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Abstract. circular RNAs (circRNAs) play a role in various 
types of cancer. The present study suggested that hsa_
circ_0026123 expression was upregulated in ovarian cancer 
(OVA), which was associated with its role in OVA. However, the 
role of hsa_circ_0026123 in OVA cell invasion and proliferation 
remains unclear. In the present study, OVA tissues and cell lines 
were used to investigate the functions of hsa_circ_0026123. 
The associations between hsa_circ_0026123, miR-124-3p 
and enhancer of zeste homolog 2 (EZH2) were examined 
using a luciferase reporter assay. RT-qPcR and western blot 
analysis were used for gene and protein expression analysis, 
respectively. Tumor growth was detected using nude mouse 
tumor xenografts derived from SKOV3 cells, with or without 
hsa_circ_0026123 downregulation. The results confirmed that 
hsa_circ_0026123 expression was upregulated in OVA tissues 
and cell lines, while hsa_circ_0026123 silencing suppressed 
cell proliferation and migration; it also suppressed the expres-
sion of cancer stem cell (cSc) differentiation-related markers 
in either in vivo or in vitro experiments. The data revealed 
that hsa_circ_0026123 downregulation suppressed EZH2 
expression by miR‑124‑3p ‘sponging’, which was confirmed 

by rescue experiments and luciferase reporter assays. The 
results revealed that hsa_circ_0026123 silencing suppressed 
ovarian cancer cell progression via the miR-124-3p/EZH2 
signaling pathway. Overall, the findings demonstrated that 
hsa_circ_0026123 knockdown inhibited OVA cell progression 
by regulating the miR-124-3p/EZH2 axis. This methodology 
may thus be used for the targeted therapy of OVA, as well as a 
candidate biomarker for the diagnosis and treatment of OVA.

Introduction

Ovarian cancer (OVA) is a common malignancy of the female 
reproductive system, and is associated with the highest 
mortality rate of all gynecological malignant diseases (1). 
Although advancements have been made in surgical treatments 
and chemotherapy, the 5-year survival of patients with OVA 
is only approximately 30% due to frequent recurrence (2,3). 
Thus, a main objective for the treatment of OVA is the iden-
tification of novel prognostic biomarkers, which can be used 
to distinguish patients at a high risk of relapse and to detect 
biomarkers that are candidate therapeutic targets. Previous 
studies have suggested that circular RNAs (circRNAs) play 
an important role in the progression and development of a 
number of types of cancer, and have promising therapeutic and 
prognostic value (4,5). However, the molecular mechanisms of 
action of circRNAs in OVAs remain largely unclear.

circRNAs belong to a family of regulatory non-coding 
RNA (ncRNA) molecules that consist of covalently-closed 
and continuous loop structures without a 5' cap and 3' 
polyA tail (6). The majority of circRNAs are produced from 
a precursor mRNA backsplicing (7). The involvement of 
circRNAs in cancer pathology has been extensively investi-
gated. It has been reported that circRNAs negatively modulate 
microRNA (miRNA or miR) expression by interacting with 
binding sites, which subsequently affects the downstream 
levels of mRNAs (6). A major circRNA function is to function 
as a miRNA sponge (8-10). The dysregulation of the circRNA/
miRNA/mRNA axis in signaling pathways plays a role in 
various types of cancer, including OVA (11-13). For example, 
circPLEKHM3 functions as a tumor suppressor via the regu-
lation of the miR-9/dNAJB6/BRcA1/KLF4/AKT1 axis in 

Downregulation of hsa_circ_0026123 suppresses ovarian  
cancer cell metastasis and proliferation through 

the miR‑124‑3p/EZH2 signaling pathway
XIAOYUN YANG1,  JIANJUN WANG1,  HUAIFANG LI1,  YI SUN2  and  XIAOWEN TONG1

1department of Gynecology and Obstetrics, Tongji Hospital, Tongji University School of Medicine, Shanghai 200065;  
2department of Gynecology and Obstetrics, Tongren Hospital, Shanghai Jiaotong University  

School of Medicine, Shanghai 200336, P.R. china

Received May 4, 2020;  Accepted October 8, 2020

dOI: 10.3892/ijmm.2020.4804

Correspondence to: dr Yi Sun, department of Gynecology and 
Obstetrics, Tongren Hospital, Shanghai Jiaotong University School 
of Medicine, 1111 Xianxia Road, Shanghai 200336, P.R. china
E-mail: sunyijojo@163.com

dr Xiaowen Tong, department of Gynecology and Obstetrics, 
Tongji Hospital, Tongji University School of Medicine, 389 Xincun 
Road, Putuo, Shanghai 200065, P.R. china
E-mail: xiaowen_tong@hotmail.com

Abbreviations: OVA, ovarian cancer; circRNAs, circular RNAs; 
miRNA/miR, microRNA; FBS, fetal bovine serum; siRNA, small 
interfering RNA; Nc, negative control; cSc, cancer stem cell

Key words: hsa_circ_0026123, ovarian cancer, miR-124-3p, 
enhancer of zeste homolog 2, cancer stem cell markers



YANG et al:  hsa_circ_0026123 ANd OVARIAN cANcER 669

OVA (14). circRNA1656 has been shown to be downregulated 
in high-grade serous OVA tissues and cell lines, and has been 
shown to be a novel biomarker (15). circRNA UBAP2 has been 
shown to promote OVA progression by sponging miR-144 (16).

The present study investigated the functional role of 
hsa_circ_0026123 and found that hsa_circ_0026123 expres-
sion was upregulated in OVA tissues and cell lines; however, 
hsa_circ_0026123 silencing suppressed cell proliferation and 
migration, and decreased the expression of markers associated 
with cancer stem cell (cSc) differentiation via the regula-
tion of the miR-124-3p/enhancer of zeste homolog 2 (EZH2) 
signaling pathway. These results may provide a viable refer-
ence for the clinical diagnosis and treatment of OVA.

Materials and methods

Animal ethics statement. The present study used 12 BALB/c 
female nude mice (4 weeks old; weighing 15-20 g; SLARc). 
The mice were housed in a temperature‑controlled (25˚C) 
room under a 12-h light/dark cycle to mimic the normal physi-
ological the day/night cycle. Standard chow and water were 
freely available to the animals following sterilization. The 
Ethics committee of Shanghai Tongji Hospital, Tongji 
University, Shanghai, china approved all animal experiments.

Tissue specimens. OVA tissues (n=20) and healthy fallo-
pian tube tissue (n=20) were obtained (from patients aged 
48-74 years) undergoing surgery (healthy fallopian tube 
tissues were from the unilateral removal of fallopian tubes) 
at the Shanghai Tongji Hospital from January, 2019 to July, 
2019 were sequentially analyzed. The Ethics committee of 
Shanghai Tongji Hospital approved the present study. Informed 
consent was obtained from each patient prior to the analyses 
of the tissues. All cases were confirmed by post‑operative 
pathological diagnosis. Patients who had received neoadju-
vant chemotherapy or radiation therapy prior to surgery were 
excluded from the present study. A total of 20 high-grade 
ovarian cancer tissue samples (labeled A1-3) and 20 healthy 
fallopian tube tissue samples (labeled B1-3) were collected.

Cells, cell culture and transfection. Human OVA cell lines 
(A2780, TOV112d, SKOV3, and OVcAR-3) and the normal 
ovarian cell line (ISOE80) (from the American Type culture 
collection) were cultured in dulbecco's modified Eagle's 
medium (dMEM; Gibco; Thermo Fisher Scientific, Inc.) 
consisting of 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.) and penicillin in a humidified incubator 
with 5% cO2 at 37˚C. Small interfering RNAs (siRNAs) 
for hsa_circ_0026123 (si-circ0026123; 5'-AAG GAG AGG 
AAT  AcT AAT TAT cc-3') (Shanghai GenePharma co., 
Ltd.), miR-124-3p mimics (5'-UAA GGc AcG cGG UGA 
AUG cc-3') (Shanghai GenePharma co., Ltd.), miR-124-3p 
inhibitors (5'-cGU GUU cAc AGc GGA ccU UGA U-3'), 
EZH2 overexpression vector (the sequence was inserted into 
the pcdNA3.1 vector) (Shanghai GenePharma co., Ltd.), and 
their negative controls (Shanghai GenePharma co., Ltd.) were 
transfected into cultured SKOV3 cells using Lipofectamine 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) with 50 nM 
according to standard procedures. Following transfection for 
48 h, SKOV3 cells were collected for use in the experiments. 

To further validate the effects of hsa_circ_0026123 in the 
in vivo experiments, lentiviral stabilized SKOV3 cells (lenti-
viral vector: pcdH-cMV-McS-EF1-copGFP; Novagen) in 
which hsa_circ_0026123 was silenced were constructed. GFP 
detection was performed at 72 h following infection, and when 
the green fluorescence was >95%, the transfection was consid-
ered successful.

Bioinformatics analysis. The circRNA/miRNA target genes 
were predicted using Interactome (https://circinteractome.
nia.nih.gov/). The interactive association between miR-124-3 
and EZH2 was predicted using the Targetscan (http://starbase.
sysu.edu.cn/).

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from tissues and cells using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The RNA 
concentration was measured using an ultraviolet spectropho-
tometer (Hitachi corporation). Subsequently, the extracted 
total RNA was reverse transcribed into cdNA using a Reverse 
Transcription lit (Takara Biotechnology, Inc.). The thermo-
cycling conditions were as follows: 30 sec at 95˚C, 5 sec for 
40 cycles at 95˚C, and 35 sec at 60˚C. SYBR‑Green (Thermo 
Fisher Scientific, Inc.) was used for qPCR detection. Relative 
expression was calculated using the 2-ΔΔcq method (17). 
GAPdH and U6 were utilized as the internal references. The 
experiments were repeated 3 times. The primer sequences 
were as follows: hsa_circ_0026123 forward, 5'-cAT cAT ATc 
TcA AAG TAA AGT c-3' and reverse, 5'-ccA AGA AGc ccT 
GAA GAc cG-3'; miR-124-3p forward, 5'-AcA cTc cAG cTG 
GGT AAG GcA cGc GGT GAA-3' and reverse, 5'-cTc AAc 
TGG TGT cGT GGA GTc GGc AAT TcA GTT GAG GGc ATT 
cAc-3'; GAPdH forward, 5'-TGT TcG TcA TGG GTG TGA 
Ac-3' and reverse, 5'-ATG GcA TGG AcT GTG GTc AT-3'; 
U6 forward, 5'-cTc GcT TcG GcA GcA cA-3' and reverse, 
5'-AAc GcT TcA cGA ATT TGc GT-3'.

Western blot analysis. cells or tissues were resuspended in 
radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime 
Institute of Biotechnology, Inc.) on ice for 30 min. The 
samples were centrifuged at 15,000 x g for 20 min at 4˚C, and 
the supernatants were collected and boiled for 5 min. Protein 
concentrations were quantified using the Bradford protein 
assay (Thermo Fisher Scientific, Inc.). denatured proteins 
(15 µg) were separated by 12% SdS-PAGE and then electro-
transferred onto polyvinylidene difluoride membranes (EMD 
Millipore). Following blocking with 5% non-fat milk blocking 
buffer for 1 h at room temperature, the membranes were incu-
bated with primary antibodies (all from Abcam) against OcT4 
(cat. no. ab200834; 1:500), Nanog (cat. no. ab109250; 1:500) 
and glyceraldehyde 3-phosphate dehydrogenase (GAPdH) 
(cat. no. ab8245; 1:1,000) overnight at 4˚C. The membranes 
were subsequently washed with PBS 3 times and incubated 
with secondary antibodies (cat. no. ab6728; 1:5,000; Abcam) 
at room temperature for 1 h. The labeled bands were visual-
ized with an enhanced chemiluminescence reagent using the 
Bio-Rad Gel doc 2000 system (Bio-Rad Laboratories, Inc.), 
and quantified with the QuantityOne software (v4.6; Bio‑Rad 
Laboratories, Inc.). Protein expression levels were normalized 
to GAPdH.
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Fluorescence in situ hybridization (FISH). Specific probes to 
hsa_circ_0026123 (dig-5'-cAT TAA cAT cAA GcT GAc cAG 
TGc Acc GG-3'-dig) were prepared by Geneseed Biotech, 
Inc. Signals were detected by FITc-conjugated anti-biotin 
antibodies (Jackson ImmunoResearch, Inc.). Nuclei were 
counterstained with 4,6-diamidino-2-phenylindole (dAPI; 
Shanghai Yisheng Biotechnology co., Ltd.) at room tempera-
ture for 15 min. Finally, images were obtained on a Zeiss LSM 
700 confocal microscope (carl Zeiss GmbH).

Cloning formation and cell proliferation assays. A cell 
counting Kit-8 (ccK-8) assay was used to determine cell 
proliferation. Transfected cells were seeded into 96-well plates 
at a density of 2,000 cells/well in triplicate wells. cell viability 
was measured using the ccK-8 system (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 0, 24, 48, 72, and 96 h after seeding, 
following standard procedures.

For the colony formation assay, transfected cells were 
seeded into 6-well plates at a density of 2,000 cells/well and 
maintained them in dMEM containing 10% FBS for 10 days. 
The colonies were imaged with Nikon camera d610 (Nikon 
Corporation) and counted after fixing with 4% paraformalde-
hyde (Shanghai Yisheng Biotechnology co., Ltd.) and staining 
with 0.1% crystal violet (Shanghai Yisheng Biotechnology 
co., Ltd.) at room temperature for 15 min.

Cell migration assay. cell migration was measured using 
24-well Transwell® chambers (8 µm pore membrane; Bd 
Biosciences). cells (1x105) were plated into the upper chamber 
with 200 µl of serum-free medium and the bottom chamber was 
filled with 500 µl DMEM (Gibco; Thermo Fisher Scientific, 
Inc.) with 20% FBS (Gibco; Thermo Fisher Scientific, Inc.). 
Following culture under 37˚C for 1 day, the cells in the bottom 
chamber were fixed with 4% paraformaldehyde for 30 min, 
and stained them with 0.1% crystal violet (Shanghai Yisheng 
Biotechnology co., Ltd.) for 10 min at room temperature. The 
cells were observed and photographed using Axio Observer 
D1 microscope (magnification, x200; Zeiss AG).

Tumor xenograft formation and metastasis assays. Viable 
wild-type (WT) or si-circ0026123 SKOV3 cells (2x107) 
(mentioned above) were injected into the right flanks of 
the nude mice. Tumor sizes were measured every 5 days 
for 30 consecutive days using a Vernier caliper, and the 
tumor volume was calculated using the following formula: 
Volume=length x width2 x0.5.

Dual luciferase reporter assay. Hsa_circ_0026123-wild 
type (WT), EZH2 3'-UTR-wild type (WT), hsa_
circ_0026123-mutant (Mut), EZH2 3'-UTR-mutant (Mut) 
were constructed using pGL3-Basic luciferase vectors 
(Promega corporation) and transfected (50 nM) into 239T 
cells (American Type culture collection) with or without 
Nc (50 nM) or miR-124-3p mimics (50 nM), respectively. 
After 48 h, a dual-luciferase reporter assay kit (Promega 
corporation) was used to determine luciferase activity. 
Renilla luciferase was used for normalization. The lucif-
erase activities were measured using a luciferase assay kit 
(Promega corporation). Three independent experiments 
were performed in triplicate.

Statistical analysis. differences between groups were assessed 
using one-way ANOVA method with Tukey's post hoc test. 
Results were presented as the means ± SEM. P-values <0.05 
were considered to indicate statistically significant differ-
ences. Statistical analyses were performed using GraphPad 
Prism 5.02 software (GraphPad, Inc.).

Results

High hsa_circ_ 0026123 expression in OVA cells and 
tissues and its role in migration, proliferation and CSC 
differentiation. hsa_circ_0026123 expression was detected 
in 20 OVA tissue samples and corresponding adjacent normal 
tissues by RT-qPcR. The data revealed that hsa_circ_0026123 
expression was significantly increased in OVA tissues when 
compared with adjacent normal tissues (Fig. 1A), suggesting 
that hsa_circ_0026123 plays a role in OVA progression. 
RT-qPcR also revealed that hsa_circ_0026123 expression 
in human OVA cell lines (A2780, TOV112d, OVcAR-3 and 
SKOV3) was increased when compared with that in the normal 
ovarian cell line (ISOE80; Fig. 1B). The SKOV3 cells exhib-
ited the highest hsa_circ_0026123 expression; thus the SKOV3 
cells were selected for use in the following experiments. 
FISH was performed to detect hsa_circ_0026123 subcellular 
localization. The results revealed that hsa_circ_0026123 was 
localized in the cytoplasm (Fig. 1c).

To confirm that hsa_circ_0026123 plays a role in the 
progression of OVA, siRNAs against hsa_circ_0026123 
were constructed. The results of RT-qPcR revealed that 
hsa_circ_0026123 expression in SKOV3 significantly 
decreased following transfection with siRNA against 
hsa_circ_0026123 (si-circ0026123) when compared with the 
negative control (Nc; Fig. 2A). ccK-8 (Fig. 2B) and colony 
formation (Fig. 2c and d) assays revealed that SKOV3 cell 
proliferation was decreased following the downregulation of 
hsa_circ_0026123. The results of Transwell assay also demon-
strated that the silencing of hsa_circ_0026123 suppressed 
SKOV3 cell migration (Fig. 2E and F). In addition, western 
blot analyses revealed that the silencing of hsa_circ_0026123 
decreased the protein expression levels of markers (OcT-4 and 
Nanog) related to cSc differentiation. These results suggested 
that the downregulation of hsa_circ_0026123 suppressed OVA 
cell proliferation, migration and cSc differentiation.

miR‑124‑3p and EZH2 are the downstream targets of 
hsa_circ_0026123. Bioinformatics analysis confirmed that 
hsa_circ_0026123 targeted miR-124-3p. To further verify 
this observation, a luciferase reporter vector was constructed. 
The luciferase reporter assay results revealed that miR-124-3p 
inhibited luciferase activity following transfection with the 
WT luciferase reporter vector, while it had no effects on lucif-
erase activity following transfection with a mutated (MUT) 
luciferase reporter vector, which indicated that miR-124-3p 
was a target of hsa_circ_0026123 (Fig. 3A and B).

Bioinformatics analysis (http://starbase.sysu.edu.cn/) 
revealed that a number of genes were the downstream targets 
of miR-124-3p, including MYLIP, WEE1, BTG2 and EZH2. 
However, only EZH2 has two binding sites. This indicated that 
miR-124-3p directly interacted with the EZH2 3'-UTR and 
suppressed the post-translational EZH2 expression (Fig. 3c). 
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Figure 1. Expression levels of hsa_circ_0026123 are significantly increased in ovarian cancer tissues and cell lines. (A) RT‑qPCR revealed that hsa_
circ_0026123 expression was significantly upregulated in ovarian cancer tissues when compared with adjacent tissues. Data are presented as the means ± SD. 
***P<0.001 vs. adjacent tissues. (B) RT-qPcR revealed the expression of hsa_circ_0026123 in human ovarian cancer cell lines (A2780, TOV112d, OVcAR-3 
and SKOV3) and normal ovarian cell line (ISOE80). data are presented as the means ± Sd. ***P<0.001 vs. ISOE80 cells. (c) Fluorescence in situ hybridization 
was performed to determine the subcellular localization of hsa_circ_0026123. dAPI indicated by nuclear staining (bottom left panel); hsa_circ_0026123 
indicated by red fluorescent‑tagged hsa_circ_0026123 (top left panel). Merged images are illustrated on the right panel.

Figure 2. downregulation of hsa_circ_0026123 suppresses ovarian cancer cell proliferation and migration, and the expression of cancer stem cell (cSc) differ-
entiation-related markers. (A) RT-qPcR revealed the expression of hsa_circ_0026123 in SKOV3 following transfection with siRNA against hsa_circ_0026123 
(si-circ0026123) or negative control (Nc). data are presented as the means ± Sd. ***P<0.001 vs. Nc. (B) ccK-8 assays were performed to assess the prolifera-
tion of SKOV3 cells. data are presented as the means ± Sd. ***P<0.001 vs. Nc. (c and d) cloning formation assay showing the proliferation of SKOV3 cells. 
data are presented as the means ± Sd. ***P<0.001 vs. Nc. (E and F) cell migration was determined in SKOV3 cells by Transwell® assays. data are presented 
as the means ± Sd. ***P<0.001vs. Nc. (G) Western blot analysis of the protein expression of cSc differentiation-related markers.
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The luciferase reporter assay revealed that miR-124-3p 
inhibited luciferase activity following transfection with a WT 
luciferase reporter vector, whereas luciferase activity was 
not altered after transfection with a MUT luciferase reporter 
vector, which indicated that EZH2 was the miR-124-3p 
target (Fig. 3d). Taken together, the results demonstrated that 
hsa_circ_0026123 knockdown inhibited OVA metastasis and 
growth by targeting the miR-124-3p/EZH2 axis.

hsa_circ_0026123 knockdown inhibits OVA cell proliferation, 
migration and CSC differentiation via the regulation of the 
miR‑124‑3p/EZH2 axis in vitro. To further explore the regu-
latory mechanisms, SKOV3 cells were transfected with a 
hsa_circ_0026123 silencing vector (si-circ0026123), combined 
with an EZH2 overexpression vector, or were transfected 
with an miR-124-3p inhibitor. The results confirmed that 
hsa_circ_0026123 expression was downregulated following 
transfection with si-circ0026123, as well as by the overexpres-
sion of EZH2 or the downregulation of miR-124-3p, which 
did not ‘rescue’ hsa_circ_0026123 expression (Fig. 4A). The 
results RT-qPcR revealed that the downregulation of hsa_
circ_0026123 promoted miR-124-3p expression. Transfection 
with the miR‑124‑3p specific inhibitor suppressed miR‑124‑3p 
expression. However, the overexpression of EZH2 did not 
affect miR-124-3p expression following the silencing of 
hsa_circ_0026123 in the SKOV3 cell line (Fig. 4B). Western 
blot analysis confirmed that the downregulation of hsa_
circ_0026123 suppressed EZH2 expression. The inhibition of 
miR-124-3p ‘rescued’ EZH2 expression, and EZH2 expression 
was increased following transfection with the EZH2 overex-
pression vector (Fig. 4c). Overall, these results demonstrated 
that EZH2 was a miR-124-3p downstream target.

The results of ccK-8 (Fig. 4d) and cloning formation 
(Fig. 4E and F) assays revealed that the overexpression of 

EZH2 or the downregulation of miR-124-3p ‘rescued’ SKOV3 
cell proliferation following the silencing of hsa_circ_0026123. 
The results of Transwell migration assay also revealed that the 
overexpression of EZH2 or the downregulation of miR-124-3p 
restored SKOV3 cell migration following the silencing of 
hsa_circ_0026123 (Fig. 4G and H). Western blot analysis 
also demonstrated that the overexpression of EZH2 or the 
downregulation of miR-124-3p restored the expression levels 
of cSc differentiation-related markers (OcT-4 and Nanog) 
after the silencing of hsa_circ_0026123, suggesting that 
hsa_circ_0026123 knockdown inhibited OVA cell migration 
and proliferation, and decreased the levels of cSc differen-
tiation-related markers via the regulation of the miR-124-3p/
EZH2 axis in vitro.

Overexpression of EZH2 restores cell proliferation and 
migration, and CSC differentiation following the upregula‑
tion of miR‑124‑3p in vitro. To determine the association 
between miR-124-3p and EZH2, SKOV3 cells were trans-
fected with miR-124-3p mimics combined with or without the 
EZH2 overexpression vector. The results of RT-qPcR revealed 
that miR-124-3p expression was upregulated in SKOV3 cell 
lines following transfection with miR-124-3p mimic, and 
EZH2 overexpression had no effect on miR-124-3p expres-
sion (Fig. 5A). Western blot analysis revealed that EZH2 
expression was downregulated following the overexpression 
of miR-124-3p, which was restored following transfection 
with the EZH2 overexpression vector (Fig. 5B). The results of 
ccK-8 (Fig. 5c) and cloning formation (Fig. 5d and E) assay 
revealed that cell proliferation was suppressed by miR-124-3p 
overexpression; however, EZH2 overexpression restored 
and enhanced the SKOV3 cell proliferation. The results of 
Transwell migration assays revealed that miR-124-3p expres-
sion inhibited cell migration, while EZH2 upregulation 

Figure 3. miR-124-3p and EZH2 are the downstream targets of hsa_circ_0026123. (A) Predicted binding sites of miR-124-3p in the hsa_circ_0000291. The 
mutated (MUT) version of the hsa_circ_0026123 is also shown. (B) Relative luciferase activity was determined 48 h following transfection with miR-124-3p 
mimic/normal control (Nc) or with the hsa_circ_0026123 wild-type/Mut (WT/MUT) in 293T cells. data are presented as the means ± Sd. **P<0.01 vs. Nc. 
(c) Predicted binding sites of miR-124-3p with the 3'-UTR of EZH2. The MUT version of the 3'-UTR-EZH2 is also shown. (d) Relative luciferase activity 
was determined 48 h following transfection with miR-124-3p mimic/normal control or with the 3'-UTR-EZH2 WT/MUT in 293T cells. data are presented as 
the means ± Sd. **P<0.01 vs. Nc.
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increased the migration of SKOV3 cells (Fig. 5F and G). 
Western blot analysis also demonstrated that miR-124-3p 
expression suppressed the levels of markers related to cSc 
differentiation (OcT-4 and Nanog); however, EZH2 overex-
pression promoted cSc differentiation, as evidenced by the 
increased levels of OcT-4 and Nanog, even after miR-124-3p 
overexpression. These results indicated that EZH2 overexpres-
sion recovered the growth, migration and the levels of cSc 

differentiation-related markers following the upregulation of 
miR-124-3p using in vitro.

hsa_circ_ 0026123 downregulation suppresses tumor 
growth in nude mouse xenografts. To confirm whether 
hsa_circ_0026123 plays a role in OVA progression, lenti-
viral stable SKOV3 cell strains were constructed in which 
hsa_circ_0026123 was knocked down. The data indicated that 

Figure 4. Knockdown of hsa_circ_0026123 inhibits ovarian cancer cell proliferation and migration via the regulation of the miR-124-3p/EZH2 axis in vitro. 
(A) RT-qPcR assay revealed hsa_circ_0026123 expression in SKOV3 cells following transfection with siRNA against hsa_circ_0026123 combined with or 
without miR-124-3p inhibitor or the EZH2 overexpression vector. data are presented as the means ± Sd. ***P<0.001 vs. the normal control (Nc). (B) RT-qPcR 
assay showing miR-124-3p expression in SKOV3 cells. data are presented as the means ± Sd. ***P<0.001 vs. Nc. ###P<0.001 vs. si-circ0026123. (c) Western 
blots showing EZH2 expression in SKOV3 cells. Relative protein levels were analyzed and data are presented as the means ± Sd. ***P<0.001 vs. Nc. ###P<0.001 
vs. si-circ0026123. (d) ccK-8 assays were performed to assess the proliferation of SKOV3 cells. data are presented as the means ± Sd. ***P<0.001 vs. Nc. 
###P<0.001 vs. si-circ0026123. (E and F) colony formation assay showing the proliferation of SKOV3 cells. data are presented as the means ± Sd. ***P<0.001 
vs. Nc. ###P<0.001 vs. si-circ0026123. (G and H) Migration of SKOV3 cells was determined by Transwell® assays. data are presented as the means ± Sd. 
***P<0.001 vs. Nc. ###P<0.001 vs. si-circ0026123. (I) Western blots showing the relative protein expression levels of markers related to cancer stem cell 
differentiation. Nc, normal control.
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hsa_circ_0026123 knockdown suppressed the volume and 
weight of tumors, when compared with the Nc group (Fig. 6).

Discussion

The present study confirmed that hsa_circ_0026123 expres-
sion was increased in both OVA tissues and OVA cell lines. 
hsa_circ_0026123 is 1,155 bp in length and is constructed 
with part of the TUBA1B gene exon. The downregulation of 
hsa_circ_0026123 suppressed cell migration and proliferation, 
and cSc differentiation, suggesting that hsa_circ_0026123 
plays a role in OVA progression. Previous studies have 
reported that circRNA sponges are characterized by increased 
expression levels and miRNA binding sites, which are likely to 
be effective sponges, when compared with linear ones (6,18). 
The sponging activity is the main function of some circRNAs; 
thus, in tumor development, circRNA/miRNA/mRNA inter-
action networks may play important roles (19,20).

 In the present study, to further identify the downstream 
miRNA, bioinformatics analysis was used to demonstrated 

Figure 5. Overexpression of EZH2 restores cell growth and migration following the upregulation miR-124-3p in vitro. SKOV3 cells were transfected with 
miR-124-3p mimics combined with or without the EZH2 overexpression vector. (A) RT-qPcR assay showing the expression of miR-124-3p in SKOV3 cells. 
data are presented as the means ± Sd. ***P<0.001 vs. Nc. (B) Western blot showing EZH2 expression in SKOV3 cells. Relative protein levels were analyzed 
and data are presented as the means ± Sd. ***P<0.001 vs. Nc. ###P<0.001 vs. mimic. (c) ccK8 assays were performed to assess cell proliferation in SKOV3 
cells. data are presented as the mean ± Sd. ***P<0.001 vs. Nc. ###P<0.001 vs. mimic. (d and E) cloning formation assay showing the cell proliferation of 
SKOV3 cells. data are presented as the mean ± Sd. ***P<0.001. ###P<0.001 vs. mimic. (F and G) cell migration and invasion of SKOV3 cells were determined 
by Transwell® assays. data are presented as the means ± Sd. ***P<0.001 vs. Nc. ###P<0.001 vs. mimic. (H) Western blots showing the relative protein expression 
of markers related to cancer stem cell differentiation. Nc, normal control.

Figure 6. downregulation of hsa_circ_0026123 suppresses tumor growth in 
nude mouse xenografts. (A) Representative images of SKOV3 tumor forma-
tion in xenografts of nude mice. (B) Summary of tumor volumes in mice 
that were measured every 5 days. data are presented as the means ± Sd. 
***P<0.001 vs. the normal control (Nc). (c) Tumor weight was measured 
after 30 days of injection. data are presented as the means ± Sd. ***P<0.001 
vs. Nc.
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that miR-124-3p was a target of hsa_circ_0026123. Luciferase 
reporter assays confirmed that hsa_circ_0026123 interacted 
with miR-124-3p. The downregulation of hsa_circ_0026123 
promoted miR-124-3p expression, and the silencing of 
miR-124-3p restored the proliferation and migration, and the 
levels of cSc differentiation-related markers following the 
silencing of hsa_circ_0026123, suggesting that miR-124-3p 
exerts an antitumor effect. Previous studies have demon-
strated that miR-124-3p upregulation inhibits cancer cell 
activity, including that of nasopharyngeal carcinoma, bladder 
cancer, hepatocellular carcinoma, esophageal squamous cell 
carcinoma and endometrial cancer (21-25). Therefore, hsa_
circ_0026123 expression promoted the progression of OVA by 
sponging miR-124-3p.

The present study demonstrated that miR-124-3p inter-
acted with the EZH2 3'-UTR. The results of luciferase 
reporter assays suggested that miR-124-3p interacted with 
the 3'-UTR of EZH2. The overexpression of EZH2 restored 
the proliferation and migration, and the levels of markers 
related to cSc differentiation following the overexpression 
of miR-124-3p. It has been reported that the inhibition of 
EZH2 results in a suppressed epithelial-mesenchymal transi-
tion in cancer cells (26). The gene product is a matricellular 
protein, which stimulates endothelial cell migration and 
proliferation, as well as the angiogenic activity (27,28). The 
downregulation of EZH2 suppresses cSc proliferation and 
differentiation (29-31). Numerous chemical entities have been 
regarded as EZH2 inhibitors in recent decades, many of which 
underwent the cancer clinical trials (32,33). The results of the 
present study demonstrated that hsa_circ_0026123 promoted 
OVA cell migration and proliferation by sponging miR-124-3p 
and enhancing EZH2 expression.

In conclusion, the present study provides evidence that 
hsa_circ_0026123 promotes the proliferation of OVA cells 
potentially via activating miR-124-3p/EZH2 signaling. The 
present study suggests that hsa_circ_0026123 is a candidate 
biomarker for the prognosis and diagnosis of OVA, which 
extends the drug applications targeting hsa_circ_0026123, 
suggesting a promising role of hsa_circ_0026123 in the treat-
ment of OVA.
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