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Background: Cervical cancer is a fatal burden for women. Circular RNAs (circRNAs) are
important regulators in cancer development. Our study aimed to investigate the function and
action mechanism of a novel circRNA, circ_0084927, in cervical cancer.

Methods: The expression of circ_0084927, miR-142-3p and ADP-ribosylation factor-like
protein 2 (ARL2) mRNA was measured by quantitative real-time polymerase chain reaction
(qRT-PCR). For functional analyses, cell proliferation was assessed using cell counting kit-8
(CCK-8) assay. Cell cycle distribution was monitored by flow cytometry assay. Cell migra-
tion and cell invasion were evaluated by transwell assay. The interaction between miR-142-
3p and circ_0084927 or ARL2 was predicted by the bioinformatics analysis and validated by
dual-luciferase reporter assay and RNA immunoprecipitation assay (RIP) assay. The expres-
sion of ARL2 at the protein level was detected by Western blot. Animal tumor formation
assay was performed to monitor the tumorigenicity of circ_0084927 in vivo.

Results: The expression of circ_0084927 and ARL2 was enhanced in cervical cancer tissues
and cells, while the expression of miR-142-3p was opposite to them. Circ_0084927 knock-
down significantly blocked cervical cancer cell proliferation, migration and invasion and
induced cell cycle arrest. MiR-142-3p was targeted by circ 0084927, and miR-142-3p
inhibition reversed the effects of circ 0084927 knockdown. Besides, miR-142-3p bound to
ARL2, and the inhibitory effects of miR-142-3p restoration on cell proliferation, cycle,
migration and invasion were counteracted by ARL2 overexpression. More importantly,
circ_0084927 upregulated ARL2 expression by sponging miR-142-3p. Circ_0084927 knock-
down retarded tumor growth in vivo by regulating miR-142-3p and ARL2.

Conclusion: Circ_0084927 accelerated the progression of cervical cancer partly by mediat-
ing the miR-142-3p/ARL2 axis.
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Introduction

Cervical cancer, one of the most common gynecological tumors, has become the
fourth leading cause of tumor-related deaths among women, second to breast
cancer, colorectal cancer and lung cancer.'” According to statistical analysis,
there were about 570,000 newly diagnosed cases of cervical cancer worldwide in
2018 and about 311,000 cases of death.” Though significant improvements in
screening, diagnosis, and treatment have made, the prognosis of patients with
cervical cancer remains poor,” and the survival rate for patients with cervical cancer
is less than 50% within 5 years in certain countries.* Therefore, exploring the
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molecular mechanisms of cervical cancer initiation, inva-
sion and migration is essential to obtain better therapeutic
effects for cervical cancer patients.

Recently, several circular RNAs (circRNAs) were
identified to be dysregulated in cervical cancer tissues
and involved in the pathogenesis of cervical cancer.’
CircRNAs are a type of non-coding RNA with unique
circular-closed structures. CircRNAs are more stable than
linear mRNA molecules because there are no 5’ cap and 3’
circRNAs
regarded as more ideal biomarkers in the diagnosis and

tail in structure.*” Hence, are gradually
treatment of cancers.® Numerous circRNAs were reported
to regulate cervical cancer cell malignant activities, includ-
ing cell proliferation, viability, cycle, autophagy, angio-
genesis, migration and invasion, thereby affecting cancer
development.” "' Accumulating evidence suggests that
circRNAs exert biological functions by ensnaring target
microRNAs (miRNAs) in a “competing endogenous RNA
(ceRNA)” mechanism, which broadens the insights to
understand the role of circRNAs.'> Circ_0084927 is
a novel circRNA, and its function is largely unknown in
human cancers. It is necessary to investigate the role of
circ_ 0084927 in cervical cancer.

The extensive disruption of miRNA expression in can-
cer tissues and cells is well studied, and the function of
miRNAs has been widely determined in cancers.'? Some
representative miRNAs are characterized as tumor biolo-
gical regulators to modulate cancer progression, such as
miR-143, miR-21 and let-7a in cervical cancer.'®"
MiR-142-3p was previously mentioned to suppress cell
proliferation and invasion in cervical cancer.'® However,
evidence supporting its function in cervical cancer is insuf-
ficient, and the potential mechanism of miR-142-3p action
in cervical cancer is limited.

ADP-ribosylation factor-like protein 2 (ARL2) is
a member of the ADP-ribosylation factor family, which
belongs to small G-proteins.'” Small G-proteins are impli-
cated in several cellular signaling pathways and functions,
such as cell differentiation, vesicle transport and cytoske-
letal construction.'® Besides, the involvement of ARL2 in
cancer progression has been documented,'”'? hinting that
ARL?2 regulates tumor development. Whereas, the func-
tional mechanism of ARL2 and the interplay among
ARL2, miR-142-3p and circ_0084927 are unknown in
cervical cancer.

Here, our study focused on the expression and implica-
tions of circ 0084927 in cervical cancer and unclosed the
putative molecular mechanism associated with miR-142-3p

and ARL2, aiming to further explore the pathogenesis of
cervical cancer and provide a strategy for cancer treatment.

Materials and Methods
Tissues and Ethical Approval

All cervical cancer patients were pathologically diagnosed at
the First Affiliated Hospital of Guangzhou Medical
University. A total of 50 pairs of tumor tissues and adjacent
normal tissues were obtained from these patients who had
signed the written informed consent. The excised fresh tis-
sues were placed into liquid nitrogen at once and then pre-
served at —80°C freezer. This study was conducted in line
with the Ethics Committee of the First Affiliated Hospital of
Guangzhou Medical University (No.2019GZ336). The cor-
relation between circ 0084927 expression and clinicopatho-
logical parameters of patients is shown in Table 1.

Cell Lines and Cell Culture

Human cervical cancer cell lines (Hela and SiHa) and
cervical epithelial cell line (H8) were purchased from
Bena Culture Collection (Beijing, China). According to
the culture methods, Hela and H8 cells were cultured in
90% Roswell Park Memorial Institute 1640 (RPMI 1640;
Sigma-Aldrich, St. Louis, MO, USA) containing 10% fetal
bovine serum (Sigma-Aldrich). SiHa cells were cultured in
90% Dulbecco’s Modified Eagle Medium (DMEM;
Sigma-Aldrich) plus 10% FBS. All cells were cultured in
a 37°C incubator supplemented with 5% CO,.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Cells or tissues were exposed to the TRIzol reagent
(Sigma-Aldrich) to obtain total RNA. Then, reverse tran-
scription and qPCR amplification for circ 0084927 and
ARL2 were performed using the riboSCRIPT qRT-PCR
Starter Kit (Ribobio, Guangzhou, China). Besides, reverse
transcription and qPCR amplification for miR-142-3p were
performed using the riboSCRIPT miRNA ¢RT-PCR
Starter Kit (Ribobio). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was utilized as an endogenous con-
trol for circRNA and mRNA, and U6 was utilized as
a control for miRNA.?® The relative expression was cal-

culated using the 2 44

method. All primer sequences
were listed as below:

Circ_0084927, F: 5'-CTGGTGCAGCAAGATGGAAC
-3 and R: 5-CTGCACCTCCCTTGGCAATA-3’; miR-

142-3p, F: 5'-ACACTCCAGCTGGGTGTAGTGTTTCCT
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Table | Correlation Between hsa_circ_0084927 Expression and
Clinicopathological Parameters of Patients (n = 50)

Clinical Feature hsa_circ_0084927
n High Low P-value
Age (years) 0.5078
260 12 7 5
<60 38 18 20
Histologic grade 0.8306
Well 6 2 4
Moderate 35 20 15
Poor 9 3 6
Histologic type 0.6837
Squamous 37 17 20
Adenocarcinoma 8 6 2
Others 5
Tumor size (cm) 0.0184*
24 18 13 5
<4 32 12 20
FIGO stage
Stage | 29 12 17 0.1520
Stage Il 21 13 8
Lymph node metastasis 0.0878
Yes Il 8 3
No 39 17 22
Stromal invasion 0.0153*
21/2 34 21 13
=1/2 16 4 12
LvsSI 0.0235%
Yes 24 16 8
No 26 9 17

Note: *Statistically significant (P < 0.05).

ACTTTA-3'" and R: 5-CTCAACTGGTGTCGTGGA-3';
ARL2, F: 5'-GAGCACCGCGGATTCAA-3' and R: 5'-GC
AAAGATGAGGAGGGTTCG-3'; GAPDH, F: 5'-GAAG
AGAGAGACCCTCACGCTG-3' and R: 5-ACTGTGAG
GAGGGGAGATTCAGT-3'; U6, F: 5-CTCGCTTCGGC
AGCACA-3' and R: 5-AACGCTTCACGAATTTGCG
T-3";

RNase R Treatment

The isolated RNA was exposed to 3 U-mg ' RNase
R (Epicentre, Madison, WI, USA) at 37°C for 30 min,
and non-treatment was used as blank control. Then, qRT-
PCR was performed to examine the expression of
circ_0084927.

Cell Transfection

Small interference RNA targeting circ_0084927 (si-circ
- 0084927), including  si-circ_0084927#1,  si-circ
~0084927#2 and si-circ_0084927#3, and its negative con-
trol (si-NC) were synthesized by Ribobio and used for
circ_0084927 knockdown. Special overexpression vector
for circRNA containing circ_0084927 sequence and its
negative control (circ-NC) were
China)
circ_0084927 overexpression. MiR-142-3p mimics (miR-
142-3p), miR-142-3p inhibitions (anti-miR-142-3p) and
their controls (NC or anti-NC) were obtained from

purchased from

BersinBio  (Guangzhou, and used for

Ribobio. For ARL2 overexpression, ARL2 sequence
cloned into pcDNA vector (ARL2) and its control (vector)
were synthesized by BersinBio. The oligonucleotides or
fusion plasmids were introduced into experimental cells
using Lipofectamine 3000 Carlsbad,

CA, USA).

(Invitrogen,

Cell Counting Kit-8 (CCK-8) Assay

Cells were planted into a 96-well plate (5 x 10? cells/well)
with different transfections. At the indicated time points
after transfection (24, 48, 72 and 96 h), 10 uL CCK-8
solution (Beyotime, Shanghai, China) was pipetted into
every well for another 2 h. Afterwards, the absorbance at
450 nm was measured using a microplate reader (Bio-Rad,
Hercules, CA, USA).

Cell Cycle Distribution

At 96 h post-transfection, cells (1 x 10%) were treated with
0.25% trypsin and collected by centrifugation without
EDTA after washing by phosphate-buffered saline (PBS).
Cells were then rinsed by 5% bovine serum albumin
(BSA) followed by the treatment of 70% pre-cooled alco-
hol and incubated at —20°C overnight. Next, cells were
collected and resuspended in PBS with the addition of
RNase A. After reacting for 20 min, propidium iodide
(PI; Beyotime) was used to stain cells for 15 min at 4°C.
Then, cell cycle distribution was analyzed using Attune™
NxT Acoustic Focusing Cytometer (Invitrogen).

Transwell Assay

Cell migration and cell invasion were monitored using the
transwell chambers (BD Bioscience, San Jose, CA, USA).
The transfected cells were resuspended in serum-free med-
ium and added into the top of chambers for migration ana-
lysis or chambers pre-coated with Matrigel (BD Bioscience)
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for invasion analysis. Meanwhile, the bottom of the cham-
bers was filled with the corresponding culture medium with
10% FBS. Allowing migration or invasion for 24 h, cells in
the upper chambers were discarded, and cells in the lower
chambers were fixed and stained with 0.1% crystal violet
(Beyotime). Subsequently, cells were observed using a light
microscope (100 x magnification; Olympus).

Western Blot

The extracted proteins were quantified by the BCA Protein
Assay Kit (Beyotime) and electrophoresed by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). The separated proteins were then transferred onto
polyvinylidene difluoride membranes (PVDF; Bio-Rad)
followed by blockage in the blocking buffer. Next, the
primary antibodies and secondary antibodies were intro-
duced to probe membranes, including anti-cyclin D1
(ab16663; Abcam, Cambridge, MA, USA), anti-matrix
metallopeptidase 2 (anti-MMP2; ab97779), anti-matrix
metallopeptidase 9 (anti-MMP9; ab76003), anti-ARL2
(ab109742), anti-proliferating cell nuclear antigen (anti-
PCNA; ab92552), anti-GAPDH (ab9485) and goat anti-
Rabbit IgG (ab205718). The protein signals were detected
using an enhanced chemiluminescence kit (Beyotime).

Bioinformatics Analysis

We predicted the potential targets of circRNA or miRNA
using the bioinformatics tools, including Circular RNA
and

Interactome  (https://circinteractome.nia.nih.gov/)

starBase (http://starbase.sysu.edu.cn/).

Dual-Luciferase Reporter Assay

Luciferase reporter plasmids were constructed using PGL4
vector (Promega, Madison, WI, USA). Briefly, the wild-type
and mutant-type sequences of circ_0084927 and RAL2 were
amplified and inserted into PGL4 vector to generate fusion
plasmids, including circ 0084927-wt, circ_0084927-mut,
ARL2-wt and ARL2-mut. The fusion plasmid was trans-
fected into Hela and SiHa cells. Then, these transfected cells
were reintroduced with miR-142-3p or NC and incubated for
48 h. Later, the luciferase activity was examined using the
Dual-Luciferase Assay System (Promega).

RNA Immunoprecipitation Assay (RIP)
Assay

Hela and SiHa cells were used to undergo RIP assay using
the Magna RIP RNA-Binding Protein Immunoprecipitation

Kit (Millipore Corp, Billerica, MA, USA) with Argonaute 2
antibody (anti-Ago2) or Immunoglobulin G antibody (anti-
IgG; control). RNAs bound to beats were eluted and quanti-
fied by qRT-PCR as previously mentioned.

Tumor Formation Assay in Nude Mice
The animal procedures obtained the approval of the
Animal Care and Use Committee of the First Affiliated
Hospital of Guangzhou Medical University. Animal stu-
dies were performed in compliance with the ARRIVE
guidelines and the Basel Declaration. All animals received
humane care according to the National Institutes of Health
(USA) guidelines. A total of 12 BALB/C mice (Female,
4-6 weeks, 20 £ 2 g) were purchased from Guangdong
Medical Laboratory Animal Center (Guangzhou, China).
The short hairpin RNA (shRNA) targeting circ_0084927
(sh-circ_0084927) was packed into the lentiviral vector for
stable transfection by Genepharma Company (Shanghai,
China), and shRNA negative control (sh-NC) was used as
a comparison. Hela cells (4 x 10°) were stably transfected
with sh-circ 0084927 or sh-NC and subcutaneously
injected into BALB/C mice, with 6 mice in each group.
After injection, the length and width of neoplasm were
recorded once a week to monitor volume. After 5 weeks,
all mice were sacrificed, and tumor nodes were weighed
and used for further detection.

Statistical Analysis

All data were collected from three independent experi-
ments. The survival analysis was performed by Kaplan—
Meier plot and Log-rank test. The expression correlation
analysis was conducted using Spearman correlation analy-
sis. Results were processed using the GraphPad Prism 7.0
Software (GraphPad Prism; San Diego, CA, USA) and
exhibited as the mean + standard deviation. Difference
analysis was performed using Student’s z-tests between
two groups or using analyses of variance with Tukey
post hoc test for multiple groups. P < 0.05 was deemed
as statistically significant.

Result

Circ_0084927 Was Upregulated in
Cervical Cancer Tumor Tissues and Cells

Lines

We collected 50 pairs of tumor tissues and matched
normal tissues, and the data from qRT-PCR suggested
that the expression of circ 0084927 was higher in tumor
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tissues compared with that in normal tissues (Figure
1A). Besides, indicated that high
circ_0084927 with
a relatively lower survival rate compared to low

further analysis

expression was  associated
circ_ 0084927 expression (Figure 1B). In cell lines, the
expression of circ 0084927 was notably elevated in
Hela and SiHa cells compared to H8 cells (Figure 1C).
compared with linear GAPDH mRNA,
circ_ 0084927 was more resistant to RNase R digestion
in Hela and SiHa cells (Figure 1D). We speculated that

the abnormal expression of circ_ 0084927 might affect

Moreover,

cervical cancer progression.

Circ_0084927 Knockdown Inhibited Cell
Proliferation, Colony Formation, Cell
Cycle and Migration/Invasion of Cervical

Cancer in vitro

A total of three siRNAs specially targeting circ 0084927
were obtained to knock down the expression of
circ_0084927, and si-circ_0084927#1 was chosen for further
experiments based on its higher knockdown efficiency rela-
tive to si-circ 0084927#2 and si-circ 0084927#3 (Figure
2A). Then, Hela and SiHa cells were transfected with si-
circ 0084927#1 or si-NC to monitor the function of
circ_0084927. CCK-8 assay suggested that circ 0084927
knockdown remarkably restrained cell proliferation (Figure
2B). In addition, circ 0086927 knockdown induced cell
cycle arrest at the G1-S phase, thus blocking cell growth
(Figure 2C). Moreover, transwell assay presented that
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circ 0086927 knockdown significantly suppressed cell
migration and invasion (Figure 2D and E). Several represen-
tative proteins, including cyclin D1, MMP2 and MMP9,
were quantified by Western blot, and the data showed that
all of them were signally downregulated in Hela and SiHa
cells with circ 0086927 knockdown (Figure 2F and G).
These functional analyses exposed that circ_0086927 knock-
down restricted the aggravation of cervical cancer cells.

Circ_0086927 Directly Targeted
miR-142-3p That Was Downregulated in

Cervical Cancer Tissues and Cells

Based on the hypothesis that circ 0086927 functioned in
cervical cancer through the classical ceRNA mechanism,
the target miRNAs of circ 0086927 were analyzed. By the
prediction of the database “Circular RNA Interactome”,
we found circ 0086927 could bind to miR-142-3p in
a special binding site, and the sequence in binding site
was mutated to generate a mutant sequence of
circ_0086927 for further analysis (Figure 3A). As verifica-
tions, miR-142-3p reintroduction strikingly lessened the
luciferase activity of Hela and SiHa cells transfected
with circ_0084927-wt but not circ_0084927-mut by the
dual-luciferase reporter assay (Figure 3B). Besides, RIP
assay proved that both circ 0084927 and miR-142-3p
were abundantly captured in the Anti-Ago2 group relative
to that in the Anti-IgG group (Figure 3C). Moreover, the
expression of miR-142-3p was negatively regulated by
circ_0084927 in Hela and SiHa cells (Figure 3D). These
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Figure 1 Circ_0084927 was highly expressed in cervical cancer tissues and cells. (A) The expression of circ_0084927 in tumor tissues (n=50) and normal tissues (n=50)
was detected by qRT-PCR. (B) The survival curve of patients associated with circ_0084927 expression was generated by Kaplan—Meier plot and Log-rank test. (C) The
expression of circ_0084927 in Hela, SiHa and H8 cells was detected by qRT-PCR. (D) The stability of circ_0084927 was examined using RNase R. *P<0.05.
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Figure 2 Circ_0084927 knockdown suppressed cervical cancer cell proliferation, cycle, migration and invasion. (A) The efficiency of circ_0084927 knockdown was
examined by qRT-PCR. In si-circ_0084927# | -transfected Hela and SiHa cells, (B) cell proliferation was assessed by CCK-8 assay. (C) Cell cycle distribution was checked by
flow cytometry assay. (D and E) Cell migration and invasion were monitored by transwell assay. (F and G) The expression of cyclin DI, MMP2 and MMP9 was examined by

Western blot. *P<0.05.

results verified that miR-142-3p was a target of
circ_0084927, and circ 0084927 suppressed miR-142-3p
expression. In addition, the data from qRT-PCR indicated
that the expression of miR-142-3p was markedly declined
in cervical cancer tissues (n=50) and cell lines (Figure 3E
and F), and circ_0084927 expression was negatively cor-

related with miR-142-3p expression in tumor tissues

(Figure 3G). The data suggested that miR-142-3p was
lowly expressed in cervical cancer.

miR-142-3p Inhibition Blocked the Role
of circ_0084927 Knockdown

Subsequently, we examined the interaction between

circ 0084927 and miR-142-3p in function. The
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Figure 3 MiR-142-3p was a target of circ_0084927. (A) MiR-142-3p was predicted as a target of circ_0084927 by the bioinformatics tool “Circular RNA Interactome”.
(B and C) MiR-142-3p was validated as a target of circ_0084927 by dual-luciferase reporter assay and RIP assay. (D) The effect of circ_0084927 overexpression or
knockdown on the expression of miR-142-3p was detected by qRT-PCR. (E and F) The expression of miR-142-3p in cervical cancer tissues and cells was measured by qRT-
PCR. (G) The correlation between circ_0084927 expression and miR-142-3p expression was analyzed by Spearman correlation analysis. *P<0.05.

expression of miR-142-3p promoted in Hela and SiHa
cells transfected with si-circ 0084927 was repressed in
cells transfected with si-circ_0084927#1+anti-miR-142-
3p, suggesting that miR-142-3p was downregulated
(Figure 4A). The capacities of cell proliferation blocked
by circ_0084927 knockdown were recovered by the rein-
troduction of anti-miR-412-3p (Figure 4B). Besides,
circ_ 0084927 knockdown-induced cell cycle arrest at
the G1-S phase was relieved by the reintroduction of
anti-miR-412-3p (Figure 4C). The activities of cell
migration and invasion were inhibited in cells trans-
fected with si-circ_0084927#1 but largely regained in
cells transfected with si-circ_0084927#1+anti-miR-142-
3p (Figure 4D and E). Additionally, the expression levels
of cyclin D1, MMP2 and MMP9 were reduced in cells
transfected with si-circ_0084927#1 but restored in cells
with si-circ_0084927#1+anti-miR-142-3p transfection
(Figure 4F and G). It could be concluded that
circ_0084927 knockdown restricted the aggravation of
cervical cancer cells by upregulating miR-142-3p.

miR-142-3p Bound to ARL2, and ARL2
Was Upregulated in Cervical Cancer

Tissues and Cells

Further study analyzed the downstream genes targeted by
miR-142-3p, and ARL2 was a putative target mRNA of
miR-142-3p with a special binding site between its 3'-
untranslated region (3'UTR) and miR-142-3p by the analysis
of starBase (Figure 5A). Moreover, miR-142-3p reintroduc-
tion significantly impaired the luciferase activity of Hela and
SiHa cells transfected with ARL2-wt but not ARL2-mut
(Figure 5B), and miR-142-3p and ARL2 could be enriched
in the Anti-Ago2 RIP group compared to the Anti-IgG RIP
group (Figure 5C). More crucially, ARL2 expression was
inhibited by miR-142-3p restoration, while circ 0084927
reintroduction recovered the expression of ARL2 (Figure
5D), suggesting that ARL2 expression was regulated by
circ_ 0084927 through miR-142-3p. In addition, ARL2 was
prominently upregulated in cervical cancer tissues (n=50)
compared to normal tissues (n=50) detected by qRT-PCR
and Western blot (Figure 5E and F). ARL2 expression was
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Figure 4 MiR-142-3p inhibition reversed the effects of circ_0084927 knockdown in cervical cancer cells. Hela and SiHa cells were introduced with si-circ_0084927#1, si-
NC, circ_0084927#|+anti-miR-142-3p or si-circ_0084927#|+anti-NC. (A) The expression of miR-142-3p was examined using qRT-PCR. (B) Cell proliferation was
evaluated by CCK-8 assay. (C) Cell cycle distribution was monitored by flow cytometry assay. (D and E) Cell migration and cell invasion were investigated by transwell
assay. (F and G) The expression of cyclin DI, MMP2 and MMP9 was detected by Western blot. *P<0.05.

also elevated in Hela and SiHa cells relative to that in H8
cells (Figure 5G). Besides, ARL2 expression was negatively
correlated with miR-142-3p expression, and circ_00084927
expression was positively correlated with ARL2 expression
in tumor tissues (Figure SH and I). These data summarized
that ARL2 was a target of miR-142-3p, and ARL2 was
aberrantly upregulated in cervical cancer.

miR-142-3p Restoration-Suppressed Cell
Proliferation, Cycle, Migration and
Invasion Were Recovered by ARL2

Reintroduction
Hela and SiHa cells were transfected with miR-142-3p,
NC, miR-142-3p+ARL2 or miR-142-3p+vector to monitor

the interaction between miR-142-3p and ARL2 in func-
tion. The expression of ARL2 was lessened in cells trans-
fected with miR-142-3p but substantially promoted in cells
transfected with miR-142-3p+ARL2 (Figure 6A). Cell
proliferation ability was sequestered in cells transfected
with miR-142-3p but stimulated in cells transfected with
miR-142-3p+ARL2 (Figure 6B). Besides, miR-142-3p
restoration induced cell cycle arrest, while ARL2 reintro-
duction partly ameliorated cell cycle arrest (Figure 6C).
Moreover, miR-142-3p enrichment strikingly blocked cell
migration and cell invasion, while ARL2 reintroduction
enhanced migration and invasion (Figure 6D and E).
Additionally, the expression levels of cyclin D1, MMP2
and MMP9 were weakened by miR-142-3p transfection
but restored by miR-142-3p+ARL2 transfection in Hela
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Figure 5 ARL2 was a target of miR-142-3p. (A) ARL2 was predicted to be a target of miR-142-3p by the bioinformatics tool “starBase”. (B and C) ARL2 was verified to be
a target of miR-142-3p by dual-luciferase reporter assay and RIP assay. (D) The expression of ARL2 in Hela and SiHa cells transfected with miR-142-3p, NC, circ_0084927
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and SiHa cells (Figure 6F and G). It could be deduced that
miR-142-3p blocked the malignant development of cervi-
cal cancer by downregulating ARL2.

Circ_0084927 Affected Tumor Growth
in vivo by Regulating miR-142-3p and
ARL2

The subsequent study explored the role of circ 0084927

on tumor growth in nude mice. Hela cells transfected with

sh-circ_0084927 or sh-NC were injected into the subcuta-
neous part of nude mice. After injection, we found that
both tumor volume and tumor weight were significantly
lower in the sh-circ_0084927 group compared with that in
the sh-NC group (Figure 7A and B). Using the removed
tumor tissues, we examined the expression of
circ_0084927, miR-142-3p and ARL2. The expression of
circ_0084927 was decreased while the expression of miR-
142-3p was increased in tumor tissues from the sh-circ
0084927 group relative to the sh-NC group (Figure 7C).
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Figure 6 ARL2 overexpression partly abolished the antitumor role of miR-142-3p restoration in cervical cancer cells. Hela and SiHa cells transfected with miR-142-3p, NC,
miR-142-3p+ARL2 or miR-142-3p+vector were used for further analyses. (A) The expression of ARL2 in these transfected cells was measured by Western blot. (B) Cell
proliferation was assessed by CCK-8 assay. (C) Cell cycle distribution was observed by flow cytometry assay. (D and E) Cell migration and invasion were determined by
transwell assay. (F and G) The expression of cyclin DI, MMP2 and MMP9 was quantified by Western blot. *P<0.05.

Not surprisingly, the expression of ARL2 was declined in
the sh-circ 0084927 group but not in the sh-NC group
(Figure 7D). Moreover, we checked the expression of
a proliferation-related marker (PCNA) and found that
PCNA was also downregulated in the sh-circ 0084927
group compared to that in the sh-NC group (Figure 7D),
suggesting that tumor growth was suppressed, and

circ_0084927 also affected tumor growth in vivo.

Discussion

Statistics on the incidence and mortality of cervical cancer
suggest that new strategies of diagnosis and treatment for
cervical cancer are necessary. Identifying effective biomar-
kers and targets should help improve the specificity and
sensitivity of diagnostic/therapeutic tools. Although gene
expression profiling has made immense progress at the
molecular level of cervical cancer, there are currently not

enough screening and treatment strategies.”' In our study,
circRNA,

circ_0084927, which was abnormally upregulated in cer-

we concerned a poorly investigated
vical cancer tissues from the GEO database. Our func-
that circ_0084927

knockdown attenuated the malignant development of cer-

tional experiments demonstrated
vical cancer, hinting that circ 0084927 might be an indi-
cator of cancer diagnosis and treatment.

Presently, the function of numerous circRNAs remains
unknown. Some specially expressed circRNAs have been
functionally investigated in cervical cancer. For example,
circRNA8924 expression was elevated in cervical cancer
tissues and linked to tumor size, staging and invasion, and
circRNA8924 knockdown restrained cell proliferation and
metastasis in vitro.”> Similarly, both circ_000515 and
circCLK3 were upregulated in cervical cancer tissues,
and their silencing contributed to the inhibition of cell
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Figure 7 Circ_0084927 regulated tumor growth in vivo by miR-142-3p and ARL2. Hela cells with sh-circ_0084927 or sh-NC transfection were injected into nude mice. (A)
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growth, migration and invasion.'®** Consistent with these
consequences, we validated that the expression level of
circ_0084927 was strikingly enhanced in clinical cervical
tissues. Besides, in vitro and in vivo assays demonstrated
that circ 0084927 downregulation blocked cell prolifera-
tion, cycle, migration and invasion as well as tumor for-
mation and growth. A previous study mentioned that the
expression of circ_0084927 was increased in lung cancer-
related malignant pleural effusion compared to tuberculous
pleural effusion by the analysis of microarray expression
profile and qRT-PCR,** suggesting that circ_0084927 par-
ticipated in lung cancer-associated complication. We
speculated that circ 0084927 was a wide regulator in
various cancers, and our data for the first time explored
its function in cervical cancer.

Mechanically, we found that circ_0084927 competi-
tively sponged miR-142-3p. The deficiency of miR-142-
3p reversed the effects of circ_ 0084927 knockdown, lead-
ing to malignant activities. In addition, miR-142-3p
restoration alone exerted the antitumor role in cervical
cancer cell development. Throughout the previous
research, miR-142-3p was recorded to be downregulated
in cervical cancer tissues, and low miR-142-3p expression
was related to lymph node metastasis and poor survival

rate of patients with cervical cancer.”” Besides, miR-142-

3p played anti-proliferation and anti-invasion properties in

cervical cancer cells.'®

Metformin could promote the
abundance of miR-142-3p to block cervical cancer cell
migration and invasion.’® Our view was consistent with
these findings, supporting that miR-142-3p was a tumor
suppressor in cervical cancer.

MiRNAs are well known to bind to mRNA at the 3' UTR,
leading to the expression downregulation and function degra-
dation of protein-coding genes." In this study, miR-142-3p
directly bound to ARL2 3’ UTR and negatively regulated the
expression of ARL2. The inhibitory role of miR-142-3p on
cell proliferation, migration and invasion was abolished by
ARL2 overexpression. ARL2 was documented to be targeted
by certain miRNAs and involved in cervical cancer develop-
ment. For instance, ARL2 was a target of miR-214 and miR-
195-5p, and miR-214 and miR-195-5p repressed the malig-
nant cellular behaviors in cervical cancer by downregulating
ARL2,” implying that ARL2 was an oncogene in cervical
cancer. Moreover, we determined that circ 0084927 posi-
tively modulated the expression of ARL2 by suppressing
miR-142-3p. Hence, the circ 0084927/miR-142-3p/ARL2
regulatory axis was generated.

Overall, circ 0084927 knockdown blocked cervical
cancer cell growth and metastasis in vitro as well as
tumor growth in vivo. As a potential mechanism,
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circ_0084927 played its functions in cervical cancer pro-
gression by mediating the miR-142-3p/ARL2 axis. The
circ_0084927/miR-142-3p/ARL2 regulatory axis might
be a promising strategy to antagonize cervical cancer
through the targeted inhibition of circ 0084927 and
ARL2 or the promotion of miR-142-3p.
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