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Epithelial ovarian cancer (EOC) is the most lethal gynecological malignancy, accounting for 90% of all
ovarian cancer. Dysregulation of miRNAs is associated with several types of EOC. In the current research,
we aimed to study the role of abnormal expression of miR-146a in the development of EOC and to elucidate
the possible molecular mechanisms. Compared with control samples, mRNA expression of miR-146a was
significantly decreased in EOC tissues and cell lines. Overexpression of miR-146a prohibited cell prolif-
eration, enhanced apoptosis, and increased sensitivity to chemotherapy drugs in EOC cells. In contrast,
downregulation of miR-146a promoted cell proliferation, suppressed apoptosis, and decreased sensitivity
to chemotherapy drugs in EOC cells. Overexpression of miR-146a increased the reactive oxygen species
(ROS) level and decreased SOD2 mRNA and protein expression. Downregulation of miR-146a increased
SOD2 mRNA and protein expression. Overexpression of SOD2 significantly inhibited miR-146a mimics-
induced suppression of cell proliferation and the increase of apoptosis and chemosensitivity. In conclusion,
we identify miR-146a as a potential tumor suppressor in patients with EOC. miR-146a downregulates the
expression of SOD2 and enhances ROS generation, leading to increased apoptosis, inhibition of prolifera-
tion, and enhanced sensitivity to chemotherapy. The data demonstrate that the miR-146a/SOD2/ROS path-
way may serve as a novel therapeutic target and prognostic marker in patients with EOC.
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INTRODUCTION

Ovarian cancer is the third most common gyneco-
logical malignancy worldwide (1,2). Epithelial ovarian
cancer (EOC) is the most lethal gynecological malig-
nancy, accounting for 90% of all ovarian cancer (1,2).
The genomic and epigenomic atlas of EOC varies sig-
nificantly with tumor histotype, grade, stage, sensitivity
to chemotherapy, and prognosis (3). It is estimated that
70% of patients have an advanced stage of the disease
at diagnosis, when the tumor has disseminated beyond
the ovaries to the pelvic and abdominal organs (4).
Although surgical and radio- or chemicotoxic therapies
have been applied in most types of tumors, the 5-year
survival rate of ovarian cancer remains only 30% (5).
The molecular mechanism underlying EOC is not clear.
It is urgent to investigate molecular pathogenesis and
therapeutic targets and search for novel biomarkers
of EOC.

MicroRNAs (miRNAs) are defined as a large class of
small (20-24 nucleotides) single-stranded and noncoding
RNAs that are involved in gene regulation through bind-
ing to the 3’-untranslated region (3’-UTR) of their target
mRNAs, resulting in mRNA degradation or translation
inhibition (6,7). These kinds of RNAs play a significant
role in various physiological and pathophysiological pro-
cesses (8,9). It is estimated that one third of all mammalian
genes were targeted and regulated by miRNAs (10,11).
Moreover, miRNAs can function either as oncomiRNAs,
by targeting tumor suppressors, or as tumor Suppressors
by targeting oncogenes (6,12). Thus, it is believed that
inactivation of oncogenic miRNAs (13) or restoration
of tumor-suppressor miRNAs (14) may be an effective
avenue for cancer treatment. It is well known that dys-
regulation of miRNAs is involved in many fundamental
processes of cancer (15). We have found that miR-164a
was abnormally expressed in ovarian cancer. However,
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the exact role of miR-164a in the development of ovarian
cancer is still unknown.

In the present study, we aimed to explore whether
abnormal expression of miR-164a played a role in the
pathogenesis of EOC and to study the possible mecha-
nisms. We found that miR-164a level was reduced in
EOC tissues and cell lines; overexpression of miR-164a
inhibited EOC cell proliferation and enhanced apoptosis
and sensitivity to chemotherapy drugs through a decrease
in superoxide dismutase 2 (SOD2).

MATERIALS AND METHODS
Chemicals and Materials

B-Actin and SOD2 antibodies were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Paclitaxel and DHE were procured from Sigma-Aldrich.
All of the other chemicals used were of the highest grade
available commercially.

Cell Lines and Culture

Human EOC cell lines, OVCAR3, CAOV3, and HEY
cells were purchased from the American Type Culture
Collection (Manassas, VA, USA). Cells were cultured in
DMEM (Gibco-BRL, USA) supplemented with 10% FBS
(Gibco-BRL), 100 U/ml penicillin, and 100 pg of strep-
tomycin at 37°C in a humidified incubator with 5% CO,,.
Human ovarian surface epithelial (HOSE) normal cells
were purchased from ScienCell Research Laboratories
(Carlsbad, CA, USA) and maintained in ovarian epithelial
cell medium supplemented with 1x ovarian epithelial cell
growth supplement (ScienCell Research Laboratories) at
37°C in a humidified incubator with 5% CO,,.

Transfection of Plasmids

The miR-146a mimics, inhibitors, and scrambles
and SOD2 plasmids were synthesized by Gene Pharma
Company (Shanghai, China). Transient transfection of
plasmids was conducted using the Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) system according to
the manufacturer’s instructions.

Cell Proliferation and Viability

Cell proliferation was detected using a CCK8 Assay Kit
according to the manufacturer’s instructions. Absorbance
was detected at 450 nm using a microplate reader (Bio-
Rad, Hercules, CA, USA). Cell viability was determined
by MTT assay. Absorbance was measured at 570 nm
using a microplate reader (Bio-Rad).

TUNEL Assay

TdT-mediated dUTP nick-end labeling (TUNEL) stain-
ing was used to detect apoptotic cell death. TUNEL
assay was performed using an in situ cell death detection
kit (Roche, Germany) according to the manufacturer’s
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protocols. Apoptosis was analyzed using flow cytom-
etry, and percentage of apoptotic cells was shown.

RNA Isolation and Real-Time PCR

Total RNA was isolated from tissues or cell lines using
TIANGEN Total RNA Isolation Kit (TTANGEN, Beijing,
China) according to the manufacturer’s protocols. RNA
(500 ng) was reverse transcribed to synthesize cDNA
using the Takara FirstStrand cDNA Synthesis Kit (Takara,
Japan). Quantitative real-time polymerase chain reaction
(PCR) was performed to precisely quantify miR-146a
and SOD2. Real-time PCR was conducted using SYBR
Green reagents (Roche, Germany) in Bio-Rad CFX96
real-time PCR system. The 224" method was used to
measure relative mRNA expression compared to B-actin.
Amplification conditions were initial step at 94°C for 5
min, followed by 40 cycles of denaturation at 94°C for
30 s, annealing at 63°C for 30 s, and then extension at
72°C for 10 s.

Protein Extraction and Western Blot

Total proteins were collected from cell lines using
RIPA lysis buffer according to the manufacturer’s pro-
tocols. Cell lysates were centrifuged at 25,000xg for
30 min at 4°C, and the protein concentrations in superna-
tants were measured using a BCA kit (Pierce, Rockford,
IL, USA). Samples equal to 20 pg of protein were sepa-
rated using SDS-PAGE. Then proteins were transferred
to NC membranes (Millipore, Billerica, MA, USA) and
then blocked with 8% nonfat milk. After that, membranes
were incubated with primary SOD2 antibodies overnight
at 4°C. After washing for four times, the membrane was
incubated with a horseradish peroxidase-conjugated sec-
ondary antibody (Pierce) at 37°C for 1 h. Protein bands
were visualized with the ECL and captured using Bio-
Rad Imaging Systems (Bio-Rad).

Statistical Analysis

The data are shown as the means+SEM, and a value
of p<0.05 was considered significant. All experiments
were conducted at least in triplicate. Data analysis was
performed using Graphpad Prism 5.0 software. One-way
analysis of variance (ANOVA) was used to measure the
significance between more than two groups. Student’s
t-test was conducted to measure the significance between
two groups.

RESULTS
miR-146a Level Was Decreased in EOC Cell Lines
We compared the expression of miR-146a between
HOSE cells and three human EOC cell lines, CAOV3,
OVCAR3, and HEY cells. We found that mRNA expres-
sion of miR-146a was markedly decreased in EOC cell
lines, compared with that in HOSE cells (Fig. 1).
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Figure 1. Expression levels of miR-146a in EOC cell lines. Relative expression of miR-146a in HOSE, OVCAR3, CAOV3, and HEY
cell lines. #p <0.05 indicates statistical significance, compared with control.

Overexpression of miR-146a Inhibited Proliferation
and Enhanced Apoptosis and Chemosensitivity

To explore the possible role of downregulation of
miR-146a in the development of EOC, CAOV3 cells
were transfected with miR-146a mimics. As shown in
Figure 2A, the results confirmed that miR-146a expres-
sion was significantly increased after the transfection
of miR-146a mimics. As shown in Figure 2B, over-
expression of miR-146a remarkably inhibited cell pro-
liferation in CAOV?3 cells. In addition, the effect of
miR-146a mimics transfection on apoptosis was exam-
ined. We showed that overexpression of miR-146a
markedly increased the percentage of apoptotic cells in
the CAOV3 cell line (Fig. 2C). Moreover, the effect
of miR-146a mimics on the sensitivity to chemother-
apy drugs in OVCAR3 cells was determined by MTT
assay. Figure 2D shows that incubation with 400 ng/
ml paclitaxel for 48 h and overexpression of miR-146a
significantly decreased cell viability. Overexpression
of miR-146a significantly enhanced paclitaxel-induced
decrease in cell viability (Fig. 2D).

Decrease in miR-146a Increased Proliferation and
Inhibited Apoptosis and Chemosensitivity

CAOV3 cells were transfected with miR-146a inhibi-
tors to evaluate the effect of inhibition of miR-146a on
EOC cell proliferation and chemosensitivity. The results
shown in Figure 3A confirmed that miR-146a expression
was substantially decreased by its inhibitors. As shown in
Figure 3B, downregulation of miR-146a remarkably pro-
moted cell proliferation in CAOV3 cells. In addition, the
effect of miR-146a inhibitor transfection on apoptosis was
examined. We showed that downregulation of miR-146a
markedly decreased the percentage of apoptotic cells in the
CAOV3 cell line (Fig. 3C). Moreover, the effect of miR-
146a inhibitors on the sensitivity to chemotherapy drugs in
OVCARS3 cells was determined by MTT assay. Figure 3D
shows that a decrease in miR-146a significantly inhibited
paclitaxel-induced decrease in cell viability.

Overexpression of miR-146a Promoted ROS Generation
and Decreased SOD Expression

To test whether oxidative stress was involved in miR-
146a-mediated cytotoxicity to EOC cells, we determined
the effect of overexpression of miR-146a on reactive oxy-
gen species (ROS) generation. As shown in Figure 4A,
overexpression of miR-146assignificantly increased DHE-
positive cells, indicating that miR-146a promoted ROS
generation. We also evaluated the effect of upregulation
or downregulation of miR-146a on SOD2 expression. In
Figure 4B and C, the results show that overexpression
of miR-146a significantly decreased mRNA and pro-
tein expression of SOD2 in CAOV3 cells. As shown in
Figure 4D and E, downregulation of miR-146a signifi-
cantly increased mRNA and protein expression of SOD2
in CAOV3 cells. The results indicated that SOD2 may
be a target of miR-146a and overexpression of miR-146a
promoted ROS generation through inhibition of SOD2.

Reduction of SOD2 Was Involved in miR-146a-Mediated
Cytotoxicity to EOC Cells

To explore whether reduction of SOD2 and ROS gen-
eration was involved in miR-146a-mediated inhibition of
EOC cell proliferation and enhancement of chemosen-
sitivity, cells were transfected with SOD plasmids. We
found that overexpression of SOD2 significantly sup-
pressed miR-146a-induced inhibition of cell proliferation
in CAOV3 cells (Fig. 5SA). Moreover, miR-146a-induced
increase in apoptosis was notably blocked by SOD2 plas-
mids (Fig. 5B). Furthermore, overexpression of SOD2
markedly reversed miR-146a-enhanced sensitivity to
paclitaxel in OVCAR3 cells (Fig. 5C). The results dem-
onstrated that reduction of SOD2 was involved in miR-
146a-mediated cytotoxicity to EOC cells (Fig. 5D).

DISCUSSION

Dysregulation of microRNA is associated with the
pathogenesis and development of ovarian cancer (16-20).
Previous studies have shown that miR-146a acted as a
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Figure 2. Overexpression of miR-146a inhibited proliferation and enhanced apoptosis and chemosensitivity. CAOV3 cells were
transfected with miR-146a mimics. (A) Relative mRNA expression of miR-146a is shown. (B) Cell proliferation was determined,
and the growth curve is shown. (C) Apoptosis was determined, and percentage of apoptotic cells is shown. (D) OVCAR3 cells were
transfected with miR-146a mimics and then treated by 400 ng/ml paclitaxel for 48 h. After that, cell viability was assessed by MTT.
#p <0.05 indicates statistical significance, compared with scramble. ##p <0.05 indicates statistical significance, compared with pacli-

taxel and miR-146a.

tumor suppressor. For example, in squamous cell carci-
noma patients, Lerner et al. found that downregulation of
miR-146a in the blood of patients correlated with the occur-
rence of distant metastasis, and inhibition of miR-146a dra-
matically promoted its proliferation and migration potential
(21). Li et al. discovered that downregulation of miR-146a
expression in breast tissue was related to the development
and deterioration of breast cancer, and miR-146a might
act as a potential biomarker for young women with breast
cancer (22). However, little is known about the role of
miR-146a in the pathogenesis of EOC.

We have previously found that miR-146a was down-
regulated in EOC tissues (data not shown). In the present
study, we showed that miR-146a was downregulated in
EOC cell lines, indicating a potential tumor-suppressive
role. To test whether downregulation of miR-146a was

involved in EOC cell line proliferation, CAOV3 cells were
transfected with miR-146a mimics or inhibitors. The effect
of miR-146a mimics or inhibitors on cell proliferation and
apoptosis was determined. Overexpression of miR-146a
inhibited proliferation and enhanced apoptosis. In contrast,
decrease in miR-146a increased proliferation and inhibited
apoptosis. Moreover, the effect of upregulation or down-
regulation of miR-146a on paclitaxel-induced cytotoxicity
was evaluated. The results showed that overexpression of
miR-146a enhanced paclitaxel-induced decrease in cell
viability. In contrast, paclitaxel-induced cytotoxicity was
significantly inhibited by the downregulation of miR-146a.
Apoptotic cell death is an important programmed death.
Abnormal apoptosis plays a key role in the development of
multiple types of cancer, and targeting apoptosis is consid-
ered to be a substantial avenue for cancer therapy (23-26).
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A large number of studies have shown that microRNA
could alter apoptosis through either directly interacting
with apoptotic pathway members or indirectly influencing
apoptosis-inducing stress signals (27,28). The results in the
present study indicated that downregulation of miR-146a
contributed to CAOV3 cell proliferation and ameliorated
sensitivity to chemotherapy. Reduction of apoptosis par-
ticipated in the downregulation of miR-146a-mediated
enhancement of CAOV3 cell proliferation and reduction
of sensitivity to chemotherapy.

Oxidative stress is an important stimulus of apoptotic
cell death, and a large amount of ROS generation is con-
sidered to be involved in the antitumor effect of various
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chemotherapy drugs (29,30). In the present study, we
also examined whether ROS generation was involved in
miR-146a-mediated inhibition of CAOV3 cell prolifera-
tion and the increase in sensitivity to chemotherapy. We
showed that overexpression of miR-146a significantly
increased ROS level. miR-146a-mediated increase of
ROS may be attributed to reduction of SOD2. Our results
showed that overexpression of miR-146a significantly
decreased SOD2 expression while inhibition of miR-146a
significantly increased SOD2 expression, indicating SOD2
was a major target of miR-146a. A previous study has
shown that miR-146a could regulate SOD2 expression
in PC12 cells (31). Thus, it is suggested that SOD2 may

-9~ Scramble
-©- miR-146a inhibitor #
s %
= #
o
=
©
| .
o 14
c L} L} L} )
Oh 24 h 48 h 78 h
D
151 #
3 I
o
g g 104 —x=
85
; 5 it
4 0_5-
oz
o =
0-0 L] L L L]
3° > o ¢
,o(‘\v *\\'5‘9 '6\0\\ v\’é\\
éy‘ QA&’ ’;\(\ &
«"@ «"@
& &
>
4
&’b
Q&

Figure 3. Decrease in miR-146a increased proliferation and inhibited apoptosis and chemosensitivity. CAOV3 cells were transfected
with miR-146a inhibitors. (A) Relative mRNA expression of miR-146a is shown. (B) Cell proliferation was determined, and the growth
curve is shown. (C) Apoptosis was determined, and percentage of apoptotic cells is shown. (D) OVCAR3 cells were transfected with
miR-146a inhibitors and then treated by 400 ng/ml paclitaxel for 48 h. After that, cell viability was assessed by MTT. #p <0.05 indicates
statistical significance, compared with scramble. ##p <0.05 indicates statistical significance, compared with paclitaxel and miR-146a.
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Figure 4. Overexpression of miR-146a increased ROS generation and inhibited SOD2 expression. CAOV3 cells were transfected with
miR-146a mimics. (A) ROS level was detected by DHE (a superoxide probe, 10 uM) and analyzed by flow cytometry. (B) Relative
mRNA expression of miR-146a is shown. (C) Protein expression of miR-146a is shown. CAOV3 cells were transfected with miR-146a
inhibitors. (D) Relative mRNA expression of miR-146a is shown. (E) Protein expression of miR-146a is shown. #p <0.05 indicates
statistical significance, compared with scramble.
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Figure 5. Role of reduction of SOD2 in miR-146a-mediated inhibition of EOC. CAOV3 cells were transfected with miR-146a mimics
with or without plasmids expressing SOD2. (A) Cell proliferation was determined, and the growth curve is shown. (B) Apoptosis was
determined, and percentage of apoptotic cells is shown. (C) OVCAR3 cells were transfected with miR-146a mimics with or without
plasmids expressing SOD2 and then treated by 400 ng/ml paclitaxel for 48 h. After that, cell viability was assessed by MTT. (D) Role
of reduction of SOD2 in miR-146a-mediated inhibition of EOC. #p<0.05 indicated statistical significance, compared with scramble.
##p <0.05 indicated statistical significance, compared with paclitaxel + miR-146a.

be a primary target under different stressful or patho-
logical conditions. SOD2 is a pivotal antioxidant enzyme
that mainly functions in the mitochondria (32) and con-
verts highly reactive superoxide (O,™) to hydrogen per-
oxide (H,0,) and oxygen (O,). Abnormal expression of
SOD?2 is believed to be associated with several types of
cancers (33,34). In ovarian clear cell carcinoma, SOD2
functions as a protumorigenic and prometastatic agent
(35). Combined with these literatures, the data demon-
strate that SOD2 may be an important regulator of EOC

development via regulation of ROS level, and miR-146a
plays a suppressive role in EOC via targeting SOD?2.

In conclusion, we identified miR-146a as a poten-
tial tumor suppressor in patients with EOC. miR-146a
downregulates expression of SOD2 and enhances ROS
generation, leading to increased apoptosis, inhibition of
proliferation, and enhanced sensitivity to chemotherapy
(Fig. 5D). Overall, the data demonstrate that miR-146a/
SOD2/ROS pathways may serve as novel therapeutic tar-
gets and prognostic markers in patients with EOC.
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