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Background: A growing number of studies have identifié&@kat circular RKfAs (circRNAs)

positively correlated with on, FIGUREO stage, depth of stromal invasion,

lymph node metastasis and rauterine organ. Kaplan—Meier survival analysis

SE1 significantly promoted cell migration and metastasis.
se reporter and RIP assays revealed that circGSE1 directly bound to
MiR-138-5p inhibited the expression of Vimentin through directly
imentin mRNA. In addition, miR-138-5p suppressed cell migration
jon through inhibiting Vimentin expression, and circGSE1 promoted cell migration
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Introduction

Cervical cancer is one of the most common types of gynecological malignancy
worldwide and the second leading cause of cancer deaths in young women between
the age of 20 and 39 years, especially in developing countries.' In spite of the
increase in the widespread application of vaccination against human papillomavirus
and screening programs, the prognosis is less than satisfactory for advanced tumor.’
Therefore, it is urgent to identify the molecular mechanisms of cervical cancer
progression and explore more effective therapeutic targets.

Human genomes encode a large amount of noncoding RNAs (ncRNAs), many
of which are implicated in diverse biological processes.* Recently, as a novel type
of endogenous ncRNAs, circular RNAs (circRNAs) have become the research
hotspot.” Without 5’ caps and 3’ poly(A) tail, circRNAs are characterized by
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a single-stranded, covalently closed structure that is
formed by precursor mRNA back-splicing events.®™®
Earlier, circRNAs were generally thought to be the results
of transcriptional noise and to have no biological
functions.” However, with the development of RNA
sequencing technology and circRNA-specific bioinfor-
matics analyses, parts of circRNAs have been reported to
own physiological functions,'® including in various types
of cancers.'""” In addition, due to its high stability,
broadly evolutionary conservation and abundance,
circRNAs have great potential as biomarkers of various
diseases.'®'? Recently, increasing researches are revealing
the mechanisms of circRNAs functions, most of which
have been suggested to act as microRNA sponges.’*?!
Additionally, circRNAs can bind to many different RNA-
binding proteins (RBPs) and regulate their functions.”* 2
Moreover, a subset of circRNAs exhibited the ability to
translate proteins, although most circRNAs are thought to
be non-coding.?*?’

MicroRNAs are the most studied small non-coding
RNA, which could regulate gene expression at posttran-
scriptional level via binding to 3" untranslated region (3'-
UTR) of targeting mRNAs.”® Amounts of evidence
showed that miRNAs played important roles in canc
including tumorigenesis, cell signaling transduction, ce
proliferation,  apoptosis,  tumor  invasjg
metastasis.”’ ' Recently, a novel regulatog

called ceRNA hypothesis, has been p

the malignant progréion of cells.**

In our study, a significantly upregulated circRNA,
hsa_circ_0000722, designated as circGSEI, is identified.
We determined that circGSElwas highly expressed in
cervical cancer, positively related to advanced clinical
characteristic and poor prognosis. As a key biomarker of
epithelial-mesenchymal transition (EMT), Vimentin is
widely considered to promote invasion and metastasis in

various cancer types.”> We demonstrated that circGSE]

up-regulated the expression of Vimentin via sponging
miR-138-5p. Our data suggest that circGSE1/miR-138-
5p/Vimentin axis plays important roles in the progression
of cervical cancer, and may be a promising candidate in
the diagnosis and treatment of cervical cancer.

Materials and Methods

Clinical Data and Cell Lines
From 2013 to 2018, 64 pairs of fresh frozen cervical
cancer tissues and matched normal tissues were collected

at The Third Affiliated Hospital of University

by two pathologists
approved by the In
Third Affiliated 1
the samples

cordance with the
consent for research

751 and cervical epithelial cell ECT1/
sed from Shanghai Cell Bank of the
of Science. All cells were cultured in
odified Eagle medium (DMEM) medium
with 1% penicillin-streptomycin and 10%
etal bovine serum (FBS) (Gibco, USA).

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was isolated using TRIzol (TaKaRa, Japan) and
was reversely transcribed into cDNA using PrimeScript RT
Reagent Kit (TaKaRa, Japan). Then, the cDNA was multi-
plied using SYBR Premix Ex Taq™ (TaKaRa, China).
GAPDH or U6 was selected as the internal controls, and
2724 method.
The primer sequences were as follows: circGSEI, 5'-
TGAGCTTGTGAGTGAGT GGT-3' (forward) and 5'-
GCAAGGAGAATGGCG AGATG-3' (reverse); Vimentin,
5'-TTGCCGTTGAAGCTGCTAACTACC-3' (forward) and
5'-AATCCTGCTCTCC TCGCCTTCC-3' (reverse); GAPD
H, 5-TGAAGGTCGGAGTCAACGGA-3' (forward) and
5'-CCTGGAAGATGGTGATGGGAT-3’ (reverse).

relative RNA expression was tested by the

Western Blotting

Total protein was extracted from cells using protein extrac-
tion reagent with 1% protease inhibitor (Beyotime
Biotechnology, China) according to the manufacturer’s
instructions. An equal amount of total protein (20 pg)
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was separated by SDS-PAGE and then was transferred
onto PVDF membranes (Millipore, USA). The membranes
were incubated with specific primary antibodies at 4°C
overnight after blocking in 5% fat-free milk at room tem-
perature for 1.5 h. Then, the membranes were incubated
with secondary antibody for 2 h at room temperature. The
bands were detected by ECL reagent (Millipore, USA).
The primary antibodies were as follows: Vimentin
(1:1000, Abcam, USA), GAPDH (1:1000; Cell Signaling
Technology, USA).

Fluorescence in situ Hybridization (FISH)
The probe of circGSEl was generated by GenePharma
(Shanghai, China) to observe the location of circGSE1 in
cervical cancer cells. Then, the assay was performed using
Fluorescent In Situ Hybridization Kit (Geneseed, China)
according to the directions. The images were acquired
under the fluorescence microscope (Leica, Germany).

Oligonucleotides, Plasmids and Cell

Transfection
To overexpress circGSEI1, the circGSE1 overexpression
vector was generated by pEX-3 vector (GeneP
China). To knock down circGSE1, three siRNAs t®
ing circGSE1 (si-1, si-2, si-3) and a si-N
si-Vim$

overexpression  plasmid,

mimics and inhibitor were p

, a scratch wound was gently
ell with a 200 uL. micropipette

Transwell Migration and Invasion Assays

The cells were cultured in 24-well plates (Corning, USA)
with or without pre-coated diluted Matrigel. 5x10* cells
were seeded into the upper chamber with a serum-free
medium. The bottom chamber contained 10% FBS as the
chemoattractant. After incubation for 24 h, cells on the
underside of the membrane were immobilized and stained.

Finally, penetrated cells were photographed and calculated
under the microscope.

Luciferase Reporter Assay

The sequences of circGSEI and Vimentin 3'UTR contain-
ing the wild-type (WT) or mutant (mutation) binding site
of miR-138-5p were devised and synthesized by
GenePharma (Shanghai, China). Corresponding plasmids
and miR-138-5p mimics or inhibitors were co-transfected
in HeLa and SiHa cells using Lipofectamine 2000 reagent.
After 36 h of incubation, the ag
measured using the Dual
(Promega, USA). The

firefly luciferase actiyz

luciferase were

ractionation experiment was
™ Kt (Invitrogen, USA) according

inElute Cleaning Kit (Qiagen, Germany) and
- ed by qRT-PCR. The cells were exposed to 2 pg/mL
actinomycin D (Sigma, USA) at the indicated time point,
and the stability of circGSE1 and GSEl were detected
using qRT-PCR.

RNA Immunoprecipitation (RIP) Assay
RIP experiments were conducted in HeLa cells with
Magna RIP RNA-Binding Protein Immunoprecipitation
Kit (Millipore, MA) by following the manufacturer’s
instructions. Briefly, cell samples were lysed and incu-
bated with the magnetic beads conjugated by human anti-
AGO?2 antibody (Millipore, USA) or negative control
mouse IgG overnight. Subsequently, the coprecipitated
RNA was collected by TRIzol reagent (Takara, China)
and detected by qRT-PCR.

Statistical Analysis

Statistical analyses were performed using SPSS 22.0.
Student’s #-test was used to compare the two groups.
Results are presented as mean + standard deviation of the
mean. The survival curves were evaluated by the Kaplan—
Meier method with Log-rank tests. A probability of 0.05
or less was considered statistically significant for all tests.
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Results
CircGSElis Overexpressed in Cervical

Cancer Tissues

Previously, to determine the role of circRNAs in cervical
cancer, we have performed circRNA sequencing in cervi-
cal cancer tissues and paired normal tissues and confirmed
many circRNAs with differential expression. Among
these, circCLK3 was one of the significantly upregulated
circRNAs and was proved to promote cervical cancer cells
proliferation, migration and invasion by targeting miR-
320a/FoxM1.>® Meanwhile, hsa_circ 0000722 (termed
circGSEI) was also markedly upregulated in the above
circRNA sequencing results. According to the circBase
database annotation (http://www.circbase.org/), we found

circGSE1 was spliced from exon2 of GSEI gene with
a length of 219 nt. The head-to-tail splicing of circGSE!
was identified by Sanger sequencing (Figure 1A). Then,
qRT-PCR was performed to detect the expression of
circGSE1. We found that circGSE1 was elevated in cervi-
cal cancer cells compared with cervical epithelial cells
ECTI1/E6E7 (Figure 1B). HeLa cells with relatively high
expression of circGSEI and SiHa cells with relatively low
expression of circGSEIl were selected for subsequ
experiments. To make sure circGSEl was from bac

mic DNA (gDNA) were conducted
CircGSE1 was detected only in cDN

by RNA-FISH and
assays. We found tha

12 o
«@ Ko R [t wits identified that circGSE1

was more res to the dfgestion of RNase R (Figure

were treate
1F). Actinomyci¥@, an inhibitor of RNA synthesis, was
e stability of circGSE1. As shown
in Figure 1G, circGSE1 was more stable than linear GSE1

also used to confi

after treatment with actinomycin D. These data indicate
that circGSE1 is a circular RNA, steadily present in the
cytoplasm of cervical cancer cells.

Next, we utilized qRT-PCR to detect the level of
circGSE1 in 64 paired cervical cancer samplesand found
that circGSEl owned high expression in cervical cancer
tissues compared with adjacent normal tissues (Figure 1H

and I). Further analyses revealed that the level of circGSE1
was positively associated with tumor differentiation, FIGO
stage, depth of stromal invasion, lymph node metastasis and
infiltration of parauterine organ (Table 1, P<0.05). The tis-
sues with a depth of stromal invasion >1/2 (Figure 1J) or with
infiltration of parauterine organ (Figure 1K) exhibited high
circGSE1 level compared with tissues with a depth of stro-
mal invasion <1/2 or without infiltration of parauterine organ.
Kaplan—Meier survival analysis showed that patients with
higher circGSE1 had a worse overall survival and disease-
free survival than those with lower ex s

usly down-regulated or up-regulated in
Is transfected with the indicated siRNA
nts or overexpression vector, respectively (Figure 2A
ile the expression of GSE1 did not change (the
ata did not show). Among the three siRNAs, si-1 was
lected for further study because of its highest inhibitory
efficiency. The wound-healing assay showed that knock-
down of circGSE1 inhibited the mobility of HeLa cells,
while forced expression of circGSE1 enhanced the mobility
speed of SiHa cells (Figure 2C and D). Moreover, the effects
were confirmed by transwell migration and invasion assays
(Figure 2C and D).

CircGSE| Acts as miRNA Sponge for
miR-138-5p in Cervical Cancer Cells

Since circRNAs exert biological functions mainly through
sponging miRNAs,?” we explore whether circGSE1 pro-
motes cervical cancer progression by binding to miRNAs.
To investigate the potential miRNAs, TargerScan and
StarBase databases were used to predict the potential
miRNAs of circGSE1, while StarBase, miRDB and
miRcode databases to predict the possible miRNAs of
Vimentin. The top five miRNAs with the highest scores
in the above five databases were selected (Figure 3A).
Then, the
a biotinylated circGSE1 probe. The results demonstrated

pull-down assay was performed with
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Table | Associations Between circGSE| Expression and Clinicopathological Features in Cervical Cancer (n = 64)

mimics and miR-138-5p
activities in cervical ca

indicated only W@R-138-5p level negatively associated
with circGSE1 lev&Figure 31, R=—0.6978, p<0.0001).
Meanwhile, circGSE1 knockdown markedly increased the
expression of miR-138-5p and circGSEl overexpression
decreased the miR-138-5p level (Figure 3J). However,
circGSE1 had no effects on the expression of miR-4429
(data did not show). Furthermore, to investigate the reg-
ulation of circGSEl on miR-138-5p, we constructed
a luciferase reporter plasmid (Mutation) in which the bind-
ing sites of circGSE1 on miR-138-5p were mutant (Figure

Parameters Category No. circGSE| Expression Ve P
High (%) low (%)

Age 0.071 0.790
<45 33 17 16
245 31 17 14

Differentiation 6.143 0.013
GI+G2 30 I 19
G3 34 23 ]

FIGO stage 0.028
| 27 10 17
I 37 24 13

Depth of stromal invasion .018 0.005
<1/2 27 9 18
21/2 37 25

Lymph node metastasis 231 0.004
Yes 27 20 7
No 37 14 23

Infiltration of parauterine organ 3.925 0.048
Yes 3 0
No 6l | 30

Tumor size (cm) 0.071 0.790
<4 16
24 14

activity decreased after co-transfection with miR-138-5p
mimics and WT (Figure 3L). Conversely, miR-138-5p
inhibitor elevated the luciferase activity of WT (Figure
3L). However,
showed no significant impact on the luciferase activity of
Mutation (Figure 3L). We next preformed an anti-AGO2
immunoprecipitation assay in HeLa cells to determine
whether circGSE1 served as a platform for AGO2 and
miR-138-5p. The results showed that both circGSE1 and
miR-138-5p were markedly immunoprecipitated by anti-
AGO?2 antibody compared with IgG, and enriched by miR-
138-5p mimics compared with negative control (Figure
3M and N). Collectively, these data demonstrated that
circGSE1 could function as a miR-138-5p sponge.

alteration of miR-138-5p expression

CircGSE| Promotes Cervical Cancer Cells

Migration and Invasion Through miR-138-5p
To further explore the effects of miR-138-5p on the roles of
circGSE1, we conducted a series of rescued experiments. MiR-
138-5p inhibitor relieved the suppression of si-circGSE1 on
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tion and invasion

MiR-138-5p is Down-Regulated in Cervical

Cancer and Suppresses Vimentin Expression
According to previous reports, miR-138-5p can target

various mRNAs and act as a tumor suppressor in

musi-NC
msi-1

*%
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Number of cells

Migration Invasion

ection with circGSE| overexpression vector in SiHa cells. (C and D) Cell migration and invasion abilities
n assays after upregulating or downregulating circGSEl in Hela and SiHa cells. Three independent

and bladder
cancer.”®* *° Thus we are inspired to further explore the

cervical cancer, pancreatic cancer
role of miR-138-5p in cervical cancer. qRT-PCR results
demonstrated that miR-138-5p expression was low in
above 64 paired cervical cancer tissues (Figure S5A).
Further statistical analyses indicated that decreased
miR-138-5p was positively associated with stromal
invasion and parauterine organ metastasis (Figure 5B
and C). Kaplan—Meier Plotter analysis demonstrated
that cervical cancer patients with low miR-138-5p had
a shorter overall survival and disease-free survival than
those with high expression of miR-138-5p (Figure 5D).
Vimentin is an intermediate filament protein and highly
expressed in aggressive epithelial cancers, where its
expression level is associated with wound healing and

cancer metastasis.*' Previous studies have reported that
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miR-138-5p directly targeted Vimentin and negatively

regulated its expression.**** Then, we focused on

Vimentin for further

study. Pearson’s

correlation

analysis indicated that miR-138-5p level was negatively

associated with Vimentin expression in these 64 paired
cervical cancer tissues (R=—0.5488, p<0.0001) (Figure
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SE). Furthermore, qRT-PCR and Western blot showed
that miR-138-5p mimics decreased Vimentin expression
in HeLa cells, and miR-138-5p inhibitor increased
Vimentin expression in SiHa cells (Figure S5F and G).
Bioinformatics analyses also revealed that Vimentin 3'-
UTR contained one putative miR-138-5p binding site

er and suppresses Vimentin expression (A) The level of miR-138-5p in cervical cancer tissues and matched normal
invasion or infiltration of paruterine organ showed low miR-138-5p expression. (D) Kaplan—Meier survival analysis of

(Figure 5H). To verify whether Vimentin is the target
of miR-138-5p, we constructed a wild-type (WT) 3'-
UTR luciferase construct and a mutant construct
(Mutation), in which the binding sites of Vimentin
mRNA on miR-138-5p were mutated (Figure S5H).
Luciferase reporter assays indicated that miR-138-5p
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Figure 6 MiR-138- ppressed cervical cancer cell migration and invasion by targeting Vimentin. (A and B) The wound healing and transwell assays showed that miR-138-
5p mimics suppressed migration and invasion abilities in HeLa cells. However, Vimentin overexpression reversed the inhibition of miR-138-5p mimics on cell migration
and invasion. (C and D) The wound healing and transwell assays showed that miR-138-5p inhibitor promoted cell migration and invasion abilities in SiHa cells, while Vimentin
knockdown could eliminate the promotion of miR-138-5p inhibitor on cell migration and invasion. Three independent experiments were performed for each group. All data
are reported as the mean  SD. **P <0.01.

mimics reduced the luciferase reporter activity of WT  mimics and inhibitors showed no significant impact on
compared to the control, and miR-138-5p inhibitor had  the luciferase activity of mutant luciferase reporter
an opposite effect (Figure 5I). As expected, miR-138-5p  (Figure 5I).
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MiR-138-5p Suppressed Cervical Cancer
Cell Migration and Invasion Through

Vimentin

We have proved the level of miR-138-5p was low in cervical
cancer, and next, we further investigate the biological func-
tions of miR-138-5p in cervical cancer. The results showed
that miR-138-5p overexpression inhibited the abilities of
cervical cancer cell migration and invasion (Figure 6A and
B). Conversely, miR-138-5p inhibitor promoted cervical can-
cer cell migration and invasion (Figure 6C and D). To further
confirm that Vimentin was a functional mediator of miR-
138-5p, rescued experiments were conducted. As shown in
Figure 6A-D, following Vimentin overexpression, miR-138-
5p mimics was no longer able to suppress cell migration and
invasion, while si-Vimentin suppressed the ability of the
miR-138-5p inhibitor to promote cell migration and invasion.
In conclusion, these data confirm that miR-138-5p sup-
pressed cervical cancer cell migration and invasion by target-
ing Vimentin.

CircGSEl Promotes Cervical Cancer
Progression Through Vimentin

The previous studies have revealed circRNAs could

oz
miRNAs activity by competing shared miRNAs resp ?

v d F). These results indicate that
be capable of modulating the progression
cells by targeting Vimentin.

Discussion
The circGSE1/miR-138-5p/Vimentin
a crucial finding in our study. In the present report, we

novel axis is
found that circGSE1 was elevated in cervical cancer and
could promote cervical cancer cell migration and invasion.
Mechanistically, circGSEl exerted its function as
a ceRNA that bound to miR-138-5p and abolished the

endogenous suppressive effect of miR-138-5p on the target
gene Vimentin.

In recent years, the abnormal expression of noncoding
RNAs in oncogenesis and tumor development has caused
wide attention. Compared with other known noncoding
RNAs miRNAs and IncRNAs, circRNA became a new
hotspot in the field of tumor research.** Abundant
circRNAs have been successfully identified in various
cell lines and across different species.*” Importantly,
many circRNAs have been proved to have various biolo-

gical functions, including regulafis cell proliferation,

example, the
d in bladder

st circRNAs in cervical cancer cell devel-
1 largely obscure. Combined with our pre-
in which circRNA sequencing between

& paired cervical cancer tissues and normal tissues
was performed, we selected circGSE1 for further study.
CircRNA sequencing has shown the high expression of
circGSE1 in cervical cancer tissues. Then, we conducted
a qRT-PCR assay to further confirm its upregulation in
cervical cancer cells and cervical cancer tissues. Next,
RNA-FISH, RNase R and actinomycin D treatment proved
the stable existence of circGSE] in the cervical cancer cell
cytoplasm. Clinically, high expression of circGSE1l is
associated with depth of stromal invasion and metastasis
of parauterine organs. Moreover, elevated circGSEl
expression indicated a poorer overall survival and disease-
free survival. Functionally, we found that circGSE1 could
promote cell migration and invasion in cervical cancer
cells. Our data suggest that circGSE1 plays the role of an
oncogene in the progression of cervical cancer and may be
a potential diagnostic and prognostic marker for cervical
cancer.

CircRNAs mainly regulated the target genes by spong-
ing miRNAs, which had been proved to play important
roles in cancer. However, there is still a limited report on
the miRNA sponging function of circGSEL. In our study,
bioinformatics analysis showed that circGSE! contained
a binding site of miR-138-5p. Next, biotinylated circGSE1
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pull-down, RIP and luciferase reporter assays further ver-
ified that circGSE1 could directly bind to miR-138-5p.
Gain and loss of experiments demonstrated that miR-
138-5p played the role of tumor suppressor gene in cell
migration and invasion. Further rescued experiments
showed that miR-138-5p could reverse the function of
circGSEI in cervical cancer progression. These results
demonstrated that circGSE1 might exert its biological
function by sponging miR-138-5p in cervical cancer.
MiR-138-5p has been revealed to play important roles
in post-transcriptional regulation. For instance, miR-138-
Sp targets the 3'-UTR of EZH2 to regulate adipose
differentiation.*” In hepatocellular carcinoma, miR-138-
5p regulates CCND3 expression and acts as a tumor sup-
pressor in the process of cell cycle.’® In another study,
miR-138-5p is shown to suppress ovarian cancer cell inva-
sion and metastasis, providing a potential therapeutic tar-
get for intervention of ovarian cancer metastasis.”' In this
study, a series of experiments demonstrated that miR-138-
Sp interacted with the 3’-UTR of Vimentin and inhibited
its expression, thereby suppressing cervical cancer cell
migration and invasion. Additionally, the expression of
Vimentin decreased or increased following the circG
downregulation or overexpression. Furthermore, we fou
that overexpressing Vimentin could restore the i
and invasion inhibited by circGSE1 knoc
data revealed that circGSE1 served as a cq
miRNA target gene expression.

Conclusion

In summary, we ident] A, termed

an insight into@derstanding the progression of cervical

cancer and sugges¥@hat circGSE1 can act as a potential

target for the diagnosis and treatment of cervical cancer.
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circRNAs, circular RNAs; ncRNAs, noncoding RNAs;
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