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Circ_0000215 Increases the Expression of
CXCR2 and Promoted the Progression of
Glioma Cells by Sponging miR-495-3p
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Abstract
Background: In recent years, accumulating studies have found that circular RNA (circRNA) exerts a great effect on tumor
progression. Circ_0000215, a novel circRNA, remains largely unknown in terms of its effect and mechanism in glioma. Method:
Quantitative real-time polymerase chain reaction (qRT-PCR) was carried out to detect the expressions of circ_0000215, miR-
495-3p and CXCR2 in human glial cell line HEB and glioma cell lines (A172, U251, U87, SHG-44, LN-18), human glioma tissues and
adjacent healthy tissues. Gain- and loss-assays of circ_0000215 were conducted. Cell proliferation ability was detected via the
CCK8 assay, and cell invasion ability was examined by Transwell assay. CXCR2 expression was evaluated via RT-PCR and
Western blot. Moreover, bioinformatics was applied to analyze the targeting molecules of circ_0000215 and CXCR2. Verification
of the relationship between these molecules were supported through the dual-luciferase reporter gene and RNA immunoco-
precipitation (RIP) assay. Results: Circ_0000215 and CXCR2 were remarkably upregulated in glioma tissues and cells. Over-
expression of circ_0000215 notably promoted the proliferation, invasion and epithelial-mesenchymal transition (EMT) but
inhibited apoptosis of glioma cells, while knocking down circ_0000215 had the opposite effects. Additionally, miR-495-3p, a
sponge RNA of circ_0000215, inhibited the growth, invasion and EMT of glioma cells. Mechanistically, miR-495-3p targeted
CXCR2 and negatively regulated CXCR2/PI3K/Akt pathway. However, the effects of miR-495-3p were all dampened by over-
expression of circ_0000215. Conclusion: These data demonstrated that circ_0000215 functions as a competitive endogenous
RNA by sponging miR-495-3p, thus accelerating glioma progression through CXCR2 axis.
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Introduction

Glioma is a prevailing fatal malignancy in human central ner-

vous system.1 The median survival time of glioma patients only

lasts 12 * 14 months due to its invasive growth mode, the

unclear boundary with normal brain tissue, incomplete surgical

resection, high postoperative recurrence rate and insensitivity

to radiotherapy and chemotherapy.2 Therefore, it is particularly

important to explore the pathogenesis of glioma and to find

new methods for its diagnosis and treatment.

As a non-coding RNA, circularRNA (circRNA) has s closed

circular structure that exists widely in mammalian cells.3,4 It is

mainly formed by trans-splicing to connect the 3’-end and

5’- end with covalent bonds.5 With the development of new

bioinformatics methods and deep sequencing technologies, a

large number of circRNAs have been found to be involved in

gene regulation post-transcriptionally.6,7 Studies have stated

that circRNAs act as a microRNA sponge to affect the expres-

sion of related genes, and then affect the proliferation,
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migration and invasion of tumor cells.8-10 Taking

circ_0005075 as an example, it is abnormally highly expressed

in liver cancer tissues and functions as ceRNA to sponge miR-

23b-5p.11 Circ-ITCH is low expressed in esophageal cancer

tissues and affects on inhibiting tumor progression. Function-

ally, circ-ITCH not only sponges multiple miRNA molecules

such as miR-7, miR-17 and miR-214, but also regulates the

Wnt/b-catenin pathway and participates in the occurrence and

development of esophageal cancer.12 Circ_0000215 is a cir-

cRNA newly discovered in recent years, but its role in glioma

has not been reported.

MicroRNAs (miRNAs) are non-coding RNAs composed of

21-24 nucleotides. Through binding to the targeted gene at

3’UTR region, microRNAs regulate gene expression and par-

ticipate in tumor cell proliferation, differentiation and apopto-

sis.13,14 MiRNAs are abnormally expressed in various tumors:

such as breast, colon, lung, liver, and pancreatic cancers.15-17

For example, miR-124 reduces cell proliferation and inhibits

cell migration and invasion by targeting multiple protein

expressions, thus inhibiting tumor growth.18 MiR-21 also func-

tions as an oncogene in the occurrence and development of

glioma, and its expression in glioblastoma multiforme (GBM)

is considerably upregulated, which accelerates tumor formation

by inhibiting insulin-like growth factor-binding protein 3

(IGFBP3) expression.19 Studies have reported that miR-495-

3p inhibits the progression of colorectal cancer by regulating

CDK6 and inhibiting the apoptotic cycle in colorectal cancer.20

However, there is little knowledge about the effect of miR-495-

3p on gliomas.

CXC chemokine receptor 2 (CXCR2) exists in the G

protein-coupled receptor group and is located on chromosome

2q33-q36.21 CXCR2 is mainly expressed on the surface of T

cells, monocytes, melanoma cells, neutrophils, synovial fibro-

blasts, HL-60, THP-1 myeloid progenitor cells and other cells,

playing a prominent role in the body’s anti-infection and anti-

virus immunity.22 In recent decades, it has been reported that

CXCR2 promotes the proliferation, invasion and migration of

different tumor cells and makes a great difference in tumor

biology.23-25 For example, in lung cancer cell lines and

mouse-derived K-ras/p53 mutant lung adenocarcinoma animal

models, CXCR2 knockdown results in decreased tumor inva-

sion and metastatic abilities.26 In breast cancer, down-

regulation or knockout of CXCR2 inhibits lung metastasis, and

CXCR2 neutralizing antibodies or small molecule antagonists

(SB265610) inhibits the migration effect of bone-derived stro-

mal stem cell-conditioned medium on breast tumor model

PyMT cells.27,28 However, the molecular mechanism of

CXCR2 in glioma needs further investigation.

It has been reported that circRNA was highly expressed in

both oligodendroglioma and glioblastoma by bioinformatics

analysis.29 In this study, we firstly found that miR-495-3p was

downregulated in glioma and inhibited the progression of

glioma. Thus, we conducted bioinformatics analysis to predict

the upstream target circRNA and downstream target mRNA of

miR-495-3p. Interestingly, circ_0000215 and CXCR2 were the

candidates which were also overexpressed in glioma tissues.

Therefore, we further conducted in vitro experiments to

explore the underlying network of circ_0000215/miR-495-3p/

CXCR2 axis in glioma progression.

Materials and Methods

Clinical Sample Collection

Thirty-six primary glioma tissues from patients and the corre-

sponding paracancerous healthy tissues were collected from

Second Affiliated Hospital of Xinjiang Medical University dur-

ing June 2016 and June 2018. All patients had not previously

went through chemotherapy or radiation therapy. Histological

features of the tissue were diagnosed independently by 2

pathologists. The Second Affiliated Hospital of Xinjiang Med-

ical University ethics committee approved this study for human

research (approve number: 20181207-04). All of the patients

agreed to be involved in this study and signed paper consent.

Cell Culture and Transfection

Human Glioma cell lines (A172, U251, U87, SHG-44, LN-18)

and healthy glial cell line HEB were obtained from American

Type Culture Collection (ATCC). All of the cells were cultured

in RPMI 1640 medium (HyClone, South Logan, UT, USA)

containing 10% fetal bovine serum (FBS) at 37�C in 5% CO2

environment. The medium was supplemented with 10% heat-

inactivated fetal bovine serum (Invitrogen, Grand Island, NY,

USA), 100 U/ml penicillin and 100 mg/ml streptomycin.

The siRNA specifically targeting circ_0000215, the over-

expression circ_0000215 plasmids, and their negative controls

were designed and synthetized by GenePharma (Shanghai,

China). The miR-495-3p mimics, miR-495-3p inhibitors and

miRNA negative controls were purchased from RiboBio

(Guangzhou, China). Finally, we transfected glioma cells with

the expression vectors by lipofectamine 3000 (Thermo Fisher

Scientific, IL, USA) in accordance with the manufacturer’s

instructions.

qRT-PCR

The expressions of circ_0000215, miR-495-3p and CXCR2

were detected by fluorescent qRT-PCR. The tissues and cells

were collected and mechanically dissociated with TRIzol

lysates (Thermo Fisher Scientific, Shanghai, China). Accord-

ing to the instructions of the reverse transcription kit (Thermo

Fisher Scientific, Shanghai, China), 2 mg RNA samples were

taken to prepare 20 reverse transcription system, which was

catalyzed by reverse transcriptase to reverse transcription into

cDNA. 1 mL of cDNA sample in each group was taken, and the

quantitative PCR reaction system (50 mL) was prepared, which

contains SYBRGreen fluorescence and forward primers and

reverse primers primers. PCR was performed on Step-One plus

real-time PCR system (Applied Biosystems). GAPDH was

used as the endogenous control of circ_0000215 and CXCR2

and the endogenous control of miR-495-3p is U6. The relative

expression is calculated using the 2-DDCT method. The primers
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used in this study are as follows: circ_0000215, forward pri-

mer, 5’-AAACTGCAGAGGAGGAAGCT-3’, reverse primer,

5’-GGTTCCGAGGGTCTCTTTGA-3’; CXCR2, forward pri-

mer, 5’-GCATCAGTGTGGACCGTTAC-3’, reverse primer,

5’-GGCTGGGCTAACATTGGATG-3’; miR-495-3p, forward

primer, 5’-AACACGCAAACAAACATGGTGC-3’, reverse

primer, 5’-CAGTGCAGGGTCCGAGGT-3’.

CCK8 Assay

Human glioma cell lines A172 and LN-18 were inoculated on

96-well plates with 5� 103 cells per well at different time points

(12 h, 24 h, 48 h, 72 h). The previous medium was exchanged by

fresh compete medium and then 10 mL CCK-8 medium mixture

was added into each well. After incubation in a standard incu-

bator for 1 h, the absorbance value at 490 nm was measured with

a Microplate Reader (Thermo, Multiskan GO).

Transwell Assay

Cell invasion ability was detected by Transwell assay. A number

of 5 � 104 A172/LN-18 cells were inoculated in the upper

chamber (Corning, Beijing, China). The chamber was with

8 mm pore size and coated with Matrigel. 400 mL RPMI-1640

medium containing 10% FBS were placed in the lower chamber.

After incubation at 37�C for 24 h, the cells that failed to invade

into the lower chamber were removed from the upper chamber.

Next, the cells were secured with 4% paraformaldehyde for

10 min and then stained by 0.5% crystal violet. Finally, the

invasive cells were counted under an inverted microscope. The

experiment was performed for 3 times with triplicated wells.

Western Blot

The cells were collected and split with RIPA lysate (Roche,

Shanghai, China). 5 mg of total protein was separated by SDS-

PAGE electrophoresis at 100 V for 2 h. After that, the proteins

were electrically transferred to polyvinylidene fluoride (PVDF)

membranes. After 1-hour block with 5% skimmed milk powder

at room temperature, the membranes were washed with TBST

for 3 times and 10 min each time. Next, the membranes were

incubated with primary antibodies CXCR2 (Abcam, ab225732,

1: 1000), Bax (Abcam, ab32503, 1:1000), Bcl2(Abcam,

ab32124, 1:1000), Caspase3(Abcam, ab13847, 1:1000),

E-cadherin (Abcam, ab40772, 1:1000), N-cadherin(Abcam,

ab18203, 1:1000), Vimentin(Abcam, ab92547, 1:1000), p-PI3

K (Abcam, ab182651, 1:1000), PI3 K (Abcam, ab191606,

1:1000), p-Akt (Abcam, ab38449, 1:1000), Akt(Abcam,

ab8805, 1:1000) overnight at 4�C. Afterward, we washed the

membranes with TBST and incubated them with horseradish

peroxidase (HRP) labeled anti-rabbit secondary antibody (con-

centration 1: 3000) at room temperature for 1 h. Then, TBST

was used for washing the membranes for 3 times (10 min each

time). Finally, the membranes were exposed using an ECL kit,

and gray value which marked the relative expression of pro-

teins was analyzed through Image J.

Dual-Luciferase Reporter Gene Assay

Luciferase reporter assay was performed in accordance with

the dual-luciferase reporter assay system (Promega, Madison,

WI, USA). We constructed and integrated wild-type and

mutant-type target fragments into the pGL3 vector (Promega,

Madison, WI, USA) to build pGL3-circ_0000215-wild

type (circ_0000215-WT), pGL3-circ_0000215-mutant

(circ_0000215-MUT), pGL3-CXCR2-wild type (CXCR2-

WT), pGL3-CXCR2-mutant (CXCR2-MUT) reporter gene

vector. Circ_0000215-WT, circ_0000215-MUT, CXCR2-

WT, CXCR2-MUT were co-transfected with miR-495-3p

mimics or negative controls to A172 or LN-18 cells. Forty-

eight hours after transfection, luciferase viability was detected

following the manufacturer’s instructions.

RNA Binding Protein Immunoprecipitation (RIP)

The EZMagna RIP kit (Millipore, Billerica, MA, USA) was

employed to detect the binding relationships between

circ_0000215 and miR-495-3p, miR-495-3p and CXCR2

following the manufacturer’s protocol. Human anti-Ago2 anti-

body (Millipore) was used to enrich circ_0000215, miR-495-3p

and CXCR2, and healthy mouse immunoglobulin G (IgG;

Millipore) was used as a negative control. The purified RNA

was extracted from immunoprecipitation of cell lysates and

qRT-PCR were conducted to test enriched circ_0000215,

miR-495-3p and CXCR2.

Flow Cytometry

The apoptosis of A172 and LN-18 cells was detected by flow

cytometry using an Annexin V-FITC apoptosis detection kit

(eBioscience, Shanghai, China). Tumor cells were cultured in

6-well plates at 4� 105 cells/well. Stable transfected A172 and

LN-18 cells were washed with 1 � PBS and resuspended in

500 mL binding buffer. Then the cells were supplemented with

5 mL V-FITC and 5 mL propidium iodine (PI), and incubated in

the darkness at room temperature for 10 min. Finally, apoptosis

was detected by fluorescence-activated cell sorting (FACS).

Statistical Analysis

Analyses of significance were performed using SPSS17.0 statis-

tical software (SPSS Inc., Chicago, IL, USA). Data are presented

means+s.d. A standard 2-tailed unpaired Student’s t-test was

used for 2 groups. One-way ANOVA was carried out to compare

multiple groups. P value <0.05 was considered statistically sig-

nificant. All of the experiments were repeated at least for 3 times.

Results

Circ_0000215 Expression and Clinical Significance in
Glioma Tissues and Cells

In order to verify the level of circ_0000215 in glioma tissue, we

performed RT-PCR experiments. The results illustrated that

Mutalifu et al 3



compared with healthy tissues adjacent to the cancer, the

expression level of circ_0000215 in glioma tissues was remark-

ably increased (P < 0.05, Figure 1A). Further analysis revealed

that circ_0000215 overexpression was significantly associated

with tumor size (Table 1). Besides, we also detected the expres-

sion of circ_0000215 in different glioma cells by RT-PCR. The

results showed that circ_0000215 expression in glioma cell

lines (A172, U251, U87, SHG-44, LN-18) was remarkably

upregulated compared with human healthy glial cell line HEB

(P < 0.05, Figure 1B).

Effects of Circ_0000215 on Glioma Cell Proliferation,
Apoptosis and Metastasis

To investigate circ_0000215 function in gliomas, we suc-

cessfully constructed circ_0000215 overexpression and

knockdown cell lines in glioma cell lines A-172 and LN-

18 (Figure 2A and B). CCK8 assay was conducted to detect

cell proliferation. It was found that compared with the con-

trol group, glioma cell proliferation level was notably

increased after overexpressing circ_0000215 (Figure 2C and

D). Next, cell apoptosis of A-172 and LN-18 cells were

detected by flow cytometry and western blot. The results

showed that the apoptosis rate and apoptosis related proteins

of Bax and Caspase3 were all downregulated in

circ_0000215 overexpressed cells, while Bcl2 was upregu-

lated. On the contrary, downregulation of circ_0000215 sig-

nificantly enhanced apoptosis (Figure 2E-G). Moreover,

Transwell assay showed that circ_0000215 upregulation signifi-

cantly enhanced cell invasion ability and EMT, while

circ_0000215 downregulation had the opposite effects (P <

0.05, Figure 2H and I). Collectively, the statistics suggested that

Figure 1. The expression of circ _0000215 in glioma tissues and cell lines. A: Circ_0000215 expression in the tissues of glioma patients and

normal tissues adjacent to the cancer was measured via qRT-PCR. ***represents P < 0.0001. B. Circ_0000215 expression in normal glioma cell

line HEB and glioma cell lines (A172, U251, U87, SHG-44, LN-18) was determined by qRT-PCR. *** P < 0.0001.

Table 1. Correlation Between circ_0000215, miR-495-3p and CXCR2 Levels and Clinical Features in Glioma Patients.

Pathological parameters n

Circ_0000215 expression

p-Value

miR-495-3p expression

p-Value

CXCR2 expression

p-ValueLow High Low High Low High

Gender 0.4941 0.4941 0.9684

Male 22 12 10 10 12 8 14

Female 14 6 8 8 6 5 9

Age (years) 0.7384 0.3165 0.7384

<40 19 10 9 8 11 9 10

�40 17 8 9 10 7 9 8

Tumor grade 0.0951 0.0194 0.3165

I- II 17 6 11 12 5 7 10

III-IV 19 12 7 6 13 11 8

Tumor size 0.0023 0.0179 0.091

<5 cm 15 12 3 4 11 10 5

>5 cm 21 6 15 14 7 8 13
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circ_0000215 promoted the proliferation, invasion and EMT, but

inhibited apoptosis of glioma cells.

Circ_0000215 Targeted miR-495-3p

Aiming on the exploration of circ_0000215 downstream mole-

cular mechanism, we browsed the bioinformatics database Cir-

cular RNA Interactome (https://circinteractome.nia.nih.gov/)

to find potential target genes for circ_0000215 and found that

miR-495-3p is its crucial target (Figure 3A). Next, we con-

ducted dual-luciferase reporter gene assay and RIP assay to

verify the binding relationship between circ_0000215 and

miR-495-3p. The results demonstrated that miR-495-3p was

a promising target of circ_0000215 (Figure 3B-D). Besides,

miR-495-3p in the circ_0000215 overexpression group was

considerably reduced while the si-circ_0000215 group had

converse effect (Figure 3E). What’s more, we measured the

expression of miR-495-3p in different glioma tissues and cells

via qRT-PCR. The results suggested that miR-495-3p was both

downregulated in glioma tissues (compared with normal adja-

cent tissues) and glioma cell lines (A172, U251, U87, SHG-44,

LN-18) (compared with human normal glial cell line HEB) (P <

0.05, Figure 3F and H). Further experiments demonstrated that

the expression levels of circ_0000215 and miR-495-3p were

negatively correlated in glioma tissues (Figure 3G). In sum-

mary, these data proved that circ_0000215 functioned as a

competitive endogenous RNA targeting miR-495-3p and inhib-

ited its expression.

Figure 2. The role of circ _0000215 in glioma cell proliferation, apoptosis and metastasis. A-B. Circ_0000215 overexpression and down-

expression model were conducted on A172 (A) and LN-18 (B) cells, and the relative expression of circ_0000215 was determined by qRT-PCR.

C-D: The effect of circ_0000215 on cell proliferation was determined via CCK-8. E and F. Cell apoptosis of A-172 and LN-18 cells were

detected by flow cytometry. G. Apoptosis related proteins including Bax, Bcl2 and Caspase3 was detected by western blot. H: The effect of

circ_0000215 on the invasion ability of glioma cells was determined by Transwell assay. I. Western blot was used to detect EMT markers

(E-cadherin, N-cadherin and Vimentin). *,**,*** represent P < 0.05, P < 0.01 and P < 0.001 compared with vector or si-NC group respectively.
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Circ_0000215/miR-495-3p Regulated Glioma Cell
Proliferation and Metastasis

To verify the role of the circ_0000215/miR-495-3p axis in mod-

ulating the progression of glioma, gain- and loss- assays of

circ_0000215/miR-495-3p were conducted. The results revealed

that circ_0000215 overexpression markedly reduced miR-495-3p

expression while inhibiting circ_0000215 through si-circ_0000215

increased miR-495-3p expression (Figure 4A and B). Next, tumor

cell proliferation, apoptosis and metastasis were also examined.

The data suggested that miR-495-3p upregulation inhibited glioma

cell proliferation, invasion capability, EMT and promoted apopto-

sis, while knocking down miR-495-3p had adverse effects

(Figure 4C-I), indicating that miR-495-3p plays an anti-tumor role

in glioma progression. However, overexpressing circ_0000215

crippled the effects of miR-495-3p upregulation. Thus,

circ_000015 functioned as an oncogene by sponging miR-495-3p.

Circ_0000215 Upregulated CXCR2 Expression Through
miR-495-3p

Evidence indicated that miRNAs regulate mRNA expression by

targeting its 30UTR end. For exploration of miR-495-3p

functional targets, we selected miR-495-3p candidate targets

in TargetScan (http://www.targetscan.org/vert_72/). The

results showed that CXCR2 mRNA 30UTR sites had a binding

region of miR-495-3p, suggesting that the gene CXCR2 is likely

to be a target gene for miR-495-3p (Figure 5A). Next, we

detected the mRNA level of CXCR2 in glioma tissues and

analyzed its level with circ-0000215 and miR-495-3p. interest-

ingly, CXCR2 was also upregulated in glioma tissues (com-

pared normal tissues) (Figure 5B). besides, the CXCR2 level

had a positive correlation with circ_0000215 (Figure 5C). but a

negative correlation with miR-495-3p (Figure 5D). Next,

through luciferase activity and RIP experiments, we further

confirmed that CXCR2 was an effective target for miR-495-

3p (Figure 5E and F). Besides, CXCR2 expression was detected

via Real-Time PCR and Western blot. It was found that the

protein expression and mRNA of CXCR2 was significantly

reduced after miR-495-3p overexpression while increased after

miR-495-3p downexpression (Figure 5G-J). Moreover, CXCR2

expression was notably upregulated after further overexpres-

sion of circ_0000215 (compared with miR-495-3p group

(Figure 5G-J). More importantly, the detection of PI3K/Akt

pathway by western blot illustrated that miR-495-3p inhibited

Figure 3. Circ _0000215 targeted miR-495-3p in glioma cells. A: Circ_0000215 has a potential binding site for miR-495-3p (predicted by

Circular RNA Interactome (https://circinteractome.nia.nih.gov/)). B: The binding relationship between miR-495-3p and circ_0000215 was

verified through the luciferase reporter assay. C-D: RIP assay was used to further confirm the targeted relationship of circ_0000215 and miR-

495-3p, the enrichment of them in immunoprecipitation of cell lysates were detected by qRT-PCR. E. miR-495-3p expression after transfection

with circ_0000215 or si-circ_0000215 was determined via qRT-PCR. F. The expression of miR-495-3p in glioma tissues and normal tissues

adjacent to the cancer was measured by qRT-PCR. NS, **,*** represents P > 0.05, P < 0.01 and P < 0.001. G. Linear regression analysis was

used to analyze the relationship between circ_0000215 and miR-495-3p expression in glioma tissues. H. miR-495-3p expression in normal

glioma cell line HEB and glioma cell lines was determined by qRT-PCR (A172, U251, U87, SHG-44, LN-18), *,**,*** represents P < 0.05,

P < 0.01 and P < 0.001 compared with HEB group.
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the phosphorylated of both PI3 K and Akt, while upregulating

circ_0000215 dampened this effect. Allover, these results

revealed that circ_0000215 regulates CXCR2 expression

through miR-495-3p and circ_0000215/miR-495-3p/CXCR2

might mediate glioma progression via PI3K/Akt axis.

Discussion

Glioma is a common life-threatening malignancy of the central

nervous system (CNS).1 Hence, exploring new biomarkers

involved in glioma progression and prognosis makes much

sense for the diagnosis and treatment of glioma. Here,

circ_0000215 expression was found significantly upregulated

in glioma tissues and cells. Further experiments confirmed that

circ_000021 accelerated glioma progression through miR-495-

3p/CXCR2/PI3K/Akt.

CircRNA is a newly discovered endogenous non-coding

RNA. In recent years, the role of circRNA in tumors has been

gradually revealed. Aberrant expression of circRNA can be

used as a molecular marker for the diagnosis of malignant

tumors, and significantly regulates the progress of malignant

tumors.30 Taking circLMTK2 as an example, its expression is

upregulated in gastric cancer tissues and is closely connected

with worse overall gastric cancer patient survival. In the mean-

time, circLMTK2 remarkably accelerates gastric cancer cell

proliferation, tumor formation, migration and invasion.31 In

multiple myeloma, Circ-AMARCA5 expression is downregu-

lated. Overexpression of Circ-AMARCA5 can inhibit mye-

loma cell proliferation and accelerate apoptosis.32 In the

progress of gliomas, a variety of circRNAs exert vital effects.

For example, circPTN,33 circ_000173034 are both notably

overexpressed in glioma tissues and promote glioma cell

Figure 4. Circ_0000215/miR-495-3p regulated glioma cell proliferation and metastasis. A-B. A172(A) and LN-18 (B) cells were transfected

miR-495-3p mimics or circ_0000215 overexpression plasmids and miR-495-3p inhibitor or si-circ_0000215 vector. The expression of miR-495-

3p in the cells was detected via RT-PCR. ** P < 0.01, *** P < 0.001. C and D. Cell proliferation was determined via CCK-8, *,**represent

P < 0.05 and P < 0.01 compared with . E-F. Apoptosis related proteins including Bax, Bcl2 and Caspase3 was detected by western blot. G: The

effect of circ_0000215/miR-495-3p on the invasion ability of glioma cells was determined by Transwell assay. H-I. Western blot was used to

detect EMT markers (E-cadherin, N-cadherin and Vimentin). *,**,*** represents P < 0.05, P < 0.01 and P < 0.001 compared with vector or

si-NC group respectively.
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proliferation and metastasis. Circ_0000215 was first identified

in 2013.35 Our results initially demonstrated that circ_0000215

was significantly overexpressed in glioma tissues, as well as

cell lines. Further gain- and loss- of functions verified that

circ_0000215 significantly promoted glioma cell proliferation

and metastasis, indicating that circ_0000215 was a well candi-

date for the diagnosis and treatment of glioma.

Mounting studies have shed light on the differential expres-

sion of miRNAs in tumors, which directly participate in and

affect the development of tumors. In gliomas, miRNAs, as a

tumor suppressor or oncogenes, are involved in the EMT,

growth, apoptosis, migration, invasion and new angiogenesis

of glioma via modulating various biological processes.36 For

instance, miR-128 promotes intercellular adhesion by reducing

EPH receptor B2 (Eph receptor B2, EphB2), thereby inhibiting

glioma cell migration and invasion.37 Through this study, we

proved that miR-495-3p was not only downregulated in glioma

tissues and cells, and also significantly inhibited the growth,

EMT and invasion of these glioma cells. It can be speculated

that miR-495-3p works as a tumor suppressor gene in Glioma.

Accumulating studies have found that circRNA, as a com-

petitive endogenous RNA, plays a vital role in regulating tumor

development and progression in gene expression.38 For exam-

ple, circTCF25 enhances the proliferation of bladder cancer

Figure 5. CXCR2 is a functional target of miR-495-3p in glioma cells. A: miR-495-3p contains a potential binding site for CXCR2 as predicted by

TargetScan (http://www.targetscan.org/vert_72/). B. RT-PCR was used to detect CXCR2 mRNA level in glioma and normal tissues. C and D.

Pearson repression analysis was used to compare the relationships of circ_0000215 and CXCR2 (C), miR-495-3p and CXCR2 (D). E. Dual-

luciferase reporter gene assay was used to verify the binding relationship between miR-495-3p and CXCR2. F. Enrichment of CXCR2 in

immunoprecipitation of cell lysates were detected by qRT-PCR in RIP assay. G and H: The expression of CXCR2 was detected via

qRT-PCR. I and J: The protein level of CXCR2, PI3 K, Akt were detected by western blot. NS, *,**,*** represents P > 0.05, P < 0.05,

P < 0.01 and P < 0.001.
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cells by regulating miR-103a-3p and promoting the expression

of CDK6.39 Besides, Circ-TTBK2 is overexpressed in glioma

tissues and cell lines, and it acts as a miR-217 sponge in a

sequence-specific manner to mediate the malignant progres-

sion of gliomas.40 In the present research, circ_0000215 was

predicted and verified to be a ceRNA sponge of miR-495-3p in

glioma by luciferase reporter gene experiment and RIP assay.

Moreover, overexpression of circ_0000215 significantly inhib-

ited miR-495-3p level in glioma cells and weakened the anti-

cancer effects of miR-495-3p. This manifested that

circ_0000215 affects glioma cell proliferation, apoptosis, EMT

and invasion by targeting miR-495-3p.

In recent years, CXCR2 has been involved in the tumorigen-

esis, development and treatment of a variety of tumors, and the

effect of the CXCR2 axis on the tumor microenvironment has

received more and more attention.41 For instance, CXCR2 acti-

vated by IL-8 promotes ovarian cancer EMT via Wnt/b-catenin

pathway.42 In addition, CXCR2 is also found to be regulated by

miRNA. By blocking CXCL12b/CXCR2/4 axis, miR-141

modulates trophoblast apoptosis, invasion, and vascularization

in pre-eclampsia.43 MiR-940 downregulates the expression of

CXCR2, thus inhibiting the migration and invasion of hepato-

cellular carcinoma.44 Through this study, CXCR2 was found to

be an effective target of miR-495-3p, and indirectly upregu-

lated by circ_0000215, suggesting that circ_0000215/miR-495-

3p promotes glioma development through CXCR2. On the

other hand, PI3K/AKT signaling, a classical pathway partici-

pated in tumor growth, metastasis, apoptosis and EMT, also

plays a vital role in glioma development.45,46 Interestingly,

CXCR2 also affects tumor development by mediating PI3K/

AKT signaling.47 Here, our data revealed that miR-495-3p

inhibited phosphorylated level of PI3K/Akt, while overexpres-

sing circ_0000215 promoted the PI3K/Akt activation, which

was consistent with CXCR2 expression, suggesting that

circ_0000215/miR-495-3p could promote glioma progression

via activating PI3K/Akt through CXCR2.

Conclusion

Overall, we confirmed that overexpressed circ_0000215 can

promote glioma progression by targeting the miR-495-3p/

CXCR2/PI3K/Akt axis. This study is helpful for the early diag-

nosis and treatment of glioma and provides necessary help for

the stage and prognosis of glioma.
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