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Hsa_circ_0072008 regulates cell proliferation, migration, and invasion in cervical 
squamous cell carcinoma via miR-1305/helicase, lymphoid specific (HELLS) axis
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ABSTRACT
Cervical squamous cell carcinoma (CESC) is one of the most common cancers in women. Recent 
studies have proved that circular RNAs (circRNAs) could regulate the progress of CESC, but the 
mechanism is still indistinct. In this work, we explored the roles of circ_0072008 in CESC. The 
expression levels of circ_0072008, microRNA-1305 (miR-1305) and mRNA of HELLS (helicase, 
lymphoid specific) were detected by quantitative real-time reverse transcription-polymerase 
chain reaction (qRT-PCR) in CESC tissues. Meanwhile, the level of HELLS was quantified by western 
blot analysis. Besides, the cell functions were examined by colony formation assay, 5-Ethynyl-2’- 
deoxyuridine (EdU) assay, wound healing assay, flow cytometry assay and western blot. 
Furthermore, the interaction between miR-1305 and circ_0072008 or HELLS was detected by dual- 
luciferase reporter assay. The function of circ_0072008 in CESC has also been further verified in 
vivo by xenograft model experiments. The levels of circ_0072008 and HELLS were upregulated, 
and the miR-1305 level was decreased in CESC tissues in contrast to that in normal tissues. For 
functional analysis, silencing circ_0072008 inhibited cell proliferation and cell migration, whereas 
enhanced cell apoptosis in CESC cells. In mechanism, circ_0072008 acted as a miR-1305 sponge to 
regulate the level of HELLS. Moreover, miR-1305 was confirmed to repress the progression of CESC 
cells by suppressing HELLS. Meanwhile, knockdown of circ_0072008 inhibited CESC cells growth in 
vivo. In conclusion, circ_0072008 facilitated CESC cell proliferation, migration, and invasion 
through increasing HELLS expression by regulating miR-1305, which also offered an underlying 
targeted therapy for CESC treatment.
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1 Introduction

Cervical squamous cell carcinoma (CESC) is a 
common cause of cancer-related death in women 
[1]. Human papillomavirus (HPV) is the causative 
agent of CESC, and its continuous and repeated 
infection is the main cause of CESC [2]. In recent 
years, with the widespread implementation of 
CESC screening, the incidence and mortality of 
CESC have decreased significantly [1]. However, 
for patients with terminal stages of CESC, the 
current treatment is not ideal. Therefore, we 
urgently need to find a new way to treat CESC.

Circular RNAs (circRNAs) are a type of RNAs 
that have no 5’-caps and 3’-tails, which could 
stabilize existence in plentiful types of organisms 
and regulate a variety of cellular biological func-
tions [3,4]. For instance, circ-myosin X (MYO10) 
regulates cell proliferation in osteosarcoma pro-
gression [5]. Besides, circ-DNA polymerase alpha 
2 (POLA2) takes part in the cell migration and 
invasion in CESC [6]. Moreover, circ_0101996 acts 
as a biomarker for CESC [7]. In addition, circ- 
ATPase family AAA domain containing 1 
(ATAD1) participates in cell proliferation and 
apoptosis in CESC [8]. An article analyzing the 
circRNA/miRNA/mRNA network in CESC 
showed that circ_0072008 was up-regulated in 
CESC [9], but the function of circ_0072008 in 
CESC has not been confirmed.

MicroRNAs (miRNAs) are a class of small 
RNAs that inhibit the target genes expressed to 
regulate the subsequent biology processes [3,4]. 
For example, miR-1305 is related to cell metastasis 
in bladder cancer [10]. Besides, miR-1305 takes 
part in regulating cell adhesion and cell apoptosis 
in esophageal squamous cell carcinoma cells [11]. 
Moreover, miR-1305 acts as a vital regulator in 
hepatocellular carcinoma [12]. However, the 
understanding of the influence of miR-1305 in 
CESC is still restricted.

HELLS (helicase, lymphoid specific), a member 
of the SNF2-like family, is important for DNA 
methylation [13]. In addition, HELLS is highly 
expressed in glioblastoma and can regulate glioma 
progression [14]. Moreover, HELLS plays an 
important role in normal development [15]. In 
mouse models, HELLS mutated mice showed 
signs of growth retardation and premature aging 

[16]. However, the relationship between HELLS 
and the CESC is still indistinct, which is worth 
studying in detail.

In this study, we aimed to figure out the action 
and regulation mechanism of circ_0072008 in 
CESC. The research revealed that circ_0072008 
facilitates CESC cell proliferation, migration, and 
invasion. Our results may provide new ideas for 
targeted therapy of CESC and provide a molecular 
theoretical basis for subsequent clinical treatment.

2 Materials and methods

2.1. Clinical tissue samples

The study was approved by the Ethics Committee 
of Jingmen NO. 1 People’s Hospital (2020JM 
Y-012-03). We collected 49 pairs of CESC tumor 
tissues and adjacent normal cervix tissues, which 
were gathered from Jingmen NO. 1 People’s 
Hospital. In addition, normal epithelium samples 
(n = 10), cervical intraepithelial neoplasia (CIN) 1 
samples (n = 13), CIN 2 samples (n = 11), CIN 3 
samples (n = 15) were obtained in the same hos-
pital. The subject samples were obtained in com-
pliance with the Declaration of Helsinki. All 
patients and volunteers have written the informed 
consent, and all samples were conserved at −80°C.

2.2. Cell lines and cell culture

The CESC cell lines (SW756 and SiHa) and the 
control cell line (Ect1/E6E7) were acquired from 
American type culture collection (ATCC, 
Manassas, VA, USA). All cells were cultured 
with 5% CO2. The SW756 cell line was cultured 
in Leibovitz’s L-15 Medium (ATCC) supplemen-
ted with 10% FBS (Thermo Fisher Scientific, 
Waltham, MA, USA) at 37°C with 100% air. 
The SiHa cell line was cultured in Eagle’s 
Minimum Essential Medium (EMEM) (ATCC) 
supplemented with 10% FBS (Thermo Fisher 
Scientific) at 37°C with 95% air and 5% CO2. 
The Ect1/E6E7 cell line was maintained in kera-
tinocyte-Serum Free medium (Thermo Fisher 
Scientific) supplemented with calcium chloride 
44.1 mg/L (Sigma) at 37°C with 95% air and 5% 
CO2.

8312 C. HE AND L. LIU



2.3. Quantitative real-time reverse 
transcription-polymerase chain reaction 
(qRT-PCR)

All tissues and cells RNA was extracted by a Trizol 
reagent (Sigma). The Prime Script RT reagent kit 
(Thermo Fisher Scientific) was applied for 
circ_0072008 and HELLS reverse transcription. 
Meanwhile, miRNA was reverse transcribed using 
a miRNA First-Strand Synthesis kit (Takara, 
Tokyo, Japan) for miR-1305. Next, cDNA was 
synthesized and used for qRT-PCR with an SYBR 
Green kit (Takara). GAPDH and RNU6 (U6) were 
used as endogenous controls to standardize 
circRNA and miRNA expression levels, respec-
tively. The primer as follow: circ_0072008, F: 5’- 
GTTTCAAGCCGCAACAACCA-3’ and R: 5’-TC 
AAAGCAGCACGCATACAG-3’; MYO10 mRNA, 
F: 5’-AGCTGTCTCCACTGCTCTTG-3’ and R: 5’- 
CTTTGGGGCTGACATAGGGG-3’; miR-1305, F: 
5’-GCCGAGTTTTCAACTCTAATGG-3’ and R: 
5’-CTCAACTGGTGTCGTGGA-3’; HELLS, F: 5’- 
TGAGGGCTTCTTTGAAGGCAA-3’ and R: 5’- 
GTACGGTTCACAATGGCTGT-3’; GAPDH, F: 
5’-TCCCATCACCATCTTCCAGG-3’ and R: 5’- 
GATGACCCTTTTGGCTCCC-3’; U6, F: 5’-CTCG 
CTTCGGCAGCACATATACT-3’ and R: 5’-ACG 
CTTCACGAATTTGCGTGTC-3’. Relative expres-
sions were calculated with the 2−ΔΔCt method [17].

2.4. Western blot

The method of Western blot was as previously 
reported [18]. The antibodies as follows: anti- 
HELLS (ab3851; 1:1,000; Abcam, Cambridge, 
MA, USA), anti-PCNA (ab29; 1:500; Abcam), anti- 
Bax (ab32503; 1:1,000; Abcam) and and anti-β- 
actin (ab8227; 1:1000; Abcam).

2.5. RNase R degradation assay

The RNA was treated with RNase R (Epicenter 
Technologies, Madison, WI, USA) as described 
previously [19]. Moreover, the MYO10 mRNA 
was employed as a control. At that moment, the 
levels of circ_0072008 and MYO10 mRNA were 
detected.

2.6. Cell transfection

The si-circ_0072008, sh-circ_0072008, the control 
(si-NC, sh-NC), miR-1305 mimic, miR-1305 inhi-
bitor and controls, the HELLS and control 
(pcDNA) were acquired from Ribobio 
(Guangzhou, China). These plasmids or oligonu-
cleotides were transferred in into CESC cells by 
using Lipofectamine 2000 (Thermo Fisher 
Scientific).

2.7. Colony formation assay

The procedure for this experiment was as pre-
viously reported [20]. After post-transfection, the 
CESC cells were plated on the 6-well plates. After 
14 days, the cells were fixed and stained, and the 
colony number was photographed and counted 
under a microscope (Olympus, Tokyo, Japan)

2.8. Cell proliferation assay

In this experiment, the Cell-Light 5-Ethynyl-2’- 
deoxyuridine (EdU) Apollo488 kit (RiboBio, 
Guangzhou, China) was used to analyze cell pro-
liferation following the operating procedures. EdU 
positive cells showed green light and nuclei were 
stained using DAPI solution (Thermo Scientific) 
with blue light. Images were acquired using a 
fluorescence photomicroscope (Carl Zeiss, 
Oberkochen, Germany).

2.9. Wound-healing assay

After post-transfection, the CESC cells were plated 
on the 6-well plates. In simple terms, the cells were 
scraped and treated with FBS-free media for 24 h. 
Next, the distances between two cell edges were 
measured by Image J. This experiment was done as 
previously reported [21].

2.10 Flow cytometry assay

The CESC cells after varied transfection were 
seeded in 6-well plates. As described by Wang et 
al., the Annexin V-FITC Apoptosis Detection Kit 
(Sigma) was used to treat every group of cells [22]. 
The apoptosis cells were observed under a flow 
cytometry.
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2.11. Dual-luciferase reporter assay

The binding site between miR-1305 and 
circ_0072008 or HELLS was estimated by starbase 
(http://starbase.sysu.edu.cn). Then, the wild and 
mutant circ_0072008 and HELLS were synthesized 
from Ribobio (circ_0072008 wt, HELLS 3�UTR wt 
or circ_0072008 mut, HELLS 3�UTR mut). The 
luciferase activity was tested with a dual-luciferase 
reporter assay system (Promega, Madison, WI, 
USA) based on the user’s manual.

2.12. RNA pull-down

The Bio-miR-1305 and Bio-miR-NC were synthe-
sized from RiboBio. A Pierce Magnetic RNA- 
Protein Pull-Down Kit (Sigma) was used to recog-
nize the interaction between miR-1305 and 
circ_0072008 following the user’s manual. After 
post-transfection, CESC cells were nurtured with 
the probe-bead complex for 3 h. After, the beads 
were collected, and removed the protein and DNA, 
respectively. Lastly, the level of circ_0072008 was 
measured.

2.13. Xenograft models

The research abided by the direction of the Animal 
Care and Use Committee of Jingmen NO. 1 
People’s Hospital. This study was conducted in 
full accordance with the ARRIVE guidelines [23]. 
All female nude mice were gotten from Beijing 
Vital River Laboratory Animal Technology 
(Beijing, China). SW756 cells (1 × 106) with sh- 
circ_0072008 or the sh-NC were inoculated into 
mice (two groups, n = 6/group, 6 weeks of age; 18– 
22 g). Lastly, tumor volume was registered once a 
week suitable for the formula: Tumor 
volume = length × width2 × 0.5. After 35 days, 
these tumor tissues were carved for further 
experiment.

2.14. Immunohistochemistry (IHC) assay

Firstly, the tumor specimens were made into par-
affin slides, followed by antigen retrieval. 
Afterward, tissue slides incubated at 4°C overnight 
with anti-Ki67 (ab92742; 1:1,000; Abcam). Then, 
the tumor slides were nurtured with HRP- 

conjugated secondary antibody (ab205718; 
1:1,000; Abcam). Eventually, the slides were 
stained using diaminobenzidine (Sigma) and 
observed [24].

2.15 Statistical assay

All data were gotten from no less than three inde-
pendent reiterations and investigated using SPSS 
23.0 (SPSS, USA). Student’s t-test was employed to 
examine the statistical differences between two 
groups, and ANOVA was administrated to com-
pare the statistical differences among multiple 
groups. P < 0.05 was significant.

3. Results

3.1. The expression of circ_0072008 was 
upregulated in CESC tissues and cells

An article analyzing the circRNA/miRNA/mRNA 
network in CESC showed that circ_0072008 was 
up-regulated in CESC [9]. To figure out the func-
tion of circ_0072008 in CESC, we detected 
circ_0072008 expression in CESC tissues. qRT- 
PCR assay showed that the expression of 
circ_0072008 was significantly increased in CESC 
tissues (n = 49) relative to paracancer tissues 
(n = 49) (Figure 1(a)). Also, circ_0072008 expres-
sion levels were higher in tumor samples at stages 
II, III, and IV than that in tumor samples at stage I 
(supplementary Fig. 1A). In addition, 
circ_0072008 was highly expressed in CIN3 sam-
ples compared to normal samples, but there was 
no marked change in CIN1 and CIN2 samples 
(supplementary Fig. 1B). Besides, circ_0072008 
was significantly upregulated in SW756 and SiHa 
cells in comparison to the Ect1/E6E7 cells (Figure 
1(b)). RNase R and Act D assays were done to 
determine the stability of circ_0072008. The 
expression of MYO10 mRNA was significantly 
reduced, while circ_0072008 was resistant to 
RNase R digestion (Figure 1(c,d)). Moreover, the 
half-life of circ_0072008 was longer than linear 
MYO10 (Figure 1(e,f)). In a word, the 
circ_0072008 is more outstanding upregulated in 
CESC tissues and cells, which might take effects in 
CESC progression. In addition, circ_0072008 
structure pattern was verified as a circular RNA.
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3.2. Silencing circ_0072008 inhibited cell 
proliferation and cell migration, whereas 
enhanced cell apoptosis in CESC cells

Transfection efficiency of si-circ_0072008 was 
detected by qRT-PCR. The results specified that 
circ_0072008 expression was restricted in CESC 
cells transfected with si-circ_0072008 compared 
to the si-NC group (Figure 2(a)). Functionally, 
the results of colony formation assay and EdU 
assay revealed that the si-circ_0072008 inhibited 
cell proliferation (Figure 2(b,c)). Figure 2(d) dis-
played that silence of circ_0072008 decreased the 
cell migration. In addition, the results of flow 
cytometry assay suggested that the si-circ 
_0072008 transfection promoted cell apoptosis 

(Figure 2(e)). The PCNA and Bax are vital to cell 
proliferation and apoptosis. The downregulation 
of circ_0072008 dramatically restrained the 
expression of PCNA, but enhanced the expression 
of Bax (Figure 2(f,g)). Our results demonstrated 
that circ_0072008 deficiency inhibited cell prolif-
eration and cell migration, whereas enhanced cell 
apoptosis in CESC cells.

3.3 MiR-1305 acted as the target of 
circ_0072008 in CESC cells

Starbase predicted that the miR-1305 is a target of 
circ_0072008 (Figure 3(a)). In addition, level of 
miR-1305 was obviously impeded in CESC tissues 

Figure 1. Circ_0072008 expression was enhanced in CESC tissues. (a) The expression of circ_0072008 in CESC tissues was detected 
by qRT-PCR. (b) The relative levels of circ_0072008 in CESC cells were detected by qRT-PCR. (c and d) The levels of circ_0072008 and 
MYO10 mRNA after RNase R treatment were detected by qRT-PCR. (e and f) The levels of circ_0072008 and MYO10 mRNA after Act D 
treatment were detected by qRT-PCR. ***P < 0.001.
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Figure 2. Circ_0072008 knockdown inhibited CESC progression. (a) The silencing efficiency of si-circ_0072008 was measured by qRT- 
PCR. (b) The colony formation assay revealed the cell proliferation. (c) The EdU assay unfolded the cell proliferation. (d) The wound 
healing assay measured the cell migration. (e) The flow cytometry assay showed the cell apoptosis. (f and g) The protein level of 
PCNA and Bax were examined by Western blot. ***P < 0.001.

Figure 3. Circ_0072008 acted as a sponge for miR-1305. (a) The targeted miRNAs of circ_0072008 were forecast by starbase. (b and 
c) The expression of miR-1305 in CESC tissues and cells was measured by qRT-PCR. (d and e) Dual-luciferase reporter assay was used 
to verify the relationship between circ_0072008 and miR-1305. (f) RNA pull-down assay was used to verify the relationship between 
circ_0072008 and miR-1305. ***P < 0.001.
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(n = 49) with respect to paracancer tissues (n = 49) 
(Figure 3(b)). Also, miR-1305 was downregulated 
in tumor samples at stages II, III, and IV com-
pared with tumor samples at stage I (supplemen-
tary Fig. 1C), and its expression was lower in CIN3 
samples than that in normal samples, while there 
was no significant difference in CIN1 and CIN2 
samples (supplementary Fig. 1D). Moreover, our 
data also manifested that miR-1305 was downre-
gulated in SW756 and SiHa cells in comparison to 

the Ect1/E6E7 cells (Figure 3(c)). Figure 3(d,e) 
implicated that the luciferase activity was greatly 
decreased in circ_0072008 wt and miR-1305 co- 
transfected in CESC cells compared to 
circ_0072008 wt and miR-NC co-transfected 
groups even though no difference was found 
between circ_0072008 mut and miR-1305 co- 
transfection groups. The RNA-pulldown assay elu-
cidated the direct reciprocity between miR-1305 
and circ_0072008 in CESC cells (Figure 3(f)). In 

Figure 4. Circ_0072008 facilitated the progression of CESC by sponging miR-1305. (a) The expression of miR-1305 was detected by 
qRT-PCR. (b and c) The cell proliferation, (d) the cell migration, (e) the cell apoptosis, (f and g) the protein levels of PCNA and Bax 
were detected by colony formation assay, EdU assay, wound healing assay, flow cytometry assay, and western blot. **P < 0.01, ***P 
< 0.001.
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a word, these results indicated that circ_0072008 
acted as a sponge for miR-1305 in CESC, and it 
may play an important role in CESC development.

3.4 MiR-1305 knock-down reversed 
si-circ_0072008 effect in CESC cells

Figure 4(a) demonstrated that the level of miR- 
1305 expression was drastically hindered by miR- 
1305 inhibitor in CESC cells. Functionally, si-circ 
_0072008 constrained cell proliferation, but miR- 
1305 inhibitor reduced the impact in CESC cells 
(Figure 4(b,c)). Moreover, the miR-1305 knock-
down relieved the effect of si-circ_0072008 on 
cell migration and apoptosis of CESC cells 
(Figure 4(d,e)). In addition, miR-1305 inhibitor 
could inhibit the effect of si-circ_0072008 on the 
level of PCNA and Bax in CESC cells (Figure 4(f, 
g)). Our results manifested that circ_0072008 
knockdown inhibited the progression of CESC, 

whereas miR-1305 inhibitor could lessen the 
impact.

3.5 MiR-1305 targeted HELLS in CESC cells

Starbase was applied to predict the binding sites 
of miR-1305 in HELLS 3�UTR (Figure 5(a)). 
Figure 5(b,c) unfolded that the mRNA and pro-
tein level of HELLS was obviously upregulated in 
CESC tissues with respect to paracancer tissues. 
We also observed an overt elevation in HELLS 
expression in tumor samples at stages II, III, and 
IV relative to tumor samples at stage I (supple-
mentary Fig. 1E), and the expression of HELLS 
mRNA was higher in CIN3 samples than that in 
normal samples (supplementary Fig. 1F). 
Moreover, the levels of HELLS were enhanced 
in SW756 and SiHa cells in comparison to the 
Ect1/E6E7 cells (Figure 5(d,e)). Meanwhile, the 
luciferase activity of HELLS 3�UTR wt group 

Figure 5. MiR-1305 targeted HELLS in CESC cells. (a) The binding site between miR-1305 and HELLS was analyzed by starbase. (b–e) 
The expression of HELLS was detected by qRT-PCR and western blot. (f and g) Dual-luciferase reporter assay was used to confirm the 
relationship between miR-1305 and HELLS. (h–k) The expression of HELLS was detected by western blot. **P < 0.01, ***P < 0.001.
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was notably downregulated after miR-1305 
mimic transfection. However, the luciferase 
activity of HELLS 3�UTR mut group was not 
significantly changed by miR-1305 (Figure 5(f, 
g)). Besides, the level of HELLS was significantly 
increased by miR-1305 inhibitor (Figure 5(h,i)). 
Moreover, the expression of HELLS was signifi-
cantly decreased by si-circ_072008, but increased 
by transfected miR-1305 inhibitor (Figure 5(j, 
k)). Collectively, these discoveries suggested 

that miR-1305 could interact with HELLS to 
inhibit its expression.

3.6 HELLS reversed si-circ_0072008 effect in 
CESC cells

The HELLS expression was markedly increased by 
HELLS overexpression in CESC cells (Figure 6(a)). 
Functionally, si-circ_0072008 inhibited cell prolifera-
tion was reversed by HELLS (Figure 6(b,c)). 

Figure 6. Circ_0072008 regulated the progression of CESC by targeting HELLS. (a) The expression of HELLS was detected by western 
blot. (b and c) The cell proliferation, (d) the cell migration, (e) the cell apoptosis, (f and g) the protein level of PCNA and Bax were 
detected by colony formation assay, EdU assay, wound healing assay, flow cytometry assay, and western blot. **P < 0.01, ***P 
< 0.001.
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Moreover, the HELLS overexpression relieved the 
effect of si-circ_0072008 on cell migration and apop-
tosis of CESC cells (Figure 6(d,e)). In addition, HELLS 
could inhibit the effect of si-circ_0072008 on the level 
of PCNA and Bax in CESC cells (Figure 6(f,g)). Our 
results indicated that si-circ_0072008 inhibited the 
progression of CESC, whereas HELLS overexpression 
could lessen the impact.

3.7 Sh-circ_0072008 restricted tumor growth in 
vivo

As shown in Figure 7(a,b), sh-circ_0072008 
treatment repressed tumor volume and weight. 
The results from IHC revealed that the expres-
sion levels of Ki-67 were lower in the sh-circ 
_0072008 group compared with that in the sh- 
NC group (Figure 7(c)). Then, the tumor tis-
sues were examined by qRT-PCR and western 
blot. The results showed that sh-circ_0072008 
decreased the level of circ_0072008 and HELLS, 

but increased the expression of miR-1305 
(Figure 7(d-f)). These results indicate that 
circ_0072008 knockdown inhibited xenograft 
tumor growth.

4 Discussion

Current clinical screening encourages cytology 
every three years for women ages 21 to 29 and 
high-risk HPV testing every five years for women 
ages 30 to 65 [25]. There are many molecules that 
behave abnormally during the development of 
CESC, and understanding the mechanisms of 
action of these molecules is crucial for their poten-
tial therapeutic uses [26]. Whereas, the functions 
of circ_0072008 in CESC are still uncertain. 
Hence, our study investigated the character of 
circ_0072008.

Circ_0072008 has been proved was an oncogene 
in osteosarcoma [5]. In our paper, we determined 
the circ_0072008 was upregulated in the CESC. 

Figure 7. Circ_0072008 restricted tumor growth in vivo. (a) The tumor volume was measured every week. (b) Tumor weight was 
measured after 35 days when the mice were killed. (c) IHC analysis was implemented to examine the expression of Ki-67 in tumor 
tissues from different groups. (d–f) The expression of circ_0072008, miR-1305, and HELLS in these excised tumor tissues was 
detected by qRT-PCR. ***P < 0.001.
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Our consequences signposted that silencing 
circ_0072008 inhibited cell proliferation and cell 
migration, whereas enhanced cell apoptosis in 
CESC cells. The circRNAs could competitively 
sponge for miRNAs, like circ-ATAD1 could target 
miR-218 in CESC cells [8]. In this study, 
circ_0072008 facilitates the progression of CESC 
by sponging miR-1305, which is parallel to former 
discoveries.

According to preceding information, miR-1305 
was closely related to the progress of bladder can-
cer, esophageal squamous cell carcinoma cells, and 
hepatocellular carcinoma [10–12]. In this study, we 
discovered that miR-1305 suppressed the progress 
of CESC by targeting HELLS, which is parallel to 
former discoveries [27]. At present, many 
researchers have proved that HELLS could regu-
late the cell proliferation in colorectal cancer cells 
[28]. In this paper, the expression of HELLS was 
upregulated in CESC. Even more important, we 
observed that miR-1305 inhibitor reversed the 
suppressive effect of si-circ_0072008 on HELLS 
level in CESC cells. These outcomes additionally 
supported the control circuit of the circ_0072008/ 
miR-1305/HELLS in CESC cells.

5 Conclusion

The paper determined that circ_0072008 and 
HELLS were upregulated and miR-1305 was 
downregulated in CESC cells. Furthermore, our 
study manifested that silencing circ_0072008 
inhibited cell proliferation and cell migration, 
whereas enhanced cell apoptosis in CESC cells 
via miR-1305/HELLS axis. There are still some 
limitations to the study, such as the results need 
further studied in clinical practice. Overall, this 
study provides clues to the regulatory mechanisms 
of CESC and opens up new potential therapeutic 
avenues for future clinical targeted therapy.

Data Availability Statement

The data used to support the findings of this study are 
included within the article.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with 
the work featured in this article.

ORCID

Leng Liu http://orcid.org/0000-0002-4272-7393

References

[1] Sawaya GF, Smith-mccune K, Kuppermann M. 
Cervical cancer screening: more choices in 2019. 
JAMA. 2019;321:2018–2019.

[2] Cohen PA, Jhingran A, Oaknin A, et al. Cervical 
cancer. Lancet. 2019;393:169–182.

[3] Ambros V. The functions of animal microRNAs. 
Nature. 2004;431:350–355.

[4] Garzon R, Marcucci G, Croce CM. Targeting 
microRNAs in cancer: rationale, strategies and 
challenges. Nat Rev Drug Discov. 2010;9:775–789.

[5] Liu X, Min S, Wu N, et al. miR-193a-3p inhibition of 
the Slug activator PAK4 suppresses non-small cell lung 
cancer aggressiveness via the p53/Slug/L1CAM 
pathway. Cancer Lett. 2019;447:56–65.

[6] Cao Y, Li J, Jia Y, et al. CircRNA circ_POLA2 promotes 
cervical squamous cell carcinoma progression via regu-
lating miR-326/GNB1. Front Oncol. 2020;10:959.

[7] Wang YM, Huang LM, Li DR, et al. Hsa_circ_0101996 
combined with hsa_circ_0101119 in peripheral whole 
blood can serve as the potential biomarkers for human 
cervical squamous cell carcinoma. Int J Clin Exp 
Pathol. 2017;10:11924–11931.

[8] Fei Z, Qin L, Luo F, et al. CircRNA circ-ATAD1 is 
upregulated in cervical squamous cell carcinoma and 
regulates cell proliferation and apoptosis by suppres-
sing the maturation of miR-218. Reprod Sci. 
2021;28:2982–2988.

[9] Wu Q, Liu P, Lao G, et al. Comprehensive analysis of 
circRNA-miRNA-mRNA network in cervical squa-
mous cell carcinoma by integrated analysis. Onco 
Targets Ther. 2020;13:8641–8650.

[10] Su Y, Feng W, Shi J, et al. circRIP2 accelerates bladder 
cancer progression via miR-1305/Tgf-beta2/smad3 
pathway. Mol Cancer. 2020;19:23.

[11] Li X, Song L, Wang B, et al. Circ0120816 acts as an 
oncogene of esophageal squamous cell carcinoma by 
inhibiting miR-1305 and releasing TXNRD1. Cancer 
Cell Int. 2020;20:526.

[12] Rao X, Lai L, Li X, et al. N(6) -methyladenosine mod-
ification of circular RNA circ-ARL3 facilitates Hepatitis 
B virus-associated hepatocellular carcinoma via spong-
ing miR-1305. IUBMB Life. 2021;73:408–417.

[13] Myant K, Termanis A, Sundaram AY, et al. LSH and 
G9a/GLP complex are required for developmentally 

BIOENGINEERED 8321



programmed DNA methylation. Genome Res. 
2011;21:83–94.

[14] Zhang G, Dong Z, Prager BC, et al. Chromatin remo-
deler HELLS maintains glioma stem cells through E2F3 
and MYC. JCI Insight. 2019;4:e126140.

[15] Geiman TM, Tessarollo L, Anver MR, et al. Lsh, a SNF2 
family member, is required for normal murine 
development. Biochim Biophys Acta. 2001;1526:211–220.

[16] Sun LQ, Lee DW, Zhang Q, et al. Growth retardation and 
premature aging phenotypes in mice with disruption of the 
SNF2-like gene, PASG. Genes Dev. 2004;18:1035–1046.

[17] Livak KJ, Schmittgen TD. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2 
(-Delta Delta C(T)) method. Methods. 2001;25:402–408.

[18] Hou W, Zhang Y. Circ_0025033 promotes the progres-
sion of ovarian cancer by activating the expression of 
LSM4 via targeting miR-184. Pathol Res Pract. 
2021;217:153275.

[19] Chen X, Mao R, Su W, et al. Circular RNA circHIPK3 
modulates autophagy via MIR124-3p-STAT3-PRKAA 
/AMPKα signaling in STK11 mutant lung cancer. 
Autophagy. 2020;16:659–671.

[20] Xu J, Zhang Y, Huang Y, et al. circEYA1 functions as a 
sponge of miR-582-3p to suppress cervical adenocarci-
noma tumorigenesis via upregulating CXCL14. Mol 
Ther Nucleic Acids. 2020;22:1176–1190.

[21] Niu Q, Dong Z, Liang M, et al. Circular RNA hsa_-
circ_0001829 promotes gastric cancer progression 
through miR-155-5p/SMAD2 axis. J Exp Clin Cancer 
Res. 2020;39:280.

[22] Wang Z, Jiang Z, Zhou J, et al. circRNA RNF111 
regulates the growth, migration and invasion of gastric 
cancer cells by binding to miR27b3p. Int J Mol Med. 
2020;46:1873–1885.

[23] Kilkenny C, Browne WJ, Cuthill IC, et al. Improving 
bioscience research reporting: the ARRIVE guidelines 
for reporting animal research. PLoS Biol. 2010;8: 
e1000412.

[24] Xu J, Li Y, Wang F, et al. Suppressed miR-424 expres-
sion via upregulation of target gene Chk1 contributes 
to the progression of cervical cancer. Oncogene. 
2013;32:976–987.

[25] Curry SJ, Krist AH, Owens DK, et al.; Force USPST. 
Screening for cervical cancer: US Preventive Services 
Task Force Recommendation Statement. JAMA. 
2018;320:674–686.

[26] Lin C, Slama J, Gonzalez P, et al. Cervical determinants 
of anal HPV infection and high-grade anal lesions in 
women: a collaborative pooled analysis. Lancet Infect 
Dis. 2019;19:880–891.

[27] Liu W, Zhuang R, Feng S, et al. Long non-coding RNA 
ASB16-AS1 enhances cell proliferation, migration and 
invasion via functioning as a ceRNA through 
miR-1305/Wnt/beta-catenin axis in cervical cancer. 
Biomed Pharmacother. 2020;125:109965.

[28] Liu X, Hou X, Zhou Y, et al. Downregulation of the 
Helicase Lymphoid-Specific (HELLS) gene impairs 
cell proliferation and induces cell cycle arrest in 
colorectal cancer cells. Onco Targets Ther. 
2019;12:10153–10163.

8322 C. HE AND L. LIU


	Abstract
	1  Introduction
	2  Materials and methods
	2.1.  Clinical tissue samples
	2.2.  Cell lines and cell culture
	2.3.  Quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR)
	2.4.  Western blot
	2.5.  RNase R degradation assay
	2.6.  Cell transfection
	2.7.  Colony formation assay
	2.8.  Cell proliferation assay
	2.9.  Wound-healing assay
	2.10  Flow cytometry assay
	2.11.  Dual-luciferase reporter assay
	2.12.  RNA pull-down
	2.13.  Xenograft models
	2.14.  Immunohistochemistry (IHC) assay
	2.15  Statistical assay
	3.  Results
	3.1.  The expression of circ_0072008 was upregulated in CESC tissues and cells
	3.2.  Silencing circ_0072008 inhibited cell proliferation and cell migration, whereas enhanced cell apoptosis in CESC cells
	3.3  MiR-1305 acted as the target of circ_0072008 in CESC cells
	3.4  MiR-1305 knock-down reversed si-circ_0072008 effect in CESC cells
	3.5  MiR-1305 targeted HELLS in CESC cells
	3.6  HELLS reversed si-circ_0072008 effect in CESC cells
	3.7  Sh-circ_0072008 restricted tumor growth in vivo

	4  Discussion
	5  Conclusion
	Data Availability Statement
	Disclosure statement
	Funding
	References

