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1 | INTRODUCTION

| Han Wang! | CongShi? | ChuangiZhang® | Min Wang?

Abstract

Background: CircRNA plays an important role in the development of tumors, but its
mechanism of action in ovarian cancer is still unclear.

Methods: The expression level of hsa_circ_0013958 in 45 pairs of ovarian cancer
tissues and cells was quantified by gRT-PCR, further revealing whether it is re-
lated to clinicopathological features and diagnostic value. Next, the effects of hsa_
circ_0013958 on the proliferation, migration, invasion, and apoptosis of A2780 and
OVCAR-3 cells were detected by CCK-8 assay, Transwell assay, and flow cytometry,
respectively. Last, the expression levels of epithelial-mesenchymal transition-related
proteins (E-cadherin and Vimentin) and apoptosis-related proteins (Bcl-2 and Bax)
were detected by Western blotting.

Results: Hsa_circ_0013958 was highly expressed in ovarian cancer tissues and cells,
and its expression was closely related to patient FIGO stage and lymph node me-
tastasis. Further, in vitro studies showed that knockdown of hsa_circ_0013958 sup-
pressed proliferation, migration, and invasion of ovarian cancer cells but elevated the
cell apoptotic rate. The expression levels of both epithelial-mesenchymal transition-
related proteins and apoptosis-related proteins were also changed.

Conclusions: Hsa_circ_0013958 may contribute to the development of ovarian can-

cer by affecting epithelial-mesenchymal transition and apoptotic signaling pathways.
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the 5-year survival rate of patients with advanced ovarian cancer is
only 25%.2 CA125, human epididymis protein 4 (HE4), and calcula-

Ovarian cancer is one of the common malignant tumors in women
worldwide, with a high morbidity and mortality rate. In 2018, in the
United States, there were 22 240 new cases of ovarian cancer and
14 070 deaths.! Because ovarian cancer is concealed, it is difficult to
diagnose early, and relapse and metastasis are common. Therefore,

tion of Risk of Ovarian Malignancy Algorithm (ROMA) are reported
to be of great value in the diagnosis of ovarian cancer.® Some studies
have also shown that the derived neutrophil-to-lymphocyte ratio
(dNLR) may be an important indicator for the diagnosis of ovarian
cancer, and even the identification of early and advanced ovarian
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cancer.* However, these markers may not be the best diagnostic
markers. Exploring early diagnostic markers and treatment targets
for ovarian cancer is of particular importance clinically.

CircRNA, a novel non-coding RNA, was first discovered in RNA
viruses. CircRNA is more stable than linear RNA because it does not
include a 5' end cap and a 3’ end poly (A) tail.> CircRNAs are usually
formed by exons orintrons by reverse splicing or lasso introns. CircRNAs
mainly include three types as follows: exon circRNA (EcircRNA), ex-
on-intron hybridization circRNA (EICiRNA), and intron that circulates
itself to form circRNA (ciRNA).® The most common type is EcircRNA.
The function of circRNA is mainly related to its localization in the cell.
EcircRNA is mainly located in the cytoplasm, while EICIRNA and ciRNA
can be located in the nucleus or cytoplasm.” Numerous studies have
shown that circRNA is closely related to the occurrence and develop-
ment of tumors. Hsa_circ_0058124 promoted the tumorigenesis and
invasion of papillary thyroid carcinoma by making miR-218-5p sponge
and upregulate its target gene NUMB and then inhibit the NOTCH3/
GATAD2A axis.® In lung squamous cell carcinoma, circTP63 competed
with miR-873-3p to affect FOXM1.” Circ-ABCB10 is associated with
advanced clinical pathological features and poor prognosis of patients
and affects the biological function of ovarian cancer.*°

Hsa_circ_0013958 is located on chromosome 1, and its genomic
length is 816. It has been reported that hsa_circ_0013958 acts as a
sponge of mMiRNA-134 and upregulates the expression of cyclin D1
to affect the development of non-small cell lung cancer.!! However,
the function of hsa_circ_0013958 and its potential mechanism in
ovarian cancer is still unclear.

In this study, we first demonstrated that hsa_circ_0013958 was
upregulated in ovarian cancer tissues and cells and promoted the
malignant biological behavior of ovarian cancer cells. The prolifer-
ation, migration, and invasion of ovarian cancer cells were inhibited
when hsa_circ_0013958 was knocked down, but cell apoptosis was
promoted. In addition, the expression levels of both epithelial-mes-
enchymal transition-related proteins and apoptosis-related proteins
were changed, correspondingly. The results may provide a new

strategy for the treatment of ovarian cancer.

2 | MATERIALS AND METHODS
2.1 | Patient samples

A total of 90 patients who were admitted to Shengjing Hospital af-
filiated with China Medical University from March 2017 to October
2018 were selected. The postoperative pathology of all cases was
confirmed by two chief physicians in the Department of Pathology
of the hospital, and all clinical data regarding the cases were col-
lected. Forty-five cases of ovarian cancer were pathologically diag-
nosed as ovarian serous carcinoma. In the control group, another 45
patients were confirmed by postoperative pathology to have nor-
mal ovaries removed because of benign uterine lesions. All patients
did not receive chemoradiotherapy before surgery. All patients had

signed informed consent before the operation, and the study was

approved by the Ethics Committee of Shengjing Hospital affiliated
to China Medical University.

2.2 | Cell culture

The human ovarian cancer cell lines including A2780 and OVCAR-3
cells and human normal ovarian epithelial cell line HOSEpiC were
obtained from the Tumor Cell Band Research Institute of the
Chinese Academy of Medical Science. A2780 and OVCAR-3 cells
were cultured in Dulbecco's modified Eagle's medium (DMEM) sup-
plemented with 10% fetal bovine serum and 1% penicillin/strepto-
mycin. HOSEpiC cells were cultured in 1640 medium supplemented
with 10% fetal bovine serum and 1% penicillin/streptomycin. All
these cell lines were cultured in a humidified incubator at 37°C and
5% CO,,.

2.3 | RNA extraction and quantitative real-time PCR
(QRT-PCR)

Total RNA was extracted from tumor tissues and cells using TRIzol
reagent (Invitrogen), and 400 ng of total RNA in each sample was con-
verted to cDNA using a PrimeScriptVR RT kit (Takara). gRT-PCR was
performed using SYBR Premix Ex Taq (Takara). The primers were de-
signed for this experiment, and the sequences of hsa_circ_0013958
and GAPDH were as follows: hsa_circ_0013958 Forward primer:
5'-GAACCCCCAGCTATTAGAGGTCCC-3/, hsa_circ_0013958
Reverse primer: 5-GGAAAAGCCCAGCCAGCAAAC-3', GAPDH
Forward primer: 5-TTCTTTTGCGTCGCCAGCCG-3', GAPDH
Reverse primer: 5-GGTGACCAGGCGCCCAATAC-3'. GAPDH was
used as an internal control, and the relative expression level of hsa_
circ_0013958 was measured using the 2722 method.

2.4 | Cell transfection

(si-NC) and small
targeting hsa_circ_0013958 were

siRNA-negative control
(siRNA)
GenePharma Co., Ltd. The sequences of si-NC and siRNA were
as follows: si-NC sense 5-UUCUUCGAACGUGUCACGUTT-3";
si-NC antisense 5-ACGUGACACGUUCGGAGAATT-3; siRNA
sense 5-CCGAAACCAUAUUCUCCUUTT-3’; siRNA antisense
5'-AAGGAGAAUAUGGUUUCGGTT-3". Ovarian cancer cells were

transfected with Lipofectamine 2000 (Invitrogen) according to the

interfering RNA

purchased from

manufacturer instructions.

2.5 | Cell counting kit-8 assay (CCK-8 assay)

The CCK-8 assay was used to detect ovarian cancer cell prolifera-
tion. Transfected ovarian cancer cells were evenly spread on 96-well
plates at a density of 2000 cells/100 pL per well. Then, 10 uL CCK-8
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was added to each well at different time points (0, 24, 48, 72, and
96 hours) and incubated in the humidified incubator at 37°C at 5%
CO, for 1 hour. Absorbance was detected at 450 nm using a spec-
trophotometer (XFLUOR4, version: V 4.51), and the proliferation
changes were calculated.

2.6 | Cell transwell assay

The cell transwell assay was used to explore the ovarian cancer cell
migration and invasion. After transfection, 30 000 cells/200 puL of
serum-free DMEM were put into the upper chamber (Corning), and
600 pL of DMEM was placed in the lower chamber, which contained
20% FBS. After 48 hours incubation, the chamber was removed,
washed three times with PBS, fixed with 4% paraformaldehyde, and
stained with crystal violet solution.

2.7 | Cell apoptosis assay

Transfected cells were trypsinized without EDTA and washed twice
with cold PBS. Cell apoptosis was assessed by flow cytometry using
the Annexin V-FITC Apoptosis Detection Kit (YuhengCo., Ltd.) ac-

cording to the manufacturer's instructions.

2.8 | Western blot analysis

RIPA Lysis Buffer (Beyotime) was used to harvest ovarian can-
cer cell proteins. The BCA protein assay kit (Beyotime) was
used to measure the ovarian cancer cell protein concentrations.
After processing by SDS-PAGE electrophoretically, the protein
was transferred to a PVDF membrane (US Microwells). After
the PVDF membrane was blocked by tris-buffered saline and

tween 20 (TBST) containing 5% fat-free milk for 2 hours at room

(A)g 15- (B)1oo-

temperature, the PVDF membranes were incubated overnight at
4°C with primary antibodies from Wanleibio against Bcl-2 (1:500,
Rabbit), Bax (1:500, Rabbit), E-cadherin (1:1000, Rabbit), Vimentin
(1:1000, Rabbit), and GAPDH (1:1000, Mouse) as a visual loading
control. On the second day, after three TBST washes, the mem-
brane was incubated with the secondary antibody for 2 hours at
room temperature, and then the protein bands on the membranes
were exposed using an enhanced chemiluminescence system
(Santa Cruz Biotechnology).

2.9 | Statistical analysis

The statistical analysis was performed using the data adopted soft-
ware IBM SPSS Statistics 25.0. The data came from three independ-
ent experiments and are expressed by the mean * SD. Student's t
test was used to analyze the differences between two independ-
ent samples. The correlation between hsa_circ_0013958 and clin-
icopathological characteristics was evaluated by the chi-square test
and Fisher's exact test (frequency < 5). P < .05 indicates statistical

significance.

3 | RESULTS
3.1 | Hsa_circ_0013958 was highly expressed in
ovarian cancer tissues and cells

To investigate the expression of hsa_circ_0013958 in ovarian cancer
tissues and cells, the level of hsa_circ_0013958 expressionin 45 ovar-
ian cancer tissues and normal ovarian tissues was detected by qRT-
PCR. The results showed that hsa_circ_0013958 was significantly
upregulated in ovarian cancer tissues compared with normal ovarian
tissues (Figure 1A). We further analyzed the relationship between

hsa_circ_0013958 and clinicopathological features of patients. The
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FIGURE 1 Hsa_circ_0013958 endogenous expression and ROC curve in ovarian cancer. A, Hsa_circ_0013958 was highly expressed
in ovarian cancer tissues compared with normal tissues. B, The ROC curves of hsa_circ_0013958. C, The hsa_circ_0013958 expression
level was significantly higher in ovarian cancer cell lines (A2780 and OVCAR-3) than in the normal ovarian cell line HOSEpiC. The data are

presented as the mean + SD. *P < .05, **P < .01



PEI €T AL.

“7 | WiLEY

results showed that the expression of hsa_circ_0013958 was closely
related to patient FIGO stage and lymph node metastasis (P < .05),
and the difference was statistically significant. However, there was
no correlation between the age, menopausal status, differentiation,
and expression of hsa_circ_0013958 (P > .05; Table 1).

We further analyzed the accuracy of using hsa_circ_0013958 in
the diagnosis of ovarian cancer using receiver operating character-
istic (ROC) curves (Figure 1B). The area under the curve (AUC) was
0.912 (95% Cl = 0.854-0.969, P < .01). When the cut-off value was
7.6435, the Youden index, sensitivity, and specificity were 0.711,
80.0%, and 91.1%, respectively. These results indicate that hsa_
circ_0013958 can be used as a diagnostic marker for ovarian cancer.

In addition to high expression of hsa_circ_0013958 in ovarian
cancer cells compared with normal ovarian cells (Figure 1C), the data
indicated that hsa_circ_0013958 may play a role as a cancer-promot-

ing gene in ovarian cancer.

3.2 | Knockdown of hsa_circ_0013958 inhibited the
proliferation of ovarian cancer cells

In the present study, siRNA inhibiting hsa_circ_0013958 was trans-
fected into ovarian cancer cell lines A2780 and OVCAR-3, and the
expression of hsa_circ_0013958 in ovarian cancer cells was de-
tected by qRT-PCR. The results showed that the expression level
of hsa_circ_0013958 in the si-circRNA group was lower than that of
the blank control group (Figure 2A-B).

To further investigate the effect of hsa_circ_0013958 on the

proliferation of ovarian cancer cells, we conducted CCK-8 assays.

TABLE 1 Correlation between hsa_circ_0013958 expression
and clinical pathological characteristics

Hsa_circ_0013958

Clinicopathological Low High P
features Numbers expression expression value
Agely)
<50 14 10 4 .057
250 31 12 19
Menopause
Yes 29 12 17 175
No 16 10 6

Differentiation

Well and 11 3 8 165
moderate
Poor 34 19 15
FIGO stage
1-11 15 11 4 .029
1I-1v 30 11 19

Lymph node metastasis
Yes 30 10 20 .005
No 15 12 3

The results showed that the proliferation of A2780 and OVCAR-3
cells was significantly inhibited after hsa_circ_0013958 was knocked
down (Figure 2C-D).

3.3 | Knockdown of hsa_circ_0013958 significantly
inhibited the migration and invasion of ovarian
cancer cells

To investigate the effect of hsa_circ_0013958 on the migration
and invasion of ovarian cancer cells, Transwell assays were con-
ducted in ovarian cancer cell lines A2780 and OVCAR-3. Compared
with the blank control group, the migration and invasion of ovarian
cancer cells in the si-circRNA group were significantly decreased
(Figure 2E-F).

Subsequently, Western blotting experiments were performed
to detect the expression of the epithelial-mesenchymal transi-
tion-related proteins E-cadherin and Vimentin. The protein level
of E-cadherin in ovarian cancer cells with knockdown of hsa_
circ_0013958 was significantly increased, but the protein level of

Vimentin was significantly decreased (Figure 2G-H).

3.4 | Hsa_circ_0013958 down-regulation promoted
apoptosis in ovarian cancer cells

Further, we studied the effect of hsa_circ_0013958 on the apop-
tosis rate of ovarian cancer cells. Using apoptosis experiments, the
results showed that the apoptosis rate of ovarian cancer cells in the
si-circRNA group was significantly increased (Figure 3A-B).

Western blotting assays were used to detect the expression of
apoptosis-related proteins Bcl-2 and Bax. Compared with the blank
control group, the protein level of Bax was significantly increased in
the si-circRNA group, whereas the protein level of Bcl-2 was signifi-

cantly decreased (Figure 3C-D).

4 | DISCUSSION

CircRNA is mainly generated after the process of precursor RNA
being variably spliced.!? Current studies show that circRNA is closely
related to the occurrence and development of disease. CircRNA ex-
erts biological functions through sponging miRNA, binding to RNA
binding proteins, translating protein, and regulating transcription.*®
The role of circRNA in various types of cancer has also been consid-
ered. Recent studies have shown that hsa_circ_0072309 inhibited
breast cancer cell proliferation and migration by negatively regulat-
ing miR-492.1 Tang et al*® found that circKIF4A can promote the
occurrence and development of triple-negative breast cancer by
competing with miR-375 to bind with the KIF4A mRNA 3'UTR re-
gion and can be used as a prognostic marker and therapeutic target
for triple-negative breast cancer. Circ-HuR affects the progression

of gastric cancer through interacting with CNBP protein.'® While



PEI €T AL.

FIGURE 2 Knockdown of hsa_

(A)

WILEY->7

A2780 OVCAR-3

—

(v3)
'
s

CIrC_0013958 significantly inhibited 5 1 3 control 5, ’ 3 control
proliferation, migration, and invasion of g§ " : :;::fcRNA gg 1o : :::':irCcRNA
ovarian cancer cells. A, Transfection with g3 3
siRNA against hsa_circ_0013958 reduced gfl 05 . 25 05 .
the expression of hsa_circ_0013958 in ﬁg Eg
A2780. B, Transfection with siRNA against 00- 00
hsa_circ_0013958 reduced the expression (C) A2780 (D) OVCAR-3
of hsa_circ_0013958 in OVCAR-3. C, -~ sine 20 - siNG
Silencing of hsa_circ_0013958 in A2780 g = e g = o
slowed cell proliferation. D, Silencing 210 810
of hsa_circ_0013958 in OVCAR-3 8.5 . 85 .
slowed cell proliferation. E, Silencing N N
of hsa_circ_0013958 in A2780 and (E) ° 2w f" . o m o ® %
OVCAR-3 slowed cell migration. F, si-NC si-circRNA
Silencing of hsa_circ_0013958 in A2780 S 1 400 ,
and OVCAR-3 slowed cell invasion. G, 3 é = sf'NC
Silencing of hsa_circ_0013958 increased N g 300 T shocRNA
the protein expression level of E-cadherin _5 < -CE-, -
but reduced theVimentin protein E ® H s =
expression level in A2780. H, Silencing O : 5 100
of hsa_circ_0013958 increased the = g y ; E.
protein expression level of E-cadherin but B 0 ol ONGARD
reduced the Vimentin protein expression (F) .
level in OVCAR-3. The data are presented & - £ 300 —
as the mean = SD. *P < .05, **P < .01 2 ? -
~N z Il si-circRNA
& < 5 200
.g é N g
S| 2 100
£13 5
O =
B ! * A2780 OVCAR-3
(G) si-circRNA S A2780 o e
E-cadherin MRS N - o .
3 - s — £
N| vimentin - &)
< e = A % .
GAPDH | o — JZLI_ELl
( H ) ) 5, Ecadnerin __ Vimentin
2 E-cadherin ) P
g vimentin %:
3| GAPDH = 4] .
ol

there are few studies about circRNA in ovarian cancer, current
studies have found that circRNA UBAP2, circ-SMAD?7, circ-CSPP1,
circ-:ABCB10, and hsa_circ_0061140 are highly expressed in ovar-
jan cancer and promote the development of ovarian cancer.}720
Circ-ITCH was down-expressed in ovarian cancer; interestingly, Luo
et al®! reported that circ-ITCH negatively regulates miR-10a and in-
hibits ovarian cancer cell proliferation but promotes apoptosis. Hu
et al?? found that circ-ITCH acts as a sponge for miR-145, increas-
ing its target RASA1 expression level and then affects the malignant
biological behavior of ovarian cancer cells.

In our study, the expression of hsa_circ_0013958 in ovarian
cancer tissues and cells was upregulated, and the expression level
of hsa_circ_0013958 was closely related to FIGO stage and lymph

E-cadherin Vimentin

node metastasis. The area under the curve (AUC) was 0.912, indi-
cating that it has good diagnostic value. Therefore, it is speculated
that it may act as an oncogene in ovarian cancer by promoting the
proliferation, migration, and invasion of ovarian cancer cells, while
inhibiting the apoptosis.

Epithelial-mesenchymal transition is widely involved in tum-
origenesis, developments, and angiogenesis. E-cadherin is a trans-
membrane protein, and its loss is an important characteristic of
epithelial-mesenchymal transition, indicating that it may be closely
related to tumor metastasis and recurrence.?>?* Vimentin is a type
Il intermediate silk protein expressed in mesenchymal cells and
is the main skeleton component of mesenchymal cells. Therefore,

Vimentin is often used as a marker for mesenchymal-derived cells or
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cells undergoing epithelial-mesenchymal transition.?>?¢ Increased
E-cadherin expression and decreased Vimentin expression often in-
dicate decreased epithelial-mesenchymal transition function. In the
present study, the protein level of E-cadherin was increased, but the
protein level of Vimentin was decreased when hsa_circ_0013958
was knocked down. This indicates that hsa_circ_0013958 may af-
fect the migration and invasion of ovarian cancer cells by affecting
epithelial-mesenchymal transition. Bax/Bcl-2 are apoptosis-related
proteins that participate in and regulate the apoptosis of many tu-
mors.?” Activated Bcl-2 family proteins affect the permeability of
the outer membrane of the mitochondria and depolarize the outer
membrane to release some pro-apoptotic proteins, such as cyto-
chrome C, apoptosis-inducing factors, etc.?® Bcl-2 is located on the
nuclear membrane, endoplasmic reticulum, and mitochondrial outer
membrane, and its expression decreases during apoptosis.?’ Bax is
mainly located in the cytoplasm and can form a heterodimer with
Bcl-2 or form a homodimer by itself, with imbalanced expression in
apoptosis.’® The increase in Bax expression and decrease in Bcl-2
expression often indicates increased apoptosis. In the present study,
the protein expression level of Bax was increased and the protein

expression level of Bcl-2 was decreased after hsa_circ_0013958
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knockdown, further confirming that hsa_circ_0013958 acted as an
oncogene to inhibit apoptosis of ovarian cancer cells.

In summary, hsa_circ_0013958 was highly expressed and
played a role as an oncogene in ovarian cancer. Knockdown of hsa_
circ_0013958 inhibited the malignant biological behavior of ovarian
cancer cells. This may provide a new target for the diagnosis and

treatment of ovarian cancer.
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