlsbad,
CA, USA). QuantiTect SYBR Green RT-PCR Kit
was obtained from Qiagen (Hilden, Germany).
The mouse anti-human PTEN and β-actin were
acquired from Abcam (Cambridge, MA, USA).
The mouse anti-human p-AKT was bought from
Abnova (Pforzheim, Germany). The HRP-conjugated secondary antibody was from Shanghai
Shenggong Biotech (Shanghai, China). Annexin
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V/PI was offered by Beyotime (Nanjing, Jiangsu,
China). The Dual-Luciferase Reporter Assay System and pGL3 were supplied by Promega (Madison, WI, USA). MiR-NC and miR-21 inhibitor
were purchased from Guangzhou RuiBo Biotech
(Guangzhou, Guangdong, China). The EdU assay
kit was bought from Sigma-Aldrich (Temecula,
CA, USA).

reverse, 5’-TGTCACGCACGATTTCC-3’. PCR was
performed on Bio-Rad CFX96 in a total volume
of 20 μL, including 10.0 μL 2×QuantiTect SYBR
Green RT-PCR Master Mix, 1.0 μL 0.5 μm/L forward and reverse primers, 2 μg Template RNA, 0.5
μL QuantiTect RT Mix and ddH2O. The PCR condition was designed as follows: 45°C 5 min, 94°C 30
s, 40 cycles of 95°C 5 s, 60°C 30 s, and 74°C 30 s.

Cell Culture
IOSE80, A2780, and SKOV3 were cultured in
Roswell Park Memorial Institute (RPMI)-1640
medium containing 10% FBS and 1% streptomycin at 37°C with 5% CO2. The cells were passaged
at a ratio of 1:3 to 1:4 and the cells at log phase
were used for experiments.

Western Blot
Radioimmunoprecipitation assay (RIPA) lysis
buffer was added into tissues or cells and incubated at 4°C followed by centrifugation at 10000 × g
for 15 min to obtain protein. After being quantified
by bicinchoninic acid (BCA) assay, 60 μg protein
was loaded into 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
transferred into polyvinylidene difluoride (PVDF)
membrane, blocked with 5% skim milk and incubated with primary antibody against PTEN (1:2000
dilution), p-AKT (1:800) or β-actin (1:8000). After
being washed with the phosphate-buffered solution
(PBS) three times, the membrane was incubated
with horseradish peroxidase (HRP)-conjugated
secondary antibody (1:10000 dilution). The protein
band was visualized after addition of enhanced
chemiluminescence (ECL) reagent.

Luciferase Reporter Assay
PTEN 3’-UTR containing the binding site or
mutated fragment was amplified followed by the
collection of the PCR product, which was ligated
into a pGL3 plasmid and transformed into DH5α
cells. After that, the positive clones were selected and sequenced, which were named as pGL3PTEN-WT and pGL3-PTEND-MUT. Using lip
2000, pGL3-PTEN-WT or pGL3-PTEND-MUT
and miR-21 inhibitor or miR-NC were transfected into the human embryonic kidney (HEK)
293T cells and cultured for 48 h followed by the
analysis of the relative luciferase activity using
Dual-Luciferase Reporter Assay System Kit.
Cell Transfection and Grouping
100 μL serum-free Opti-MEM was used to dilute 10 μL Lip 2000, 50 nmoL miR-NC, and 50
nmoL miR-21 inhibitors followed by incubation
for 5 min at room temperature. Then, Lip 2000
was mixed with miR-NC or miR-21 inhibitor and
incubated for 20 min at room temperature. After
that, all these reagents were added into the cell
medium followed by culturing cells for 72 h.
Detection of mRNA Expression by
Quantitative Reverse TranscriptionPolymerase Chain Reaction (qRT-PCR )
Total RNA was isolated using TRIzol reagent and
reversely transcripted into cDNA using QuantiTect
SYBR Green RT-PCR Kit. MiR-21 forward, 5’-TTGAATTCTAACACCTTCGTGGCTACAGAG-3’,
miR-21 reverse, 5’-TTAGATCTCATTTATCGAGGGAAGGATTG-3’, PTEN forward, 5’-AGGGACGAACTGGTGTAATGA-3’, PTENP reverse,
5’-CTGGTCCTTACTTCCCCATAGAA-3’, β-actin
forward, 5’-GAACCCTAAGGCCAAC-3’, β-actin
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Analysis of Cell Apoptosis
Cultured cells were digested with trypsin and
washed twice with PBS followed by the addition of 100 μL Binding Buffer, 5 μL Annexin
V- Fluorescein isothiocyanate (FITC) and 5 μL
propidium iodide (PI) and incubation for 20 min
under the dark. After that, 400 μL Binding Buffer was added to resuspend the cells followed by
the analysis of cell apoptosis by flow cytometry.
Measurement of Cell Proliferation
The cells were collected and resuspended in RPMI-1640 complete medium containing 10% FBS followed by addition of 10 μM
5-ethynyl-2’-deoxyuridine (EdU) and incubation
for 2 h at 37°C. After continuous culture for 48
h, the cells were washed twice with PBS, fixed
for 15 min, permeabilized for 15 min followed by
the addition of a reaction mixture. After washing,
the cells were resuspended in washing buffer for
analysis of cell proliferation by flow cytometry
(BD, San Jose, CA, USA).
Statistical Analysis
The data were processed using SPSS 18.0
software (SPSS Inc., Chicago, IL, USA) and dis-
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played as mean ± standard deviation (SD). The
unpaired Student’s t-test was used for the comparison of the differences between the two groups
and the One-way ANOVA with Bonferroni posthoc analysis was performed for the comparison
among multiple groups. p<0.05 was considered as
statistical significance.

Results
Targeted Relationship Between MiR-21
and PTEN
Bioinformatics analysis found a complementary binding site between miR-21 and the 3’-UTR
of PTEN mRNA. The dual-luciferase assay was
performed to evaluate the relationship between
miR-21 and PTEN, and it showed that the transfection of miR-21 mimic significantly reduced
the relative luciferase activity of HEK293T cells
transfected with pGL3-PTEN-WT (Figure 1).
However, miR-21 mimic or inhibitor did not affect the relative luciferase activity of HEK293T
cells transfected with pGL3-PTEN-MUT (Figure
1). These data indicated a target relationship between miR-21 and PTEN.
Increased MiR-21 and Reduced PTEN
Expression in OC Cells
Compared with the normal human ovarian epithelial cell IOSE80, in human ovarian cancer cell
line A2780 and SKO3 cell miR-21 level was significantly increased and PTEN mRNA expression
was statistically reduced (p<0.05) (Figure 2A). In

Figure 1. Dual-luciferase assay analysis of the relationship between miR-21 and PTEN. Compared with miR-NC,
*p<0.05.

accordance with the expression profile of PTEN
mRNA, compared with IOSE80 cell, a declined
expression of PTEN protein was found in A2780
and SKOV3 cell (Figure 2B).
Transfection of MiR-21 Inhibitor
Upregulates PTEN Expression in OC Cell
Compared with miR-NC group, the inhibition
of miR-21 significantly reduced miR-21 expression in A2780 (Figure 3A) and SKOV 3 cell (Figure 3B) with the up-regulation of PTEN mRNA.
Meanwhile, the expression of PTEN protein was
also increased and p-AKT expression was reduced after the transfection of miR-21 inhibitor
(Figure 3C).

Figure 2. Expression of miR-21 and PTEN in OC cells. Total RNA and protein was isolated from IOSE80, A2078 or SKOV3
cells followed by measuring miR-21 and PTEN mRNA by qRT-PCR (A), or PTEN protein expression by Western blot (B).
Compared with IOSE80, * p<0.05.
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Figure 3. Expression of miR-21, PTEN, and p-AKT in OC cell transfected with miR-21 inhibitor. MiR-21 inhibitor was transfected into the OC cells followed by measuring the level of miR-21 and PTEN mRNA by qRT-PCR (A, B), protein expression
of PTEN and p-AKT by western blot (C). Compared with miR-NC, * p<0.05.

Transfection of MiR-21 Inhibitor
Promotes OC Cell Apoptosis
Flow cytometry analysis showed that the apoptosis of A2780 (Figure 4A) and SKOV3 (Figure
4B) was significantly increased after the transfection of miR-21 inhibitor compared with cells
transfected with miR-NC.
Transfection of MiR-21 Inhibitor Inhibits
Proliferation of OC Cell
EdU assay further revealed that the proliferation of A2780 (Figure 5A) and SKOV3 (Figure
5B) cell was significantly reduced after the transfection of miR-21 inhibitor.
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Discussion
Approximately 225,000 individuals are diagnosed with ovarian cancer each year in the world,
around 145,000 patients die because of that each
year, and it seriously threatens women’s health
and life quality10. Therefore, the investigations
of the pathogenic mechanism of ovarian cancer, as well as abnormally expressed signaling
molecules, have great clinical significance in the
diagnosis and treatment of patients with ovarian
cancer. Once activated, PI3K will be recruited
into the plasma membrane, where it catalyzes
phosphatidylinositol 4,5-trisphosphate (PIP2)
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into phosphatidylinositol 3,4,5-trisphosphate
(PIP3), which recruits AKT to plasma membrane
from cytoplasm, leading to phosphorylation of
AKT at Ser473 and Thr308 by phosphoinositide-dependent protein kinase (PDK). Activated
AKT plays an important role in the regulation
of cell proliferation, cell cycle, and cell apoptosis11-13. PTEN can dephosphorylate PIP3 and
antagonize PI3K-mediated phosphorylation of
PIP2, leading to the inhibition of PI3K and AKT
signaling transduction14-17. The down-regulation
of PTEN has been reported to participate in the
pathogenesis of several cancers, such as gastric
cancer2, lung cancer3 or thyroid cancer4. MicroRNA is a non-coding sing-strand RNA with
a length of 22-25 nucleotides and can downregulate several genes by degrading target mRNA
or inhibiting the translation of target mRNA,
thus participating in the regulation of tissue or
organ development, cell proliferation, apoptosis or differentiation18. Abnormal expression of
miR-21 has been shown to be associated with the
development, the pathogenesis of several can-

cers, such as gastric cancer19, bladder cancer20,
and esophageal cancer21, indicating a potential
tumor-suppressing function. Based on the result
of dual-luciferase assay indicating that the transfection of miR-21 mimic significantly reduced
the relative luciferase activity in HEK293T cells
transfected with pGL3-PTEN-WT, we found a
targeted relationship between miR-21 and PTEN
mRNA. In addition, a significant increase of
miR-21 and p-AKT levels with reduced PTEN
expression was found in ovarian cancer cell line
A2780 and SKOV3 cell compared with that in the
normal human ovarian epithelial cell, suggesting that miR-21 might be involved in the pathogenesis of ovarian cancer. Consistent with our
findings, the low miR-21 expression was demonstrated in ovarian cancer tissues compared with
normal cancer-adjacent tissues5. Meanwhile, the
level miR-21was associated with TNM stage and
clinical stage6,22,23. Notably, the ovarian cancer
patients with higher miR-21 expression are characterized with short survival and poor prognosis
compared with patients with lower miR-21 level.

Figure 4. Cell apoptosis after transfection of miR-21 inhibitor. MiR-21 inhibitor was transfected into the OC cell line A2078
(A) or SKOV3 cell (B) and cell apoptosis was detected by flow cytometry. Compared with miR-NC, * p<0.05.
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Figure 5. Cell proliferation after transfection of miR-21 inhibitor. MiR-21 inhibitor was transfected into OC cell line A2078
(A) or SKOV3 cell (B) and cell proliferation was detected by flow cytometry. Compared with miR-NC, * p<0.05.

To further investigate whether miR-21 affects
ovarian cancer by regulating PTEN/PI3K/AKT,
miR-21 inhibitor was transfected into the ovarian
cancer cell, and we found that miR-21 inhibitor
significantly reduced the expressions of miR-21
and AKT, while increased the PTEN expression.
A previous study showed that the transfection of
miR-21 inhibitor to ovarian cancer cell significantly upregulated the expression of its target
gene RBPMS, while inhibited cell proliferation
and invasion5. In addition, other evidence indicated that the inhibition of miR-21 in ovarian
cancer cell significantly increased PDCD4 expression, promoted cell apoptosis, and reduced
drug-resistance6,7. In line with these previous
studies, in the present study, we detected that the
suppression of miR-21 inhibited ovarian cancer
cell proliferation and promoted cell apoptosis.
However, whether miR-21 exerts similar effects
in ovarian cancer patients remains unclear and
requires further in vivo investigations.
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Conclusions
We showed the aberrant elevation of miR-21
in ovarian cancer cells. The inhibition of miR-21
promotes ovarian cancer cell apoptosis by targeting PTEN/PI3K/AKT signaling, which offers a
theoretical basis for further investigation of the
anti-ovarian cancer therapy.
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