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CDK2 expression via miR-1296 to facilitate
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Abstract

Background: Circular RNA (circRNA) has been demonstrated to participate in cervical cancer development. In this
study, we analyzed the role of hsa_circ_0000520 in cervical cancer.

Methods: Fifty-two pairs of cervical cancer and adjacent normal tissue samples were collected, and five human
cervical cancer cell lines were obtained followed by the detection of hsa_circ_0000520 expression. Nuclear-cytoplas-
mic isolation and fluorescence in situ hybridization were performed to analyze the subcellular localization of hsa_
circ_0000520 while linear RNA was digested by RNase R. Gain- or loss-of function experiments on hsa_circ_0000520
were performed, followed by detection of cell proliferation and cell cycle by EdU, Cell Counting Kit-8, colony forma-
tion assay, and flow cytometry respectively.

Results: Hsa_circ_0000520 and cyclin-dependent kinase 2 (CDK2) were highly expressed in cervical cancer tissues.
Binding sites between microRNA-1296 (miR-1296) and hsa_circ_0000520 or CDK2 were verified. Antibody to Argo-
naute 2 (Ago2) could precipitate hsa_circ_0000520, indicating that hsa_circ_0000520 could competitively bind to
miR-1296 via Ago2. Silencing hsa_circ_0000520 inhibited cervical cancer cell proliferation and promoted the inhibi-

combat cervical cancer.

tory effects of miR-1296 on CDK2, thereby blocking cell cycle progression and promoting apoptosis.
Conclusion: These results support the premise that targeting hsa_circ_0000520 can be a potential approach to
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Background

Ranking as the 4th frequently occurring cancer among
females worldwide, cervical cancer imposes tremendous
disease burden, particularly upon low- or middle-income
families [1]. Moreover, cervical cancer is the 2nd most
lethal cancer among women associated with poor prog-
nosis and low survival rates [2]. Therefore, the patho-
genesis of cervical cancer has been extensively explored,
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which has demonstrated human papillomavirus infec-
tion and genetic mutation as crucial to cervical cancer
carcinogenesis [3]. Circular RNA (circRNA), a type of
closed-loop structural non-coding RNA molecule, func-
tions as a regulator of gene processes [4]. Our study
aims to investigate the role of one specific circRNA,
hsa_circ_0000520, and its underlying regulatory mecha-
nism in cervical cancer, attempting to identify a potential
therapeutic target for cervical cancer.

In previous studies, circRNAs have been reported
as biomarkers for cervical cancer. For instance,
circ_0031288 is associated with the migration/invasion,
proliferation and growth of cervical cancer cells [5]. Circ_
homeodomain interacting protein kinase 3 (circHIPK3)

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-021-02953-9&domain=pdf

Zheng et al. J Trans| Med (2021) 19:314

was found to promote the epithelial mesenchymal transi-
tion in cervical cancer to accelerate progression of cer-
vical cancer [6]. Circ_0000520 is reported as aberrantly
expressed in gastric cancer and hepatocellular carcinoma
[7, 8]. However, how hsa_circ_0000520 functions in cer-
vical cancer is still under-studied. To our best knowl-
edge, ours is the first study investigating the correlation
of hsa_circ_0000520 with cervical cancer. Additionally,
circRNAs are proved to bind to microRNAs (miRNAs)
and affect the development of different cancers [9]. For
instance, hsa_circ_0005576 was found to regulate the
expression of miR-153 in cervical cancer cells [10]. In
silico evaluation of the binding relationship between hsa_
circ_0000520 and miR-1296 has not yet been reported.
miR-1296 is implicated in the apoptosis of cervical cancer
cells [11]. Yet the detailed regulatory mechanism of miR-
1296 involvement remains largely elusive. As for cyclin-
dependent kinase 2 (CDK2), increased expression of
CDK2 has been identified in the cervical cancer cell line
HeLa as previously reported [12]. Nevertheless, specific
upstream mechanisms need to be further explored. Our
study explored whether hsa_circ_0000520 can exert cer-
tain functions affecting the progression of cervical cancer
in association with miR-1296 and CDK2, with intent to
identify novel targets for cervical cancer treatment.

Materials and methods

Ethical statement

All patients provided signed informed consent and the
experimental study protocol was approved by the Ethics
Committee of Suzhou Science & Technology Town Hos-
pital. The experimental protocol involving animals was
approved by the Animal Ethics Committee of Suzhou
Science & Technology Town Hospital.

Bioinformatics analysis

A microarray dataset GSE102686 was downloaded from
the Gene Expression Omnibus (https://www.ncbi.nlm.
nih.gov/geo/), which used the GPL19978 platform, and
included 5 cervical cancer tissue and paired adjacent
tissue samples. Differential analysis was performed to
screen differentially expressed circRNA in cervical cancer
using the “limma” package in R (http://www.bioconduct
or.org/packages/release/bioc/html/limma.html) with
|logFoldChange|>1 and p value <0.05 as the threshold.

Clinical samples and cell culture

Fifty-two pairs of primary cervical cancer tissues
and adjacent normal tissues were collected from
patients (aged from 34 to 70 years with a mean age of
49.21£10.16 years old) from June 2015 to November
2018 at Suzhou Science & Technology Town Hospital and
Huzhou Central Hospital. All patients were diagnosed
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using pathological examination, and the included cases
were not complicated by pelvic inflammatory diseases
or immune-related diseases. There were 46 cases of stage
I-1I and 6 cases of stage IIla based on the International
Federation of Gynecology and Obstetrics criteria.

Cervical cancer cell lines (SiHa, HT-3, Hela, SW756
and ME-180) obtained from the American Type Cul-
ture Collection (Rockville, MD, USA) were cultured in
Dulbecco’s modified Eagle medium (DMEM, HyClone,
Thermo Scientific, USA) containing 10% fetal bovine
serum (FBS), 100 pg/mL streptomycin and 100 IU/mL
penicillin at 37 °C with 5% CO,. Cells at 90% confluence
were subcultured and the culture medium was removed.
The expression of hsa_circ_0000520 in 5 cervical cancer
cell lines was determined by reverse transcription quanti-
tative polymerase chain reaction (RT-qPCR), and the two
cell lines with the highest expression of hsa_circ_0000520
were screened for subsequent experiments.

RT-qPCR

Trizol (15596026, Invitrogen, Carlsbad, CA, USA) was
applied to extract total RNA, and RNA was reverse tran-
scribed into complementary DNA (cDNA) according to
the instructions of PrimeScript RT reagent Kit (RR047A,
Takara, Japan). PCR was performed using SYBR Premix
EX Taq kit (RR420A, Takara) in a real-time fluorescent
qPCR instrument (ABI 7500, ABI, Foster City, CA, USA).
Primers (Table S1) for hsa_circ_0000520, ribonuclease P
RNA component H1 (RPPH1), miR-1296, CDK2, U6 and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were synthesized by GeneChem (Shanghai, China). U6
was used as the internal reference gene of miR-1296
whereas other genes were normalized to GAPDH. The
relative expression of the products was calculated by the
2~ AALC method.

Western blot analysis

Total protein was extracted by radio immunoprecipita-
tion assay (RIPA) lysis buffer (R0010, Solarbio, Beijing,
China) containing phenylmethylsulfonyl fluoride, incu-
bated on ice for 30 min and centrifuged at 12,000 r/min
at 4 °C for 10 min followed by collection of supernatant.
The protein concentration of each sample was deter-
mined by bicinchoninic acid kit (23225, Pierce, Boston,
MA, USA). A total of 50 pg protein sample was separated
by 10% sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis for 2 h and transferred to polyvinylidene flu-
oride membranes (ISEQ00010, Millipore, Billerica, MA,
USA). The membrane was blocked with 5% skimmed
milk powder for 2 h and incubated with primary anti-
bodies (Abcam, Cambridge, UK) of rabbit anti-human
CDK2 (1: 500, ab194868), CyclinD1 (1: 500, ab61758),
P21 (1: 1000, ab227443), P27 (1: 1000, ab75908), B-cell
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lymphoma-2 (Bcl-2) (1: 500, 59348), Bcl-2 associ-
ated protein X (Bax) (1: 500, ab53154) and GAPDH (1:
2500, ab9485) overnight at 4 °C. Horseradish peroxidase
labeled goat anti-rabbit immunoglobulin G (IgG) (1:
2000, ab6721, Abcam) secondary antibody was added to
the membrane and incubated at room temperature for
1 h. Color was developed by enhanced chemilumines-
cence reaction solution (WBKLS0100, Millipore). With
GAPDH as the internal reference, the relative expression
of proteins was presented as the value of the target band
to the internal reference band.

Dual-luciferase reporter gene assay

Circ_0000520 transcripts containing the putative miR-
1296 binding sites as hsa_circ_0000520-wild type (Wt)
and hsa_circ_0000520-Wt mutated at the putative miR-
1296 binding sites as hsa_circ_0000520-mutant type
(Mut) were inserted into the luciferase reporter vector,
respectively. CDK2-Wt and CDK2-Mut were developed
similarly. Well-designed reporter vectors were delivered
into 293T cells with miR-1296 mimic, respectively. The
luminescence of firefly luciferase was determined using
dual-luciferase reporter assay system kit (K801-200,
BioVision, USA) and normalized to that of renilla lucif-
erase detected following the instructions of Glomax20/20
luminometer (Promega, USA).

Immunohistochemistry (IHC)

Primary cervical cancer tissues and the matched adjacent
normal tissues were fixed with 4% neutral formaldehyde
buffer (DF0113, Solarbio), paraffin-embedded, and sec-
tioned at a thickness of 4 um. The sections were dewaxed
with xylene (YB-5485, YBi, Shanghai, China), hydrated
with gradient alcohol, and soaked in 3% hydrogen per-
oxide for 20 min at room temperature to remove endog-
enous peroxidase activity. Meanwhile, the antigen was
thermally retrieved twice and sections were blocked with
10% goat serum for 15 min, which were incubated with
rabbit anti-CDK2 primary antibody (1: 500, ab194868,
Abcam) overnight at 4 °C. Biotin-labeled goat anti-rab-
bit IgG (1: 1000, ab6721, Abcam) secondary antibody
working solution was added into the sections for 40-min
incubation at 37 °C. Color was developed with diamin-
obenzidine (DA1010, Solarbio) for 10 min, followed by
the counterstaining of sections with hematoxylin (H8070,
Solarbio) for 1 min. Phosphate buffer saline (PBS) was
used instead of primary antibody as negative control
(NC). The final results were scored by two pathologists
in a blinded-manner. Sections were observed under a
light microscope (CX41-12C02, Olympus, Japan) with
5 visual fields randomly selected. The positive cells were
seen as brown-yellow. The percentage of positive cells
among the total cells indicated CDK2 protein staining
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results with>10% considered as positive expression (+)
and < 10% as negative expression (—).

RNase R linear RNA digestion experiment

Cells were seeded into a 6-well plate (2 x 10° cells/well),
trypsinized and centrifuged at 2000xg for 2 min. Cyto-
plasm and nuclear RNA were each recovered using a
nuclear-cytoplasm separation kit according to stand-
ard instructions. RNA was divided into RNase diges-
tion group and non-digestion group. Linear RNA was
digested by 10 x reaction buffer with 1 ug RNA digested
by 1 unit (U) RNase at 37 °C for 10 min. Subsequently,
the digested products were extracted by phenol/chloro-
form and ethanol precipitation, and reverse transcribed
into cDNA.

RNA fluorescence in situ hybridization (FISH)

Cell slides were cultured at the bottom of the 24-well
plate (6 x 10*/well). FISH assay was performed when
cell confluence reached 60-70%. Cells were fixed with
4% paraformaldehyde for 10 min at room tempera-
ture, added with 1 mL of precooled permeate each well
and stood at 4 °C for 5 min. Furthermore, each well was
blocked with 20 uL pre-hybridization solution for 30 min
at 37 °C with hybridization solution preheated at 37 °C
simultaneously. After removal of pre-hybridization solu-
tion, each well was hybridized with hybridization solu-
tion containing probes overnight at 37 °C in the dark.
Slides were then stained with 4,6-diamidino-2-phenylin-
dole staining solution for 10 min and mounted for fluo-
rescence detection.

Cell transfection

Human cervical cancer cells were transfected with
short hairpin RNA targeting hsa_circ_0000520 (sh-hsa_
circ_0000520), sh-CDK2, CDK2 overexpression vec-
tor (oe-CDK2), miR-1296 mimic, miR-1296 inhibitor or
relevant NC alone or in combination. All plasmids were
purchased from Dharmacon (Lafayette, CO, USA). Cer-
vical cancer cells were seeded in 6-well plates at a density
of 3x10° cells/well and transfected with the aforesaid
plasmids following the instructions of Lipofectamin 2000
kit (Invitrogen). The culture medium was renewed with
complete culture medium 6 h post transfection. Cells
were further cultured at 37 °C in 5% CO, and then col-
lected after 48 h.

Colony formation assay

Cells were detached with 0.25% trypsin, triturated into
single cells, and suspended in DMEM containing 10%
FBS. The cell suspension was diluted and cultured in a
dish with 37 °C preheated culture solution at the gradient
density of 50, 100, or 200 cells/dish, respectively. After
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2-3 weeks of culture, the supernatant was discarded
when clones were visible. A total of 5 mL cells were fixed
with 4% paraformaldehyde for 15 min and stained with
GIMSA’s staining solution for 10-30 min. Clones were
counted directly.

Cell counting kit-8 (CCK-8) assay

After a single cell suspension was prepared, cells were
seeded into 96-well plates with a volume of 200 pL cell
suspension per well and incubated in an incubator with 6
repeated holes. The plates were removed at 24 h, 48 h and
72 h during incubation, followed by the addition of 10 pL
CCK-8 solution (Sigma) and another 2 h-incubation. The
absorbance values of each well were measured at 570 nm
by enzyme-linked immunoassay (NYW-96 M, NYAW
Instrument, Beijing, China). A cell viability curve was
plotted with time points as the X-axis and optical density
(OD) value as the Y-axis.

5-ethynyl-2’-deoxyuridine (EdU) assay

Cells in the logarithmic growth phase were seeded into
96-well plates (5x 10* cells/well). Each well was incu-
bated with 50 umol/L EdU medium (a total of 500 pL) for
2 h. Plates were then fixed with 40 g/L paraformaldehyde
for 20 min, incubated with 2 mg/mL glycine for 10 min,
and permeabilized with 500 pL 0.5% TritonX each well.
Cells were further incubated with Apollo staining reac-
tion solution for 30 min in the dark and then Hoechst
33,342 reaction solution for 30 min in conditions void of
light. After washing with 0.5% Triton twice, the cells were
observed under an inverted fluorescence microscope
with the number of cells counted using Image-Pro Plus
6.0 Professional Image Analysis Software (IPP, Texas,
USA).

RNA binding protein immunoprecipitation (RIP) assay
Cells were lysed in an ice bath with RIPA lysis buffer
(PO013B, Beyotime Biotechnology, Shanghai, China) for
5 min, and centrifuged at 14,000 rpm for 10 min at 4 °C
to remove the supernatant. One part of the cell extract
was taken as input whereas the other part was incubated
with antibody for co-precipitation. The antibodies used
for RIP involved rabbit anti-Argonaute 2 (Ago2) (1: 50,
ab32381, Abcam) with IgG antibody as NC.

Flow cytometry

The density of trypsinized cells was adjusted to 3 x 10°
cells/mL, which were seeded in 6-well plates and cultured
for 48 h. The single cell suspension was centrifuged at
1000 r.min~! x 5 min followed by removal of the super-
natant. Cells were fixed with 70% ice ethanol solution at
—20 °C or 1 h and then added with 20 uL RNA enzyme
and reacted at 37 °C for 30 min. Subsequently, cells were
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incubated with 400 pL propidium iodide (PI) (C0080,
Solarbio) for 15 min in the dark, on ice. The cell cycle
was detected by a flow cytometer (BDLSR II, BD, FL, NJ,
USA) with the excitation light wavelength at 488 nm. For
detection of cell apoptosis, the cells were resuspended
with 400 pL of Annexin V binding solution (CA1020,
Solarbio) to 3 x 10° cells/mL and then incubated with 50
uL Annexin V-Fluorescein Isothiocyanate staining solu-
tion on ice, in the dark, for 15 min. After the addition of
10 pL PI staining solution, cell apoptosis was detected by
flow cytometer also with the excitation light wavelength
as 488 nm.

Xenograft tumor formation in nude mice

Thirty-two BALB/C nude mice (aged 4 weeks and
weighed 18-22 g; Animal Experimental Center of South-
ern Medical University) were treated with SiHa cells
overexpressing CDK2 (by transfection of oe-CDK2)
and/or silencing miR-1296 (by transfection of miR-
1296 inhibitor) or hsa_circ_0000520 (by transfection of
sh-circ_000052) with eight mice in each group. Specifi-
cally, SiHa cells were prepared into a single cell suspen-
sion by suspension in the mixture (PBS: Matrigel =1: 1)
with the final cell concentration as 1 x 10° cells/200 pL.
Additionally, nude mice were anesthetized with sodium
pentobarbital and injected with SiHa cells subcutane-
ously at the back of the right hind leg, and were raised in
the same environment as the untreated mice. Tumor vol-
ume was monitored once a week. At the end of the fourth
week, the nude mice were euthanized and tumors were
removed.

Statistical analysis

SPSS 21.0 software (IBM Inc., Armonk, NY, USA) was
used for statistical processing of the measurement
data derived from experiments. All experiments were
repeated at least three times independently. Measure-
ment data were presented as mean =+ standard deviation.
Cervical cancer tissues were compared with adjacent nor-
mal tissues using paired ¢ test. Independent sample ¢-test
was used for comparison between two groups, whereas
one-way analysis of variance (ANOVA) was applied to
data comparison between multiple groups followed by
Tukey’s post hoc test. Data at different time points were
analyzed using repeated measures ANOVA followed by
Bonferroni’s post hoc test. The statistical significance was
set at p<0.05.

Results

Hsa_circ_0000520 was highly expressed in cervical cancer
cells

To predict the role of hsa_circ_0000520 in cervi-
cal cancer, bioinformatics analysis was performed. As
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the analysis of the cervical cancer-related microar-
ray GSE102686 indicated, hsa_circ_001846 was highly
expressed in cervical cancer (Fig. 1A). According to
circBase (http://circrna.org/), circRNA ID of hsa_
circ_001846 is hsa_circ_0000520, that has been reported
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to promote the occurrence and development of gas-
tric cancer [13]. To verify the results of bioinformatics
analysis, RT-qPCR was performed on 52 pairs of cervi-
cal cancer tissues and adjacent normal tissues collected
from clinical specimens, showing that hsa_circ_0000520

A B C SiHa Hela
9 ¢ Adjacent tissues El mock Wl mock
== BoPows 8 255 Cervical cancer tissues 15 RNase R 15 RNase R
B wmer S - 3 3
iz S 2.0 " o K]
c 3 S 10 S 10
- S 1. 9 1,
515 2 e 2 £
c 1] o ] o
CE S I3 3
- ? 1.0 [ (o]
o 0 05 9]
S = >
g =1 =]
o 3 05 k) * S
2 o & &
8 ® 0.0 0.0
& (o] circ_0000520 RPPH1 circ_0000520
14 E -
200 200 .
Hela SiHa
mm Cytoplasm 150 Em Cytoplasm
150 Nuclear Nuclear
25 ym 25 ym
6 o SRS
Qo‘?‘ K Q(’;L QQQ\ VQO N Qgﬂo'l/ Q@?‘
o & & o S <&
&7 7
& (&
Total Nuclear HelLa SiHa H
Hm sh-NC . sh-NC

El

600+ M@ sh-NC
sh-circ_0000520

o

1.5

sh1-circ_0000520
B sh2-circ_0000520

sh1-circ_0000520
B sh2-circ_0000520

=
=}

(=)

0.5 0.5

o
o
Number of colony cells

o
I
wn
(=3
o
(=]
O\
°
K
k]
c
S
7
2
8
5
2
@
(3
2
k<t
[}
['4

Relative expression of circ_0000520 O

Relative expression of circ_0000520
Relative expression of circ_0000520

0.0 0.0 0.0
S SiHa Hela
N Y\z‘?
SiHa Hela
o . mm sh-NC -- sh-NC -— sh-NC
z 8 %0 sh-circ_0000520 07 = sh-circ_0000520 2.0 =~ sh-circ_0000520
@ <
5 —
2 E s B
50 um 50 um g é ) s 1.5
5 2 : g
2 g 1.0 . g 10 .
o o ol 1
g ® s g *
8 2 Q05 Q05
8 z o o
o 8
? o 0.0 T T T 0.0 T T T
% & SiHa

Hela

24 48

Time (h)
Fig. 1 Hsa_circ_0000520 is highly expressed in cervical cancer. A Heatmap displaying the expression of top 20 differentially expressed circRNAs
in the microarray dataset GSE102686. B Expression of hsa_circ_0000520 determined in clinical cervical cancer tissues (n=52) by RT-gPCR.
C Resistance of hsa_circ_0000520 to RNase R digestion verified by RNase R linear RNA digestion experiment with RT-gPCR. D Content of
hsa_circ_0000520 in nuclei normalized to U6 (nuclear control transcript), and cytoplasm normalized to GAPDH (cytoplasmic control transcript)
measured by nuclear-cytoplasm isolation assay. E Subcellular localization of hsa_circ_0000520 by FISH assay. F Expression of hsa_circ_0000520 in
different cervical cancer cell lines and in the nucleus after nuclear-cytoplasm isolation assay. G Silencing efficiency of sh1-hsa_circ_0000520 and
sh2-hsa_circ_0000520 determined by RT-gPCR. H Number of cell clones in each group. I Images of cell proliferation by EdU assay. J Percentage
of proliferation. K Effects of hsa_circ_0000520 on proliferation of cells determined using CCK-8 assay. *p < 0.05 vs. adjacent normal tissues,
RPPHI, cytoplasm, SiHa cells or cells in the sh-NC group. Measurement data are presented as mean = standard deviation derived from at least 3
independent experiments. Cancerous tissues are compared with adjacent normal tissues using paired t-test. Data from two unpaired groups are
compared by independent sample t test. Data from multiple groups are compared by one-way ANOVA followed by Tukey's test. Data at different
time points are compared by repeated measures ANOVA followed by Bonferroni's test

24 48

Time (h)

72

72



http://circrna.org/

Zheng et al. J Trans| Med (2021) 19:314

expression was higher in cervical cancer tissues than
adjacent normal tissues (Fig. 1B). The resistance of
hsa_circ_0000520 to RNase R digestion was verified by
RNase R linear RNA digestion experiment, the results of
which displayed that hsa_circ_0000520 was generated by
RPPHI1 transcript alternative splicing. Therefore, we used
linear RPPH1 as a control. The RT-qPCR results showed
that expression of hsa_circ_0000520 did not change sig-
nificantly before and after RNase R treatment, but the
expression of linear RPPH1 decreased (Fig. 1C). Nuclear-
cytoplasm isolation and FISH assays revealed that hsa_
circ_0000520 was mainly expressed in the cytoplasm
(Fig. 1D, E). Additionally, hsa_circ_0000520 expression in
cell lines HT-3, SW756, and ME-180 was lower than that
in SiHa and HeLa cell lines (Fig. 1F). hsa_circ_0000520
expression following nuclear-cytoplasm isolation was
significantly reduced in the nucleus of HT-3, SW756,
and ME-180 cell lines than that in SiHa and HeLa cell
lines. Therefore, SiHa and HeLa cell lines were selected
for subsequent study. Expression of hsa_circ_0000520
was silenced in SiHa and HeLa cells by delivering shl-
hsa_circ_0000520 and sh2-hsa_circ_0000520. The RT-
qPCR results showed that hsa_circ_0000520 expression
was lower after treatment with shl-hsa_circ_0000520, so
sh1l-hsa_circ_0000520 was selected for further silencing
of hsa_circ_0000520 (Fig. 1G). Results of the clone for-
mation assay showed that the amount of cell clones was
reduced when hsa_circ_0000520 was silenced (Fig. 1H).
Moreover, results of EQU and CCK-8 assays showed that
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compared with the sh-NC group, cell proliferation was
distinctly inhibited by sh-hsa_circ_0000520 (Fig. 11-K).
Taken together, the experimental data demonstrated high
expression of hsa_circ_0000520 in cervical cancer.

Hsa_circ_0000520 promoted the proliferation of cervical
cancer cells

Afterwards, the effects of hsa_circ_0000520 on the cell
cycle distribution was determined by flow cytometry,
which showed that silenced hsa_circ_0000520 arrested
more cells in GO/G1 phase and fewer cells in S phase
(Fig. 2A, B). Moreover, protein levels of cell cycle-related
factors CyclinD1, P21, and P27 as well as apoptosis-
related genes Bax and Bcl-2 were detected by Western
blot analysis, which displayed increased levels of P21,
P27, and Bax after hsa_circ_0000520 expression was
silenced, while levels of CyclinD1 and Bcl-2 decreased
(Fig. 2C). After further nucleocytoplasmic separation, the
downregulation of CyclinD1 was also observed in pres-
ence of sh-hsa_circ_0000520 as compared with sh-NC
(Fig. 2D). These findings indicated that hsa_circ_0000520
mediated the cell cycle distribution of cervical cancer
cells.

Hsa_circ_0000520 inhibited the expression of miR-1296

To investigate the downstream mechanism of hsa_
circ_0000520, the TCGA database was employed to pre-
dict the expression levels of miR-1296, which showed
that the miR-1296 was underexpressed in cervical cancer
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(Fig. 3A). The results of RT-qPCR indicated that miR-
1296 expression was reduced in cervical cancer tissues
compared with adjacent normal tissues (Fig. 3B). Using
an online prediction tool it was revealed that there
existed binding sites between hsa_circ_0000520 and
miR-1296, and the results of dual luciferase reporter gene
assay showed that the luminescence decreased in the W'T
miR-1296 mimic group (Fig. 3C). RT-qPCR analysis fur-
ther showed that the expression of miR-1296 increased
after knockdown of hsa_circ_0000520 in cervical can-
cer cell lines while miR-1296 was also elevated in cervi-
cal cancer primary cells with hsa_circ_0000520 knocked
down (Fig. 3D), indicating that hsa_circ_0000520 can
specifically bind to miR-1296.

Whether hsa_circ_0000520 could directly interact with
Ago2 proteins was assessed by RIP assay. The results
showed that sh-hsa_circ_0000520 significantly decreased
hsa_circ_0000520 expression and increased miR-1296
expression while anti-Ago2 could precipitate hsa_
circ_0000520 (Fig. 3E). Moreover, hsa_circ_0000520 that
bound to Ago2 was reduced by sh-hsa_circ_0000520,
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indicating that hsa_circ_0000520 could form a complex
with Ago2 and further suggested that hsa_circ_0000520
could bind to miR-1296.

Hsa_circ_0000520 promoted the CDK2 expression

by binding to miR-1296

TCGA database further demonstrated that CDK2 was
highly expressed in cervical cancer (Fig. 4A). Results
of RT-qPCR revealed that the expression of CDK2
was increased in cervical cancer tissues compared
with adjacent normal tissues (Fig. 4B). Using predic-
tion software circMir, it was revealed that CDK2 was
a potential target of miR-1296 along with 6 bp binding
sites between CDK2 3’-UTR and miR-1296 (Fig. 4C).
The results of dual luciferase reporter gene assay
showed that the luminescence of WT miR-1296 mimic
decreased, which indicated that miR-1296 specifically
bound to CDK2. Moreover, IHC results showed that
CDK2 was mainly expressed in the cytoplasm, and the
positive cells were shown in brown-yellow (Fig. 4D).
It was also shown that the positive expression rate of
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CDK2 in adjacent normal tissues was significantly significantly change in cells transfected with both sh-
lower than that in cervical cancer tissues (Fig. 4E). hsa_circ_0000520 + miR-1296 inhibitor (Fig. 4F-I).
The results of RT-qPCR and Western blot analysis

showed that miR-1296 was downregulated in the cells  Silencing of hsa_circ_0000520 inhibited cervical cancer cell
transfected with miR-1296 inhibitor, while the expres-  proliferation via miR-1296

sion of CDK2 increased. Moreover, miR-1296 was To further validate that hsa_circ_0000520 promoted
upregulated in the cells transfected with miR-1296 cervical cancer cell proliferation and cycle distribution
mimic or sh-hsa_circ_0000520, along with downregu- by targeting and inhibiting miR-1296, colony formation,
lated CDK2. Expression of miR-1296 and CDK2 did not EdU and CCK-8 assays were performed. It was shown
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that the number of cell clones reduced in cells trans-
fected with sh-hsa_circ_0000520 or miR-1296 mimic.
However the opposite results were found in cells trans-
fected with miR-1296 inhibitor (Fig. 5A). Moreover, cell
proliferation was inhibited by miR-1296 mimic or sh-
hsa_circ_0000520, but increased by miR-1296 inhibitor
(Fig. 5B-D).

Flow cytometry results further exhibited that over-
expressed miR-1296 or silenced hsa_circ_0000520
arrested more cells in GO/G1 phase and fewer cells
in S phase, but miR-1296 inhibitor produced the
contrary results (Fig. 6A). Results of Western blot
analysis showed that levels of P21, P27, and Bax
increased in cells transfected with miR-1296 mimic
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or hsa_circ_0000520, accompanied with reduced lev-
els of CyclinD1 and Bcl-2. Moreover, after miR-1296
inhibitor treatment, the levels of P21, P27, and Bax
decreased, and levels of CyclinD1 and Bcl-2 were
enhanced (Fig. 6B).

Hsa_circ_0000520 knockdown suppressed cervical cancer
cell proliferation by downregulating CDK2 via miR-1296

In order to prove that hsa_circ_0000520-mediated miR-
1296 inhibition could promote cell proliferation and cell
cycle progression by upregulating CDK2, CDK2 expres-
sion was suppressed by sh1-CDK2, which showed the
best silencing efficiency as Western blot analysis revealed
(Fig. 7A). Colony formation assay revealed that the
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(See figure on next page.)

Fig. 6 Cell cycle progression is blocked by overexpressed miR-1296. A Cell cycle distribution of cells in each group determined using flow
cytometry. B Cell cycle-related and apoptosis-related protein levels detected using Western blot analysis. *p <0.05 vs. sh-NC. Measurement data are
presented as mean =+ standard deviation derived from at least 3 independent experiments. Data from multiple groups are compared by one-way
ANOVA followed by Tukey's test
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Fig. 7 Cell proliferation can be suppressed by silenced CDK2. A CDK2 expression detected by Western blot analysis. B Results of colony formation
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number of cell clones was reduced after cells were co-
transfected with both miR-1296 inhibitor and sh-CDK2,
which was then increased after cells were co-transfected
with both sh-hsa_circ_0000520 and oe-CDK2 (Fig. 7B).
In addition, the results of EdU and CCK-8 assays showed
that proliferation of cervical cancer cells was suppressed
by both miR-1296 inhibitor and sh-CDK2. However, cell

proliferation was enhanced by the combined treatment of
sh-hsa_circ_0000520 and oe-CDK2 (Fig. 7C-F).
Moreover, flow cytometry revealed that simultaneous
inhibition of miR-1296 and CDK2 arrested more cells
in GO/G1 phase and fewer cells in the S phase. However,
inhibited hsa_circ_0000520 and overexpressed CDK2
induced the opposite effects (Fig. 8A). As Western blot
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analysis results showed, the levels of P21, P27 and Bax
was elevated in the cells co-transfected with miR-1296
inhibitor and sh-CDK2, while the levels of CyclinD1 and
Bcl-2 were reduced. However, levels of P21, P27 and Bax
were reduced in cells co-transfected with both sh-hsa_
circ_0000520 and oe-CDK2, along with enhanced levels
of CyclinD1 and Bcl-2 (Fig. 8B).

Hsa_circ_0000520 promoted the tumorigenesis of human
cervical cancer cells through the miR-1296/CDK2 axis

in vivo

Finally, to study the function of hsa_circ_0000520/miR-
1296/CDXK2 in cervical cancer in vivo, tumorigenesis in
nude mice was developed. The expression levels of hsa_
circ_0000520, miR-1296 and CDK2 were verified and
the results confirmed the successful silencing or over-
expression (Fig. 9A). The volume and weight of tumors

were found increased in the mice injected with cells
harboring miR-1296 inhibitor but reduced in those with
sh-hsa_circ_0000520. In presence of miR-1296 inhibi-
tor, further treatment with sh-CDK2 resulted in lower
volume and weight of tumors. However, the volume
and weight of tumors was increased in the mice sub-
jected to co-treatment with sh-hsa_circ_0000520 and
oe-CDK2 when compared with sh-hsa_circ_0000520
treatment alone (Fig. 9B—D). These results indicate that
silencing of hsa_circ_0000520 or overexpressing miR-
1296 reduced the weight and volume of graft tumors in
nude mice with cervical cancer.

Discussion

circRNAs are reported to bind to miRNAs, which can
change the translation of target mRNAs and further
mediate gene expression at the transcriptional level
[14, 15]. Although the circRNA-miRNA-target gene
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interaction network has been utilized to detect the
radioresistance of cervical cancer cell line HeLa [16],
more detailed analyses of regulatory networks involving
circRNA-miRNA in cervical cancer progression have
not been discussed. As a consequence, in this study we
focused on the role of hsa_circ_0000520 in both cervi-
cal cancer tissues and cells, aiming to lay a theoretical
premise for studies focused on cervical cancer ther-
apy. Collectively, the experimental data in our study
identified the high expression of hsa_circ_0000520 in
both cervical cancer tissues and cells, yet silencing of

hsa_circ_0000520 led to suppressed malignant cell pro-
liferation and induced cell apoptosis, and the under-
lying mechanism was revealed to be dependent on
miR-1296 upregulation and CDK2 downregulation.

We showed that hsa_circ_0000520 was highly
expressed in cervical cancer tissues and cells. High
expression of circRNAs is commonly detected in can-
cers, such as circ_0018289 and circ-0033550 in cervi-
cal cancer [17, 18]. However, the expression pattern
of hsa_circ_0000520 in cervical cancer has not been
addressed previously. The evidence in the present study
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further showed that hsa_circ_0000520 promoted the
proliferation of cervical cancer cells and accelerated
the cell cycle progression. Similarly, circ_000284 acti-
vation also enhances the invasion and proliferation of
cervical cancer cells [19], which also supports that cir-
cRNAs are implicated in cervical cancer development.
Moreover, we found that depleted hsa_circ_0000520
induced increased expression of P21 and P27 but
decreased CyclinD1 expression. As previously reported,
CyclinD1 is considered as one of the cell-cycle induc-
ers while cell-cycle inhibitors include P21 and P27 [20].
Therefore, it may be inferred that silencing of hsa_
circ_0000520 was able to block the progression of cell
cycle in cervical cancer.

Moreover, both bioinformatic analysis and dual-lucif-
erase reporter gene assay revealed the targeting relation-
ship between hsa_circ_0000520 and miR-1296, showing
that hsa_circ_0000520 targeted miR-1296. To our best
knowledge, the relationship between hsa_circ_0000520
and miR-1296 was largely unexplored despite increasing
evidence that has reported the regulatory mechanisms
underlying circRNA and miRNA roles in cervical cancer.
For instance, circ_000596-miR-15b and circ_101958-
miR-106b regulatory axes are found in cervical cancer
[21]. Our study further addressed the research gap con-
cerning the role of circRNA-miRNA networks in cervi-
cal cancer. Moreover, we found that miR-1296 expression
could be suppressed by overexpressed hsa_circ_0000520.
Likewise, in cervical cancer HeLa cells, downregulated
circ_0031288 led to upregulation of miR-139-3p [5].
Subsequently, we proved that hsa_circ_0000520-medi-
ated inhibition of miR-1296 was able to promote CDK2
expression in cervical cancer. It has been shown in pros-
tate cancer that miR-1296 can decrease the expression
of CDK2 by acting as a potential therapeutic target [22].
Yet how miR-1296 affects CDK2 expression in cervical
cancer is largely unknown according to prior reports.
We suggested that loss of miR-1296 elevated CDK2
expression, which curtailed apoptosis of cervical can-
cer cells. Specifically, Bax is known as a pro-apoptosis

Page 14 of 16

factor while Bcl-2 is one of the anti-apoptosis factors
[23]. The experimental data showed that overexpression
of CDK2 induced increased levels of Bcl-2, reflecting that
circ_000520 mediated cell apoptosis through miR-1296/
CDK2.

Further, the function of hsa_circ_0000520/miR-1296/
CDK2 in cervical cancer was verified by performing
in vivo experiments. The results displayed that silenc-
ing hsa_circ_0000520 or CDK2 reduced weight and vol-
ume of graft tumors in nude mice. Decreased volume
and weight of tumors indicate cervical cancer is ame-
liorated [24]. Although no circRNA-based therapeutic
candidate is currently applied in the clinical setting
against cervical cancer, the present experimental data
highlighted the significance of hsa_circ_0000520 in
cervical cancer progression as a potential biomarker of
prognosis and a therapeutic target. Therefore, we pro-
pose that targeting hsa_circ_0000520-miR-1296 axis is
a potential strategy for treatment of cervical cancer.

Conclusions

In summary, our results indicated that hsa_
circ_0000520 could inhibit the expression of miR-1296
to upregulate CDK2, which further accelerated the pro-
liferation of cervical cancer cells, promoted cell cycle
and suppressed cell apoptosis (Fig. 10). Our findings
present a novel understanding of the molecular events
implicated in pathogenesis of cervical cancer and offer a
putative target for its treatment. However, an in-depth
study of the circRNA-miRNA interaction network in
cervical cancer is required to identify other relevant
miRNAs regulated by hsa_circ_0000520, which may
help to further elucidate the molecular mechanisms
underlying cervical cancer progression. Furthermore,
in future studies animal experiments performed using
primary cells obtained from cervical cancer tissues can
provide better translational evidence as compared to
xenograft models generated using cell lines.
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