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Background: Cervical cancer (CC) is a common gynecological tumor that affects women’s
health. Circular RNA hsa circ_ 0084927 (hsa circ_0084927) has been reported to be upre-
gulated in CC. However, the role and regulatory mechanism of hsa circ_ 0084927 in CC are
unclear.

Methods: Expression of hsa circ 0084927, microRNA (miR)-634, and tumor protein D52
(TPD52) mRNA in CC tissues and cells was examined by quantitative real-time polymerase
chain reaction (qQRT-PCR). The proliferation, colony formation, cell cycle progression,
apoptosis, migration, and invasion of CC cells were determined with cell counting kit-8
(CCK-8), plate clone, flow cytometry, or transwell assays. The levels of cyclin D1, cleaved-
caspase-3 (c-caspase 3), matrix metalloproteinase (MMP)-2, MMP-9, and TPD52 protein
were evaluated with Western blotting. The targeting relationship between hsa_circ_0084927
or TPD52 and miR-634 was verified via dual-luciferase reporter and/or RNA immunopreci-
pitation (RIP) assays. Xenograft assay was conducted to confirm the role of hsa -
circ_0084927 in vivo.

Results: Hsa circ 0084927 and TPD52 were upregulated while miR-634 was downregu-
lated in CC tissues and cells. Hsa_circ_0084927 silencing reduced tumor growth in vivo and
induced cell cycle arrest, apoptosis, and curbed proliferation, colony formation, migration,
and invasion of CC cells in vitro. Hsa circ 0084927 regulated TPD52 expression through
sponging miR-634. MiR-634 inhibitor reversed hsa circ 0084927 knockdown-mediated
impact on the malignancy of CC cells. TPD52 elevation abolished the repressive influence
of miR-634 mimics on the malignancy of CC cells.

Conclusion: Hsa circ 0084927 accelerated CC advancement via upregulating TPD52 via
sponging miR-634, offering a new evidence to support hsa circ 0084927 as a promising
target for CC treatment.
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Introduction
Cervical cancer (CC) is a common gynecological tumor, which ranks fourth among
female cancer death causes worldwide." In recent years, the age of CC patients
tends to younger.” Despite encouraging progress in the treatment of CC, the 5-year
survival rate of patients is still only 40%-50%.>* Therefore, exploring the mechan-
ism of CC progression is indispensable for finding new strategies to treat CC.
Circular RNAs (circRNAs) are a type of non-coding RNAs, which are produced by
reverse splicing of precursor mRNA and expression in tissue-specific or cell-specific
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manner.” CircRNAs have been revealed to take part in tumor
advancement by acting as sponges for microRNAs (miRs).®
For example, circRNA circ SLC8A1 impeded bladder can-
cer development through modulating PTEN expression via
sponging miR-130b and/or miR-494.” Circular RNA hsa_-
circ_0084927 (hsa_circ_0084927) also termed as circRNA
epithelial splicing regulatory protein 1 (ESRP1), is located at
chromosome 8 (q22.1) with 287 bp in length (http:/www.
Hsa circ 0084927
has been reported to sensitize cell chemotherapy in small

circbase.org/cgi-bin/simplesearch.cgi).

cell lung cancer.® One report pointed out that hsa -
circ_0084927 expression was elevated in CC tissues.” At
present, the biological function of hsa circ 0084927 in CC
is unclear.

MiRs are short non-coding RNAs that directly modu-
late the expression of mRNAs in different biological
functions.'® Increasing researches have demonstrated that
miRs exert a vital role in tumor progression via serving as
tumor promoters or suppressors.'’ For instance, miR-423-
5p exerted a tumor repressive role in ovarian cancer'” and
nasopharyngeal cancer,'” but miR-423-5p acted as a tumor
promoter in breast cancer'* and glioblastomas.'> It was
reported that miR-634 acted as a suppressor in some
tumors, such as gastric cancer'® and pancreatic cancer.'”
In CC, miR-634 could induce cancer cell apoptosis and
reduce cancer cell proliferation through targeting the
mTOR pathway.'® However, the regulator mechanism of
miR-634 in CC remains indistinct.

Tumor protein D52 (TPDS52) is considered to be an
oncogene in human cancers, which is isolated from the
amplification region of human chromosome 8q21."
Previous researches demonstrated that TPD52 acted as an
oncogene in lung squamous cell cancer,”’ nasopharyngeal

cancer,’!

CC,** and prostate cancer.”> However, the
mechanism by which TPDS52 participates in CC progres-
sion is unclear.

In the current study, we demonstrated that hsa -
circ_ 0084927 exerted a cancerogenic role in CC. Also,
hsa_circ_0084927 accelerated CC progression via upregu-
lating TPD52 via sponging miR-634, which provided

a promising target for CC treatment.

Materials and Methods

Patient-Derived Samples

Samples of CC tissues and paired adjacent normal tissues
(n = 46) were provided by CC patients who had undergone
surgical resection at The Third Hospital of Ji’nan. All CC

patients had complete clinicopathological data and did not
receive any medical intervention, radiotherapy, or che-
motherapy before surgery. Participants had signed written
informed consent prior to the analysis of tissues samples.
The research was approved by the Ethics Committee of
The Third Hospital of Ji’nan. The clinicopathological fea-
tures of CC patients were displayed in Table 1.

Cell Culture

Human cervical epithelial cells End1/E6E7 and CC cell
lines (Hela, SiHa, CaSki, and C-33A) were purchased
from BeNa Culture Collection (Suzhou, Jiangsu, China).
These cells were maintained at 37°C in a moist atmo-
sphere with 5% CO,. End1/E6E7 cells were cultured in
Keratinocyte Serum-Free Medium (K-SFM) (Life
Technologies, Grand Island, NY, USA). CC cell lines
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) (Sigma, St Louis, MO, USA) (for Hela, SiHa,
and C-33A cells) or Roswell Park Memorial Institute

Table | Association Between the Clinicopathologic Characteristics
and Hsa_circ_0084927 Expression in Patients with Cervical Cancer

Factor Number | hsa_circ_0084927 P value
Low High
Expression | Expression
(n=23) (n=23)
Age 0.640
<55 22 10 12
255 24 13 11
Tumor size 0.242
<4 28 12 16
24 18 I 7
Histological grade 0.324
Well-differentiated 18 10 8
Moderately or 28 13 15
poor differentiated
FIGO stage 0.031*
1+l 21 13 8
1] 25 10 15
Lymph node 0.014*
metastasis
No 26 16 10
Yes 20 7 13
Depth of cervical
invasion
<2/3 29 17 12 0.025*
22/3 17 6 11

Note: Chi-square test, *P < 0.05.
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(RPMI)-1640 medium (Sigma) (for CaSki cells) supple-
mented with fetal bovine serum (FBS, 10%, Solarbio,
Beijing, China) and (1%,
Solarbio).

streptomycin/penicillin

Cell Transfection

When the confluence reached 70%-90%, the oligonucleo-
tides or vectors were transfected into CC cells by
Lipofectamine 3000 reagent (Life technologies). Small
interference (si) RNA targeting hsa circ_ 0084927 (si-
circRNA#1, si-circRNA#2, and si-circRNA#3) and
matched negative control (si-NC) were synthesized from
GenePharma (Shanghai, China). Lentivirus carrying short
hairpin (sh) RNA targeting hsa circ 0084927 (sh-
circRNA) and its corresponding negative control (sh-NC)
were bought from GenePharma. MiR-634 mimics and
negative control (NC mimics), as well as miR-634 inhibi-
tor and negative control (NC inhibitor), were purchased
from RiboBio (Guangzhou, China). For pCD-ciR-hsa
_circ_0084927 (hsa_circ_0084927) construction, the full-
length of hsa circ 0084927 was synthesized and inserted
into the EcoRI and BamHI sites of the pCD-ciR vector
(Geneseed, Guangzhou, China). For pcDNA3.1-TPD52
(TPDS52) generation, the full-length sequence of TPDS52
(NM_005079) was synthesized and subcloned into the
Smal and EcoRV sites of the pcDNA3.1 vector (pcDNA)
(Life Technologies).

RNA Isolation and Quantitative

Real-Time Polymerase Chain Reaction

(qRT-PCR)

RNAiso Plus (TaKaRa, Tokyo, Japan) was utilized to iso-
late total RNA from tissue samples and cells. For RNase
R treatment, total RNA of CC cells was incubated with 3 U/
pg RNase R (Geneseed) for 15 min at 37°C. For comple-
mentary DNA generation, total RNA was reversely tran-
scribed with the HiScript Q RT SuperMix for gPCR Kit
(Vazyme, Nanjing, China) or commercial miR reverse tran-
scription PCR kit (RiboBio). The synthesized complemen-
tary DNA was used for qRT-PCR in the CFX96 Real-time
PCR Detection System (Bio-Rad, Hercules, CA, USA) with
the SYBR Green PCR Master Mix (Bio-Rad) based on
previous studies.?**>. The following primers were used:
glyceraldehyde-3-phosphate  dehydrogenase  (GAPDH)
(F:5'-GACTCCACTCACGGCAAATTCA-3"; R:5-TCGC
TCCTGGAAGATGGTGAT-3’), hsa circ 0084927 (F:5'-
TTGTAAGTGAGGAGCACCGAGAC-3'; R:5-CGTGCC

CTGACTACGGTGTTAT-3), ESRP1 (F:5'-TGCGTTGA
GGAAGCATAAAG-3"; R:5-GGGTTGGAAGTGGAATG
AGA-3"), TPD52 (F:5'-AGCATCTAGCAGAGATCAAG
CG-3"; R:5-AGCCAACAGACGAAAAAGCAG-3'), miR-
634 (F:5-CAGTCTCAAACCAGCACC-3'; R:5'-TATGG
TTGTTCACGACTCCTTCAC-3'), and U6 small nuclear
RNA (U6) (F:5-GCTCGCTTCGGCAGCACA-3’; R:5'-
GAGGTATTCGCACCAGAGGA-3'). Relative expression
levels were figured with the 24" method, and GAPDH
or U6 was used as an internal control for hsa circ 0084927,
ESRP1, TPD52, and miR-634.

Cell Proliferation Assay

The proliferation of CC cells was analyzed with cell
counting kit-8 (CCK-8) assay according to previous
studies.’*?” CC cells (1x10* cells/well) were seeded into
96-well plates and maintained for 24 h, 48 h, 72 h, or 96
h. Next, the CCK-8 solution (20 pL, Beyotime, Shanghai,
China) was added to each well. Thereafter, the Microplate
Reader (Bio-Rad) was used to measure the absorbance at
450 nm.

Plate Clone Assay

For cell colony formation analysis, CC cells (1x10* cells/
well) were seeded into 6-well plates and cultured for 2
weeks. After washing with phosphate buffer solution, the
cells were fixed with paraformaldehyde (4%, Sigma) and
stained with crystal violet (0.5%, Beyotime). Thereafter, the
number of colonies (> 50 cells) were counted and photo-
graphed with a light microscope (Olympus, Tokyo, Japan).

Flow Cytometry Assay

CC cells were harvested and treated with trypsin, and then
washed with phosphate buffer solution. For cell cycle
distribution analysis, the cells were fixed with ethanol
(70%) at 4°C overnight. Thereafter, the cells were incu-
bated with propidium iodide (PI) (50 pg/mL, Solarbio) and
RNase A (100 pg/mL, Solarbio). For cell apoptosis eva-
stained with the Annexin
V-fluorescein  isothiocyanate  (FITC)/PI  Apoptosis
Detection Kit (BD Biosciences, San Jose, CA, USA).
The distribution of the cells was analyzed by a FACScan
flow cytometry (BD Biosciences) with FACS Diva
Software (BD Biosciences).

luation, the cells were

Transwell Assay
Cell migration and invasion were evaluated with an 8 pm
pore membrane filter (Costar, Cambridge, MA, USA). The
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upper chamber of the invasion assay was pre-coated with
Matrigel (Sigma), but the migration assay was not added.
In short, the lower chamber was supplemented with
DMEM (600 pL) containing FBS (10%), and the upper
chamber was supplemented with serum-free DMEM (200
pL) containing CC cells (1x10° cells). After 24
h incubation, the migrated or invasive cells on the lower
surface were fixed with paraformaldehyde (4%, Sigma)
and then stained with crystal violet (0.5%, Beyotime).
The light microscope (Olympus) (magnification, 100x)
was applied to count the migrated or invasive cells.

Western Blotting

The RIPA lysis buffer (Beyotime) was applied to extract
total protein form tissue samples and cells. Western blot-
ting was executed as previously described.?**® The pri-
mary antibodies including: anti-GAPDH (#5174, 1:1000),
anti-cyclin D1 (#2922, 1:1000), anti-cleaved-caspase-3
(c-caspase 3) (#9661, 1:1000), anti-matrix metalloprotei-
nase (MMP)-2 (#4022, 1:1000), anti-MMP-9 (#3852,
1:1000), anti-TPD52 (ab182578, 1:10,000). GAPDH was
deemed as a loading control. Goat anti-rabbit IgG (#7074,
1:2000) was used as a secondary antibody. Antibody
against TPD52 was purchased from Abcam (Cambridge,
MA, USA), and other antibodies were purchased from Cell
Signaling Technology (Boston, MA, USA).

Dual-Luciferase Reporter Assay

The binding sites of hsa circ_0084927 or TPD52 in miR-
634 were predicted with the CircInteractome or Starbase
databases. The fragments of wild type hsa_circ_0084927,
mutant hsa_circ_0084927 (mut-hsa_circ_0084927), wild
type 3’ untranslated regions (UTR) of TPD52 (TPDS52
3'UTR), and mutant 3'UTR of TPD52 (mut-TPDS52
3'UTR) containing miR-634 binding sites were synthe-
the psiCHECK-2 vectors
(Promega, Madison, WI, USA) to generate the luciferase

sized and inserted into
reporter vectors, respectively. Next, CC cells were cotrans-
fected with the luciferase reporter vectors together with
NC mimics or miR-634 mimics. After transfection for 48
h, the firefly and Renilla luciferase activities were quanti-
fied with the luciferase reporter assay system (Promega).
Relative luciferase intensity was determined by normal-

izing the firefly luminescence to Renilla luminescence.

RNA Immunoprecipitation (RIP) Assay
The RIP assay was executed used the Magna RIP Kit
(Millipore, Billerica, MA, USA). In brief, CC cells

(80%-90% confluence) were lysed in RIP lysis buffer.
Next, cell extract (100 pL) was incubated with RIP buffer
containing magnetic beads conjugated to Anti-Ago2
(ab32318, Abcam) or Anti-IgG (Millipore). After RNA
isolation, the levels of hsa circ 0084927 and miR-634
were analyzed with qRT-PCR.

Xenograft Assay

For stable knockdown of hsa circ 0084927, the lentivirus
carrying sh-circRNA was transfected into 293T cells and
then infected with SiHa cells. For xenograft assay, the
SiHa cells (5%10° cells/200 pL) with sh-circRNA or sh-
NC were subcutaneously injected into the right flank of
female BALB/c nude mice (4-6 weeks old, Vital River,
Beijing, China) (5 mice/group). Tumor volume was mea-
sured every 4 d with a digital caliper, and tumor volume
was calculated in accordance with the following equation:
Volume = (length xwidth?)/2. 28 days after injection, all
were sacrificed by cervical dislocation under isoflurane
(5%) to obtain their tumor tissues. The protocols of xeno-
graft assay were authorized by the Animal Ethics
Committee of The Third Hospital of Ji’nan. The guidelines
for the care and use of laboratory animals strictly followed
the “Guidelines for the Ethical Review of Laboratory
Animal Welfare” (GB/T 35892-2018).

Statistical Analysis

The experiments in vitro were repeated at last 3 times.
Statistical analysis was implemented with SPSS 20.0 soft-
ware (SPSS, Chicago, IL, USA). The Kolmogorov—
Smirnov test was applied to evaluate whether the data
follow a normal distribution. The homogeneity of variance
between 2 groups was analyzed by F-test. The difference
between 2 groups was evaluated with a paired or unpaired
Student’s ¢ test. For 3 groups or above, the differences
were assessed by one-way variance analysis (ANOVA)
with Turkey’s post hoc test. The correlation among hsa -
circ_ 0084927, miR-634, and TPD52 mRNA were ana-
lyzed with Pearson’s correlation analysis. Data exhibited
as the mean + standard deviation. Differences were
deemed significant if P < 0.05.

Results

Characteristic and Expression of

hsa_circ_0084927 in CC
Hsa_circ_0084927 arises from the ESRP1 gene, which
is located at chromosome 8 and consists of the head-to-
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tail splicing of exons 7 to 9 (Figure 1A). Previous study
reported that hsa circ 0084927 was upregulated in
CC tissues.” To explore the biological role of hsa -
circ_ 0084927 in CC, we examined the expression of
hsa circ_0084927 in 46 paired CC tissues and adjacent
non-tumor tissues with qRT-PCR. In contrast to the
adjacent non-tumor tissues, hsa_circ_0084927 expres-
sion was observably elevated in CC tissues (Figure
1B). Next, we divided the patients into two groups
(high hsa circ 0084927 expression group and low hsa -
circ_ 0084927 expression group) according the median
expression. High hsa circ 0084927 expression was
associated with International Federation of Gynecology
and Obstetrics (FIGO) stage, lymph node metastasis,
and depth of cervical invasion (Table 1). Kaplan-Meier
analysis and log rank test exhibited that CC patients
with high hsa circ_ 0084927 expression had a shorter
S-year survival rate (Figure 1C). Subsequently, we
detected the expression of hsa circ 0084927 in CC
the Endl/E6E7
circ_0084927 expression was overtly increased in CC

cells. Compared to cells, hsa -

A

ESRP1 Genomic DNA

6 10

expression
S = N W H» O

Iq hsa_circ_0084927 circRNA Mature

A4QY Sequence
CAGCAAGATGGAACTTATTGATGATAA
CACCGTAGTCAGGGCACGAGGTTTAC
CATGGCAGTCTTCAGATCAAGATATTG
CAAGATTCTTCAAAGGACTCAATATTG
CCAAGGGAGGTGCAGCACTTTGTCT

7111)

has_circ_0084927

cells (Hela, SiHa, CaSki, and C-33A) (Figure 1D).
Then, we used RNase R to pretreat the RNA of Hela
and SiHa cells. QRT-PCR exhibited that hsa -
circ_0084927 was resistant to RNase R, but the linear
ESRP1 mRNA was apparently digested (Figure 1E and
F). These results indicated that hsa circ_0084927 was
stable and highly expressed in CC.

Hsa_circ_0084927 Silencing Reduced the

Malignancy of CC Cells

Next, we explored the role of hsa circ 0084927 in CC
through loss-of-function experiments. We observed that
hsa circ_0084927 expression was signally reduced in
Hela and SiHa cells after si-circRNA#1, si-circRNA#2,
or si-circRNA#3 compared to the control si-NC (Figure
2A and B). Then, we explored the influence of hsa -
circ_0084927 inhibition on the malignancy of CC cells.
CCK-8 assay presented that hsa circ 0084927 inhibition
decreased the proliferation of Hela and SiHa cells relative
to the control group (Figure 2C and D). Plate clone assay

indicated that silenced hsa circ 0084927 expression

—— High hsa_circ_0084927 (n=23)
—— Low hsa_circ_0084927 (n=23)

Log-rank, p=0.028

Overall survival (%)

GAATGCTCAGGGTCGAAGGAACGGA
GAAGCTCTGGTTAGGTTTGTAAGTGA
GGAGCACCGAGACCTAGCACTACAG
AGGCACAAACATCACATGGGGACCC
GGTATATTGAGGTTTACAAAGCAACAG
GTGAAGATTTCCTTAAAATTGCTGGTG
Length: 287 nt

D E

Relative hsa_circ_0084927
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expression
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Figure | Characteristic and expression of hsa_circ_0084927 in CC. (A) Schematic illustration exhibiting the circularization of ESRPI| exons 7 to 9 forming hsa_-
circ_0084927. (B) QRT-PCR was used to analyze hsa_circ_0084927 expression in 46 paired CC tissues and adjacent non-tumor tissues. (C) The 5-year survival rate of CC
patients with high and low hsa_circ_0084927 expression was evaluated with Kaplan-Meier analysis and log rank test. (D) QRT-PCR was utilized to detect hsa_circ_0084927
expression in CC cells (Hela, SiHa, CaSki, and C-33A) and EndI/E6E7 cells. (E and F) After RNase R treatment, the levels of hsa_circ_0084927 and ESRPI mRNA were

analyzed with gRT-PCR. *P < 0.05 and n.s.: no significance.
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Figure 2 Inhibition of hsa_circ_0084927 decreased the malignancy of CC cells. (A and B) The expression of hsa_circ_0084927 in Hela and SiHa cells after si-circRNA#I, si-
circRNA#2, si-circRNA#3, or si-NC transfection was assessed by qRT-PCR. (C-P) Hela and SiHa cells were transfected with si-circRNA#1, si-circRNA#2, or si-NC. (C-M)
The proliferation, colony formation, cell cycle progression, apoptosis, migration, and invasion of Hela and SiHa cells were determined with CCK-8, plate clone, flow
cytometry, or transwell assays. (N-P) The levels of cyclin DI, c-caspase 3, MMP-2, and MMP-9 in Hela and SiHa cells were measured by Western blotting. *P < 0.05.

reduced the colony number of Hela and SiHa cells (Figure
2E and F). Flow cytometry assay displayed that hsa -
circ_0084927 knockdown elevated cell number in GO/G1
stage and reduced cell number in S stage in Hela and SiHa
cells, indicating that hsa circ_ 0084927 inhibited induced
cell cycle arrest (Figure 2G-I). Flow cytometry assay also
exhibited that hsa circ 0084927 downregulation could
increase the apoptotic rate of Hela and SiHa cells (Figure
2] and K). Furthermore, transwell assay exhibited that the
migration and invasion abilities of hsa circ_0084927-

silenced Hela and SiHa cells were reduced compared to
the control group (Figure 2L and M). In addition, we
measured the levels of cyclin D1, c-caspase 3, MMP-2,
and MMP-9 through using Western blotting. The results
exhibited that the levels of cyclin D1, MMP-2, and MMP-
9 were reduced in hsa circ_0084927-silenced Hela and
SiHa cells relative to the control group, while the level
of c-caspase-3 was clevated (Figure 2N-P). Collectively,
these data manifested that hsa circ_0084927 knockdown
could decrease the malignancy of CC cells.
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Hsa_circ_0084927 Acted as a Sponge for
miR-634, Which Targeted TPD52 in CC
Cells

To investigate the underlying molecular mechanism of
hsa circ_ 0084927 in CC, we predicted miRs with com-
to hsa circ 0084927 the
Circlnteractome database. The results exhibited that miR-

plementary sites through

634 had latent binding sites complementary to hsa -
circ_0084927 (Figure 3A). Moreover, we discovered that

A

hsa_circ_0084927

/ 280 zas\
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TPDS52 was a latent target for miR-634 through using the
Starbase database (Figure 3B). Dual-luciferase reporter
assay exhibited that miR-634 mimics could reduce the
luciferase activity of luciferase vectors with hsa -
circ_0084927 or TPD52 3'UTR in Hela and SiHa cells in
contrast to the control NC mimics, while the luciferase
activity of luciferase vectors with mut-hsa circ 0084927
or mut-TPD52 3'UTR did not change (Figure 3C-F). Then,
we

executed an RIP assay to observe whether

861-867 of 3'UTR
—

/////h_K\\\\\\

5'...AGUUUAGAUCUAGAAGCUGGUAA...3'
(RN
hsa-miR-634  3'..CAGGUUUCAACCCCACGACCAA...5'

TPD52

mut-TPD52 3'UTR  5'...AGUUUAGAUCUAGAAUACCUGAA...3'

E F

2 Hela 2 SiHa
2 Il NC mimics 2 Il NC mimics
6157 [ miR-634 mimics G 1.57 [ miR-634 mimics
Q * o *

81.0 81.0
2 2
Sos Sos

o (4

>

Zo0 §0.0

=0, Fo.
K 7]
g g

% G

<
3 6 * E 5 »
© 5 E 5 4
x ks % ®
€0 Qg3
g s FLo
s g2 o T
5o 20 q
Q =
o 0 % N
Adjacent  Tumor x Adjacent Tumor
(n=46) (n=46) (n=46) (n=46)
g R2=0.503 P<0.0001 g R?=0.491 P<0.0001
x 5 x 5
55 55
a3 avs
o Q o e
45’ 28]
20 q 209
k] s
K] 0 T T T | [7] 0 T T T 1
x 0 1 2 3 4 1 2 3 4 5

Relative hsa_circ_0084927
expression

Relative miR-634 expression

Figure 3 Hsa_circ_0084927 served as a sponge for miR-634, which targeted TPD52 in CC cells. (A and B) Schematic diagrams exhibiting the potential binding sites of
hsa_circ_0084927 or TPD52 and miR-634. (C-F) Dual-luciferase reporter assay was performed to analyze the luciferase activity in Hela and SiHa cells cotransfected with
NC mimics or miR-634 mimics and luciferase vectors containing hsa_circ_0084927, mut-hsa_circ_0084927, TPD52 3'UTR, or mut-TPD52 3'UTR. (G and H) RIP assay was
performed to determine whether hsa_circ_0084927 could bind miR-634 in Hela and SiHa cells. (I-K) The levels of miR-634, TPD52 mRNA, and TPD52 protein in 46 paired
CC tissues and adjacent non-tumor tissues were analyzed by qRT-PCR or Western blotting. (L-N) The correlation among hsa_circ_0084927, miR-634, and TPD52 mRNA
were assessed with Pearson’s correlation analysis. *P < 0.05.
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hsa circ 0084927 could bind miR-634. The results pre-
sented that hsa_circ_0084927 and miR-634 were enriched
in the Anti-Ago2 group compared to the control Anti-IgG
(Figure 3G and H). We also conducted qRT-PCR on 46
paired CC tissues and adjacent non-tumor tissues and
found that miR-634 expression was decreased while
TPD52 mRNA expression was elevated in CC tissues in
contrast to the adjacent non-tumor tissues (Figure 31 and
J). In the next step, we observed that TPD52 protein level
was higher in CC tissues in comparison to the adjacent
non-tumor tissues (Figure 3K). Additionally, we found that
miR-634 and hsa circ_0084927 or TPD52 mRNA had
a negative correlation in CC tissues, but hsa_circ_0084927
and TPD52 mRNA had a positive correlation (Figure 3L-
N). In these data indicated that
circ 0084927 served as a sponge for miR-634, which
targeted TPD52 in CC cells.

summary, hsa -

Hsa_circ_0084927 Regulated TPD52
Expression via Sponging miR-634 in CC
Cells

Considering that hsa_circ_0084927 served as a sponge for
miR-634 and miR-634 targeted TPD52 in CC cells, we
further verified whether hsa circ_ 0084927 regulated
TPD52 expression via miR-634 in CC. QRT-PCR and
Western blotting exhibited that miR-634 expression was
reduced while TPD52 mRNA and protein levels were
increased in CC cells (Hela, SiHa, CaSki, and C-33A)
than that in End1/E6E7 cells (Figure 4A-C). Moreover,
we discovered that inhibition of hsa circ 0084927
reduced hsa_circ_0084927 and TPD52 mRNA expression
in Hela and SiHa cells, but elevated the expression of
miR-634 (Figure 4D and E). Also, hsa_circ_0084927 and
TPD52 mRNA expression were elevated while miR-634
expression was decreased in Hela and SiHa cells after
hsa_circ_0084927 transfection compared to the control
pCD-ciR (Figure 4F and G). Western blotting displayed
that TPDS52 protein levels were decreased in hsa -
circ_0084927-inhibited Hela and SiHa cells and elevated
in hsa circ_0084927-overexpressed Hela and SiHa cells
relative to their matched negative controls (Figure 4H and
I). Furthermore, miR-634 elevation decreased TPDS52
mRNA and protein levels in Hela and SiHa cells, but
miR-634 inhibition elevated TPD52 mRNA and protein
levels in Hela and SiHa cells (Figure 4J-O). Together,
these data indicated that hsa_circ_0084927 could regulate
TPDS52 expression through sponging miR-634 in CC cells.

TPD52 Overexpression Reversed
miR-634 Mimics-Mediated Influence on
the Malignancy of CC Cells

Based on the above results, we verified whether miR-
634 regulated the malignancy of CC cells via TPDS52.
The results exhibited that miR-634 mimics reduced the
levels of TPD52 mRNA and protein in Hela and SiHa
cells, but this influence was partly reversed after TPD52
transfection (Figure 5A-D). CCK-8 and plate clone
assays exhibited that miR-634 mimics reduced the pro-
liferation and colony formation abilities of Hela and
SiHa cells, while this trend was overturned by TPD52
overexpression (Figure 5E-G). Flow cytometry assay
manifested that elevated miR-634 expression induced
cell cycle arrest and apoptosis in Hela and SiHa cells,
but this impact was abolished by forcing TPD52 expres-
sion (Figure 5H-J). Transwell assay exhibited that
forced TPD52 expression overturned the repressive
influence of miR-634 mimics on migration and invasion
of Hela and SiHa cells (Figure 5K and L). Furthermore,
miR-634 overexpression reduced the levels of cyclin
D1, MMP-2, and MMP-9 while elevated the level of
c-caspase 3 in Hela and SiHa cells, but these tendency
were reversed by TPD52 elevation (Figure 5SM and N).
These results manifested that miR-634 exerted its role
via TPD52 in CC cells.

MiR-634 Inhibitor Abolished
hsa_circ_0084927 Silencing-Mediated
Effect on the Malignancy of CC Cells

In consideration of the targeting relationship between
hsa circ 0084927 and miR-634 in CC cells, we further
verified whether hsa circ 0084927 regulated the malig-
nancy of CC cells via miR-634. We found that the upre-
gulation of miR-634 in hsa circ_0084927-inhibited Hela
and SiHa cells was partly overturned by miR-634 inhibitor
(Figure 6A and B). Moreover, the downregulation of miR-
634 reversed the inhibitory influence of hsa circ 0084927
knockdown on proliferation and colony formation of Hela
and SiHa cells (Figure 6C-E). Furthermore, miR-634
silencing overturned the accelerative influence of hsa -
circ_0084927 inhibition on cell cycle arrest and apoptosis
of Hela and SiHa cells (Figure 6F-H). Also, silenced miR-
634 expression abolished the inhibition of migration and
invasion of Hela and SiHa cells caused by hsa -
circ_ 0084927 knockdown (Figure 61 and J). Likewise,
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Figure 4 Hsa_circ_0084927 regulated TPD52 expression via miR-634 in CC cells. (A-C) QRT-PCR and Western blotting were performed to examine the levels of miR-634,
TPD52 mRNA, and TPD52 protein in CC cells (Hela, SiHa, CaSki, and C-33A) and EndI/E6E7 cells. (D-l) QRT-PCR and Western blotting were employed to examine the
levels of hsa_circ_0084927, miR-634, TPD52 mRNA, and TPD52 protein in Hela and SiHa cells transfected with si-NC, si-circRNA#1, pCD-ciR, or hsa_circ_0084927. (J-O)
QRT-PCR and Western blotting were executed to analyze the levels of miR-634, TPD52 mRNA, and TPD52 protein in Hela and SiHa cells transfected with NC mimics, miR-
634 mimics, NC inhibitor, or miR-634 inhibitor. *P < 0.05.

miR-634 inhibition reversed hsa circ 0084927 knock- (Figure 6K and L). These resulted indicated that hsa -
down-mediated effects on the levels of cyclin D1, c-cas-  circ_ 0084927 regulated the malignancy of CC cells via
pase 3, MMP-2, and MMP-9 in Hela and SiHa cells sponging miR-634.
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Figure 5 MiR-634 exerted its role through targeting TPD52 in CC cells. (A-N) Hela and SiHa cells were transfected with NC mimics, miR-634 mimics, miR-634 mimics
+pcDNA, or miR-634 mimics+TPD52. (A-D) QRT-PCR and Western blotting were conducted to analyze the levels of TPD52 mRNA and protein in Hela and SiHa cells.
(E-L) CCK-8, plate clone, flow cytometry, and transwell assays were executed to evaluate the proliferation, colony formation, cell cycle progression, apoptosis, migration,
or invasion of Hela and SiHa cells. (M and N) Western blotting was performed to assess the levels of cyclin DI, c-caspase 3, MMP-2, and MMP-9 in Hela and SiHa cells.

*P < 0.05.

Hsa_ circ_0084927 Inhibition Decreased

Tumor Growth in vivo

To further explore the impact of hsa circ 0084927 on
tumor growth in vivo, we established xenograft nude
mouse models by injecting SiHa cells carrying sh-NC or
sh-circRNA into nude mice. We observed that tumor
volume and weight were reduced in the sh-circRNA

group relative to the sh-NC group (Figure 7A and B).
Moreover, qRT-PCR exhibited that hsa circ 0084927
was downregulated while miR-634 was upregulated in
mice tumor tissues of the sh-circRNA group relative to
the sh-NC group (Figure 7C and D). Also, we observed
that TPD52 mRNA and protein levels were reduced in
mice tumor tissues of the sh-circRNA group in comparison
to the sh-NC group (Figure 7E and F). These results
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Figure 6 Hsa_circ_0084927 regulated the malignancy of CC cells through miR-634. (A-L) Hela and SiHa cells were transfected with si-NC, si-circRNA#I, si-circRNA#|
+NC inhibitor, or si-circRNA#|+miR-634 inhibitor. (A and B) Expression of miR-634 in Hela and SiHa cells were examined with qRT-PCR. (C-J) CCK-8, plate clone, flow
cytometry, and transwell assays were performed to determine the proliferation, colony formation, cell cycle progression, apoptosis, migration, or invasion of Hela and SiHa
cells. (K and L) The levels of cyclin DI, c-caspase 3, MMP-2, and MMP-9 in Hela and SiHa cells were measured with Western blotting. *P < 0.05.

indicated that hsa circ_0084927 knockdown could reduce
tumor growth in vivo.

Discussion
Recently, the role of circRNAs in tumorigenesis and
advancement  has attention.

CircRNAs can be used as tumor diagnostic markers or

attracted  widespread

therapeutic targets due to their unique molecular structure
and cell/tissue-specific and stage-specific expression.”’
Nevertheless, the role of a large number of circRNAs in
CC advancement is unclear.

Hsa circ 0084927 is a circRNA, which has been
pointed out to be freakishly expressed in certain tumors.

Studies have revealed that hsa circ 0084927 is upregu-
lated in malignant pleural effusion,”® laryngeal cancer,’'
and CC.° Herein, hsa_circ_0084927 was upregulated in
CC tissues and cells. High hsa circ_ 0084927 expression
was associated with the FIGO stage, lymph node metas-
tasis, and depth of cervical invasion, implying that hsa_-
circ_ 0084927 might be a novel biomarker for CC
diagnosis. Downregulation of hsa_circ 0084927 decreased
tumor growth in vivo and induced cell cycle arrest, apop-
tosis, suppressed colony formation, proliferation, invasion,
and migration of CC cells in vitro. Nevertheless, hsa -
circ_0084927 was revealed to be downregulated in resis-
tant-small cell lung cancer cells, and hsa_circ_ 0084927
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protein level was detected by Western blotting in mice tumor tissues. *P < 0.05.

overexpression elevated the chemosensitivity of resistant-
small cell lung cancer cells,® which might be associated
with cell specificity.

Accumulating researches have proved that circRNAs
modulate cellular function as miRs sponges.’* For
instance, hsa_circ_0084927 elevated the chemosensitivity
of resistant-small cell lung cancer cells through suppres-
sing TGF-P signaling via sponging miR-93-5p.® Herein,
we discovered that hsa circ 0084927 regulated TPD52
expression via sponging miR-634 in CC cells. Tan et al
pointed out that miR-634 could increase cell sensitivity to
temozolomide through the Raf-ERK pathway by targeting
CYR61 in glioma.”> Another study demonstrated that
miR-634 elevated the radiosensitivity of breast cancer
cells through downregulating STAT3.>* MiR-634 has
been revealed to exert a suppressive role in gastric
cancer,'® pancreatic cancer,'” hepatocellular cancer,*® and
CC."® In the current study, hsa_circ_0084927 and miR-634
had a negative correlation in CC tissues. MiR-634 inhibi-
tor overturned hsa circ_0084927 silencing-mediated influ-
ence on the malignancy of CC cells. Therefore, we
concluded that hsa circ 0084927 regulated the malig-
nancy of CC cells via sponging miR-634.

TPD52 was reported as an oncogene in a range of
tumors.>'***7 In CC, IncRNA HULC silencing reduced
TPD52 expression, which inhibited cancer cell invasion and
migration.”> Also, miR-15a-3p reduced the radioresistance of
CC cells by targeting TPD52.*®* However, TPD52 was
revealed as a tumor repressor in renal cell cancer, which
might be related to tissue specificity. In this study, we

discovered that TPD52 served as a target for miR-634 and
was positively correlated with hsa circ 0084927 in CC.
Moreover, TPD52 elevation could abolish the inhibition of
the malignancy of CC cells caused by miR-634 mimics.
Therefore, we concluded that hsa circ 0084927 modulated
the malignancy of CC cells via regulating the miR-634/TPD52
axis. In the future, the downstream molecular mechanism of
the hsa circ_0084927/miR-634/TPD52 axis can be further
explored.

In summary, we discovered a new mechanism by
which hsa circ_ 0084927 elevated TPD52 expression via
sponging miR-634, which facilitated the advancement of
that hsa circ_ 0084927
a promising target for CC treatment.

CC, manifesting acted as
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