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Upregulation of circular RNA circ-FAMS3B predicts adverse
prognosis and accelerates the progression of ovarian cancer via
the miR-646/VAMP?2 and miR-647/MDM2 signaling pathways
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Abstract. Ovarian cancer (OC) is a common cancer of the
human genital system. Circular RNAs (circRNAs) play an
important role in carcinogenesis and progression of various
cancers. The present study aimed to clarify the expression
profile and functions of circ-FAMS53B in the progression of
OC and reveal its underlying mechanisms. Relative levels of
circ-FAMS53B in OC specimens and cell lines were deter-
mined by quantitative real-time polymerase chain reaction
(QRT-PCR). The clinical significance of circ-FAMS53B in OC
patients was analyzed through Fisher's exact test, Kaplan-Meier
curves, and Cox regression analysis. Subsequently, the regula-
tory effects of circ-FAMS53B on the proliferative, apoptotic,
migratory, and invasive potential of OC cells were deter-
mined by loss/gain-of-function experiments. Mechanistically,
bioinformatics analysis and luciferase reporter gene assay
were used to reveal the potential molecular mechanisms of
circ-FAMS53B in OC. circ-FAMS53B was overexpressed in
OC specimens and cells and correlated with clinical severity
and poor prognosis of OC patients. The overexpression of
circ-FAMS53B accelerated the proliferation, migration, and
invasion of HO8910 cells; however, it decreased the number
of apoptotic cells. Silencing of circ-FAMS53B induced the
opposite effect. Through dual-luciferase reporter gene
assay and functional experiments, the potential functions of
circ-FAMS53B/miRNA-646/vesicle-associated membrane
protein 2 (VAMP2) and circ-FAMS53B/miRNA-647/mouse
double minute 2 (MDM?2) in mediating the progression of
OC were identified. Collectively, the present results indicated
that circ-FAMS53B could be a competing endogenous RNA
(ceRNA) to competitively sponge miR-646 and miR-647 to
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upregulate VAMP2 and MDM2 expression at the post-tran-
scriptional level, thus mediating the cellular behaviors of OC
cells.

Introduction

Ovarian cancer (OC), a cancer of the genital system, is a
common malignancy worldwide (1), and its incidence has
been increasing in recent years (2). Radical surgery along
with radio-chemotherapy is employed for treating OC (3). For
most OC patients, the outcome of radical surgery followed
by either chemotherapy or radiotherapy is not favorable (4,5).
Thus, there is an urgent need to find more effective therapeutic
targets for treating OC.

Circular RNAs (circRNAs) are a type of non-coding
RNAs (ncRNAs), which do not have a potential to code for
proteins (6,7). Some of them are critically dysregulated
in cells and are associated with disease progression in
humans (8-12). Recently, disordered circRNAs were identified
in many tumors, including OC (13-16). For instance, circP4HB
promoted aggressiveness and metastasis of non-small-cell
lung carcinoma (NSCLC) by absorbing miR-133a-5p (17).
Regarding OC, circRNA profiling revealed circRNA1656 as a
novel biomarker in high-grade serous OC (18). To date, various
circRNAs have been identified, but only a few circRNAs have
been explored in the context of OC. An in-depth study of the
regulation of circRNAs would provide a new theory for the
development and progression of OC.

There are abundant unexplored circRNAs related to OC,and
circ-FAMS53B is a newly discovered circRNA addressed in the
present study. circ-FAMS53B, also known as hsa_circ_0000267,
is located on chr 10: 126370175-126370948, having a spliced
sequence length of 773 bp. Previously, it was identified as
an upregulated circRNA in hepatocellular carcinoma that
contributes to oncogenesis by sponging miR-646 (19). In our
study, the expression of circ-FAMS53B in OC was evaluated,
and upregulation of circ-FAMS53B was identified in OC speci-
mens and cells. In addition, a survival study demonstrated
that the overall survival of patients with high circ-FAMS53B
expression was significantly lower than that of patients with
low circ-FAMS53B expression. Moreover, the regulatory effects
of circ-FAMS53B/miRNA-646/vesicle-associated membrane
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protein 2 (VAMP2) and circ-FAMS53B/miRNA-647/mouse
double minute 2 (MDM2) on inducing the progression of OC
were investigated. These findings may provide new clues for
OC treatment.

Materials and methods

Experimental tissues. Fifty-four pairs of OC tissues/non-tumor
tissues were harvested from patients attending the Department
of Gynecology, Heilongjiang Provincial Hospital, from
November 2012 to June 2014. The mean age of the 54 OC
patients included in the study was 51.2. None of the patients
received intervention before surgery. An informed consent
form was signed by each patient. Approval from the Ethics
Committee of Heilongjiang Provincial Hospital was obtained
to conduct the present study.

Cell lines and culture. OC cells, HO8910, SKOV3, OVCAR3,
and A2780 and one normal cell line (IOSE80) were obtained
from Type Culture of Chinese Academy of Sciences (Shanghai,
China) or preserved in our laboratory. The cells were main-
tained in a medium (HyClone; GE Healthcare Life Sciences)
containing 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific. Inc.) in a 37°C, 5% CO, incubator, and the
medium was replaced every 2-3 days.

RNA extraction and quantification. Total RNA was extracted
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) and
quantified. The extracted RNA was reverse-transcribed to
cDNA. Next, cDNA was amplified using the SYBR Premix Ex
Taq II kit (Takara Biotechnology Co., Ltd.). Reaction condi-
tions were as follows: 95°C/5 min, 95°C/15 sec, 60°C/30 sec,
for 40 cycles. The primers for circ-FAMS53B and GAPDH
were as follows: circ-FAMS53B forward, 5'-ACGACA AGA
AGGTCGGTGTT-3' and reverse, 5S'-ATTCCCAGATGCTGG
TGCTC-3'; GAPDH forward, 5-GGGAGCCAAAAGGGT
CAT-3' and reverse, 5'-GAGTCCTTCCACGATACCAA-3'.
The 2244 method was applied to quantify the relative gene
expression (20).

Cell transfection. Cells were transfected with
siRNA-circ-FAMS53B/VAMP2/MDM?2, vector-circ-
FAMS53B/VAMP2/MDM?2, and miRNA-646/647 mimics and
inhibitors using Lipofectamine 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.). The siRNAs specifically targeting the
back-spliced junction site of circ-FAMS53B were obtained from
Shanghai GenePharma Co., Ltd. The targeted sequences were
as follows: si-circ-FAMS53B-1, 5'-CCAAGATGGCACAGA
AAATGA-3'; si-circ-FAMS53B-2, 5-GGCACAGAAAATGAC
AGATG-3"; miR-646 mimics, 5~AAGCAGCUGCCUCUG
AGGC-3' (sense), and 5-CUCAGAGGCAGCUGCUUUU-3'
(antisense); miR-646 inhibitor, 5'-GCCUCAGAGGCAGCU
GCUU-3"; miR-647 mimics, 5-GUGGCUGCACUCACU
UCCUUC-3' (sense), and 5~ AGGAAGUGAGUGCAGCCA
CUU-3' (antisense); and miR-647 inhibitor: GAAGGAAGU
GAGUGCAGCCAC.

Cell Counting Kit-8 (CCK-8). Cells were placed in a 96-well
plate at a concentration of 2x10° cells/well. At the selected
time-points (0, 24, 48, 72 and 96 h), 10 ul of reagent (Dojindo
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Molecular Technologies, Inc.) was added to each well. After
2 h, the OD value at 450 nm was read by a microplate reader
(Tecan Group, Ltd.), and cell viability curves were plotted.

Cell apoptosis assay. Cells at logarithmic growth phase were
digested and centrifuged at 188 x g for 5 min. The cells were
resuspended in 400 pl of binding buffer, then stained with
5 pl of Annexin V-FITC and 5 pul of PI (Beyotime Institute of
Biotechnology). A flow cytometer (CyFlow® Cube 6; Sysmex
Partec GmbH) was utilized to assess cell apoptosis.

Migration and invasion assays. For the wound healing assay,
5x10° cells were added to each well and incubated overnight.
Cells were detached from the wells using the tip of a 20 ul
pipette and incubated in serum-free medium for 36 h (A2780
cells) and 30 h (HO8910 cells). A light microscope (Leica
Microsystems GmbH) was used to photograph the wound
closure area.

For the Transwell assay, the cells were resuspended
in serum-free medium and seeded in the upper unit of
Matrigel-coated (BD Biosciences) Transwell unit (8 gm; EMD
Millipore), whereas 600 ul of complete medium were added
into the lower chamber. After 48 h of incubation, the invasive
cells were fixed in 4% paraformaldehyde (Beijing Solarbio
Science & Technology Co., Ltd.) for 20 min, crystal violet
(Beyotime Institute of Biotechnology) staining was performed
for 20 min, and the cells were counted using a microscope
(Leica Microsystems GmbH). A Transwell migration assay
was carried out using the same protocol except for the Matrigel
pre-coating.

Western blot assay. Total protein was isolated by RIPA
buffer (Beyotime Institute of Biotechnology, Beijing, China).
The extracted proteins were quantified with a bicinchoninic
acid (BCA) Protein Assay Reagent Kit (Beyotime Institute
of Biotechnology). In brief, BCA reagent A and reagent B
were mixed in a ratio of 50:1 (v/v). Then, 200 ul of BCA
working solution was added to each well and incubated at
37°C for ~30 min. The OD value of each well at 562 nm
was detected using a microplate reader (Tecan Group, Ltd.),
and the results were calculated employing a standard curve,
plotted using an appropriate standard. Proteins (40 pg)
were subjected to 10% SDS-PAGE and transferred to poly-
vinylidene difluoride (PVDF) membranes (Merck KGaA).
The membranes were blocked with 5% skim milk diluted
in Tris-buffered saline containing 0.05% Tween-20 for 2 h
at room temperature. The membranes were then incubated
with primary antibodies against VAMP2 (dilution 1:10,000;
cat. no. ab181869), MDM2 (dilution 1:1,000; cat. no. ab38618)
or GAPDH (dilution 1:10,000; cat. no. ab181602) (Abcam,
Cambridge, MA, USA) at 4°C overnight. Next, the blots were
incubated in secondary antibody for 2 h at room temperature
(dilution 1:5,000; cat. no. SE134; Solarbio, Beijing, China).
The protein bands were obtained using a BeyoECL Plus Kit
(Beyotime Institute of Biotechnology) and detected using a
chemiluminescence system (Tanon Science and Technology
Co., Ltd.). Protein expression levels were normalized
to GAPDH. ImageJ 1.48 (National Institutes of Health,
Bethesda, MD, USA) software was used to determine the
gray value of the protein band.
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Figure 1. Relative expression of circ-FAMS53B in OC tissues and cell lines and its clinical significance. (A) Relative expression of circ-FAMS53B in OC tissue
samples and their paired non-cancerous tissue samples estimated by qRT-PCR. (B) Relative expression of circ-FAMS53B in OC cell lines and normal cell lines
assessed by qRT-PCR. (C) Kaplan-Meier survival analysis was used to assess circ-FAMS53B expression and the overall survival of OC patients. The data are

presented as the mean + SD (n=3). "P<0.05 and “P<0.01. OC, ovarian cancer.

Subcellular fractionation. To assess the cellular localiza-
tion of circ-FAMS53B, cytosolic and nuclear fractions were
harvested employing a Nuclear/Cytoplasmic Isolation Kit
(Life Technologies; Thermo Fisher Scientific, Inc.). In brief,
the cells were lysed and centrifuged (16,000 x g) at 4°C,
and the supernatant was utilized as a cytosolic fraction. Then,
the pellets were washed and incubated with buffer at 4°C for
10 min and used as a nuclear fraction.

Target prediction and dual luciferase reporter
gene assay. The possibility of interaction between
circ-FAM53B and miR-646/miR-647 was predicted
using the Circular RNA Interactome online database
(https://circinteractome.nia.nih.gov). The downstream
targets of miR-646 and miR-647 were analyzed by
TargetScan Human 7.2 database (http://www.targetscan.
org/vert_72/). To verify these predicted interactions, a
dual luciferase reporter gene assay was carried out. circ-
FAMS53B/VAMP2/MDM?2 Wt and circ-FAMS53B/VAMP2/
MDM?2 Mut were constructed based on the predicted binding
sequences to miRNA-646 and miRNA-647. Cells were
co-transfected with circ-FAM53B/VAMP2/MDM2 Wt or
circ-FAMS53B/VAMP2/MDM?2 Mut and miRNA-646-NC
or miRNA-646 mimic for 48 h. Cells were also
co-transfected with circ-FAM53B/VAMP2/MDM2 Wt or
circ-FAM53B/VAMP2/MDM?2 Mut and miRNA-647-NC
or miRNA-647 mimic for 48 h. After cell lysis, relative
luciferase activity was determined (Promega Corp.).

Data analysis. The data are displayed as the mean + standard
deviation (SD) based on three independent experiments.
Statistical analyses were carried out using GraphPad Prism
5.01 software (GraphPad, Inc.). The differences between groups
were analyzed by Student's r-test or one-way ANOVA (followed
by Tukey's multiple comparison test). Correlation between the
circ-FAMS53B level and pathological indexes of OC patients
was analyzed through the Fisher's exact test. The Kaplan-Meier
methods were applied to analyze the survival probability of
OC patients. Valuation was performed using the log-rank test.
Cox regression analysis was utilized to explore the independent
prognostic factors for the patients with OC. A P-value <0.05
was considered to indicate a statistically significant difference.

Results

Overexpression of circ-FAMS53B is identified in OC tissue
samples and cell lines and is associated with adverse
prognosis. The expression of circ-FAMS53B in 54 cases of
OC tissues and paired noncancerous samples was assessed by
quantitative real-time polymerase chain reaction (QRT-PCR).
As displayed in Fig. 1A, circ-FAMS53B was upregulated in
OC tissues compared to that in their counterparts. Similarly,
upregulation of circ-FAMS53B was revealed in OC cell lines,
including HO8910, SKOV3, OVCAR3, and A2780, compared
to that in IOSES8O cells (Fig. 1B). As depicted in Table I, the
circ-FAMS53B level was related to tumor size (P=0.028), FIGO
stages (P=0.013), and lymph node invasion (P=0.006) of OC
(Table I). Moreover, Kaplan-Meier curves revealed a poor
survival rate in OC patients with upregulated circ-FAMS53B
(Fig. 1C). Univariate analysis indicated FIGO stage (P=0.049)
and circ-FAMS53B expression (P=0.013) as two factors related
to adverse prognosis of patients. Further multivariate analysis
demonstrated that circ-FAMS53B could be regarded as an
independent prognostic indicator (P=0.049; Table II).

circ-FAMS53B plays an oncogenic role in OC cells. To verify
the oncogenic role of circ-FAMS53B in OC progression,
functional assays were conducted. We harvested optimally
transfected cells after 48 h and detected the relative expres-
sion of circ-FAMS53B. The high circ-FAMS53B expression
in the A2780 cell line was decreased by transfection
with si-circ-FAMS53B-1 or si-circ-FAMS53B-2 (Fig. 2A).
si-circ-FAMS53B-1 had a more effective knockdown effi-
ciency than si-circ-FAMS53B-2; thus, it was selected for
further assays. Plasmid transfection technology was applied
using a low-expression circ-FAMS3B cell line, HO8910.
As revealed in Fig. 2B, the overexpression efficiency was
satisfactory. Cell viability in the si-circ-FAMS53B-1 group
was significantly decreased in the A2780 cell line (Fig. 2C),
whereas overexpression of circ-FAMS53B enhanced the
viability of HO8910 cells (Fig. 2C). Flow cytometric analysis
also demonstrated that the low expression of circ-FAMS53B
markedly increased the apoptosis rate of A2780 cells
(Fig. 2D). In addition, ectopically expressed circ-FAMS53B
significantly decreased HO8910 cell apoptosis (Fig. 2D).
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Table I. circ-FAMS53B expression and clinicopathologic characteristics of OC patients.
Circ-FAMS53B expression
Clinicopathologic variables No. of patients High (%) Low (%) P-value
Age (years) 0.158
<50 34 14 (25.93) 20 (37.04)
=50 20 13 (24.07) 7 (12.96)
Tumor size (cm) 0.028
<3 29 10 (18.52) 19 (35.19)
=3 25 17 (31.48) 8 (14.81)
Histology 0.773
Serous 36 19 (35.19) 17 (31.48)
Mucinous 18 8 (14.81) 10 (18.52)
FIGO stage 0.013
I-II 24 7 (12.96) 17 (31.48)
I-1v 30 20 (37.04) 10 (18.52)
Lymph node metastasis 0.006
Negative 29 9 (16.67) 20 (37.04)
Positive 25 18 (33.33) 7 (12.96)
Differentiation grade 0.577
Well/Moderately 33 15 (27.78) 18 (33.33)
Poorly 21 12 (22.22) 9 (16.67)
OC, ovarian cancer.
Table II. Univariate and multivariate analysis of prognostic factors for overall survival in OC patients.
Univariate analysis Multivariate analysis
Variables HR 95% CI P-value HR 95% CI P-value
Overall survival
Age (=50 vs. <50) 0978  0.527-1.816 0.944
Tumor size (=3 cm vs. <3 cm) 1.319  0.724-2.403 0.366
Histology (serous vs. mucinous) 1.307  0.681-2.507 0.420
FIGO stage (III-1V vs. I-II) 1.857 1.003-3.438 0.049 0.218
Lymph node metastasis (positive vs. negative) 1.700  0.930-3.106 0.085
Differentiation grade (poorly vs. well/moderately) 1.179 0.633-2.196 0.604
circ-FAMS53B expression (high vs. low) 2.187 1.181-4.050 0.013 1.915 1.002-3.666 0.049

OC, ovarian cancer; HR, hazard ratio; 95% CI, 95% confidence interval.

Downregulation of circ-FAMS53B expression decreased
the wound closure area in A2780 cells (Fig. 2E), whereas
upregulation of circ-FAMS53B increased the HO8910 cell
migratory potential (Fig. 2E). Moreover, downregulation of
circ-FAMS53B expression could decrease the migratory and
invasive rates in the A2780 cell line (Fig. 2F). An increased
level of circ-FAMS53B enhanced metastatic properties in
HO8910 cells (Fig. 2F). These data indicated that high
levels of circ-FAMS53B contribute to cell progression in OC
cell lines.

circ-FAMS53B sponges miR-646 and miR-647 to increase
VAMP2 and MDM?2 expression, respectively. To explore
the mechanisms of action of circ-FAMS53B in OC cells, the
localization of circ-FAMS53B in OC cells was first analyzed
by a subcellular fractionation assay. The results indicated
that circ-FAMS53B was enriched in the cytoplasm (Fig. 3A),
indicating that circ-FAMS53B is capable of modulating gene
expression at the post-transcriptional level. Thus, the miRNAs
that may interact with circ-FAMS53B were further predicted,
using the Circular RNA Interactome online database. From
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Figure 2. circ-FAMS53B promotes OC cell progression. (A and B) circ-FAMS53B expression was detected after transfection in (A) A2780 cells and in (B) HO8910
cells by qRT-PCR. (C) CCK-8 assays were used to detect viability of A2780 and HO8910 cells after transfection. (D) Flow cytometric analysis was used to
detect apoptosis of A2780 and HO8910 cells after transfection. (E) Wound healing assays were used to detect cell migration of A2780 and HO8910 cells after
transfection. (F) Transwell assays were used to detect cell migration and invasion capacities of A2780 and HO8910 cells after transfection. Data are presented

as the mean + SD (n=3). "P<0.05 and “P<0.01. OC, ovarian cancer.

the seven predicted miRNAs (miR-31, miR-144, miR-198,
miR-503, miR-532, miR-646, and miR-647), it was revealed
that the expression of miR-646 and miR-647 were modulated
by circ-FAMS53B levels in A2780 and HO8910 cell lines
(Fig. 3B). A negative correlation between circ-FAMS53B
and miR-646/miR-647 was also identified in the OC tissue
samples (Fig. 3C and D). In addition, miR-646 and miR-647
were predicted to bind to the sequence of circ-FAMS53B.
Overexpression of miR-646 decreased the luciferase inten-
sity of circ-FAMS53B Wt, indicating its binding condition
(Fig. 3E and F). Similarly, miR-647 could bind to the seed
sequence of circ-FAMS53B, as verified by the luciferase reporter
gene assay (Fig. 3E and G). Therefore, it was concluded
that circ-FAMS53B sponges miR-646 and miR-647 in OC
cells. Subsequently, the downstream targets of miR-646 and
miR-647 with an oncogenic role were predicted and analyzed
by TargetScan Human 7.2 database. miR-646 and miR-647
were predicted to have a potential to interact with VAMP2
3'-UTR and MDM2 3'-UTR, respectively. As revealed in
Fig. 4A and B, miR-646 and miR-647 mimics could signifi-
cantly enhance the expression levels of miR-646 and miR-647,
respectively. In addition, qRT-PCR data revealed that miR-646

and miR-647 inhibitor significantly downregulated miR-646
and miR-647 expression, respectively. Transfection with
miR-646 or miR-647 mimics could significantly down-
regulate the expression of VAMP2 and MDM2, respectively
(Fig. 4C). In addition, transfection with miR-646 or miR-647
inhibitor enhanced VAMP2 and MDM?2 expression, respec-
tively (Fig. 4C). Moreover, it was revealed that circ-FAMS53B
expression was positively correlated with the levels of VAMP2
and MDM2 in OC tissues (Fig. 4D and E). Furthermore, the
dual-luciferase reporter gene assay confirmed an interaction
between miR-646 and VAMP2 3'-UTR (Fig. 4F and G). A
similar result was also revealed with miR-647 and MDM?2
3'-UTR (Fig. 4F and H). These data indicated that VAMP2
and MDM?2 are the downstream targets of miR-646 and
miR-647, respectively. The expression of VAMP2 and
MDM?2 was decreased after the silencing of circ-FAMS53B,
while co-transfection with inh-miR-646/VAMP2 vector
or inh-miR-647/MDM2 vector partially restored VAMP2
and MDM?2 expression, respectively. Additionally, miR-646
mimics or si-VAMP2 could partially inhibit the high
VAMP?2 expression revealed by the circ-FAMS53B vector.
Co-transfection with either miR-647 mimics or si-MDM2
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Figure 3. circ-FAMS53B sponges miR-646 and miR-647. (A) Detection of the percentage of circ-FAMS3B, GAPDH and U6 in the cytoplasm and nuclear
fractions of A2780 and HO8910 cells using qRT-PCR. GAPDH and U6 were used as cytoplasmic and nuclear localization markers, respectively. (B) Relative
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patients. (D) Correlation analysis of circ-FAMS53B and miR-647 in the tissues

of OC patients. (E) Diagrammatic sketch of the binding sites for circ-FAMS53B

and miR-646/miR-647. (F) A luciferase reporter assay was conducted to evaluate the interactive ability between miR-646 and circ-FAMS53B. (G) A luciferase
reporter assay was conducted to evaluate the interactive ability between miR-647 and circ-FAMS3B. (A-D and F and G) Data are presented as the mean + SD

(n=3). "P<0.05 and "P<0.01. OC, ovarian cancer.

partially decreased the high MDM?2 expression induced by the
circ-FAMS53B vector (Fig. 41).

The oncogenic functions of circ-FAM53B are partially attrib-
uted to its modulation of VAMP2 and MDM?2. In the present
experiment, circ-FAMS53B silencing attenuated the viability of
A2780 cells, which was partly reversed after co-transfection
with VAMP2 or MDM2 vector (Fig. 5A). In HO8910 cells
transfected with circ-FAMS3B vector, cell viability was
significantly increased, which was reversed by transfection
with si-VAMP?2 or si-MDM?2 (Fig. 5A). Similar results were
also observed in the flow cytometric experiment (Fig. 5B). The
inhibited invasive capacity of A2780 cells with circ-FAM53B
knockdown was partially reversed by VAMP2 or MDM?2
vector (Fig. 5C). Similarly, the increased invasion of HO8910
cells with overexpressed circ-FAMS53B was reversed by
si-VAMP?2 and si-MDM?2 (Fig. 5C).

Discussion

OC is developing into a serious disease, thereby posing a
great burden on human health. RNA sequencing provides
a new strategy for the treatment of human cancers,
including OC (18,21,22). circ-FAMS53B is located on chr 10:
126370175-126370948, and its spliced length is 773 bp. It
was identified as an upregulated circRNA in hepatocellular

carcinoma, contributing to oncogenesis by sponging
miR-646 (19). However, its expression pattern, clinical signifi-
cance, functions, and molecular mechanisms in other cancers
remain unclear. In the present study, circ-FAMS53B was revealed
to be elevated in OC and was closely related to clinical severity
of OC patients. Consequently, it can be used as an indepen-
dent prognostic predictor for OC patients. Overexpression of
circ-FAMS53B accelerated OC cells to proliferate, migrate, and
invade the ovaries, whereas silencing of circ-FAMS53B caused
the opposite effect. Furthermore, circ-FAMS53B was mainly
localized in the cytoplasm, which indicated its mechanism of
gene regulation at the post-transcriptional level.

miRNAs are also identified as a class of noncoding
RNAs (23,24). A growing number of studies have revealed that
miRNAs play a significant role in regulating gene expression
patterns during physiological and cell biological processes (25).
Some identified miRNAs can be recognized as effectors of
oncogenesis. For example, miR-21 is an anti-apoptotic factor in
gliomas (26). A majority of animal microRNAs, which have been
characterized thus far, affect protein synthesis of their target
mRNAs (25). A hypothesis related to competing endogenous
RNA (ceRNA) has been recently proposed, and various studies
have reported this mechanism in the field of RNA research.
For example, hsa_circ_0076248 can promote the progression
of glioma by affecting the miR-181a/SIRT1 pathway (27).
Therefore, circRNAs and miRNAs and the correlation between
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Figure 4. circ-FAMS53B sponges miR-646 and miR-647 to increase VAMP2 and MDM?2 expression, respectively. (A) Relative expression of miR-646 was
detected in A2780 and HO8910 cells after transfection. miR-646 mimics were compared with mimics-NC. miR-646 inhibitor was compared with inhib-
itor-NC. (B) Relative expression of miR-647 was detected in A2780 and HO8910 cells after transfection. miR-647 mimics were compared with mimics-NC.
miR-647 inhibitor was compared with inhibitor-NC. (C) Relative VAMP2 and MDM?2 expression was detected in A2780 and HO8910 cells after transfection.
(D) Correlation analysis of circ-FAMS53B and VAMP2 mRNA in the tissues of OC patients. (E) Correlation analysis of circ-FAMS53B and MDM2 mRNA
in the tissues of OC patients. (F) Diagrammatic sketch of the binding sites for 3'-UTR of VAMP2/MDM?2 and miR-646/miR-647. (G) A luciferase reporter
assay was conducted to evaluate the interaction ability between VAMP2 3'-UTR and miR-646. (H) A luciferase reporter assay was conducted to evaluate the
interaction ability between MDM?2 3'-UTR and miR-647. (I) VAMP2 and MDM2 expression was detected in A2780 and HO8910 cells after transfection.
(A-C and G-I) Data are presented as the mean + SD (n=3). "P<0.05, “"P<0.01. OC, ovarian cancer.
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Figure 5. Oncogenic role of circ-FAMS53B is dependent on its regulation of VAMP2 and MDM2. (A) A CCK-8 assay was used to evaluate viability after trans-
fection in A2780 and HO8910 cells. (B) Flow cytometric assay was used to evaluate apoptosis after transfection in A2780 and HO8910 cells. (C) Transwell
assays were used to evaluate invasive potential after transfection in A2780 and HO8910 cells. (A-C) Data are presented as the mean + SD (n=3). "P<0.05 and

“P<0.01. OC, ovarian cancer.

them should be considered as a significant measure to study
OC. Several studies have demonstrated that circRNAs interact
with target miRNAs and suppress the downstream targets,
thus regulating the behaviors of tumor cells (23). For example,
circ-ERBB2 can promote gastric cancer development and
progression through the regulation of miR-503/CACULI and
miR-637/MMP-19 signaling (24). Previously, Pan et al revealed
an interaction between miR-646 and circ-FAMS53B in hepa-
tocellular carcinoma (19). In the present study, miR-646 and
miR-647 were identified as two miRNAs which can be sponged
by circ-FAMS53B in OC cells. miR-646 and miR-647 have been
reported to act as tumor suppressors in certain human cancers.
It is reported that miR-646 could be sponged by oncogenic
IncRNA HOTAIR to mediate estrogen-induced metastasis
of endometrial cancer cells (28). Another study revealed that
miR-646 exerts a tumor-suppressive role in gastric cancer by
modulating FOXK1 (29). In addition, miR-647 was revealed
to suppress progression in gastric cancer and NSCLC (30,31).
Additionally, SRF-MYH9 and TRAF2 were identified as
downstream targets of miR-647 in gastric cancer and NSCLC,
respectively (30,31).

In the present study, it was further revealed that VAMP2 and
MDM?2 are the downstream targets of miR-646 and miR-647,
respectively. VAMP2 was first identified in synaptic vesicles
from rat brain, and has been revealed to be implicated in synaptic
vesicle docking and fusion with plasma membrane proteins (32).
In addition, it has been revealed to be significantly upregulated
in a wide range of malignancies, including bladder cancer (33),
osteosarcoma (34), and other cancers. MDM?2 is an oncopro-
tein that facilitates rapid degradation of the tumor suppressor,
P53 (35). In contrast to other tumor suppressors, such as Rb, p16,
or PTEN, p53 is frequently overexpressed in tumors, although

its function is ablated. Basically, mutant p53 is frequently
upregulated in ovarian cancer cells; however, wild-type p53
is diminished in these cells. The function of wild-type p53 is
frequently decreased due to different alterations, which result in
an enhanced activity of its negative regulators, such as MDM2.
Suppression of the interaction between MDM?2 and p53 could
stabilize the p53 protein, thus leading to suppression of cancer
progression (36). Various studies have indicated its oncogenic
function in tumorigenesis, including esophageal squamous
cell carcinoma (37), breast cancer (38), and lung adenocarci-
noma (39). However, the role and mechanism of VAMP2 and
MDM2 in OC have not been studied to date. In the present
study, circ-FAMS53B was identified as a ceRNA to competi-
tively bind to miR-646 and miR-647 to upregulate VAMP2 and
MDM2 expression, thus mediating the behaviors of OC cells.
OC is a multi-factorial, multi-step, complex disease with many
dysregulated circRNAs/miRNAs. This study merely reveals the
tip of the iceberg in the development of OC and its progression.

In summary, circ-FAMS53B was markedly overexpressed
in tissues and cells of OC, and it was associated with clinical
severity and adverse prognosis in OC patients. Additionally,
circ-FAMS53B contributed to OC cell progression by sponging
miR-646 and miR-647, thus increasing the expression of
VAMP2 and MDM2, respectively.
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