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Overexpression of microRNA-497 suppresses cell proliferation
and induces apoptosis through targeting paired box 2
in human ovarian cancer
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Abstract. MicroRNAs are a class of endogenous, small
non-coding RNAs which are tightly involved in evolution
and progression of human cancers. MicroRNA-497 has
been reported as tumor-suppressor in various human cancer.
However, the role of miR-497 in ovarian cancer is still poorly
known. We investigated the expression level and cellular
function of miR-497 in human ovarian cancer. In this study,
the expression of miR-497 in ovarian cancer tissues and
SKOV3 cells was detected by quantitative reverse-transcrip-
tion polymerase chain reaction (QRT-PCR). CCK-8 assay was
used to analysis the cell proliferation. Transwell assay was
performed to analysis cell migration and invasion. Cell apop-
tosis was evaluated by flow cytometry. Luciferase assay was
performed to verify a putative target site of miR-497 in the
3'UTR of PAX2 mRNA. The results showed that miR-497
was markedly decreased in ovarian cancer tissues and SKOV3
cells. Moreover, overexpression of miR-497 in SKOV3 cells
induced PAX2 protein expression and resulted in inhibition
of cell proliferation, migration and invasion, and induction
of cell apoptosis. In addition, we confirmed that PAX2 is a
direct target gene of miR-497. Furthermore, Silencing of
PAX2 by RNA interference suppressed cell proliferation
and promoted cell apoptosis in vitro. Taken together, our
study rationally present that miR-497 has a potential role
as a useful diagnostic and therapeutic biomarker for human
ovarian cancer.
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Introduction

Ovarian carcinoma is the fifth leading cause of death among
the female population, which accounts for approximate 3% of
cancers among women, and it is one of the most lethal gyne-
cologic malignancies (1). Although the strategies for cancer
therapy have been developed for the last two decades, ovarian
cancer mortality has not improved (1). Thus, estimating the risk
of future progression and develop early diagnosis biomarker
may have significant impact on ovarian carcinoma prognosis.
For the last 10 years, intensive research efforts have been made
toward the diagnostic and treatment of ovarian carcinoma to
promote the long-term survival rate of ovarian cancer patient.
However, without real improvement (2). Therefore, there is an
urgent need to identify potential indicators for more effective
therapies for human ovarian cancer.

MicroRNAs (miRNAs) are a class of non-coding, small
endogenous RNAs with 18-22 nucleotides in length playing
important roles in post-transcriptional regulation (3).
miRNAs usually imperfectly bind to the 3'-untranslated
region (3'UTR) of complementary target mRNA resulting in
mRNA degradation or prevention translation (4,5). miRNAs
play important roles in various normal cellular and biological
processes, such as cell proliferation, differentiation, and
apoptosis (6-8). Increasing focus on the roles of miRNAs
in human cancer have been reported. Previous studies have
shown that 98 miRNAs locate at genomic regions involved
in cancers, indicating that miRNAs are tightly interrelated
with occurrence and development of cancers (9). MicroRNAs
also play critical roles in carcinogenesis and progression (10),
and can act as either oncogenes or tumor suppressors (11).
miR-497 was first identified in neuroblastoma and acts as a
predictive indicator for neuroblastoma patient survival (12).
The expression of miR-497 was significantly downregu-
lated in a variety of human cancers and acted as a tumor
suppressor (13-15). However, the expression level of miR-497
and its exact role in evolution and progression of human
ovarian cancer is still unclear.

In our present study, which aims to investigate the func-
tions of dysregulated miR-497 in human ovarian cancer, we
confirmed that the expression of miR-497 was significantly
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Table I. Primer sequences used for miRNA and mRNA expression analysis.

Name Primer sequence (5'-3")
miR-497-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAAACCA
U6-RT CGCTTCACGAATTTGCGTGTCAT

U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT

miR-497-F ACACTCCAGCTGGGCAGCAGCACACT
Universal-R TGGTGTCGTGGAGTCG

PAX2-F CCTCGCTCCAATGGTGAGAA

PAX2-R TGCTGCTGGGTGAAGGTGTC

GAPDH-F ACACCCACTCCTCCACCTTT

GAPDH-R TTACTCCTTGGAGGCCATGT

F, forward; R, reverse; RT, reverse transcription.

decreased in human ovarian cancer. In addition, we also evalu-
ated the effect of overexpression of miR-497 on human ovarian
cancer cell proliferation, invasion, migration and cell apoptosis.
Moreover, we further confirmed that paired box 2 (PAX?2) is
a directly target gene of miR-497. Our findings suggest that
miR-497 acts as a tumor suppressor and may represent novel
diagnostic and therapeutic biomarker for human ovarian
cancer, and miR-497-PAX?2 may represent a potential thera-
peutic target for diagnosis and therapy of ovarian cancer.

Materials and methods

Tissue collection. Between 2014 and 2015, 26 ovarian cancer
tissues and para-carcinoma tissues were obtained from
patients through surgery at Hepatobiliary and Enteric Surgery
Research Center, Xiangya Hospital, and were diagnosed
with ovarian cancer based on histopathological evaluation
according to the International Federation of Obstetrics and
Gynecology (FIGO) criteria. All patients were operated
without any local or systemic treatment. All samples were
collected and frozen in liquid nitrogen immediately, and then
stored at -80°C for RNA or protein extraction. All participants
provided consent for the use of their specimens in this research,
and the study was approved by the Institute Research Ethics
Committee of Xiangya Hospital. All procedures performed
in studies involving human participants were in accordance
with the Ethical Standards of the Institutional and/or National
Research Committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

Cell lines. Human ovarian surface immortalized epithelial
cells (IOSE25) were cultured as described (16). Human
ovarian cancer cell line SKOV3 was purchased from the
American Type Culture Collection (ATCC; Manassas, VA,
USA). The ovarian cancer cell SKOV3 was cultured according
to the vendor's instructions. In brief, cells were cultured in
McCoy's SA medium modified (ATCC) with 10% fetal bovine
serum (FBS; Gibco, Carlsbad, CA, USA), and the medium
contained 1% penicillin-streptomycin (100 U/ml penicillin
and 100 pg/ml streptomycin). All cells were cultured and
maintained under standard conditions.

Plasmid construction. PAX2 3'UTR containing the puta-
tive binding sites for miR-497 was cloned from the genome
DNA and constructed into downstream of psi-CHECK?2
vector (Promega), named PAX2-3'UTR-WT. PAX2 mutant
3'UTR recombinant plasmid was produced by QuikChange
Site-Directed Mutagenesis kit (Stratagene, USA), which gener-
ated a mutation of 7 bps from UGCUGCU to ACGACGG
in the predicted miR-497 target binding sites, named as
PAX2-3'UTR-MUT. All plasmids were confirmed by DNA
sequencing.

Cell transfection. The miR-497 mimics and mock were
purchased from a commercial manufacturer (Ribobio, China).
PAX2-siRNA (5'-GAAGUCAAGUCGAGUCUAU-3") and
negative control siRNA (NC-siRNA) (5'-AGGUAGUGUAAU
CGCCUUGTT-3") were obtained from Genechem Biotech
(Shanghai, China). Cells (1x10%) were seeded in a 24-well plate
and incubated for 24 h, then ovarian cancer cells were trans-
fected with mimics (100 mM), siRNA (100 mM) or vectors
(2 ng) using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) in serum-free medium in accordance with the manufac-
turer's instructions.

Quantitative real-time PCR (gRT-PCR) analysis. Total RNA
from tissues or cultured cells was extracted using TRIzol
reagent (Invitrogen Inc.). Two micrograms of total RNA
was used for cDNA synthesis by using M-MLV Reverse
Transcriptase (Promega, USA). The relative expression of
miRNA-497 was analyzed using a SYBR PrimeScript miRNA
RT-PCR kit (Takara, China) and results were normalized to
U6. SYBR Green Real-Time Master Mix (Toyobo, Japan) was
used to perform quantitative real-time PCR to detect the rela-
tive expression of PAX2, and GAPDH was used as an internal
control. The gene-specific primers were synthesized by Sangon
(Shanghai, China) (Table I). qRT-PCR and data collection
were performed on Applied Biosystems 7500 Sequence detec-
tion system (ABI, USA). The miR-497 and PAX2 expression
levels were calculated using the 222 method.

Western blot analysis. Total proteins from tissues or cultured
cells were extracted with SDS lysis buffer (Beyotime, China)
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Figure 1. miR-497 is decreased in human ovarian cancer tissues and cells. (A) The expression of miR-497 was significantly decreased in human ovarian cancer
tissues compared with non-tumor tissues (n=26). (B) miR-497 was significantly downregulated in ovarian cancer SKOV3 cells. “P<0.01.

and BCA protein assay kit (Pierce, USA) was used to detect
the protein concentration. Equal amounts of total proteins
were boiled using loading buffer for 10 min and separated in
12% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to polyvinylidene difluoride
membranes (PVDF) (Millipore, USA). The membranes were
blocked in Tris-buffered saline (TBS) containing 5% nonfat-
dried milk at 37°C for 2 h and incubated with PAX?2 antibodies
(1:800; Abcam) for 1 h at room temperature, then membranes
were incubated with goat anti-rabbit [gG-HRP (1:2,000; Santa
Cruz Biotechnology, USA) at 37°C for 1 h. Proteins were
detected by enhanced chemiluminescence (ECL; Beyotime).
GAPDH (1:2,000; Abcam), a constitutive expression gene, was
used as an internal control.

Dual-luciferase assays. Cells (100 pul) (1x10%/ml) were
cultured in 24-well plates and incubated for 24 h. miR-497
mimics or Mock (100 nM) were co-transfected with 20 ng
PAX2-3'UTR-WT or -MUT psi-CKECK2 vectors into cells
using Lipofectamine 2000 reagent. Dual-luciferase reporter
assay system (Promega) was used to detect luciferase activi-
ties after 48 h of transfection. Firefly luciferase activity was
normalized to Renilla luciferase activity.

CCK-8 assay. The cell proliferation was analyzed using Cell
Counting Kit-8 (Dojindo, Japan). Ovarian cancer cells (1x10%)
were seeded in 96-well plate. After transfected with mimics
or siRNA, cells were cultured with 10% FBS for 24, 48 and
72 h. Then, the cells were treated with 10 ul CCK-8 solution at
37°C for 2 h, The absorbency at 450 nm was measured using
a microplate reader Thermo Plate (Rayto Life and Analytical
Science Co., Ltd., Germany).

Cell migration and invasion assays. Transwell insert (24-well)
with 8-pm pore size (Corning Costar Corporation) was used
to perform migration assay and invasion assay. For migra-
tion assay, 1x10* SKOV3 cells were plated in 100 xl medium
without FBS into upper chamber of Transwell insert with
non-coated membrane. For invasion assay, 1x10° SKOV3
cells suspended in 100 pl serum-free medium were loaded in
the upper Matrigel-coated chamber instead. In both assays,
500 pl of culture medium containing 15% FBS was added
to the lower chamber for culture. Then, cells were allowed to
migrate or invade for 24 h at 37°C. The migrated or invaded
SKOV3 cells were fixed with 100% methanol for 30 min at

room temperature and stained with 0.5% crystal violet (Sigma,
USA) for 15 min, and the permeating cells were counted under
a phase-contrast microscope (Olympus, Tokyo, Japan).

Flow cytometry. Annexin V-FITC/PI apoptosis detection kit
(Sigma) was used to detect cell apoptosis by flow cytometry.
In brief, after transfected with mimics or siRNA for 48 h,
1x10% SKOV3 cells were harvested and stained using the
Annexin V-FITC/PI apoptosis detection kit according to
the manufacturer's instructions. Cells were analyzed using
Becton-Dickinson flow cytometer. Annexin V-FITC(+)/PI(-)
and Annexin V-FITC(+)/PI(+) represent the early cell apop-
tosis and late apoptosis/necrosis, respectively.

Statistical analysis. All results are expressed as the mean + SD
from three independent experiments. Statistical analysis
was performed using SPSS 20.0 software (SPSS Inc., USA).
Statistical significance between groups was determined using a
Student's t-test or one-way analysis of variance (ANOVA) test.
P-value of <0.05 was considered to be statistically significant.

Results

miRNA-497 is decreased in ovarian cancer tissues and cells.
The expression levels of miR-497 in human ovarian cancer
tissues and cells were investigated using qRT-PCR. miRNA-497
was significantly decreased in ovarian cancer tissues compared
with matched adjacent normal tissues (Fig. 1A). Furthermore,
the expression of miR-497 was significantly downregulated in
SKOV3 cells compared to IOSE25 cells (Fig. 1B).

Overexpression of miR-497 suppresses SKOV3 cell prolifera-
tion, migration and invasion. To determine the role of miR-497
in cell proliferation, migration and invasion, SKOV3 cells were
transfected with miR-497 mimics (Fig. 2A). The SKOV3 cell
proliferation was significantly inhibited after transfection of
miR-497 mimics (Fig. 2B). Migration and invasion abilities of
SKOV3 cells after overexpression of miR-497 were analyzed
using Transwell assay. The SKOV3 cell migration and invasion
were significantly suppressed after transfection of miR-497
mimics (Fig. 2C and D).

Overexpression of miR-497 induces cell apoptosis. To evaluate
the effect of miR-497 on SKOV3 cell apoptosis, cell apoptosis
assay was performed using the Annexin V-FITC/PI staining
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Figure 2. Overexpression of miR-497 suppresses SKOV3 cell proliferation, migration and invasion. (A) The expression of miR-497 was significantly upregu-

ok

lated in SKOV3 cells after transfection of miR-497 mimics.

P<0.001. (B) CCK-8 assay results showed that overexpression of miR-497 inhibited cell

proliferation. "P<0.05, “P<0.01. (C) The average migration and invasion cell number per field among different groups. Three independent experiments were
performed, "P<0.05, “"P<0.01. (D) Images of migration and invasion cells of each group (x40 magnification).
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Figure 3. Overexpression of miR-497 induces SKOV3 cell apoptosis.
(A) Flow cytometry analysis of SKOV3 cell apoptosis after transfection of
miR-497 mimics. LL, viable cells; LR, early apoptotic cells; UR, late apop-
totic cells; UL, necrotic cells. (B) The apoptosis rate of SKOV3 cells in each
group. “P<0.01.

method by flow cytometry. The results showed that overex-
pression of miR-497 induced SKOV3 cell apoptosis (Fig. 3).

Paired box 2 (PAX2) is a target gene of miR-497. Firstly, the
protein expression of PAX2 in human ovarian cancer tissues
and cells was detected using western blot analysis, the result
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Figure 4. PAX2 is a target gene of miR-497. (A) The protein expression of
PAX2 in ovarian cancer tissues and normal tissues (T, tumor; N, normal).
(B) The PAX2 protein expressed in IOSE25 and SKOV3 cells. (C) The pro-
tein expression PAX?2 in SKOV3 cells after transfection of miR-497 mimics.
(D) Sequence alignment of miR-497 and 3'UTR of PAX2 mRNA using
TargetScan (www.targetscan.org) and MICRORNA.ORG (www.microrna.
org) algorithms. (E) Luciferase activity in the PAX2-3'UTR-WT group was
significantly decreased after co-transfection with miR-497 mimics. “P<0.01.

showed PAX2 was increased in tumor tissues (Fig. 4A) and
SKOV3 cells (Fig. 4B). In addition, to determine that miR-497
regulates PAX?2 expression directly in ovarian cancer, the
expression of PAX2 in miR-497 mimic-transfected SKOV3
cells was analyzed using western blot analysis (Fig. 4C).
Furthermore, miRNA target predication databases
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Figure 5. Knockdown of PAX?2 suppresses SKOV3 cell proliferation, migration and invasion. (A) The expression of miR-497 was significantly decreased after
PAX2-siRNA transfection. “P<0.01. (B) The protein expression of miR-497 in SKOV3 cells after PAX2-siRNA transfection. (C) CCK-8 assay results showed
that knockdown of PAX?2 inhibited cell proliferation. “P<0.05. (D) Images of migration and invasion cells of each group (x40 magnification). (E) The average
migration and invasion cell number per field among different groups. Three independent experiments were performed, "P<0.05.
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Figure 6. Knockdown of PAX2 induces SKOV3 cell apoptosis. (A) Flow
cytometry analysis of SKOV3 cell apoptosis after knockdown of PAX2. LL,
viable cells; LR, early apoptotic cells; UR, late apoptotic cells; UL, necrotic
cells. (B) The apoptosis rate of SKOV3 cells in each group,. "P<0.05.

(TargetScan: www.targetscan.org and MICRORNA.ORG:
www.microrna.org) were used for computational analyses.
miR-497 has one predictive target site in the human PAX2
3'UTR (Fig. 4D). Moreover, dual-luciferase assay was
performed to verify whether PAX?2 is a direct target gene of
miR-497. The results showed that miR-497 mimics suppressed
the luciferase activity of the reporter (Fig. 4E). Our results

indicated that this site of PAX2 3'UTR was the exact regula-
tion site for miR-497.

Knockdown of PAX2 inhibits SKOV3 cell proliferation,
migration and invasion. To determine the role of PAX2 in
cell proliferation, migration and invasion, PAX2 was knocked
down using small interference RNA (Fig. 5A and B). CCK-8
assay results showed SKOV3 cell proliferation was signifi-
cantly suppressed after PAX2-siRNA transfection (Fig. 5C).
Transwell assay was performed to analyzed cell migration and
invasion, the results showed knockdown of PAX?2 inhibited
SKOV3 cell migration and invasion (Fig. 5D and E).

Knockdown of PAX2 induces SKOV3 cell apoptosis. To
investigate the effect of PAX2 on ovarian cancer cell apop-
tosis, the Annexin V-FITC/PI staining method was used
to perform apoptosis assays by flow cytometry. The results
showed that knockdown of PAX2 promoted SKOV3 cell
apoptosis (Fig. 6).

Discussion

In recent years, increased number of studies have reported
that miRNA regulates gene expression involved in variety
of biological processes including cell growth, differentia-
tion, migration and invasion, and tumorigenesis (4,17). Many
miRNAs are aberrantly expressed in human cancers and
unconventional expression of miRNAs result in uncontrolled
tumor growth (18,19). Therefore, increased understanding of
how miRNA regulates cell proliferation and survival may
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provide better strategies for the diagnosis and treatment of
human cancer, including ovarian cancer.

MicroRNA-497 is located on chromosome 17p13.120 and
is lost in 93% of human small-cell lung cancers (21). Previous
studies indicated that miR-497 acts as a tumor suppressor
in human cancers. The expression of miR-497 has been
found decreased in colorectal cancer (22), breast cancer (23),
pancreatic cancer (24), human osteosarcoma (25), cervical
cancer (26) and human lung cancer (27). In addition, down-
regulation of miR-497 was associated with malignancy of
colorectal cancer (22) and breast cancer (23). Furthermore,
overexpression of miR-497 can inhibit pancreatic cancer and
breast cancer cell growth both in vitro and in vivo (15,23). In
our present study, the expression level of miR-497 in human
ovarian cancer tissues and cells was confirmed and the role
of miR-497 in ovarian cancer cell proliferation and apoptosis
was evaluated. Our results showed that miR-497 was signifi-
cantly decreased in human ovarian cancer tissues and cells.
In addition, overexpression of miR-497 inhibited SKOV3
cell proliferation, suppressed cell migration and invasion,
and promoted cell apoptosis. Furthermore, overexpression of
miR-497 by mimic-transfection reduced the PAX2 protein
expression, and dual-luciferase assay confirmed that the PAX2
is a target gene of miR-497. Moreover, knockdown of PAX2 by
RNA interference suppressed SKOV3 cell growth, inhibited
cell migration and invasion, and induced cell apoptosis. All
the above indicated that miR-497 acts as a tumor suppressor
by regulating cell proliferation, metastasis and apoptosis in
human ovarian cancer, and miR-497-PAX2 may represent a
new potential diagnosis and therapeutic target for the treat-
ment of human ovarian cancer.

Paired box (PAX) genes are named for the conserved DNA
sequence motif which comprises a 128-amino acid domain
and encodes a group of transcription factors (28). Nine PAX
genes have been identified in mammals (29). PAX2, one of the
PAX genes, is a critical regulator of embryogenesis (30-32).
Embryonic PAX2 gene expression is largely attenuated
in adult tissue, such as breast (33). Loss of PAX2 is associ-
ated with kidney hypoplasia and vesicoureteral reflux (34).
On the contrary, upregulation of PAX2 is associated with
human cancers (35,36). PAX?2 was significantly increased in
human prostate cancer (37) and breast cancer (38). Inhibit
the expression of PAX2 in renal cell carcinoma cells (39) and
knock-down of PAX2 in bladder cancer cells (40) suppressed
the cell growth and induced cell apoptosis. Similarly, silencing
of PAX2 led to Kaposi sarcoma cell death and inhibited cell
invasion and migration (41). However, the function of PAX2
in the evolution and progression of ovarian cancer is still
unclear. In our present study, PAX2 was increased in human
ovarian cancer tissues and cells. Silencing of PAX2 markedly
suppressed SKOV3 cell proliferation, blocked cell migration
and invasion, and induced cell apoptosis. We confirmed that
the expression of PAX2 was regulated by miR-497, at least
partly. Taken together, our findings indicate that decreasing
of miR-497 may promote the proliferation capacity of human
ovarian cancer through the PAX2-mediated signal pathway.

In conclusion, we demonstrated that miR-497 is decreased
in human ovarian cancer tissues and cells, and acts as a
tumor suppressor. We also confirmed PAX2 is a target gene
of miR-497. Overexpression of miR-497 or silencing of
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PAX2 suppressed the proliferative and induced apoptosis of
ovarian cancer cells. Based on the above, our study present
that miR-497 has the potential role as a useful diagnostic and
therapeutic biomarker for human ovarian cancer.
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