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Abstract

Circular RNAs (circRNAs) are a novel class of endogenous noncoding RNAs and have been shown to play important roles in a
variety of physiological processes. Recently, dysregulation of circRNAs has been identified in many types of cancers. In this
study, we analyzed the expression profile and biological functions of circMTOI in ovarian cancer. We demonstrated that
circMTOI was downregulated in ovarian cancer tissues and cell lines. Upregulation of circMTOI inhibited proliferation and
invasion of ovarian cancer cells while downregulation of circMTO| promoted these processes. Mechanistically, we showed
that circMTO| sponged miR-182-5p to support KLFI5 expression, eventually leading to inhibition of ovarian cancer pro-
gression. In conclusion, our study suggested circMTOI as a novel biomarker and therapeutic target for ovarian cancer

treatment.
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Introduction

Ovarian cancer is one of the most common malignant tumors
of reproductive organs in women'. Based on the histological
differentiation, the disease can be classified into four types:
serous, endometrioid, mucinous, and clear cell*>. According
to statistics, 239,000 new cases of ovarian cancer are annu-
ally diagnosed in the world, among which 152,000 women
die from this disease®. Currently, there have been multiple
therapeutic approaches such as surgery, chemotherapy, and
radiotherapy” °. Despite great improvement in these thera-
peutics, the prognosis of ovarian cancer patients remains
poor and the five-year survival rate is dissatisfying, which
is less than 30%'°. The high mortality of ovarian cancer is
mainly attributed to late diagnosis and limited therapeutic
strategies''. Thus, it is urgent to explore novel targets for
early diagnosis and treatment of ovarian cancer.

Circular RNAs (circRNAs) are a novel class of endogen-
ous noncoding RNAs and characterized by covalently closed
loop structures'*'®. Besides, they are inherently resistant to
exonucleolytic decay of RNAs and contain selectively con-
served target sites of microRNAs (miRNAs)'?. Increasing
evidence has shown that circRNAs play an important role

in physiological processes, regulation of cell functions,
development of neurodegenerative diseases, and pathogen-
esis of heart diseases'>'®. Recently, dysregulation of cir-
cRNAs has been identified in many types of cancers and
thus investigations on their roles in cancer progression have
emerged as a new field'”'°. For example, Han et al. reported
that circMTO1 was lowly expressed in hepatocellular cancer
tissues and overexpression of circMTO1 suppressed hepato-
cellular cancer cell proliferation and invasion®’. Rao et al.
found that circMTO1 was significantly downregulated in
chemoresistant glioblastoma cells and its upregulation
reversed chemoresistance of glioblastoma cells by
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promoting cell apoptosis®'. However, the biological func-
tions of circMTO1 in ovarian cancer remain unclear.

In this study, we demonstrated that circMTO1 was
downregulated in ovarian cancer tissues and cell lines.
Upregulation of circMTO1 inhibited proliferation and inva-
sion of ovarian cancer cells while downregulation of cir-
cMTO1 promoted these processes. Mechanistically, we
showed that circMTO1 sponged miR-182-5p to support
KLF15 expression, eventually leading to inhibition of ovar-
ian cancer progression. All in all, our study suggested cir-
cMTOI as a novel biomarker and therapeutic target for
ovarian cancer treatment.

Materials and Methods
Patients and Tissue Samples

Ovarian cancer tissues and the adjacent normal tissues were
collected from 48 patients who underwent surgery at China-
Japan Union Hospital of Jilin University (Changchun,
China). No patients received chemotherapy or radiotherapy
before surgical resection. Every participant provided written
informed consent. After collection, all tissue samples were
frozen in liquid nitrogen and stored at —80°C. This study
was approved by the Ethics Committee of Jilin University.

Cell Culture and Transfection

Human ovarian cancer cell lines (SKOV3 and OVCAR3)
and the normal ovarian epithelial cell line IOSE80 were
obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA) and cultured in RPMI 1640 medium
(Gibco, Rockville, MD, USA) containing 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin/streptomycin. All cell
lines were incubated at 37°C in a humidified atmosphere
with 5% CO,. For cell transfection, specific small interfering
RNAs (siRNAs) against circMTO1, overexpression vectors
of circMTO1 or KLF15, miR-182-5p mimics, and corre-
sponding negative controls were obtained from GeneCo-
poeia (Rockville, MD, USA). Cell transfection was carried
out using Lipofectamine 3000 (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s
instructions.

Quantitative Real-Time Polymerase Chain Reaction

Total RNA from tissues or cells was isolated using Trizol
reagent (Takara, Dalian, China) and reversely transcribed
into cDNA using the Prime Script RT Master Mix (Takara).
The quantitative real-time polymerase chain reaction (qRT-
PCR) analysis was performed using PerfeCTa SYBR Green
FastMix (Quanta Biosciences, Beverly, MA, USA) on an
ABI Prism 7900HT system (Applied Biosystems, Foster
City, CA, USA). Glyceraldehyde-3-phosphate dehydrogen-
ase (GAPDH) or U6 was used as an internal control. The
relative expression levels were calculated using the 2744
method. The specific primers were as follows: circMTOI,

5’-TGCATCAGAGGCTTGGAGAA-3’ (forward) and 5’-
AAGGAAGGGGTGATCTGACG-3’ (reverse); KLF15,
5’-TTCTCGTCGCCAAAATGCC-3’ (forward) and 5’-CC
TGGGACAATAGGAAGTCCAA-3’ (reverse); GAPDH,
5’-GCTCTCTGCTCCTCCTGTTC-3’ (forward) and 5°-
CCAAATCCGTTGACTC-3’ (reverse); miR-182-5p, 5°-T
GCGGTTTGGCAATGGTAGAAC-3’ (forward) and 5’-C
CAGTGCAGGGTCCGAGGT-3’ (reverse); U6, 5°’-CTC
GCTTCGGCAGCACA-3’ (forward) and 5’-AACGCTT-
CACGAATTTGCGT-3’ (reverse).

Western Blot Analysis

Tissues or cells were lysed using RIPA lysis buffer (Cell
Signaling Technology, Danvers, MA, USA). The BCA pro-
tein assay kit (Pierce, Rockford, IL, USA) was used to deter-
mine the protein concentration. An equal amount of protein
was separated by 12% sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE) and transferred onto
polyvinylidene fluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). The membranes were incubated with
5% skim milk and probed overnight at 4°C with primary
antibodies against KLF15 and GAPDH. Subsequently, the
membranes were incubated with horseradish peroxidase-
conjugated secondary antibodies for 2 h. All antibodies
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Protein bands were visualized by electro-
chemiluminescence reagent (Pierce, Rockford, IL, USA)
and analyzed using the Quantity One system (Bio-Rad,
Hercules, CA, USA).

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation was detected using the CCK-8 assay. In
brief, cells were seeded in a 96-well plate at a density of 2 x
10? cells/well and cultured for different time. Then, CCK-8
reagents were added to each well and cells were incubated
for another 4 h. The absorbance at 450 nm was measured
using a microplate reader.

Transwell Assay

Transwell chambers with 8 um pores were used to measure
cell invasion. 2 x 10 cells in serum-free medium were
seeded into the upper chamber coated with Matrigel. Culture
medium containing 10% FBS was added to the lower cham-
ber. After incubation for 24 h, cells invading to the lower
surface of the insert were fixed and stained. The number of
invading cells from four random fields was counted under a
microscope.

Luciferase Reporter Assay

The wild or mutant-type of circMTO1 and KLF15 contain-
ing the predicted miR-182-5p binding sites was inserted into
the pmirGLO vector (Promega, Madison, WI, USA). 1x10°
cells were cultured in a 24-well plate and co-transfected with
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Fig. 1. CircMTO| is downregulated in ovarian cancer tissues and
cell lines. (A) Relative expression of circMTO| in ovarian cancer
tissues and matched normal tissues by qRT-PCR. (n = 48). (B)
Relative expression of circMTOI in ovarian cancer cell lines by
qRT-PCR. *P < 0.05.

wild or mutant-type reporter plasmids as well as miR-182-5p
mimics or negative controls using Lipofectamine 3000
(Thermo Fisher Scientific) according to the manufacturer’s
instructions. Forty-eight hours later, the luciferase activity
was detected using the dual-luciferase reporter assay system
(Promega).

Statistical Analysis

Data were shown as means + standard deviation (SD). Dif-
ferences between groups were compared using the Student’s
t-test or one-way ANOVA (followed by Scheffe test). Sta-
tistical analysis was performed with SPSS 22.0 software. P <
0.05 indicated a statistically significant difference.

Results

CircMTO| Is Downregulated in Ovarian Cancer
Tissues and Cell Lines

To explore the role of circMTO1 in ovarian cancer, we per-
formed the qRT-PCR analysis to measure the expression of
circMTO1 in ovarian cancer tissues and corresponding nor-
mal tissues from 48 patients. The results showed that cir-
cMTO1 was significantly decreased in ovarian cancer tissues
in comparison with the adjacent normal tissues (Fig. 1A).
Furthermore, we measured the expression of circMTO1 in
ovarian cancer cell lines by the qRT-PCR analysis.

Consistently, circMTO1 was also downregulated in ovarian
cancer cell lines SKOV3 and OVCAR3 in comparison with
the normal ovarian epithelial cell line IOSES0 (Fig. 1B).

Upregulation of CircMTO1 Inhibits the Proliferation
and Invasion of Ovarian Cancer Cells

To further investigate the biological functions of circMTOI,
we overexpressed it in SKOV3 and OVCARS3 cells by trans-
fection of the circMTOI1 expression vector. The qRT-PCR
analysis showed that circMTO1 expression was markedly
increased after transfection (Fig. 2A, B). Then we performed
the CCK-8 assay to check the effect of circMTO1 on ovarian
cancer cell proliferation. As shown in Fig. 2C, D, circMTO1
upregulation significantly inhibited the proliferative abilities
of SKOV3 and OVCAR3 cells. Moreover, we performed the
transwell assay to examine the effect of circMTO1 on ovar-
ian cancer cell invasion. The results showed that circMTO1
overexpression remarkably suppressed the invasive abilities
of SKOV3 and OVCARS cells (Fig. 2E, F).

Knockdown of CircMTO| Promotes the Proliferation
and Invasion of Ovarian Cancer Cells

To test the effect of circMTO1 knockdown on ovarian can-
cer cell functions, we transfected SKOV3 and OVCAR3
cells with circMTO1 siRNAs. The knockdown efficiency
was confirmed by the qRT-PCR analysis (Fig. 3A, B). Mean-
while, circMTO1 depletion significantly promoted SKOV3
and OVCARS3 cell proliferation in comparison with corre-
sponding control cells (Fig. 3C, D). Furthermore, circMTO1
knockdown obviously increased the number of invading
SKOV3 and OVCARS cells in comparison with correspond-
ing control groups (Fig. 3E, F).

CircMTO| Serves as a Sponge for MiR-182-5p in
Ovarian Cancer Cells

Increasing evidence has shown that circRNAs could function
as miRNA sponges to regulate gene expression®. To explore
the molecular mechanism of circMTO1, we analyzed the
potential target miRNAs of circMTO1 by the bioinformatics
method. We identified miR-182-5p as a possible target and
showed the potential binding site in Fig. 4A. To verify it, we
performed the luciferase reporter assay. The results showed
that ectopic expression of miR-182-5p significantly inhib-
ited the luciferase activity of circMTO1-Wt reporter plas-
mids in SKOV3 and OVCAR3 cells (Fig. 4B). Besides,
circMTO1 upregulation dramatically decreased the expres-
sion of miR-182-5p (Fig. 4C), and vice versa (Fig. 4D).
Furthermore, the qRT-PCR analysis showed that miR-182-
Sp was significantly overexpressed in ovarian cancer tissues
and cell lines in comparison with the corresponding control
group (Fig. 4E, F).
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Fig. 2. Upregulation of circMTO| inhibits the proliferation and invasion of ovarian cancer cells. (A, B) The qRT-PCR analysis for circMTO|
mRNA in SKOV3 and OVCARS3 cells transfected with circMTO| expression vector. (C, D) The CCK-8 assay was performed to measure
the proliferation of SKOV3 and OVCARS3 cells after transfection. (E, F) The transwell assay was performed to examine the invasion of

SKOV3 and OVCARS cells after transfection. *P < 0.05.

MiR-182-5p Mimic Reversed the Inhibitory Effects of
CircMTO| on Ovarian Cancer Cells

To further study the relationship between miR-182-5p and
circMTO1 in proliferation and invasion of ovarian cancer
cells, miR-182-5p mimic or its negative control was trans-
fected into SKOV3 and OVCAR3 cells. The qRT-PCR anal-
ysis was performed to confirm the transfection efficiency
(Fig. SA, B). Then we found that miR-182-5p transfection
significantly reversed circMTO1-inhibited proliferation and
invasion of SKOV3 and OVCARS3 cells (Fig. SC-F).

CircMTO| Inhibits Ovarian Cancer Progression
Through the MiR-182-5p/KLF15 Axis

We searched the downstream target of miR-182-5p via the
bioinformatics analysis and identified KLF15 as a target of
miR-182-5p. The potential binding sites of miR-182-5p in

KLF15 were shown in Fig. 6A. To validate the prediction,
we performed luciferase reporter assays. The results showed
that overexpression of miR-182-5p significantly suppressed
the luciferase activity of KLF15-Wt reporter plasmids in
SKOV3 and OVCAR3 cells (Fig. 6B), suggesting the
direct interaction between miR-182-5p and KLFI15.
Furthermore, the western blot analysis showed that the
protein level of KLF15 was markedly decreased in
SKOV3 and OVCAR3 cells after miR-182-5p mimics
were introduced (Fig. 6C, D). Then we investigated the
function of KLF15 in ovarian cancer. By the western blot
analysis, we found that KLF15 expression was downre-
gulated in ovarian cancer tissues and cell lines (Fig. 6E,
F), indicating a tumor-suppression role in ovarian cancer.
To confirm whether circMTOI1 regulated ovarian cancer
progression via the miR-182-5p/KLF15 axis, we per-
formed rescue assays. The CCK-8 and transwell assays
showed that overexpression of KLF15 significantly
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Fig. 3. Knockdown of circMTO | promotes the proliferation and invasion of ovarian cancer cells. (A, B) The qRT-PCR analysis for circMTO|
mRNA in SKOV3 and OVCARS3 cells transfected with circMTO| siRNA. (C, D) The CCK-8 assay was performed to measure the
proliferation of SKOV3 and OVCARS3 cells after transfection. (E, F) The transwell assay was performed to examine the invasion of SKOV3

and OVCAR3 cells after transfection. *P < 0.05.

reversed the promoting effect of miR-182-5p on ovarian
cancer cell proliferation and invasion (Fig. 6G, H).

Discussion

As a leading cause of cancer-related death in females,
ovarian cancer has posed a great threat to women world-
wide?®. According to statistics, over 75% of ovarian can-
cer patients are diagnosed at an advanced stage with
nonspecific symptoms and a majority of the patients suf-
fer from a low survival rate due to postsurgical metasta-
sis**. Therefore, identification of novel prognostic
biomarkers will be a great help in distinguishing patients
with high risk of relapse.

CircRNAs are a group of new-type noncoding RNAs and
have attracted a great attention. A growing body of evidence
has shown that more and more circRNAs are aberrantly
expressed in a variety of cancers®> 2’. In addition, circRNAs
have been demonstrated to participate in many cancer-
related biological processes®® . For example, circBANP

modulates colorectal cancer cell proliferation®'. Upregula-
tion of circDOCKI1 suppresses cell apoptosis in oral squa-
mous cell cancer®?. CircMAN2B2 facilitates lung cancer cell
proliferation and invasion®. These reports suggest a crucial
role of circRNAs in cancer development. However, the cor-
relation between circRNAs and ovarian cancer remains
largely unknown.

To better understand the regulatory mechanism of cir-
cRNA in this study, we focused on circMTO1, which was
downregulated in ovarian cancer tissues and cell lines. We
found that overexpression of circMTOI1 inhibited ovarian
cancer cell proliferation and invasion while knockdown of
circMTO1 promoted these processes. Like us, Liu et al.
reported that circMTO1 upregulation suppressed breast
cancer cell viability>*. Consistently, Han et al. demon-
strated that circMTO1 expression was decreased in hepa-
tocellular cancer tissues and its enforced expression
inhibited hepatocellular cancer progression’. These find-
ings suggested that circMTO1 might serve as a tumor sup-
pressor in cancer development.
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CircRNAs frequently sponges miRNAs to participate in
regulation of various physiological and pathological pro-
cesses>2. For example, circIRAK3 functions as a sponge of
miR-3607 to facilitate breast cancer metastasis®>.
CircRBMS3 promotes gastric cancer progression by regulat-
ing miR-153¢. In this study, we found that circMTO1 could
directly bind to miR-182-5p. The qRT-PCR analysis showed
that miR-182-5p expression was markedly reduced in ovar-
ian cancer cells after circMTO1 upregulation, while its
expression was significantly increased after circMTO1
knockdown. We also showed that miR-182-5p was highly
expressed in ovarian cancer tissues and cell lines in

comparison with the corresponding control group, suggest-
ing an oncogenic role of miR-182-5p. Similarly, Li et al.
reported overexpression of miR-182-5p in gastric cancer and
its promoting effect on cell migration and invasion®’. On the
contrary, Wang et al. demonstrated that miR-182-5p had a
lower expression in bladder cancer tissues than in the
matched normal tissues and its upregulation reduced cell
proliferation and invasion®®. Thus, miR-182-5p may play
different roles during cancer development with different cel-
lular environment. All these observations provided further
evidence in support of the notion that circRNAs can serve as
miRNA sponge to regulate gene expression.
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In the present study, we also searched the downstream
target of miR-182-5p via bioinformatics analysis and iden-
tified KLF15 as a target of miR-182-5p. KLF15 is a tran-
scription factor that is implicated in diverse biological
processes and has recently been reported to play a significant
role in cancer development®® . In this study, we showed
that KLF15 had a lower expression in ovarian cancer tissues
and cell lines and its protein level was markedly decreased in
ovarian cancer cells after miR-182-5p upregulation. More-
over, rescue experiments showed that overexpression of
KLF15 significantly reversed the promoting effect of miR-
182-5p on ovarian cancer cell proliferation and invasion.
These results indicated that circMTO1 might inhibit ovarian

cancer progression via regulating the miR-182-5p/KLF15
pathway.

One limitation of the present study is that we did not
conduct xenograft tumor experiments to verify our in vitro
results due to the limited laboratory conditions, and this issue
will be the focus of our future study.

Conclusions

Our study revealed that circMTO1 was downregulated in
ovarian cancer tissues and cell lines, and upregulation of cir-
c¢MTOl inhibited proliferation and invasion of ovarian cancer
cells by sponging miR-182-5p. Furthermore, we showed that
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miR-182-5p negatively regulated KLF15 expression. Taken
together, the circMTO1/miR-182-5p/KLF15 axis might play
an essential role in ovarian cancer progression.
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