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Introduction: Emerging evidence has demonstrated that circRNAs are implicated in the

progression of cervical cancer (CC). However, the roles and underlying mechanisms of

circRNAs remain unclear in CC.

Methods: QRT-PCRwas performed to detect hsa_circ_0008285 expression in CC tissues and cell

lines. The roles of hsa_circ_0008285 on CC progression were explored by function assays. Next,

the underlying mechanisms of hsa_circ_0008285 in CC progression were determined by bioinfor-

matics analysis, dual-luciferase reporter and RIP assays.

Results: In the present study, we identified a new circRNA hsa_circ_0008285, which was

significantly up-regulated in CC tissues and cell lines. Loss-of-function assays showed that

hsa_circ_0008285 suppression reduced the proliferation and invasion of CC cells in vitro and

reduced tumor growth in vivo. In mechanism, bioinformatics analysis, dual-luciferase repor-

ter and RIP assays showed that hsa_circ_0008285 served as a sponge for miR-211-5p in CC.

Next, we confirmed that SOX4 served as a target gene for miR-211-5p in CC. Additionally,

we revealed that miR-211-5p inhibitors abolished the effects of hsa_circ_0008285 on SOX4

expression in CC cells.

Conclusion: Therefore, our research highlighted that hsa_circ_0008285 promoted CC

progression via serving as a ceRNA of miR-211-5p to release SOX4, which might provide

a potential therapeutic target for tumor treatment.
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Introduction
Cervical cancer (CC) is the second highest incidence and the fourth dominating

cause of cancer-induced death in women worldwide.1,2 Human papillomavirus

(HPV) is the major cause of CC, and often related to risk sexual behaviors, early

age at first intercourse, early beginning of sexual activities, multiple pregnancies

with Chlamydia association and immunosuppression.3,4 Although the therapeutic

approaches for CC have been greatly improved over the past decades, the 5-year

overall survival rate remains poor due to metastases and/or relapse.5,6 Therefore, it

is necessary to explore potential molecular mechanisms of CC progression, which

might offer new therapeutic targets and approaches for CC patients.

With the development of next generation sequencing and bioinformatics algorithm,

the abundance of non-coding RNAs (ncRNAs) are implicated in various developmental

stages in mammal and pathological conditions.7,8 Among these non-coding transcripts,

circular RNAs (circRNAs) represent a novel class of endogenous ncRNAs and generate
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by back-splicingwith covalently closed-loop structures, which

endow them with a higher stabilization.9,10 Growing evidence

suggested that circRNAs play important roles in the patholo-

gical development of human diseases, including cancer. For

example, Ge et al found that circMTO1 suppressed colorectal

cancer cells proliferation and invasion through regulatingWnt/

beta-catenin pathway.11 Xue et al showed that hsa_-

circ_0081143 promoted cisplatin resistance through regulating

miR-646-CDK6 axis in gastric cancer.12 Zhou et al found that

circPCNXL2 sponged miR-153 to promote renal cancer cells

proliferation and invasion by regulating ZEB2 expression.13

However, the functions and molecular mechanisms of

circRNAs in tumorigenesis remain unclear.

In the present study, by analyzing the GSE102686 chip, we

found hsa_circ_0008285 was one of the most upregulated

circRNAs in CC. Next, we confirmed that hsa_circ_0008285

expression was highly expressed in CC tissues and cell lines.

High hsa_circ_0008285 expression promoted CC cells prolif-

eration and invasion abilities. In mechanism, hsa_-

circ_0008285 might exert as an oncogenic circRNA in CC

progression through regulating the miR-211-5p/SOX4 axis.

These findings suggested that hsa_circ_0008285 might serve

as a potential therapeutic target for CC treatment.

Materials and Methods
Tissues Samples
A total of 37 pairs CC tissues were provided by Luoyang

Central Hospital Affiliated to Zhengzhou University between

May2017 andMay2018.All tissue sampleswere immediately

snap-frozen in liquid nitrogen after surgery and stored at−80°C

until RNA extraction. All patients did not receive radiation or

chemotherapy treatment before surgery. The study was con-

ducted in accordance with the Declaration of Helsinki and

approved by the Ethics Committee of the Luoyang Central

Hospital Affiliated to ZhengzhouUniversity.Written informed

consent was received from all patients before this study.

Cell Culture and Transfection
Five human CC cell lines (Hela, C33A, SiHa, SW756, and

Caski) and human cervical epithelial immortalized cell

line (H8) were obtained from the Cell Bank of Chinese

Academy of Sciences (Shanghai, China) and incubated in

Dulbecco’s modified Eagle’s medium (DMEM) added

10% fetal bovine serum (FBS; Invitrogen, MA, USA),

100 U/mL of penicillin and 100 mg/mL of streptomycin

at 37°C with 5% CO2 in a humidified atmosphere.

The siRNA sequences targeting hsa_circ_0008285 (si-

circRNA-1 sequence is 5′- ACGGGAAAGGTTGAAAG

GATT-3′; si-circRNA-2 sequence is 5′- GGGAAAG

GTTGAAAGGATTGT-3′; si-circRNA-3 sequence is 5′-

AACGGGAAAGGTTGAAAGGAT-3′), miR-211-5p mimics

and inhibitors and corresponding negative controls were

obtained from Ribobio (Guangzhou, China). Cells were trans-

fected with these siRNAs or plasmids by using lipofectamine

2000 (Invitrogen, USA) following the instructions.

Real-Time Quantitative PCR
Total RNAswere isolated from patient specimens and cultured

cells using TRIzol reagents following the manufacturer’s pro-

tocols. 500 ng RNAwas reversed transcribed into cDNA using

a reverse transcription kit (Takara, Dalian, China). 20 ng RNA

was reversed transcribed into cDNAwith TaqMan™ Reverse

Transcription reagents (Thermo Fisher Scientific,Wilmington,

DE). QRT-PCR was performed on an ABI7900 system

(Applied Biosystems, CA, USA). The expression of hsa_-

circ_0008285, miR-211-5p and SOX4 was normalized to

GAPDH or U6, respectively. Relative gene expression was

analyzed by the 2−ΔΔCt method.

Cell Proliferation Assay
UsingCell CountingKit-8 (CCK-8; Beyotime, Beijing, China)

to measure the cell viability. Transfected cells were adjusted to

1 × 105 cells/well and seeded in 6-well plates. After 24, 48, 72

and 96 h, 20 μL of CCK-8 solutionwas added per well. After 4

h, cell proliferation was determined by measuring the optical

density (OD) value at 450 nm.

Colony Formation Assay
Transfected cells were plated in 6-well plates at

a density of 1000 cells per well. 2 weeks later, cells

were washed by PBS for twice and fixed by methanol

for 30 min. The colonies were then stained by 0.1%

crystal violet and the numbers of colonies were manu-

ally calculated.

Transwell Assay
Transwell assay was performed to assess cell invasion ability.

The upper chambers were coated with Matrigel and incubated

overnight before the cells were plated. Then transfected cells

were cultured in upper chambers with serum-free medium and

DMEM with 10% FBS was placed into the lower chamber.

After 24 h, remained cells were carefully wiped away. Finally,

the invaded cells were stained with 0.1% crystal violet. The
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number of invaded cells was counted under a light microscope

(Olympus, Tokyo, Japan).

Tumorigenesis Assay
The animal experiments were approved by the Institutional

Animal Ethics Committee of the Luoyang Central Hospital

Affiliated to Zhengzhou University. All the procedures of

animal experiments were performed in strict accordance

with the Laboratory animal protection, welfare and ethics

rules of the Institutional Animal Ethics Committee of the

Luoyang Central Hospital Affiliated to Zhengzhou

University.

6 female nude mice (athymic BALB/c) aged 4–6 weeks

and weighing 16–20g were housed in pathogen-free con-

ditions. The animals were randomly split into 2 groups

(the sh-NC and sh-circ_0008285 groups). 200μL of 1×107

cells were subcutaneously injected into the back flanks of

the animals. Tumors was measured each week after the

tumor became visible and tumor volume calculated fol-

lowing with the formula: volume = (0.5 × length ×

Figure 1 hsa_circ_0008285 expression was upregulated in CC. (A) hsa_circ_0008285 was upregulated in the GSE102686 chip. (B) The information about hsa_-

circ_0008285. (C, D) hsa_circ_0008285 expression in CC tissues was measured by qRT-PCR. (E, F) The correlation between hsa_circ_0008285 expression and FIGO

stage, and lymph-node metastasis in CC. (G) hsa_circ_0008285 expression in CC cell lines was measured by qRT-PCR. *P<0.05.
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width2). After 6 weeks following implantation, the mice

were sacrificed and the tumors removed, weighed and

photographed.

Dual-Luciferase Reporter Assay
The wild-type (Wt) or mutant (Mut) sequences of hsa_-

circ_0008285 or SOX4 3ʹUTR containing the putative

miR-211-5p binding sites were cloned into the pmirGLO

vector, respectively. Cells were co-transfected with

pmirGLO-circ_0008285-Wt/Mut or pmirGLO-SOX4-Wt

/Mut and miR-211-5p mimics and incubated for another

48 h. The luciferase activity of each group was detected

using the Dual-luciferase Reporter Assay System

(Promega, Madison, WI, USA).

Figure 2 Silencing hsa_circ_0008285 inhibited CC cells proliferation and invasion. (A, B) hsa_circ_0008285 expression was decreased in CC cells transfected with si-

circRNA. (C–F) CCK8 and colony formation assays were performed to explore the viability of CC cells transfected with si-circRNA or si-NC. (G, H) Transwell invasion

assay was used to assess the invasion ability of CC cells transfected with si-circRNA or si-NC. *P<0.05.
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RNA Immunoprecipitation (RIP)
RIP experiment was performed using the Magna RIP

RNA-binding protein immunoprecipitation kit (Millipore)

and Ago2 antibody according to the protocol and previous

studies.12,13 Co-precipitated RNAs were analyzed using

the qRT–PCR analysis.

Statistical Analysis
Statistical analysis was performed using IBM SPSS

Statistics Version 19.0 (Chicago, IL, USA). All data were

manifested as the means ± standard deviation (SD) from 3

independent experiments. Student’s t-test or ANOVA was

used for comparisons between groups. P<0.05 was con-

sidered statistically significant.

Results
hsa_circ_0008285 Is Highly Expressed in

CC Tissues and Cell Lines
To explore the roles of circRNA in CC progression, we

analyzed the GSE102686 chip, and found hsa_-

circ_0008285 was one of the most upregulated circRNAs

in CC (Figure 1A). hsa_circ_0008285 is located in chr6:-

4891946–4892613, which is spliced from the CDYL gene,

and the ultimate length is 667 nt (Figure 1B). Next, we

Figure 3 hsa_circ_0008285 served as a sponge for miR-211-5p. (A) hsa_circ_0008285 is mainly located in the cytoplasm. (B–D) The binding site between hsa_-

circ_0008285 and miR-211-5p. (E) Dual-luciferase reporter assay were performed to confirm the association between hsa_circ_0008285 and miR-211-5p. (F) hsa_-

circ_0008285 inhibition increased miR-211-5p expression in Hela and C33A cells. (G) The miR-211-5p expression in CC tissues was measured by qRT-PCR. (H)

hsa_circ_0008285 expression was negatively correlated with miR-211-5p expression in CC tissues. *P<0.05.
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validated the hsa_circ_0008285 expression in CC tissues,

qRT-PCR showed hsa_circ_0008285 expression in CC

tissues was significantly increased compared with adjacent

non-tumor tissues (Figure 1C and D). High hsa_-

circ_008285 expression was correlated with advanced

FIGO stage, and lymph node metastasis in CC patients

(Figure 1E and F). In addition, the hsa_circ_0008285

expression levels in CC cell lines (Hela, C33A, SiHa,

SW756, and Caski) were higher than that in normal cell

line (H8) (Figure 1G). The Hela and C33A cell lines were

chosen for further experiments on account of relatively

high expression of hsa_circ_0008285.

hsa_circ_0008285 Promotes Proliferation

and Invasion of CC Cells
To explore the effects of hsa_circ_0008285 in CC, si-

circRNAs were transfected into Hela and C33A cells.

The knockdown efficiency was determined by qRT-PCR

(Figure 2A and B). CCK-8 assay showed that the prolif-

eration was obviously inhibited by si-circ_0008285 in

Hela and C33A cells (Figure 2C and D). Colony formation

assay revealed that hsa_circ_0008285 suppression signifi-

cantly inhibited colony numbers of Hela and C33A cells

(Figure 2E and F). Additionally, Transwell assay showed

si-circRNA significantly inhibited the invasion abilities in

Hela and C33A cells compared to si-NC group (Figure 2G

and H). These data indicated that hsa_circ_0008285 might

act as an oncogenic circRNA in CC progression.

hsa_circ_0008285 Is Negatively

Correlated with miR-211-5p
Next, we used the subcellular fractionation assay to

explore the location of hsa_circ_0008285 in CC cells.

Results showed that hsa_circ_0008285 was mostly scat-

tered in the cytoplasm (Figure 3A). To further explore the

underlying mechanism of hsa_circ_0008285 on CC pro-

gression, miRanda and RNAhybrid were used to screen

miRNA that complementary base pairing with hsa_-

circ_0008285 (Figure 3B). We found that miR-211-5p

is one of the potential target genes of hsa_circ_0008285

with a high score (Figure 3C and D). Luciferase reporter

assay verified that miR-211-5p binds directly to hsa_-

circ_0008285 (Figure 3E). In addition, qRT-PCR showed

that hsa_circ_0008285 inhibition dramatically increased

the expression of miR-211-5p in Hela and C33A cells

(Figure 3F). Besides, miR-211-5p expression in CC tis-

sues was obviously lower than that in adjacent non-tumor

tissues (Figure 3G). The expression of hsa_circ_0008285

was appeared to be negatively correlated with miR-211-

5p in CC tissues (Figure 3H). Therefore, these data

Figure 4 SOX4 was a target of miR-211-5p. (A–C) SOX4 was a potential putative target gene of miR-211-5p. (D) Dual-luciferase reporter assay was performed in 293T

cells co-transfected with SOX4-Wt/Mut and miR-211-5p mimics. (E) MiR-211-5p mimics inhibited SOX4 protein expression in Hela and C33A cells. (F) MiR-211-5p

inhibitor enhanced the protein expression of SOX4 in Hela and C33A cells. (G) MiR-211-5p expression was negatively correlated with SOX4 expression in CC patients.

*P<0.05.
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suggested that hsa_circ_0008285 might exert function

under the ceRNA pattern by sponging miR-211-5p in

CC cells.

hsa_circ_0008285 Positively Regulates

SOX4 Expression via miR-211-5p
Next, we explored the downstream target genes for miR-

211-5p. Results showed SOX4 was a putative target gene

of miR-211-5p with a high score (Figure 4A–C). Dual-

luciferase reporter assay confirmed that miR-211-5p binds

to SOX4 (Figure 4D). Western blot indicated that miR-

211-5p mimics significantly inhibited SOX4 protein

expression in Hela and C33A cells (Figure 4E and F). In

addition, miR-211-5p expression was appeared to be nega-

tively correlated with SOX4 expression in CC tissues

(Figure 4G). These results suggested that SOX4 is one of

the target genes of miR-211-5p in CC.

In order to confirm the relationship between hsa_-

circ_0008285 and SOX4, the expression of SOX4 protein

was measured after transfection of si-circRNA. Results

showed that SOX4 protein expression was reduced by silen-

cing of hsa_circ_0008285 in Hela and C33A cells, while

miR-211-5p inhibitors abolished the effects (Figure 5A).

Additionally, qRT-PCR showed that SOX4 mRNA expres-

sion was upregulated in CC tissues and cell lines (Figure 5B

and C). IHC results further confirmed SOX4was upregulated

in CC tissues (Figure 5D). Transwell invasion assay showed

that SOX4 inhibition significantly reduced CC cells invasion

ability (Figure 5E). Kaplan-Meier showed that high SOX4

expression was associated with poor OS in CC patients

Figure 5 hsa_circ_0008285 regulated SOX4 expression via miR-211-5p. (A) miR-211-5p inhibitors abolished the effects of silencing of hsa_circ_0008285 on SOX4 protein

expression in Hela and C33A cells. (B, C) The SOX4 expression in CC tissues and cell lines was measured by qRT-PCR. (D) SOX4 expression in CC tissues was measured

by IHC. (E) SOX4 inhibition significantly reduced CC cells invasion ability. (F, G) High SOX4 expression was associated with poor OS and DFS in CC patients. (H)

hsa_circ_0008285 expression was positively correlated with SOX4 expression in CC patients. *P<0.05.
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(Figure 5F and G). In addition, the correlation analysis

showed that hsa_circ_0008285 expression was positively

correlated with SOX4 expression in CC tissues (Figure 5H).

hsa_circ_0008285 Knockdown Inhibits

CC Growth in vivo
We further explored the function of hsa_circ_0008285

in vivo. The knockdown efficiency of sh-circRNA in Hela

cells was assessed by qRT-PCR (Figure 6A). Then, trans-

fected CC cells were injected into nudemice. Results showed

a significantly decreased tumor volume and weights in sh-

circRNA group after inoculation 7 weeks (Figure 6B and C).

Furthermore, qRT-PCR showed that sh-circRNA signifi-

cantly reduced hsa_circ_0008285 and SOX4 expression in

nude mice tissues, while increased miR-211-5p expression

(Figure 6D). These results confirmed that knockdown of

hsa_circ_0008285 inhibited CC growth by regulating the

miR-211-5p/SOX4 axis (Figure 6E).

Discussion
Increasing studies suggested that circRNAs play critical

roles in CC tumorigenesis10 For example, Song et al

showed that hsa_circRNA_101996 increased CC cells

proliferation and invasion through activating TPX2

expression by restraining miR-8075.14 Mao et al

revealed that circEIF4G2 promoted the malignant fea-

tures of CC through regulating the miR-218/HOXA1

axis.15 Tian et al found that circSMARCA5 inhibited

the proliferation and invasion in CC by regulating miR-

620.16 In the current study, we analyzed the GSE102686

chip and found hsa_circ_0008285 was one of the most

upregulated circRNAs, which was further explored in

CC tissues and cell lines. Next, function assays revealed

that silencing hsa_circ_0008285 significantly reduced the

proliferation and invasion ability of CC cells in vitro and

reduced tumor growth in vivo. These data suggested that

circRNA hsa_circ_0008285 might serve as a new onco-

genic circRNA in CC progression.

MicroRNAs (miRNAs) are short ncRNA that partici-

pated in pathological processes of cancer.17,18 Increasing

studies showed that circRNAs acted as ceRNAs in the

regulatory network of circRNA, miRNA and target gene

to regulate the expression of their targets.19 The interaction

between miRNAs and circRNAs is indispensable in the

growth and metastasis of cancer cells.20,21 In the present

study, we confirmed that miR-211-5p is one of the target

miRNAs of hsa_circ_0008285. Lots of studies showed that

Figure 6 hsa_circ_0008285 knockdown reduced CC growth in vivo. (A) The transfection effects of sh-circRNA were detected by qRT-PCR. (B, C) hsa_circ_0008285

knockdown decreased tumor volume and weights in nude mice. (D) The expression of hsa_circ_0008285, miR-211-5p and SOX4 in nude mice was detected by qRT-PCR.

(E) hsa_circ_0008285/miR-211-5p/SOX4 axis in CC. *P<0.05.
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miR-211-5p was abnormally expressed in cancer. For

example, Wang et al showed that miR-211-5p suppressed

renal cancer metastasis abilities by regulating SNAI1.22

Zhang et al found that lncRNA KCNQ1OT1 regulated

tongue cancer cells proliferation and cisplatin resistance

via miR-211-5p/Ezrin/Fak/Src axis.23 In line with those

above studies, our results showed that miR-211-5p was

downregulated and _circ_0008285 interacted with miR-

211-5p as a competing endogenous RNA to inhibit their

action in CC. Collectively, we concluded that hsa_-

circ_0008285 might exert an oncogenic role by sponging

miR-211-5p in CC progression.

SOX4, a member of the C subgroup of SRY-related

HMG box (SOX) transcription factor family, which is

a crucial transcriptional factor associated with a series of

development procedures, including tumorigenesis.24,25 For

example, Ruan et al found that overexpression of SOX4

promoted cell migration and invasion of renal cell carci-

noma by inducing epithelial-mesenchymal transition.26 Li

et al found that miR-132 reduced lung cancer cell progres-

sion by regulating SOX4 expression.27 Ding et al showed

that circ-DONSON promoted gastric cancer growth and

invasion by recruiting the NURF complex to initiate SOX4

expression.28 In the present study, SOX4 was highly

expressed in CC tissues and cell lines. Additionally,

SOX4 is the direct target of miR-211-5p and positively

regulated by hsa_circ_0008285 in CC. These data indi-

cated that hsa_circ_0008285 might positively regulate

SOX4 by down-regulating miR-211-5p expression.

In conclusion, our study revealed an oncogenic role of

hsa_circ_0008285 in CC progression. Inhibition of hsa_-

circ_0008285 decreased SOX4 expression by inducing

miR-211-5p expression, thereby promoting the prolifera-

tion and invasion of CC. Therefore, we suggested that

hsa_circ_0008285 might act as a potential therapeutic

target for CC treatment.
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