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Background: Cervical cancer (CC) is the 4th most common malignancy and cancer-related

fatality in women worldwide. Circular RNA is a newly recognized noncoding RNA form.

More reports have confirmed their important regulatory functions in diverse physiological

and cancer processes. However, the function and mechanisms of circ-HIPK3 in CC remain

unknown.

Methods: circ-HIPK3 expression status was verified between 45 paired CC and normal

adjacent tissues from 45 CC patients, also the 6 CC cell lines and a normal human cervical

epithelial End1/E6E7 cell line by qRT-PCR. Effects of circ-HIPK3 silence on CC cell

phenotypes were estimated. Circular RNA interactome was applied to forecast binding site

between circ-HIPK3 and miRNAs. Pearson correlation analysis was used to confirm the

relationship between genes. Point mutation, RNA pull-down, luciferase assay and rescue

experiments were applied for molecular mechanism exploration.

Results: circ-HIPK3 expression was significantly elevated in CC cells and tissues. circ-HIPK3

silence repressed growth and metastasis, while induced apoptosis in CC cells. circ-HIPK3

sponged miRNA-338-3p (miR-338-3p); miR-338-3p to up-regulate hypoxia-inducible factor-

1α (HIF-1α) and CC progress. MiR-338-3p silence or HIF-1α over-expression rescued circ-

HIPK3 knockdown caused inhibition of CC malignant characteristics.

Conclusion: circ-HIPK3 acts as a competing endogenous RNA of miR-338-3p to promote

cell growth and metastasis in CC, via regulating HIF-1α mediated EMT. Therefore, targeting

circ-HIPK3/miR-338-3p/HIF-1α axis may be a novel therapeutic strategy for CC.

Keywords: cervical cancer, circ-HIPK3, miR-338-3p, HIF-1α, EMT, metastasis

Introduction
Even though human papilloma virus (HPV) vaccine is an excellent technique to

protect female from cervical cancer (CC), CC remains the 4th most common

malignancy with about 450,000 new patients diagnosed each year.1–4 In the mean-

time, regardless of the advances in diagnosis and treatment, such as the main strategy

of surgery combined with chemotherapy and radiotherapy for prolonged patient

survival, the CC still remains a quite poor prognosis, and the second most frequent

cancer-associated death in women,5 with a 5-year overall survival under 40% in most

countries, due to the cancer metastasis and recurrence.6 The molecular mechanism of

CC has not been fully revealed. Therefore, it is critical to further explore the

molecular mechanism of CC oncogenesis, develop new biomarkers for the diagnosis

and prognosis of CC patients, and discover the therapeutic targets for CC treatment.
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As we all have known, the epithelial-mesenchymal

transition (EMT) plays a crucial role in cancer metastasis

by losing the epithelial characteristics and gaining the

invasive and metastatic abilities.7,8 Thus, identifying fac-

tors to inhibit EMT should support the successful clinical

managements.

In the recent decades, non-coding RNAs (ncRNAs),

including microRNA (miRNA) and long non-coding

RNA (lncRNA), have been found to be deregulated in

oncogenesis.9,10

Circular RNA (circRNA) is a novel identified and

special form of ncRNAs, which is distinguished by

a covalently closed structure without 5′ caps, 3′ tails and

protein coding capacity. CircRNAs also display cell or

tissue-specific expressions, and are preserved throughout

species as a result of their resistance to RNase R.11–13

CircRNAs are really stable and mainly in the cytoplasm

than the linear RNAs.14,15 CircRNAs consist of miRNA

response elements (MREs) that can be applied to explore

the miRNA-specific antagonists. Growing evidences sig-

nify that circRNAs interrelate with RNA binding proteins

(RBPs) and serve as miRNA sponges to control the target

gene expression.16

Recent studies have revealed that circRNAs are

involved in the CC development by diverse mechanisms,

of which miRNA sponging is the most important one.17–20

Therefore, it is necessary to discover the deregulated

circRNAs, find out the novel molecular mechanisms and

therapeutic targets for CC treatment.

Recently, a novel circRNA, circ-HIPK3 was reported

to promote the proliferation and invasiveness of glioma

cells through sponging miR-124-3p to up-regulate the

STAT3 expression.21 Abnormal expression of miR-338-

3p has been reported to be extremely related with the

development and prognosis of multiple cancers.22–27

However, the relationship between circ-HIPK3 and miR-

338-3p, also their function and clinical application in CC

remain unclear.

In our current study, we intended to investigate the

function, molecular mechanisms and clinical implications

of the circ-HIPK3 in CC. Our results demonstrated that

circ-HIPK3 was up-regulated in CC cells and tissues to

promote the cell proliferation and EMT. More signifi-

cantly, we found that circ-HIPK3 functioned as a sponge

of miRNA-338-3p (miR-338-3p), thus to up-regulate the

HIF-1α expression, and consequently promote the tumor-

igenesis of CC. This study provided new verifications that

may facilitate the advance of effective therapeutic strate-

gies against CC in the clinical practices.

Methods
Patient Tissues
CC and paired adjacent normal cervical tissues from 45

CC patients were collected from patients experiencing

surgery at the department of obstetrics and gynecology,

the First People’s Hospital of Lianyungang. All tissues

were snap-frozen in liquid nitrogen at the time of collec-

tion and stored at −80°C until use.

Consent to Participate and Ethics

Approval
All samples were collected with the written informed

consents from the patients before the study was started.

All experiments were approved by the Ethics Committee

of the First People’s Hospital of Lianyungang according to

the Declaration of Helsinki.

Reagents
Macoy’s 5A medium and fetal bovine serum (FBS) were

from Gibco (Rockford, MD, USA). Dual-Luciferase

Reporter Assay System was from Promega (Madison,

WI, USA). miRNeasy Mini Kit, miScript II RT Kit and

miScript SYBR Green PCR Kit were from Qiagen

(Duesseldorf, Germany). PrimeScrip™ RT Master Mix,

RNAiso Plus and SYBR Green Premix Ex Taq™ II were

from TaKaRa (Dalian, China). Matrigel was from BD

(New Jersey, USA). CCK-8 assay kit was from Dojindo

Corp (Kyushu, Japan). RIPA lysis buffer was from

Beyotime (Shanghai, China). Lipofectamine 3000 and

SuperSignal West Dura Extended Duration Substrate

were from Invitrogen/Thermo Fisher Scientific (Waltham,

USA). APC-Annexin V and propidium iodide were from

Sigma (St. Louis, USA).

Cell Lines and Culture
Six CC cell lines (HeLa, CaSki, SiHa, C-33A, C-4I,

SW756) and a normal human cervical epithelial End1/

E6E7 cell line were bought from the Committee on Type

Culture Collection of the Chinese Academy of Sciences

(Shanghai, China). The cells were cultured in Macoy’s 5A

medium-containing fetal bovine serum (FBS, 10%), peni-

cillin (100 IU/mL) and streptomycin (100 mg/mL) at 37°C

in a humidified 5% CO2 incubator.
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Lentiviral Vector, siRNA, Mimics and

Inhibitors
The lentivirus-mediated HIF-1α over-expression and no-

load lentivirus vectors were provided by Hanbio

(Shanghai, China). CC cells were infected with the lenti-

virus according to the instructions of the manufacturer, and

stable cells were selected with puromycin.

siRNA targeting circ-HIPK3 (si-circ-HIPK3) and the con-

trol siRNA (si-NC) were got from RiboBio (Guangzhou,

China); miR-338-3p inhibitor (inh-miR-338-3p) and the con-

trol siRNA (si-NC) were purchased from GenePharma

(Shanghai, China), all of them were transfected into the CC

cells using Lipofectamine 3000 following the manufacturer’s

instruction.

Target Gene Identification
The potential sponged miRNAs by the circ-HIPK3 were

predicted via the website tool Circular RNA Interactome

(https://circinteractome.nia.nih.gov/). The target mRNAs

of miR-338-3p were determined based on the literature.

Quantitative Real-Time PCR (qRT-PCR)
RNAiso Plus was used to isolate the total RNA. NanoDrop

ND-1000 (Thermo Fisher Scientific, Wilmington, DE) was

employed to estimate the RNA purity and concentration.

PrimeScrip™ RT Master Mix was applied for reverse tran-

scription, and SYBR Green Premix Ex Taq™ II was applied

for cDNA amplification according to the manufacturer’s

instructions.

According to the manufacturer’s instructions, a miRNeasy

Mini Kit was used to extract miRNAs, a miScript II RT Kit

was applied for reverse transcription and a miScript SYBR

Green PCR Kit was applied for cDNA amplification. A qRT-

PCR was carried out on an AB7300 thermo recycler (Applied

Biosystems, Carlsbad, CA) with the TaqMan Universal PCR

Master Mix. GAPDH served as the internal control for

mRNA and circRNA. U6 served as the internal control for

miRNA. Relative gene expression was calculated with the

2−ΔΔCt method. The primers are as follows:

circ-HIPK3: Forward: 5ʹ-CGTGGCGAAACAGATTGC

AT-3ʹ

Reverse: 5ʹ-GCTGTCACAACTGTCACTGG-3ʹ

miR-338-3p: Forward: 5ʹ-ATCCAGTGCGTGTCGTG

G-3ʹ

Reverse: 5ʹ- TGCTTCCAGCATCAGTGAT-3ʹ

HIF-1α: Forward: 5ʹ-GAACGTCGAAAAGAAAAGT
CTCG −3ʹ

Reverse: 5ʹ- CCTTATCAAGATGCGAACTCACA −3ʹ
GAPDH: Forward: 5ʹ-TCCACCACCAACTCCTTAC

C-3ʹ

Reverse: 5ʹ-GCCATGGACTGTGGTCATGAG-3ʹ

U6: Forward: 5ʹ- TCCTTCGCCACCACATATAC-3ʹ

Reverse: 5ʹ- AGGGCCCATCCTAATCTTCT-3ʹ

Luciferase Assays
CC cells (5 ×104/well) were seeded in 24-well plates at 24hrs

before transfection. Then, cells were co-transfected with circ-

HIPK3WTor mutated reporter and inh-miR-338-3p or si-NC

using Lipofectamine 3000 according to the manufacturer’s

instructions, luciferase activities were evaluated using the

Dual-Luciferase Reporter Assay System 48 hrs later.

Cell Proliferation Assay
Cell proliferation assay was carried out with the CCK-8 kit

following the manufacturer’s instruction. In brief, CC cells

were seeded into a 96-well plate (2000 cells/well) and

incubated for the indicated times, then 10 μL of CCK-8

reagent was directly loaded into the culture medium and

incubated for another 2 hrs in dark at 37°C. The optional

density (OD) at a wavelength of 450 nm was evaluated

with a 680 Microplate Reader (Bio-Rad, Hercules).

Colony Formation Assay
CC cells were seeded in a 6-well plate (1000 cells/well)

and cultured at 37°C for 7 days in the fresh medium. On

the 7th day, cells were fixed for 10 min with 4% parafor-

maldehyde and stained for 5 min with 0.5% crystal violet

solution. Then, the colony number was calculated with

ImageJ and images were photographed under a light

microscope (Olympus, Japan).

Cell Apoptosis Assay
CC cells to be tested were washed with pre-cold PBS, re-

suspended in binding buffer and fixed, then incubated with

APC-Annexin V and propidium iodide for 15 min in the

dark at room temperature. Then, the fluorescence intensity

was determined with a BD FACSCalibur flow cytometer.

Cell Quest software (Becton Dickinson, USA) was used to

calculate the percentage of cell apoptosis.

Cell Migration and Invasion Assay
The cell migration and invasive abilities were evaluated

using the 24-well transwells (Corning Costar, 8.0 μm pore

size). The transwell filter on the upper chamber was coated

with (for the invasion assay) or without (for the migration
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assay) Matrigel. Briefly, 200μL of serum-free medium

containing 3 × 105 cells was loaded into the upper cham-

ber, the lower chamber was supplied with 500 μL of

medium containing 10% FBS. After 48 hrs incubation,

the non-migrated and non-invaded cells on the upper sur-

face of the upper chamber were removed with a cotton

swab, while the cells migrated or invaded to the opposite

side were fixed with 4% paraformaldehyde, stained with

0.1% crystal violet solution. The numbers of the migrated

or invaded cells were then counted and imaged under an

Olympus IX-81 inverted microscope (Olympus, Japan).

Western Blotting Analysis
RIPA lysis buffer was used to isolate the total proteins from

CC cells. Equal amounts of proteins were separated on

a 10% SDS-PAGE gel, transferred onto the PVDF mem-

branes and incubated with the diluted primary antibodies

overnight at 4°C, followed by incubation with secondary

antibody for 1 hrs at room temperature. The membranes

were washed three times with TBST and visualized using

SuperSignal West Dura Extended Duration Substrate

according to the manufacturer’s instructions.

Statistical Analysis
Statistical analyses were achieved by SPSS 20.0 (IBM,

SPSS, Chicago, IL, USA) and GraphPad Prism

(GraphPad, La Jolla, USA). Student’s t-test and one-way

ANOVA followed by Tukey’s post hoc test were utilized

to compare two or multiple groups, respectively. Pearson

correlation analysis was used to evaluate the association

between genes. p< 0.05 was statistical significance.

Results
Amplified circ-HIPK3 Was Found in CC

Patients
To explore the clinical implication of circ-HIPK3 expres-

sion in CC patients, we collected 45 pairs of CC and sef-

matched adjacent normal tissues from the CC patients. As

the expression of circ-HIPK3 in CC patients has not been

reported, we first evaluated the expression of circ-HIPK3

in these 45 CC patients by qRT-PCR. Our results demon-

strated that circ-HIPK3 expression was drastically ampli-

fied in the CC tissues than that in the adjacent normal

tissues (Figure 1A, p < 0.01).

By comparing the circ-HIPK3 expression levels

between the CC cells and the normal human cervical

epithelial cells, we further proved the circ-HIPK3 expres-

sion status in CC. As shown in Figure 1B, circ-HIPK3

expression levels were significantly higher in all tested CC

cells (HeLa, CaSki, SiHa, C-33A, C-4I, SW756) than that

in the normal human cervical epithelial End1/E6E7 cells

(Figure 1B, p < 0.01).

circ-HIPK3 Promoted CC Growth
To explore the biological functions of circ-HIPK3 in CC,

the siRNA targeting circ-HIPK3 (assigned as si-circ-

HIPK3) was transfected into SiHa and C-4I cells, the

two CC cell lines with the highest circ-HIPK3 expression

level, to silence the circ-HIPK3 expression. Our results

showed that transfection of si-circ-HIPK3 into SiHa and

C-4I cells resulted in a statistically significant reduction in

circ-HIPK3 expression level (Figure 2A, p < 0.01); com-

pared with the negative control (si-NC), si-circ-HIPK3
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Figure 1 circ-HIPK3was up-regulated in CC. (A), circ-HIPK3 expression was statistically significantly higher in the CC tissues than in the paired normal adjacent tissues

from 45 CC patients; (B), circ-HIPK3 expression was statistically significantly higher in the CC cells (HeLa, CaSki, SiHa, C-33A, C-4I, SW756) than in the normal human

cervical epithelial End1/E6E7 cells. **p< 0.01.
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silenced over 50% of circ-HIPK3 expression in both SiHa

and C-4I cells detected by qRT-PCR assay (Figure 2A).

Furthermore, the CCK-8 assay was utilized to identify the

cell viability of SiHa and C-4I cells at 0, 24, 48 and 72hrs

after transfection of si-NC or si-circ-HIPK3, we found that

circ-HIPK3 silence statistically significantly reduced the

viability (OD value) of both SiHa (Figure 2B, left panel)

and C-4I (Figure 2B, right panel) cells detected at 450 nm

(p< 0.05 at 48hrs, p< 0.01 at 72hrs); clone formation assay

showed that circ-HIPK3 silence statistically significantly

restrained the clone formation ability (p < 0.01), the

images (Figure 2C, the left and middle panels) and

Figure 2 circ-HIPK3 silence inhibited proliferation, migration and invasion, while induced apoptosis of CC cells. (A) qRT-PCR analysis confirmed that circ-HIPK3 was

successfully silenced with si-circ-HIPK3 in the SiHa and C-4I cells; the following phenotypes were then evaluated in the SiHa and C-4I cells transfected with the si-NC or si-

circ-HIPK3: (B) viability, (C) clone formation ability, (D) apoptosis, (E) migration, (F) cell invasion. *p < 0.05; **p< 0.01.
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numbers (Figure 2C, the right panel) of the clones were

acquired and counted under the microscope; meanwhile,

flow cytometric assay demonstrated that the apoptosis

proportion was statistically significantly increased in the

SiHa and C-4I cells (both p< 0.01) after circ-HIPK3

silence (Figure 2D).

circ-HIPK3 Advanced EMT of CC Cells
As we all have known, EMT is an important procedure to

stimulate the aggressiveness in cancer cells. Therefore, the

transwell migration and invasion assays were utilized to

estimate whether circ-HIPK3 could enhance the EMT

characteristics in CC cells. Our results showed that circ-

HIPK3 silence statistically significantly restrained the

migration (Figure 2E) and invasive (Figure 2F) abilities

of the CC cells (p< 0.01), the images (Figure 2E and F, left

panels) and numbers of the migrated (Figure 2E, right

panel) and invaded (Figure 2F, right panel) cells were

acquired and counted under the microscope.

circ-HIPK3 Was Proved to Sponge

miR-338-3p in CC Cells
As previously reported, circRNAs predominantly functioned

asmiRNA sponges to control gene expressions. Consequently,

the potential miRNAs related to circ-HIPK3 were investi-

gated. The circular RNA Interactome (https://circinterac

tome.nia.nih.gov/) was utilized to forecast the prospective

target miRNAs to bind with the circ-HIPK3 sequence, fol-

lowed by the luciferase reporter gene assay, and the RNA

in vivo precipitation (RIP) in SiHa and C-4I cells, respectively.

Our results of the following experiments demonstrated that

miR-338-3p was the potential target of circ-HIPK3 (Figure

3A). Over-expression of miR-338-3pwith the mimics

restrained luciferase activity of the wild-type circ-HIPK3

reporter gene in SiHa and C-4I cells (Figure 3B, p< 0.01),

while this restrained luciferase activity of circ-HIPK3 reporter

gene was rescued when the forecasted binding site of circ-

HIPK3 with miR-338-3p was mutated (Figure 3B); to further

verify this result, the interact between circ-HIPK3 and miR-

338-3p was identified by RNA in vivo precipitation (RIP), it

was found that the circ-HIPK3 probe could pull down more

miR-338-3p versus the control oligo probe in SiHa and C-4I

cells, the differencewas statistically significant (Figure 3C, p <

0.01). Furthermore, the practical relationship between the circ-

HIPK3 and the miR-338-3p was investigated by detecting

miR-338-3p expression in the CC cells and tissues, our results

proved that miR-338-3p expression was statistically

significantly lower in the CC cells (HeLa, CaSki, SiHa,

C-33A, C-4I, SW756) than in the normal human cervical

epithelial End1/E6E7 cells (p < 0.05 or p< 0.01, Figure 3D);

in the CC tissues than in the paired adjacent normal tissues

from 45 CC patients (same samples as in Figure 1A) detected

by qRT-PCR (p< 0.001, Figure 3E); in the meantime, the miR-

338-3p expression in circ-HIPK3-silenced SiHa and C-4I cells

was statistically significantly up-regulated (p< 0.01, Figure

3F). Pearson correlation coefficient was further used to eval-

uate the relationship between circ-HIPK3 and miR-338-3p

expression, which illustrated that circ-HIPK3 expression was

considerably negatively associated with miR-338-3p expres-

sion in the CC tissues from 45CC patients (same samples as in

Figure 1A) (Figure 3G, p< 0.0001). These results proposed

that circ-HIPK3 directly interacted with miR-338-3p, leading

to CC development.

circ-HIPK3 Sponged miR-338-3p to Up-

Regulatehypoxia Inducible Factor-1α
(HIF-1α) in CC Cells
It has been reported that HIF-1α was the downstream

target of miR-338-3p.28–30 To find out whether circ-

HIPK3 sponges miR-338-3p, thus to regulate HIF-1α
expression, we first detected the expression levels of

HIF-1α in the CC cells by qRT-PCR. Our results revealed

that circ-HIPK3 silence significantly down-regulated HIF-

1α expression at both the mRNA (p< 0.01, Figure 4A) and

protein (Figure 4B) levels in CC cells, and these effects

were partially rescued by co-transfection of the miR-338-

3p inhibitor (inh-miR-338-3p) (Figure 4A and B). HIF-1α
expression levels were further quantified using qRT-PCR

in the CC tissues from 45 CC patients (same samples as in

Figure 1A), which proved that HIF-1α expression was

considerably increased in the CC tissues than that in the

adjacent normal tissues (Figure 4C, p< 0.01). Meanwhile,

the Pearson correlation analysis of the association between

circ-HIPK3 and HIF-1α expression in the CC tissues from

45 CC patients (same samples as in Figure 1A) showed

that circ-HIPK3 expression was statistically significantly

and positively associated with HIF-1α expression (Figure

4D, p< 0.0001).

Cell viability in SiHa and C-4I cells (transfected with

si-NC, si-circ-HIPK3, si-circ-HIPK3+inh-miR-338-3p or

si-circ-HIPK3+HIF-1α) were identified with CCK-8

assay, our results demonstrated that circ-HIPK3 knock-

down time dependently (from 0 to 72hrs) reduced the

OD value at 450 nm, and this effect was partially rescued
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by miR-338-3p inhibition or HIF-1α over-expression

(Figure 5A, p< 0.01 at 72hrs).

Cell migration and invasion abilities in SiHa and C-4I

cells (transfected with si-NC, si-circ-HIPK3, si-circ-

HIPK3+inh-miR-338-3p or si-circ-HIPK3+HIF-1α) were

verified by the Transwell assay without or with the matri-

gel, our results confirmed that circ-HIPK3 silence reduced

both the migration (Figure 5B, p< 0.001) and invasion

(Figure 5C, p< 0.001) abilities, and this effect was

partially rescued by inhibition of miR-338-3p or over-

expression of HIF-1α.

Discussion
circ-HIPK3 is a newly identified circRNA, which can

promote the proliferation and invasion of glioma cells

via the miR-124-3p/STAT3 axis.21 However, its function

and clinical significance in CC remain unknown. Since the

wider existence of the cell origin and histology in different
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Figure 3 Identification of the potential miRNA sponged by circ-HIPK3. (A) Schematic representation of the potential binding sites of miR-338-3p with circ-HIPK3 (https://

circinteractome.nia.nih.gov/) and the mutation sites for specific assay; (B), double luciferase reporter assay in the SiHa and C-4I cells co-tranfected with circ-HIPK3WTor

mutated reporter with or without miR-338-3p mimics; (C), miR-338-3p in the CC cell lysates was pulled down and enriched with biotin-labeled miR-338-3p specific probe;

(D) the miR-338-3p expression level in the human CC cells (HeLa, CaSki, SiHa, C-33A, C-4I, SW756) and the normal human cervical epithelial End1/E6E7 cells; (E), the miR-

338-3p expression levels in paired CC and adjacent normal tissues from 45 CC patients (same samples as in Figure 1A) detected by qRT-PCR; (F) the miR-338-3p expression

levels in circ-HIPK3-silenced SiHa and C-4I cells detected by qRT-PCR; (G) Pearson correlation analysis of the association between miR-338-3p with circ-HIPK3 in the CC

tissues from the 45 CC patients (same samples as in Figure 1A). *p < 0.05; **p< 0.01, ***p< 0.001.
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cancer types, it’s necessary to further explore the function,

molecular mechanisms and clinical implications of the

circ-HIPK3 in CC.

In our current study, we examined the CC and paired

adjacent normal tissues from 45 CC patients. Here, we first

reported a significantly higher circ-HIPK3 expression in

the CC tissues than the matched adjacent normal tissues,

implying its potential oncogenic function in CC. Second,

from a biological view, we showed that the up-regulation

of circ-HIPK3 destroyed the normal function of miR-338-

3p, as a consequence, the growth and EMT of CC cells

were promoted. Third, we revealed a novel mechanism

that circ-HIPK3 functioned as a competing endogenous

RNA (ceRNA) of miR-338-3p to raise the HIF-1α expres-

sion. Considering the vital function of HIF-1α in CC

development, our results for the first time found out the

therapeutic meaning of circ-HIPK3 in CC patients.

miRNA, an essential part of the ncRNA family with

a length of less than 22 nucleotides, plays intricate roles in

managing the cellular functions through degradation of the

target genes, thus to promote the cell growth, signaling

transduction and oxidative response.

By circular RNA interactome, one of the online tools,

we predicted the potential miRNAs binding to circ-HIPK3,

and miR-338-3p was found to be the best possible candi-

date. In our current study, we further found that miR-338-

3p was down-regulated in both the CC cell lines and

tissues, and acted as an oncosuppressor in CC patients.

MiR-338-3p expression was statistically considerably up-

regulated when circ-HIPK3 was silenced in SiHa and C-4I
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Figure 4 circ-HIPK3 increased the expression of oncogenic HIF-1α by sponging miR-338-3p in CC. (A) The mRNA expression levels of HIF-1α in the SiHa and C-4I cells

after circ-HIPK3 knockdown (si-circ-HIPK3) with or without miR-338-3p inhibitor (inh-miR-338-3p) detected by qRT-PCR; (B) the protein expression levels of HIF-1α in the

SiHa and C-4I cells after circ-HIPK3 knockdown with or without inh-miR-338-3p detected by Western-Blot; (C) the relative expression levels of HIF-1α in paired CC and

adjacent normal tissues from 45 patients (same samples as in Figure 1A) detected by qRT-PCR; (D) Pearson correlation analysis of the association between HIF-1α with circ-

HIPK3 in the CC tissues from 45 CC patients (same samples as in Figure 1A). **p< 0.01.
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cells; overexpression of miR-338-3p decreased the lucifer-

ase activities of the wild-type circ-HIPK3 reporter gene in

CC cells, while this inhibited luciferase activity of circ-

HIPK3 reporter gene was reversed when the predicted

binding site of circ-HIPK3 with miR-338-3p was mutated;

Pearson correlation coefficient analysis demonstrated

a negative correlation between the circ-HIPK3 and the

miR-338-3p expression, these results advised that circ-

HIPK3 sponged miR-338-3p in CC cells, and circ-HIPK3

directly interacted with miR-338-3p to allow the metasta-

sis and invasion of the CC cells.

Hypoxia, a common characteristic of solid tumors in

the middle-late stages, plays a noteworthy role in oncogen-

esis through promoting the formation of a neoplastic

environment.31 Cancer cells adapt to hypoxia partially

via a transcriptional program coordinated by the HIF

family of transcription factors.32 Among the three iso-

forms of HIFα (HIF-1α, −2α and −3α), HIF-1α is univer-

sally expressed in diverse cells and considered as the most

important regulator of oxygen homeostasis.33 HIF-1α is an

essential molecule involved in mediating the cellular pro-

cesses. HIF-1α change and hypoxically regulated miRNAs
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Figure 5 MiR-338-3p silence or HIF-1α over-expression rescued the circ-HIPK3 knockdown caused malignant phenotype inhibition in CC. (A) cell viability in SiHa and C-4I

cells after circ-HIPK3 knockdown with or without inh-miR-338-3p detected by CCK-8 assay; (B), cell migration ability in SiHa and C-4I cells after circ-HIPK3 knockdown

with or without inh-miR-338-3p detected by the transwell assay without matrigel; (C) cell invasion ability in SiHa and C-4I cells after circ-HIPK3 knockdown with or without

inh-miR-338-3p detected by the transwell assay with matrigel. **p< 0.01, ***p< 0.001.
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are related to the outcome of patients with a variety of

cancers, indicating their essential roles on cancer progress,

and the miRNAs/HIF-1α circle plays complicated role in

carcinogenesis.34

It has been reported that, as a tumor suppressor, miR-

338-3p reduced the migration and proliferation through

targeting HIF-1α in nasopharyngeal carcinoma.29 Our

further research showed that the mRNA expression level

of HIF-1α was significantly increased; Pearson correlation

analysis illustrated that circ-HIPK3 expression was statis-

tically significantly and positively related with HIF-1α
expression in the CC tissues; circ-HIPK3 silence signifi-

cantly down-regulated HIF-1α expression at both the

mRNA and protein levels, decreased the cell viability,

clone formation, cell migration and invasion abilities,

while statistically significantly increased the percentage

of apoptosis in the CC cells. These effects were partially

rescued by inhibition of miR-338-3p or over-expression of

HIF-1α, suggesting HIF-1α directly interacted with miR-

338-3p through the sponge activity of circ-HIPK3 to pro-

mote the progress of CC. Therefore, circ-HIPK3 seemed to

serve as a competing endogenous RNA of miR-338-3p

that decreased the degradation of HIF-1α, thus promoted

CC cell growth and metastasis.

In summary, our results disclosed that circ-HIPK3

expression was considerably amplified in CC patients

and cells. Functionally, circ-HIPK3 promoted CC cell

growth, clone formation, migration and invasion, while

inhibited apoptosis by sponging miR-338-3p to up-

regulate the HIF-1α expression, and contributed to the

CC cell EMT. Therefore, our findings highlighted the

prospective role of circ-HIPK3 as a new oncogenic non-

coding RNA that promoted the tumorigenesis and metas-

tasis of CC, dual targeting circ-HIPK3 and miR-338-3p

may provide a novel therapeutic strategy to overcome this

oncogenic pathway for CC patients. However, the effects

of circ-HIPK3/miR-338-3p/HIF-1α axis among other type

of cancers need to be further investigated.
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