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Abstract
Circular RNA (circRNA) has been reported to participate in the progression of cervical cancer (CC). Studies on the role and 
mechanism of circ_0000263 in CC are limited, and more studies are needed. The expression of circ_0000263, microRNA 
(miR)-1179 and ABL proto-oncogene 2 (ABL2) mRNA in tissues and cells was analyzed by quantitative real-time PCR. 
The proliferation and apoptosis of CC cells were determined using cell counting kit 8 assay, Edu assay, colony formation 
assay and flow cytometry. The protein expression of proliferation markers, apoptosis markers and ABL2 was detected by 
western blot analysis. The interaction between RNAs was estimated via dual-luciferase reporter assay. Xenograft models 
were applied to explore the effect of circ_0000263 knockdown on CC tumorigenesis. Circ_0000263 was highly expressed in 
CC tumor tissues. Silencing of circ_0000263 suppressed CC cell proliferation and increased apoptosis. Circ_0000263 served 
as a sponge for miR-1179, and miR-1179 inhibitor reversed the regulation of si-circ_0000263 on CC cell proliferation and 
apoptosis. ABL2 could be targeted by miR-1179, and circ_0000263 could sponge miR-1179 to regulate ABL2. Overexpres-
sion of ABL2 reversed the anti-proliferation and pro-apoptosis roles of miR-1179 in CC cells. In addition, circ_0000263 
knockdown reduced CC tumor growth by miR-1179/ABL2 axis. In brief, the results demonstrated that circ_0000263 exerted 
an oncogene role in CC, which suggested that circ_0000263 might be a promising therapeutic target for CC.
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Introduction

Cervical cancer (CC) refers to malignant tumors that occur 
in the uterine vagina and cervical canal and is one of the 
common malignant tumors in women [19, 27]. CC is consid-
ered to be the major disease threatening women’s health, and 
human papillomavirus infection is considered to be the main 
cause of CC [1, 20]. With the development of molecular 
biology and understanding of tumor development, molec-
ular targeted therapy has gradually attracted attention in 
many cancers, including CC [11, 28]. Therefore, studying 
the mechanism of CC at the molecular level is of great sig-
nificance for finding effective molecular targeted therapeutic 
targets for CC.

Circular RNA (circRNA) is a noncoding RNA with a cir-
cular structure, and its vital regulatory role in cancer devel-
opment has been shown by many studies [10, 34]. Studies 
have suggested that cancer malignant progression is often 
accompanied by the abnormal expression of circRNA, con-
firming that circRNA is closely related to tumorigenesis 
[14, 29]. In addition, circRNA has been proven to act as the 
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sponge for small noncoding RNA, microRNA (miRNA), to 
mediate the expression of downstream genes, thereby affect-
ing cell biological functions [6, 15]. In CC-related studies, 
many circRNAs have been confirmed to be involved in can-
cer progression and are expected to become targets for CC 
treatment [3, 33]. Hsa_circ_101996 was discovered to pro-
mote CC proliferation and invasion through miR-8075/TPX2 
pathway, and it might be a potential therapeutic target for CC 
[24]. Besides, studies had reported that circ_0000515 could 
sponge miR-326 to upregulate ELK1 in CC, and targeted 
inhibition of circ_0000515 had been confirmed to restrain 
CC proliferation and promote apoptosis [25].

Circ_0000263 is located at chr10 with a length of 491 bp 
and is derived from TCONS_00017720 gene. Cai et al. ana-
lyzed the differentially expressed circRNA in the GEO data-
base and found that circ_0000263 was significantly overex-
pressed in CC cells [2]. Also, further analysis revealed that 
circ_0000263 might promote the proliferation and metastasis 
of CC [2]. These results suggested that circ_0000263 might 
be a potential target for the treatment of CC. Of course, more 
evidence is needed to support this conclusion. Our study 
aims to further confirm the positive role of circ_0000263 in 
CC development and reveal its new molecular mechanism 
through looking for the targeted miRNA and downstream 
genes for circ_0000263. Our research hopes to provide new 
evidence for circ_0000263 as a therapeutic target of CC.

Materials and methods

Samples collection

CC tumor tissues and adjacent normal tissues were surgi-
cally retrieved from 55 CC patients in Renmin Hospital, 
Hubei University of Medicine. Tissues samples were stored 
at -80°C. For our study, each patient signed the written 
informed consent, and our research was approved by the 
Ethics Committee of Renmin Hospital, Hubei University 
of Medicine.

Cell culture and transfection

Human CC cells (HeLa and SiHa) were acquired from 
ATCC (Rockville, MD, USA) and were cultured in DMEM 
(Gibco, Waltham, MA, USA). Human normal cervical 
epithelial cells (HcerEpic) were bought from ScienCell 
Research Laboratories (Carlsbad, CA, USA) and cultured 
in Cervical Epithelial Cell Growth Supplement (Scien-
Cell Research Laboratories). All media were additionally 
added with 10% FBS (Gibco) and 1% penicillin/streptomy-
cin (Gibco). All cells were grown at 37°C with 5% CO2. 
Cell transfection was carried out using Lipofectamine 3000 

(Invitrogen, Carlsbad, CA, USA). The small interfering 
RNA and lentiviral short hairpin RNA of circ_0000263 
(si-circ_0000263 and sh-circ_0000263), miR-1179 mimic 
and inhibitor (miR-1179 and anti-miR-1179), pcDNA ABL 
proto-oncogene 2 (ABL2) overexpression vector (pcDNA-
ABL2), ABL2 siRNA (si-ABL2) and their controls were 
synthesized by RiboBio (Guangzhou, China).

Quantitative real‑time PCR (qRT‑PCR)

Trizol reagent (Invitrogen) was used to isolate total RNA. 
After obtaining cDNA using Reverse Transcription Kit (Inv-
itrogen), qRT-PCR was performed by SYBR Green Real-
Time PCR Kit (Toyobo, Osaka, Japan). Data were analyzed 
with 2−ΔΔCt method. In this, β-actin (for circ_0000263 and 
ABL2) or U6 (for miRNA) was utilized as the internal 
control. The primer sequences are displayed in Table 1. In 
subcellular localization analysis, PARIS Kit (Invitrogen) 
was used for isolating the nuclear and cytoplasm RNA 
from HeLa and SiHa cells, and then, the distribution of 
circ_0000263, U6 (nuclear control) and GAPDH (cytoplasm 
control) in the nuclear and cytoplasm was measured using 
qRT-PCR.

Cell counting kit 8 (CCK8) assay

After transfection, HeLa and SiHa cells were harvested and 
then the cell suspensions were reseeded into 96-well plates 
(1 × 103 cells). After overnight, cells were incubated with 
CCK8 solution (Beyotime, Shanghai, China) for 4 h at the 
specific time points. The optical density (OD) value at 450 
nm was determined to assess cell viability using a micro-
plate reader.

Table 1   Primer sequences used for qRT-PCR

Name Primers for PCR (5’-3’)

Circ_0000263 Forward CTG​TGG​GTA​CAC​GAG​CCT​CT
Reverse CTG​ACC​AGG​ATG​CAG​AGA​CA

miR-1179 Forward GCC​GAG​AAG​CAT​TCT​TTC​ATT​
Reverse CCA​GTG​CAG​GGT​CCG​AGG​T

ABL2 Forward GTT​GAA​CCC​CAG​GCA​CTA​AAT​
Reverse CAA​CGA​AGA​GAT​TAG​GGT​CACTC​

GAPDH Forward CTC​TGC​TCC​TCC​TGT​TCG​AC
Reverse CGA​CCA​AAT​CCG​TTG​ACT​CC

β-actin Forward CTT​CGC​GGG​CGA​CGAT​
Reverse CCA​CAT​AGG​AAT​CCT​TCT​GACC​

U6 Forward CTC​GCT​TCG​GCA​GCA​CAT​A
Reverse CGA​ATT​TGC​GTG​TCA​TCC​T
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Edu assay

5 × 103 HeLa and SiHa cells were seeded into 96-well plates 
and cultured for 24 h. According to the instructions of Edu 
Kit (RibiBio), cells were incubated with Edu reagent and 
then stained with DAPI solution. Fluorescence images were 
captured by a fluorescence microscope, and the Edu+ cells 
were counted as Edu- and DAPI-merged cells using ImageJ 
software.

Colony formation assay

HeLa and SiHa cells (250 per well) were seeded into six-
well plates and cultured for 14 days. Cell colonies were fixed 
with 4% paraformaldehyde and stained with 0.1% crystal 
violet. The colony pictures were acquired, and the number 
of colony cells was counted under a microscope.

Western blot (WB) analysis

RIPA lysis buffer (Beyotime) was used for isolating total 
protein. After quantification, the protein was electro-
phoresed on SDS–PAGE gel and transferred onto PVDF 
membrane. Following blocked with 5% nonfat milk, mem-
branes were incubated with the primary antibodies against 
PCNA (1:1,000, ab18197, Abcam, Cambridge, MA, USA), 
Ki67 (1:1,000, ab16667, Abcam), Bax (1:2,000, ab32503, 
Abcam), Bcl-2 (1:1,000, ab32124, Abcam), ABL2 (1:1,000, 
ab126256, Abcam) or β-actin (1:1,000, ab8227, Abcam). 
Membranes were then hatched with secondary antibody 
(1:50,000, ab205718, Abcam) and treated with Super 
Enhanced Chemiluminescence Detection Reagents (Apply-
gen, Beijing, China). Protein expression was analyzed by 
ImageJ software with β-actin as a reference gene.

Flow cytometry

Annexin V-FITC Apoptosis Detection Kit was bought from 
Beyotime. The transfected HeLa and SiHa cells were col-
lected, and then, the cell suspensions suspended with bind-
ing buffer were stained with Annexin V/FITC and PI. Cell 
apoptosis rate was examined by a flow cytometer.

Dual‑luciferase reporter assay

The binding sites between miR-1179 and circ_0000263 
were predicted by circBank and circInteractome software 
(seed sequences: CUU​ACG​A), and binding sites between 
miR-1179 and ABL2 3’UTR were predicted by Starbase3.0 
software (seed sequences: CUU​ACG​A). The predicted 
miR-1179 binding sequences (wild type, WT) or mutant 
sequences (mutant type, MUT) in circ_0000263 or ABL2 

3’UTR were amplified and sub-cloned into psiCHECK-2 
vectors by RiboBio. HeLa and SiHa cells were co-trans-
fected with the circ_0000263-WT/MUT or ABL2-3’UTR-
WT/MUT vectors and miR-1179 mimic or miR-NC. After 
48 h, cells were harvested and luciferase activity was 
detected with Dual-Luciferase Reporter Assay System (Pro-
mega, Madison, WI, USA).

Xenograft models

Male BALB/c nude mice (Vital River, Beijing, China) were 
subcutaneously injected with SiHa cells (2 × 106 /0.2 mL 
PBS) transfected with sh-NC or sh-circ_0000263 (n = 6). 
Tumor volume was calculated every 7 d by detecting tumor 
length and width. After 35 d, mice were killed, and the 
tumor was photographed and weighed. The circ_0000263, 
miR-1179 and ABL2 expression in the tumor tissues was 
detected by qRT-PCR and WB analysis. In addition, some 
tumor tissues were prepared for paraffin section and then 
immunohistochemical (IHC) staining was performed using 
Ki67 antibody (1:200, ab16667, Abcam). Animal experi-
ments were approved by the Animal Ethics Committee of 
Renmin Hospital, Hubei University of Medicine.

Statistical analysis

Data were expressed as mean ± SD from three independ-
ent experiments. GraphPad Prism 7.0 software was used 
for statistical analysis. Linear correlation was analyzed by 
Pearson’s correlation analysis. Student’s t-test and ANOVA 
followed by Tukey post hoc test or Sidak’s post hoc test 
were adopted for analysis of different groups. P < 0.05 was 
considered as significant difference.

Results

Circ_0000263 was highly expressed in CC tumor 
tissues

We measured circ_0000263 expression in 55 paired CC 
tumor tissues and adjacent normal tissues. Our data showed 
that circ_0000263 was significantly upregulated in CC tumor 
tissues compared to adjacent normal tissues (Fig. 1A). In the 
tumor tissues of CC patients with different clinical stages, 
we found that the higher the clinical stage of CC patients, the 
higher the expression of circ_0000263 (Fig. 1B).

Circ_0000263 knockdown inhibited proliferation 
and promoted apoptosis in CC cells

The circ_0000263 expression was found to be increased 
in both CC cells (HeLa and SiHa) compared to HcerEpic 
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cells (Fig. 2A). To confirm the role of circ_0000263 in CC 
progression, we transfected with si-circ_0000263 into HeLa 
and SiHa cells. The detection of circ_0000263 expression 
showed that circ_0000263 expression was markedly reduced 
in HeLa and SiHa cells transfected with si-circ_0000263 
(Fig. 2B). CCK8 assay, EdU assay and colony formation 
assay were performed to measure cell proliferation, and the 
results suggested that circ_0000263 knockdown signifi-
cantly suppressed cell viability, Edu+ cells and the number 
of colony cells (Fig. 2C-F). Not only that the protein expres-
sion of proliferation markers (PCNA and Ki67) also was 
decreased in HeLa and SiHa cells after circ_0000263 knock-
down (Fig. 2G-H). Moreover, downregulated circ_0000263 
enhanced the apoptosis rate of HeLa and SiHa cells (Fig. 2I), 
increased apoptosis marker Bax protein expression and 
reduced anti-apoptosis marker Bcl-2 protein expression 
(Fig. 2J-K). These data showed that circ_0000263 could 
promote CC proliferation and inhibit apoptosis.

MiR‑1179 could be sponged by circ_0000263

Subcellular localization analysis showed that circ_0000263 
was mainly distributed in the cytoplasm (Fig. 3A), which 
provided a necessary condition for circ_0000263 to 
become the sponge of miRNA. Then, the circBank and 
circInteractome software was used to joint predict the tar-
geted miRNAs for circ_0000263 and a total of six miRNAs 
were identified as candidate miRNAs for circ_0000263 
(Fig.  3B). After interfering with the expression of 
circ_0000263 in HeLa and SiHa cells, we found that the 
expression of miR-1179, miR-1265 and miR-338-3p was 
significantly increased, and the multiple of miR-1179 was 
the most obvious (Fig. 3C). So, miR-1179 was selected 
as the targeted miRNA for circ_0000263 in our research. 
According to the binding sites between circ_0000263 
and miR-1179, we constructed the circ_0000263-WT/
MUT vectors (Fig. 3D). MiR-1179 mimic was confirmed 
to increase miR-1179 expression in HeLa and SiHa cells 

Fig. 1   The circ_0000263 
expression in CC tumor tissues. 
(A) The circ_0000263 expres-
sion in CC tumor tissues and 
adjacent normal tissues was 
measured by qRT-PCR. (B) 
qRT-PCR was used to detect 
circ_0000263 expression in 
CC tumor tissues with different 
clinical stages. Paired t test: 1A; 
one-way ANOVA with Tukey’s 
post hoc test: 1B. *P < 0.05.

Fig. 2   Effects of si-circ_0000263 on CC cell proliferation and apop-
tosis. (A) The expression of circ_0000263 in CC cells (HeLa and 
SiHa) and HcerEpic cells was detected by qRT-PCR. (B-K) HeLa and 
SiHa cells were transfected with si-NC or si-circ_0000263. (B) The 
circ_0000263 expression was measured by qRT-PCR. CCK8 assay 
(C-D), Edu assay (E) and colony formation assay (F) were performed 

to measure cell proliferation. (G-H) The protein expression of PCNA 
and Ki67 was examined by WB analysis. (I) Cell apoptosis was deter-
mined by flow cytometry. (J-K) WB analysis was performed to meas-
ure the protein expression of Bax and Bcl-2. One-way ANOVA with 
Tukey’s post hoc test: 2A; unpaired t test: 2B and 2E-K; two-way 
ANOVA with Sidak’s post hoc test: 2C-D. *P < 0.05.
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(Fig. 3E). Then, the circ_0000263-WT/MUT vectors and 
miR-1179 mimic were co-transfected into HeLa and SiHa 
cells to perform dual-luciferase reporter assay. The results 
suggested that miR-1179 mimic inhibited the luciferase 
activity of circ_0000263-WT vector without affecting that 
of the circ_0000263-MUT vector (Fig. 3F-G). Besides, 
we confirmed that miR-1179 was lowly expressed in CC 
tumor tissues and its expression was negatively corre-
lated with circ_0000263 expression (Fig. 3H-I). All data 
revealed that circ_0000263 acted as a sponge of miR-1179.

MiR‑1179 inhibitor partially reversed the regulation 
of si‑circ_0000263 on CC progression

In HeLa and SiHa cells, we found that miR-1179 also was 
lower than that in HcerEpic cells (Fig. 4A). To confirm 
whether circ_0000263 regulated CC progression by spong-
ing miR-1179, the rescue experiments were performed. 
First, anti-miR-1179 indeed markedly reduced miR-1179 
expression in HeLa and SiHa cells (Fig. 4B). Then, si-
circ_0000263 and anti-miR-1179 were co-transfected 
into HeLa and SiHa cells. The results showed that miR-
1179 inhibitor partially reversed the inhibition effects of 
circ_0000263 knockdown on cell viability, Edu+ cells, the 
number of colony cells and the protein expression of PCNA 

Fig. 3   Circ_0000263 sponged miR-1179. (A) Subcellular localiza-
tion analysis was used to determine the distribution of circ_0000263 
in nuclear and cytoplasm. (B) Venn diagram showed the targeted 
miRNAs of circ_0000263 predicted by circInteractome and circBank 
software. (C) The expression of candidate miRNAs was meas-
ured by qRT-PCR in HeLa and SiHa cells transfected with si-NC 
or si-circ_0000263. (D) The binding sites and mutant sites between 
circ_0000263 and miR-1179 were shown. (E) The transfection effi-
ciency of miR-1179 mimic was confirmed by detecting miR-1179 

expression using qRT-PCR. (F-G) Dual-luciferase reporter assay 
was utilized for measuring the interaction between circ_0000263 
and miR-1179. (H) The expression of miR-1179 in CC tumor tissues 
and adjacent normal tissues was examined by qRT-PCR. (I) Pear-
son’s correlation analysis was performed to assess the correlation 
between circ_0000263 expression and miR-1179 expression in CC 
tumor tissues. Unpaired t test: 3A and 3C; Welch’s t test: 3E; two-way 
ANOVA with Sidak’s post hoc test: 3F-G; paired t test: 3H; Pearson’s 
correlation test: 3I. *P < 0.05.
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and Ki67 (Fig. 4C-H). Also, the promotion of apoptosis 
induced by circ_0000263 downregulation also could be 
abolished by miR-1179 inhibitor in HeLa and SiHa cells 
(Fig. 4I). WB analysis results suggested that anti-miR-1179 
also reversed the increasing effect of si-circ_0000263 on 
Bax protein expression and the decreasing effect on Bcl-2 
protein expression in HeLa and SiHa cells (Fig. 4J-K). 
These data revealed that circ_0000263 promoted CC pro-
gression by sponging miR-1179.

ABL2 was a target of miR‑1179

The Starbase3.0 software predicted that miR-1179 could 
bind with the 3’UTR of ABL2 (Fig.  5A). Also, dual-
luciferase reporter assay was used to verify the interaction 
between miR-1179 and ABL2 and the results confirmed that 
miR-1179 mimic only could reduce the luciferase activity of 
ABL2 3’UTR-WT vector (Fig. 5B-C). To further assess the 
regulation of miR-1179 on ABL2 expression, we detected 
ABL2 expression in HeLa and SiHa cells transfected with 
miR-1179 mimic or inhibitor. Our data showed that ABL2 
expression could be decreased by miR-1179 overexpres-
sion and promoted by miR-1179 inhibition at the mRNA 
level and protein level (Fig. 5D-E). Therefore, we confirmed 
that miR-1179 could target ABL2 in CC. In addition, the 

mRNA and protein expression of ABL2 was discovered to 
be upregulated in CC tumor tissues compared to adjacent 
normal tissues (Fig. 5F-G).

MiR‑1179 inhibited CC proliferation and enhanced 
apoptosis by targeting ABL2

At the mRNA level and protein level, ABL2 expression was 
significantly increased in CC cells (HeLa and SiHa) compared 
with that in HcerEpic cells (Fig. 6A-B). To confirm the role of 
ABL2 in CC progression, si-ABL2 was constructed to silence 
ABL2 expression in CC cells (Supplementary Fig. 1A). We 
measured CC cell proliferation and apoptosis. The results 
indicated that ABL2 knockdown repressed cell viability, Edu+ 
cells, colony numbers and the protein expression of PCNA 
and Ki67 (Supplementary Fig. 1B-G). Moreover, silencing of 
ABL2 accelerated cell apoptosis rate and Bax protein expres-
sion, but decreased Bcl-2 protein expression (Supplementary 
Fig. 1H-J). In this, we confirmed that ABL2 might contrib-
ute to CC progression. To reveal that miR-1179 targeted 
ABL2 to mediate CC progression, we performed the rescue 
experiments. The pcDNA-ABL2 could significantly promote 
ABL2 mRNA and protein expression in HeLa and SiHa cells 
(Fig. 6C-D). After that, miR-1179 mimic and pcDNA-ABL2 
were co-transfected into HeLa and SiHa cells. Through evalu-
ating cell proliferation, we found that miR-1179 overexpres-
sion could suppress cell viability, Edu+ cells and the number 

Fig. 4   Effects of si-circ_0000263 and anti-miR-1179 on CC progres-
sion. (A) The expression of miR-1179 in CC cells (HeLa and SiHa) 
and HcerEpic cells was analyzed by qRT-PCR. (B) The transfection 
efficiency of anti-miR-1179 was confirmed by measuring miR-1179 
expression using qRT-PCR. (C-K) HeLa and SiHa cells were trans-
fected with si-NC, si-circ_0000263, si-circ_0000263 + anti-NC or 
si-circ_0000263 + anti-miR-1179. CCK8 assay (C-D), Edu assay (E) 

and colony formation assay (F) were used for detecting cell prolifera-
tion. (G-H) WB analysis was performed to detect the protein expres-
sion of PCNA and Ki67. (I) Flow cytometry was used to measure 
cell apoptosis. (J-K) The protein expression of Bax and Bcl-2 was 
determined using WB analysis. One-way ANOVA with Tukey’s post 
hoc test: 4A and 4E-K; unpaired t test: 4B; two-way ANOVA with 
Sidak’s post hoc test: 4C-D.*P < 0.05.
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of colony cells, as well as decrease the protein expression of 
PCNA and Ki67, while these effects could be abolished by 
overexpressing ABL2 (Fig. 6E-J). Meanwhile, miR-1179 
mimic promoted cell apoptosis rate and Bax protein expres-
sion, but inhibited Bcl-2 protein expression. However, ABL2 
overexpression also could reverse the pro-apoptosis effect 
of miR-1179 on CC cells (Fig. 6K-L). All data revealed that 
ABL2 participated in the regulation of miR-1179 on CC pro-
liferation and apoptosis.

Circ_0000263 positively regulated ABL2 
through sponging miR‑1179

Through correlation analysis, we found that ABL2 mRNA 
expression was negatively correlated with miR-1179 expres-
sion and positively correlated with circ_0000263 expression 
in CC tumor tissues (Fig. 7A-B). To further illuminate that 
circ_0000263 could sponge to regulate ABL2, we detected 
ABL2 expression in HeLa and SiHa cells transfected with 

si-circ_0000263 and anti-miR-1179. Our results observed 
that circ_0000263 knockdown remarkably reduced the 
mRNA and protein expression of ABL2, while these effects 
were partially eliminated by miR-1179 inhibitor (Fig. 7C-D). 
The above data showed that circ_0000263 could regulate 
ABL2 by sponging miR-1179.

Interference of circ_0000263 inhibited CC tumor 
growth via miR‑1179/ABL2 axis

Xenograft tumor was built to confirm the role of 
circ_0000263 in CC tumor growth in vivo. The results 
showed that the tumor volume and tumor weight in the 
sh-circ_0000263 group were markedly decreased com-
pared to the sh-NC group (Fig. 8A-B). The downregulated 
circ_0000296 expression confirmed that circ_0000263 
expression was indeed inhibited in the tumor tissues of 
sh-circ_0000263 group (Fig. 8C). Besides, we found that 
miR-1179 expression was increased, while ABL2 mRNA 

Fig. 5   ABL2 was a target of miR-1179. (A) The binding sites and 
mutant sites between ABL2 3’UTR and miR-1179 were shown. (B-
C) Dual-luciferase reporter assay was used to evaluate the interaction 
between ABL2 and miR-1179. (D-E) qRT-PCR and WB analysis 
were used to measure the mRNA and protein expression of ABL2 in 
HeLa and SiHa cells transfected with miR-1179 mimic or inhibitor. 

(F-G) The mRNA and protein expression of ABL2 was examined by 
qRT-PCR and WB analysis in CC tumor tissues and adjacent normal 
tissues. Two-way ANOVA with Sidak’s post hoc test: 5B-C; one-way 
ANOVA with Tukey’s post hoc test: 5D-E; paired t test: 5F; unpaired 
t test: 5G.*P < 0.05.
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and protein expression was reduced in the tumor tissues of 
sh-circ_0000263 group (Fig. 8D-F). The results of Ki67 
IHC staining revealed that the Ki67-positive cell rate in the 
tumor tissues of sh-circ_0000263 group was significantly 
lower than that in the control group (Fig. 8G). Above all, 
we confirmed that circ_0000263 played a tumor-promoting 
role in CC.

Discussion

Thanks to the rapid development of bioinformatics technol-
ogy, the role of differentially expressed circRNAs in tumori-
genesis has attracted great attention [4, 12]. At present, some 
circRNAs have been confirmed as the potential therapeutic 

Fig. 6   Effects of miR-1179 and ABL2 on CC progression. (A-B) The 
mRNA and protein expression of ABL2 in CC cells (HeLa and SiHa) 
and HcerEpic cells was detected by qRT-PCR and WB analysis. (C-
D) The transfection efficiency of pcDNA-ABL2 was confirmed by 
testing ABL2 mRNA and protein expression with qRT-PCR and WB 
analysis. (E-L) HeLa and SiHa cells were transfected with miR-NC, 
miR-1179, miR-1179 + pcDNA or miR-1179 + pcDNA-ABL2. Cell 

proliferation was determined using CCK8 assay (E-F), Edu assay (G) 
and colony formation assay (H). (I-J) WB analysis was used to exam-
ine the protein expression of PCNA and Ki67. (K) Cell apoptosis was 
analyzed using flow cytometry. (L) The protein expression of Bax and 
Bcl-2 was detected by WB analysis. One-way ANOVA with Tukey’s 
post hoc test: 6A-B and 6G-L; Welch’s t test: 6C; unpaired t test: 6D; 
two-way ANOVA with Sidak’s post hoc test: 6E-F. *P < 0.05.
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and prognostic targets for CC. CircRNAs that are highly 
expressed in CC often play a role as oncogenic genes in 
the progression of CC, such as circ_0000285 [5], circCLK3 
[8] and circ_SLC26A4 [9]. Our research explored the role 
of circ_0000263, a circRNA reported to be upregulated in 
CC cells, in the progression of CC. Our results showed that 
circ_0000263 was overexpressed in CC tissues, and this 
high expression was related to clinical stage, tumor size 
and lymphoid node metastasis of CC patients. Consistent 
with the results of previous studies [2], we confirmed that 
circ_0000263 was an upregulated circRNA in CC cells, and 
its knockdown inhibited cell proliferation and promoted 
apoptosis. Moreover, silencing of circ_0000263 also showed 
an inhibitory effect on the growth of CC tumors. Here, the 
pro-cancer role of circ_0000263 had been further confirmed 
in CC, suggesting that circ_0000263 might be a potential 
target for CC treatment.

The mechanism by which circRNAs act as sponges for 
miRNAs has been widely demonstrated. Through subcel-
lular localization analysis, we confirmed that circ_0000263 
was mainly expressed in the cytoplasm, suggesting that 
circ_0000263 might affect the biological functions of CC 
cells at the post-transcriptional level. In combination with 

bioinformatics analysis and further detection, we determined 
that circ_0000263 could serve as a sponge for miR-1179. 
The anti-tumor role of miR-1179 had been confirmed in 
many cancers. For example, Li et al. showed that miR-1179 
had a suppressive effect on gastric cancer proliferation 
[13], and Liu et al. reported that silenced miR-1179 could 
enhance the proliferation and metastasis of nasopharyngeal 
carcinoma [16]. Recently, the role of miR-1179 in CC had 
also been clarified, and it had a significant inhibitory effect 
on the proliferation, adhesion and migration of CC [22, 32]. 
According to a new study, miR-1179 was underexpressed in 
CC and could hinder CC invasion [18]. Here, the low expres-
sion of miR-1179 in CC tissues and cells was also confirmed 
in this study. MiR-1179 inhibitor reversed the anti-prolifera-
tion and pro-apoptosis effect of si-circ_0000263, indicating 
that circ_0000263 indeed targeted miR-1179 to mediate the 
malignant progression of CC. In addition, upregulated miR-
1179 also showed a negatively regulation on CC prolifera-
tion, which was consistent with previous reports [18, 22, 32].

ABL2 is a cytoplasmic tyrosine kinase that regulates 
cell growth, metastasis and adhesion in the body [7, 26]. 
In general, ABL2 usually acts as a cancer-promoting gene 
in cancers, including gastric cancer [17], hepatocellular 
carcinomas [30] and renal cell carcinoma [31]. In previous 

Fig. 7   Circ_0000263 regulated ABL2 by sponging miR-1179. (A-
B) Pearson’s correlation analysis was used to assess the correlation 
between ABL2 expression and miR-1179 expression or circ_0000263 
expression in CC tumor tissues. (C-D) The mRNA and protein 

expression of ABL2 was determined by qRT-PCR and WB analysis 
in HeLa and SiHa cells transfected with si-circ_0000263 and anti-
miR-1179. Pearson’s correlation test: 7A-B; one-way ANOVA with 
Tukey’s post hoc test: 7C-D. *P < 0.05.
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studies, ABL2 was discovered to be significantly overex-
pressed in CC, and its knockdown restrained the prolifera-
tion and migration of CC [21]. In addition, miR-214, as a 
tumor suppresser in CC, had been found to upregulate ABL2 
expression in CC cells, confirming that ABL2 might act as 
oncogene role in CC [23]. In this, we put forward that ABL2 
was overexpressed in CC tissues and cells, and miR-1179 
could target ABL2. Knockdown of ABL2 hindered CC cell 
growth, confirming that ABL2 might play an pro-cancer role 

in CC. MiR-1179 contributed to the proliferation inhibition 
and apoptosis promotion in CC cells could be reversed by 
overexpressing ABL2, suggesting that miR-1179 inhibited 
CC progression through targeting ABL2. Moreover, we 
confirmed that circ_0000263 had a positively regulation on 
ABL2 expression in vivo and in vitro, which fully improved 
the conclusion that the circ_0000263/miR-1179/ABL2 axis 
mediated the progression of CC.

Fig. 8   Effects of sh-circ_0000263 on CC tumor growth. HeLa cells 
were transfected with sh-NC or sh-circ_0000263, followed by injec-
tion into nude mice. (A) Tumor volume was measured every 7 d. (B) 
After 35 d, tumor was photographed and weighted. (C-E) The expres-
sion of circ_0000263, miR-1179 and ABL2 in the tumor tissues was 

detected by qRT-PCR. (F) The protein expression of ABL2 in the 
tumor tissues was examined by WB analysis. (G) IHC staining was 
used to determine Ki67-positive cell rate in the tumor tissues. Two-
way ANOVA with Sidak’s post hoc test: 8A; unpaired t test: 8B-G. 
*P < 0.05.
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In conclusion, our findings elucidated that circ_0000263 
promoted the malignant progression of CC through sponging 
miR-1179 to modulate ABL2, suggesting that circ_0000263 
might be used as a target for CC therapy.
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