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ABSTRACT
Circular RNAs (circRNAs) correlate with cancer cell phenotypes. Particularly, circRNAs mediate the
cancer process as microRNAs (miRNAs) sponges. This study was to ascertain the roles of hsa_-
circ_0009910 in phenotypic aspects of ovarian cancer cells. Mantel-Cox test was performed to
analyze the correlation between hsa_circ_0009910 and survival outcomes of ovarian cancer.
Minigene reporter was constructed and small interfering-RNA was designed for constructing
hsa_circ_0009910-dysregulated and miR-145-upregulated cells identified by qRT-PCR.
Proliferative and motile activities were monitored by CCK and Transwell. Western blot was applied
for quantification of cyclin D1, CDK4, CDK6, MMP-2, MMP-9, IκBα, p65, Notch1, Hes1, and Hes5.
miRNAs targets were predicted using a bioinformatics tool and confirmed using qRT-PCR and
Dual-Luciferase reporter assay. Hsa_circ_0009910 was correlated with the poor prognosis of
ovarian cancer patients. The ovarian cancer cell phenotypes were promoted by hsa_circ_0009910
while repressed by silencing hsa_circ_0009910. Hsa_circ_0009910 silence was responsible for the
upregulation of the predicted miRNAs targets. Thereinto, miR-145 was confirmed as a miRNA
target and negatively regulated by hsa_circ_0009910. miR-145 nullified the biological function of
hsa_circ_0009910 in the proliferative and motile phenotypes, and the active status of NF-κB and
Notch. Hsa_circ_0009910, representing unfavorable prognosis, induced proliferative and motile
phenotypes by suppressing miR-145 in ovarian cancer cells.
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Introduction

Ovarian cancer is the most lethal gynecological
cancer, originating from germ cells, stromal cells
or epithelial cells. According to the statistics from
the World Health Organization, there will be
appropriately 295,414 newly diagnosed ovarian
cancer cases, and 184.799 deaths are estimated to
happen in 2018 [1]. The improvement in preven-
tion and early screening manifests the promise in
translating ovarian cancer into a controllable
malignancy [2]. Currently, two prominent extra-
polations merge to interpret the pathogenesis of
ovarian cancer: the incessant ovulation hypothesis
[3] and the gonadotropin hypothesis [4]. However,
to address the etiology of ovarian cancer,
a molecular evaluation of the effects of non-pro-
tein coding RNA is required to account for the
proliferative and motile phenotypes which are
unmanageable in cancer process [5,6,].

Compelling data suggested that the pathological
alteration of several circular RNAs (circRNAs)
observed in patients diagnosed as ovarian cancer
might be implicated in the development of this
malignancy [7,8,]. The research for the functional
underpinnings has revealed circRNAs as dynamic
scaffolding structures for protein interactions [9]
and endogenous sponges for microRNAs
(miRNAs) [10]. What’s more, the biogenetic pro-
cess of circRNAs per se is an approach to modulate
gene expression through competing with pre-
mRNA splicing [11]. The disorder is confirmed to
be different between exome and whole genome
[12]. Hsa_circ_0009910, derived from MFN2,
locates on chr1:12049221–12052747 with 3526 nt
genomic length and 315 nt spliced sequence length
(its bioinformatics are available on http://circrna.
org/cgi-bin/simplesearch.cgi). Here, we focused on
its role as a miRNA sponge in cellular phenotypes.
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The oncogenic potency of hsa_circ_0009910 has
been validated in acute myeloid leukemia, gastric can-
cer, and osteosarcoma [13–15], and the studies con-
firmed that hsa_circ_0009910 regulates the cellular
phenotype aspects through soaking up miR-20a-5p
and miR-449a [13,15,]. It remains enigmatic about
the possibility that hsa_circ_0009910 possesses the
miRNA-binding element for the specific miRNA or
the universal miRNAs. Definitely, it is necessary to
assess this feasibility because the ovarian cancer cell
phenotypes are regulated by a host of miRNAs [16–
18]. Nowadays, bioinformatics tools have been devel-
oped for functional predictions and association analy-
sis, such as circBase, circInteractome, circNet, etc.,
which are elaborately summarized by Dori and
Bicciato [19]. In our study, we predicted miRNAs
targets of hsa_circ_0009910 using the bioinformatics
tools.

Our study aimed to ascertain the role of hsa_-
circ_0009910 in the phenotypes of ovarian cancer
cells, as well as a potential mechanism related to
miR-145. The significant role of hsa_circ_0009910
in synergy with miR-145 proved in this study might
be applied for the treatment of ovarian cancer.
However, further clinical confirmation is required.

Materials and methods

Collection of human ovarian cancer tissues

To investigate the expression of circ_0009910 in
human ovarian cancer, 50 pairs of ovarian cancer
tissues and corresponding normal ovarian tissues
were obtained from patients in Shengli Oilfield
Central Hospital (Dongying, China). None of the
patient received surgical treatment and therapies
before this study. The normal tissues were excised far
from the center of the tumor. After surgery, the tissue
samples were freshly snap-frozen in liquid nitrogen
and stored at −80°C for qRT-PCR analysis.
Clinicopathological parameters of the patients are
shown in Table 1. The present study was approved
by the Medical Ethics Committee of Shengli Oilfield
Central Hospital. All patients signed the informed
consents before tissue collection.

Cell culture

SKOV3 human ovarian carcinoma cells (ATCC
HTB-77, Rockville, MD, USA) were seed on

Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco, Carlsbad, CA, USA), supplemented with
10% fetal bovine serum (FBS), 0.1 mg/mL strepto-
mycin, 100 U/mL penicillin (all from Sigma-
Aldrich, St. Louis, MO, USA). The cells were
maintained in a humidified condition with 5%
CO2 at 37°C.

Cell transfection

To induce the overexpression of hsa_-
circ_0009910, 5ʹ-flanking genomic sequence (~1
kb), sequence forming circRNA, and reverse com-
plementary sequences of 5ʹ-flanking genomic
sequence (~1 kb) were constructed into
pcDNA3.1 plasmid (Invitrogen, Carlsbad, CA,
USA) through enzyme digestion and ligation. To
silence hsa_circ_0009910, hsa_circ_0009910
siRNA (si-circ_0009910) was transfected into
SKOV3 cells. Scramble served as a control
siRNA. miR-145 upregulated transfectants were
obtained by incubating SKOV3 cells with miRNA
mimics for miR-145 and miRNA negative control
(miR-NC) (Dharmacon, Lafayette, CO, USA). The
sequences of siRNA for hsa_circ_0009910, miR-
145 mimic, and the corresponding negative con-
trol was suggested as follows: 5ʹ-GGCTTTTT
TTGGCCGCGCAAT-3ʹ for si-circ_0009910, 5ʹ-
GGACCGCGCCCAGTCTTAACT-3ʹ for si-NC,
mimic sense 5ʹ-GUCCAGUUUUCCCAGGAAUC

Table 1. The clinicopathological parameters of patients with
ovarian cancer enrolled in this study.

Clinicopathological
parameters

Total
(n = 50)

Circ_0009910 level

P-value
Low

(n = 23)
High

(n = 27)

Age
≤50 21 12 9 0.145
>50 29 11 18
Tumor size (cm)
≤4 19 9 10 0.555
>4 31 14 17
Tumor grade
high 20 9 11 0.992
moderate 17 8 9
low 13 6 7
FIGO stage
I/II 28 17 11 0.019*
III–IV 22 6 16
Lymph node metastasis
Negative 29 19 10 0.001*
Positive 21 4 17

*P < 0.05.
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CCU-3ʹ and mimic antisense 5ʹ-GGAUUCCUGG
GAAAACUGGACUU-3ʹ for miR-145 mimic, and
mimic sense 5ʹ-AUGGAGUCCAGGGUUUACAC
UGU-3ʹ and mimic antisense 5ʹ-GCAAGGGAA
UCCUUCUGGACGGA-3ʹ for miR-NC. All trans-
fection was performed using Lipofectamine 2000
(Invitrogen) as transfection reagent according to
the supplier’s protocol. Transfection efficiency at
72 h after transfection was confirmed by qRT-PCR
with U6 or GAPDH genomic DNA as endogenous
loading reference for miRNA or circRNA. All the
sequences in this study have been provided in
supplementary materials.

Viability assay

After transfection, the cells were collected and
5,000 cells were suspended in 100 μL medium
followed by inoculation into a hole of 96-well
plates. The cells were cultured and adhered to the
wall for 48 h. The culture was added with 10 μL of
CCK solution (Abmole Bioscience, Houston, TX,
USA) according to the manufacturer’s specifica-
tions, and the reaction system was maintained for
3 h. The absorbance was detected using
a microplate reader (Molecular devices, San Jose,
CA, USA) at 450 nm. The viability from three
independent examinations was expressed as per-
centage of the viability of transfected cells to con-
trol cells.

Transwell assay

The transfected cells were collected in serum-free
culture medium and placed onto the upper cham-
ber of 24-well HST Transwell Permeable Support
with 0.4 μm Pore Polycarbonate Membrane
(Corning, Cambridge, NY, USA). The lower side
of the chamber was supplemented with 600 μL of
culture medium containing 10% FBS. At 48 h after
incubation, the culture medium was removed from
both compartments, and the cells were fixed in
methanol. The cells in the upper side were wiped
away using cotton swab. The migrated cells in the
lower side were stained using crystal violet. The
cells were stained by 0.1% crystal violet for 30 min
at room temperature. The stained cells were
counted under a microscope (Olympus, Tokyo,

Japan). To examine the invasive activity, Matrigel
medium-coated membrane was applied.

Total RNA isolation and qRT-PCR analysis

Total RNA in tissues or cells was isolated using
TRIzol reagent according to the product’s manual
(Invitrogen). The content of RNA was detected
using Nanodrop (Thermo Scientific Fisher,
Waltham, MA, USA). The obtained RNA was pur-
ified using miRNEasy spin columns (QIAGEN,
Hilden, Germany) according to the product’s
manual. For miRNAs, the purified RNA was sub-
jected to reverse transcription using SuperScript
Master Mix (Invitrogen). qRT-PCR was performed
using SYBR Green qPCR Master Mix (Thermo
Fisher Scientific) on 7900 HT sequence detection
system (Applied Biosystems, Foster City, CA,
USA). For hsa_circ_0009910, the RNA extract
was incubated with RNase R (Epicenter,
Madison, WI, USA) before RNA purification, fol-
lowed by reverse transcription and qRT-PCR ana-
lysis. U6 and GAPDH spike-in molecules were
supplemented in reaction system for miRNAs
and hsa_circ_0009910 normalization. Triplicates
of each experiment were performed.

Dual-luciferase reporter assay

To construct hsa_circ_0009910-firefly luciferase
plasmid, the sequence of spliced sequence of hsa_-
circ_0009910 was amplified using genomic DNA
from SKOV3 cells. The wild type PCR product
(WT) was constructed into the pGL4.20[luc2/
Puro] vector (Promega, Madison, WI, USA)
(pGL-luc2/circ-WT). To establish the mutant of
hsa_circ_0009910 (circ-MUT), site-directed muta-
genesis was performed using QuickChange II XL
Site-Directed Mutagenesis Kit (Agilent, Palo Alto,
CA, USA). For reporter assay, HEK-293 cells
(ATCC CRL-1573) were co-transfected with
pGL-luc2/circ-WT or pGL-luc2/circ-MUT and
pGL4.79[hRluc/Neo] vector (Promega) as a co-
reporter. After selection, miR-145 mimic or miR-
NC was introduced into the stable transfectants
using Lipofectamine 2000 (Invitrogen). After incu-
bation, the bioluminescence was detected using
dual-luciferase assay system (Promega) under
a GloMax20/20 luminometer (Promega).
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Protein extraction and western blot assay

After transfection, the cells were washed in cold phos-
phate-buffered saline, followed by lysed in RIPA lysis
buffer (Beyotime, Shanghai, China). Equal amounts
of proteins quantified by BCA protein assay kit
(Pierce, Appleton, WI, USA) were electrophoresed
to separate interest proteins. Polyvinylidene difluoride
(GE Healthcare, Pittsburg, PA, USA) membrane car-
rying protein blots were incubated with 5% bovine
serum albumin (BSA) (Thermo Scientific Fisher) for
1 h at room temperature. The primary antibodies
used contained anti-cyclin D1 (1:1,000) (Millipore
#04-221, Bedford, MA, USA), anti-CDK4 (1:1,000)
(Abcam #ab68266, Cambridge, MA, USA), anti-
CDK6 (1:1,000) (CST #3136, Danvers, MA, USA),
anti-MMP-2 (1:1,000) (CST #87809), anti-MMP-9
(1:1,000) (Abcam #ab38898), anti-phospho-IκBα
(Ser32) (1:1,000) (CST #2859), anti-IκBα (1:1,000)
(CST #4814), anti-phospho-p65 (Ser536) (1:1,000)
(CST #3031), anti-p65 (1:1,000) (CST #8242), anti-
Notch1 (1:1,000) (Santa Cruz Biotechnologies #sc-
6014, Santa Cruz, CA, USA), anti-Hes1 (1:1,000)
(CST #11988), anti-Hes5 (1:1,000) (Abcam
#ab25374) and anti-β-actin (1:1,000) (CST #4967).
The incubation with the abovementioned primary
antibodies was carried out at 4°C overnight. The
antibodies were prepared in blocking buffer. Goat
anti-rabbit IgG marked by horseradish peroxidase
(1:5,000) (Abcam #ab6721) was used to probe pri-
mary antibodies. The incubation continued for 1 h.
ImageJ software system (National Institutes of Health,
Bethesda, MD, USA) was used to scan and signalize
the protein bands.

Statistical analysis

All data were expressed as mean ± standard devia-
tion. Comparison was carried out using GraphPad
Prism 8.0 software (GraphPad, San Diego, CA, USA)
with analytical methods Student’s t test and one-way
analysis of variance followed by Bonferroni’s test.
Statistical significance was indicated by the P-values
(*P < 0.05, **P < 0.01, and ***P < 0.001). According
to the level of hsa_circ_0009910, the specimens were
divided into two groups (Youden’s index): low level
(n = 23) and high level (n = 27). The comparison
between the survival curves was carried out using
Mantel-Cox test.

Results

Hsa_circ_0009910 and prognosis analysis of
patients with ovarian cancer

The ovarian cancer tissues were acquired from 50
patients with ovarian cancer to assess the level of
hsa_circ_0009910; the detection of hsa_-
circ_0009910 was done using qRT-PCR analysis.
We observed hsa_circ_0009910 was universally
deposited in ovarian cancer tissues relative to the
corresponding normal tissues (P < 0.01) (Figure 1
(a)). Based on the expression of hsa_circ_0009910
in tumor tissues, we described the survival curves
and compared the difference of prognosis. Results
from Mantel-Cox test unraveled that the difference
in hsa_circ_0009910 expression was conspicuous
between ovarian cancer tissues and para-carci-
noma tissues (P = 0.0127) (Figure 1(b)). Thus,
hsa_circ_0009910, which was accumulated in
ovarian cancer tissues, represented the unfavorable
prognosis.

Effects of hsa_circ_0009910 on cellular
phenotypes associated with proliferation and
motility

To detect the functional effects of hsa_-
circ_0009910 in the cellular phenotypes of ovarian
cancer cells, episomal hsa_circ_0009910 was artifi-
cially upregulated in SKOV3 cells (P < 0.001)
(Figure 2(a)); genomic hsa_circ_0009910 was
silenced by siRNA (P < 0.01) (Figure 2(a)). The
transfectants were thereafter subjected to cascades
of analysis at cellular and molecular levels. The
results showed hsa_circ_0009910 overexpression
increased the viability of SKOV3 cells (P < 0.01)
(Figure 2(b)), whereas there was a decrease in the
viability when hsa_circ_0009910 expression was
blocked by its siRNA (P < 0.01) (Figure 2(b)). At
the molecular level, the protein expression of pro-
liferative markers such as cyclin D1 (P < 0.001),
CDK4 (P < 0.001) and CDK6 (P < 0.001) were
notably enhanced in the cells overexpressing hsa_-
circ_0009910 after transfected with pcDNA3.1
harboring hsa_circ_0009910 relative to empty vec-
tor (Figure 2(c,d)), while the proliferative markers
were observed to be conspicuously decreased in
the cells transfected with hsa_circ_0009910
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siRNA compared with scramble (P < 0.05,
P < 0.01) (Figure 2(c,d)).

In addition, we further ascertained the involve-
ment of hsa_circ_0009910 in migration and inva-
sion. At the cellular level, hsa_circ_0009910
overexpressed cells showed an activity in migra-
tion and invasion (P < 0.01) (Figure 2(e,f)), while
hsa_circ_0009910 deficient cells were repressed to
migrate or invade (P < 0.01) (Figure 2(e,f)). At the
protein level, the intracellular levels of MMP-2 and
MMP-9 were incremented in hsa_circ_0009910
overexpressed cells (P < 0.01) while decremented
in hsa_circ_0009910 silenced cells (P < 0.05)
(Figure 2(g,h)). Consequently, we concluded that
the upregulation of hsa_circ_0009910 was asso-
ciated with the proliferative and motional capaci-
ties of ovarian cancer cells.

Identification and expression of miRNAs targeted
by hsa_circ_0009910

Next, the bioinformatics tool circInteractome
(https://circinteractome.nia.nih.gov/) was used to
predict the target miRNAs of hsa_circ_0009910.
The analyzer identified a multitude of miRNAs as
the major targets of hsa_circ_0009910, including
miR-1253, miR-1261, miR-145, miR-187, miR-198,
miR-520 f, miR-361-3p, miR-520 g, miR-520 h,miR-
526b, miR-578, miR-586, miR-593, miR-615-3p,
miR-615-5p, miR-649, and miR-767-3p. To validate
the modulatory role of hsa_circ_0009910, SKOV3
cells were enforced to underexpress hsa_-
circ_0009910, followed by qRT-PCR analysis for

the level of these target miRNAs. We found hsa_-
circ_0009910 silence obviously resulted in the accu-
mulation of miR-1253, miR-1261, miR-145, miR-
187, miR-520 f, miR-520 h, miR-526b, miR-578,
miR-586, miR-615-3p, miR-615-5p, miR-649, and
miR-767-3p in SKOV3 cells (P < 0.05, P < 0.01,
P < 0.001) (Figure 3(a)). Since it was evident that
miR-145was enhanced in hsa_circ_0009910 silenced
cells, we experimentally validated the complemen-
tary relationship between hsa_circ_0009910 and
miR-145 based on the predicted sequence (Figure 3
(b)) using a dual luciferase reporter assay system.
The results suggested that there was a notable
decrease in luciferase activity in SKOV3 cells which
were cotransfected with miR-145 mimic and pGL
containing spliced sequence of hsa_circ_0009910
(P < 0.01) (Figure 3(c)). The activity was not signifi-
cantly affected in SKOV3 cells after transfection with
miR-145 mimic and pGL containing mutant spliced
sequence of hsa_circ_0009910 (P > 0.01) (Figure 3
(c)). Hence, the conclusive evidence was provided
here that hsa_circ_0009910 directly targeted miR-
145 to negatively mediate its expression.

Antagonistic effects of miR-145 against
hsa_circ_0009910 on the phenotypes of ovarian
cancer cells

Although miR-145 was confirmed as a target miRNA
of hsa_circ_0009910, studies were required to under-
stand the role of miR-145 in hsa_circ_0009910-
mediated phenotypes of ovarian cancer cells. We
firstly determined the expression of miR-145 in

Figure 1. Human ovarian tissues accumulated hsa_circ_0009910 and hsa_circ_0009910 indicated the unfavorable prognosis. (a)
Expression of hsa_circ_0009910 in 50 pairs of ovarian cancer tissues and adjacent normal tissues by qRT-PCR. (b) Kaplan–Meier
Survival curves were depicted according to hsa_circ_0009910 expression and the significant difference of the curves was tested by
Mantel-Cox method. **P < 0.01.
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Figure 2. Overexpression of hsa_circ_0009910 caused changes in cellular phenotypes associated with proliferation and motility. (a)
qRT-PCR analysis of hsa_circ_0009910 levels in SKOV3 cells transfected with pcDNA3.1 carrying genomic sequence coding
hsa_circ_0009910 or hsa_circ_0009910 siRNA. Vector and scramble served as control. GAPDH was used for qRT-PCR normalization.
(b) CCK-8 assay examined the percentage of viable cells after transfection. (c–d) Western blot analysis was carried out for molecular
change in cyclin D1, CDK4 and CDK6. (e–f) Migratory and invasive cells were counted under flow cytometry after crystal violet
staining. (g–h) Western blot analysis was used for the detection of MMP-2 and MMP-9. β-Actin was used for protein normalization.
Error bars were standard deviation from three independent experiments. P-values were calculated using student’s t test or one-way
analysis of variance. *P < 0.05, **P < 0.01, ***P < 0.001.
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SKOV3 cells transfected with miR-145 mimic; this
was carried out using qRT-PCR analysis. miR-145
was apparently deposited in the transfectants
(P < 0.01) (Figure 4(a)). Continually, the increment
in the viability of hsa_circ_0009910-overexpressed
SKOV3 cells was significantly counteracted due to
miR-145 mimic transfection (P < 0.05) (Figure 4(b)).
Meanwhile, the results suggested that cyclin D1,
CDK4 and CDK6 protein expression in hsa_-
circ_0009910 transfected cells were distinctly
decreased after transfection with miR-145 mimic
(P < 0.05, P < 0.01) (Figure 4(c,d)). Additionally, the
cellular abilities of migration and invasion were inhib-
ited by miR-145 irrespective of hsa_circ_0009910
overexpression; this result was further confirmed by
the downregulation of MMP-2 and MMP-9 in the
cells transfected with hsa_circ_0009910 and miR-145
(P < 0.05) (Figure 4(g,h)). Thus, we observed an
antagonistic relationship between miR-145 and hsa_-
circ_0009910; hsa_circ_0009910 might induce the
phenotypes of ovarian cancer cells through downre-
gulating miR-145.

Modulation of NF-κB and notch pathways by
hsa_circ_0009910 through managing miR-145

To assess whether NF-κB and Notch are respon-
sive to hsa_circ_0009910, we examined the acti-
vation of IκBα, p65 and change in Notch1, Hes1
and Hes5; this was done using Western blot
analysis. Hsa_circ_0009910 facilitated significant
phosphorylation of IκBα and p65 (P < 0.01)
(Figure 5(a,b)) as well induced the abundance
of Notch1, Hes1, and Hes5 (P < 0.01,
P < 0.001) (Figure 5(c,d)). Reversely, the phos-
phorylation of IκBα and p65 or the activation of
IκBα and p65 was blocked in the cells trans-
fected with hsa_circ_0009910 and miR-145
mimic (P < 0.05) (Figure 5(a,b)); the same
results were noticed in the expression of
Notch1, Hes1 and Hes5 (P < 0.05, P < 0.01)
(Figure 5(c,d)). Therefore, it was possible that
hsa_circ_0009910 was responsible for signaling
triggering or transduction in NF-κB and Notch
pathways through downregulating miR-145.

Figure 3. Hsa_circ_0009910 silence mediated the expression of miRNAs and complementarily targeted miR-145. (a) qRT-PCR analysis
of miRNAs levels in SKOV3 cells transfected with hsa_circ_0009910 siRNA with scramble as control. U6 was used for qRT-PCR
normalization. (b) Sequence base-pairing between hsa_circ_0009910 and miR-145. (c) Dual-luciferase reporter assay for ascertaining
the binding relationship between linear spliced hsa_circ_0009910 and miR-145. Error bars were standard deviation from three
independent experiments. P-values were calculated using student’s t test or one-way analysis of variance. nsP > 0.05, *P < 0.05,
**P < 0.01, ***P < 0.001.
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Figure 4. miR-145 antagonized hsa_circ_0009910 in modulating cellular phenotypes associated with proliferation and motility of
SKOV3 cells. (a) qRT-PCR analysis of miR-145 levels in SKOV3 cells transfected with miR-145 mimic or miR-NC. U6 served as an
internal control. (b) CCK-8 assay examined the percentage of viable cells after co-transfection with hsa_circ_0009910 and miR-145
mimic. Vector and miR-NC served as control. (c–d) Western blot analysis was carried out for molecular change in cyclin D1, CDK4 and
CDK6. (e–f) Migratory and invasive cells were counted under flow cytometry after crystal violet staining. (g–h) Western blot analysis
was used for the detection of MMP-2 and MMP-9. β-Actin was used for protein normalization. Error bars were standard deviation
from three independent experiments. P-values were calculated using student’s t test or one-way analysis of variance. *P < 0.05,
**P < 0.01, ***P < 0.001.
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Discussion

The potential role of hsa_circ_0009910 has been
identified in myeloid leukemia [13], osteosarcoma
[15], and gastric cancer [14] while its biological
significance is not completely understood in ovar-
ian cancer cells. In this study, the functional effects
of hsa_circ_0009910 were confirmed in SKOV3
ovarian cancer cells. Furthermore, we investigated
the involvement of miR-145 in the cellular pheno-
types modulated by hsa_circ_0009910.

The accumulation of hsa_circ_0009910 has been
reported in several types of cancers, including mye-
loid leukemia [13], osteosarcoma [15], and gastric
cancer [14]. These results have associated the accu-
mulation of hsa_circ_0009910 with the poor prog-
nosis of patients. Consistently, we noticed the
enrichment of hsa_circ_0009910 in the tumor spe-
cimens from 50 patients with ovarian cancer,
and the upregulation of hsa_circ_0009910 repre-
sented the unfavorable prognosis. These reports

including our results showed that the changes of
hsa_circ_0009910 expression in patients with ovar-
ian cancer may be a reflection of pathological infor-
mation. Pointedly, a cohort of circRNAs has
been found to be dysregulated in tumor sites, and
the individual expression of circRNAs indicates
a distinctiveness of metastatic lesions and
primary tumors [20]. Thus, we hazarded a guess
that hsa_circ_0009910 might pose advantages for
cellular phenotypes associated with proliferation
and motility.

As extrapolated, our results illustrated the phy-
siological importance of hsa_circ_0009910 in pro-
liferation as well as migration and invasion of
ovarian cancer cells at cellular and molecular
dimensions. Additionally, it has been presented
that hsa_circ_0009910 knockdown arrested the
myeloid leukemia cells at S stage and caused the
progress of apoptosis [13]. Knockdown of hsa_-
circ_0009910 reduced the proliferative activity and

Figure 5. miR-145 upregulation buffered the inhibitory role of hsa_circ_0009910 in signaling transduction of NF-κB and Notch
pathways. Western blot analysis for signaling transducers of (a–b) NF-κB and (c–d) Notch pathways in SKOV3 cells co-transfected
with miR-145 mimic and hsa_circ_0009910. β-Actin was used for protein normalization. Error bars were standard deviation from
three independent experiments. P-values were calculated using student’s t test or one-way analysis of variance. *P < 0.05, **P < 0.01,
***P < 0.001.
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colony formation of gastric cancer cells [14].
Silencing hsa_circ_0009910 caused the decrease
in cyclin D1 and Bcl-2 while resulted in the upre-
gulation of Bax in osteosarcoma cells [15]. Besides,
hsa_circ_0009910 silence was responsible for the
switch in N-cadherin and E-cadherin expression as
well as the downregulation of snail [14]. The
pathological changes of these markers might be
accredited to circRNA-mediated dysregulation of
miRNAs [21–24]. Thereafter, we predicted the
target miRNAs of hsa_circ_0009910 on circular
RNA interactome.

We observed a modulatory potency of hsa_-
circ_0009910 on miR-1253, miR-1261, miR-145,
miR-187, miR-520 f, miR-520 h, miR-526b, miR-
578, miR-586, miR-615-3p, miR-615-5p, miR-649,
and miR-767-3p through associating with the bind-
ing elements. Particularly, the downregulation of
miR-145 has been detected in serous and clear cell
ovarian cancer specimens [25]. The decrease in
miR-145 reflects the unfavorable prognosis of
patients with high-grade ovarian serous carcinomas
[26]. miR-145 possesses mRNA-binding elements
of mRNAs coding for p70S6K1, MUC1 [25], high-
mobility group A2 [26], metadherin [27], Sp1, and
CDK6 [28]; these proteins are indispensable for
proliferative and motile phenotypes of ovarian can-
cer cells. It has to be emphasized that hsa_-
circ_0009910 was firstly identified as a miRNA
sponge soaking up miR-145 for mediating cellular
phenotypes implicated in ovarian cancer process.

A cohort of studies has been carried out to ascer-
tain the molecular mechanisms whereby circRNA
endogenously interacts with cellular phenotypes
which might be associated with the status of signaling
cascades; constitutive active status of NF-κB contri-
butes to the establishment of immune-evasive envir-
onment and induces tumor-promoting phenotypes
[29,30,]; Notch activation promotes epithelial–
mesenchymal transition and drove motile pheno-
types of ovarian cancers [31,32,]. Here we found
hsa_circ_0009910 silence caused the bluntness of sig-
naling transduction in NF-κB and Notch pathways.
Strikingly, the modulatory role of hsa_circ_0009910
has been validated in JAK/STAT signaling pathway;
specifically, hsa_circ_0009910 silence fortified the
phosphorylation of signaling transducers including
JAK1 and STAT3 [15]. Hsa_circ_0009910 emerges
as a post-transcriptional mediator of miR-449a that

operates through base pairing with the target sites;
miR-499a downstream binds to 3ʹ-UTR of interleu-
kin-6 receptor (IL-6 R) [15]. IL6 R signaling partici-
pates in inducing the occurrence of active status of
STAT3 during the peritoneal spread of high-grade
ovarian carcinoma [33].

The finding of this study unraveled that
hsa_circ_0009910 deposited in ovarian cancer tis-
sues represented the unfavorable outcome.
Hsa_circ_0009910 induced tumor-promoting phe-
notypes through soaking up the target miRNAs
such as miR-145. Hsa_circ_0009910-mediated
miR-145 underexpression exhibited a therapy
target for ovarian cancer therapy. This study
proved the biological role of hsa_circ_0009910 in
ovarian cancer cells. However, further studies are
required to elaborate on how miR-145 is sponged
by hsa_circ_0009910 and to ascertain whether the
experimental results would reappear in vivo.
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