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INTRODUCTION 
 

Gliomas are classified by WHO into four grades, non-

malignant gliomas included grade I and II types, 

malignant ones consist of grade III and IV types [1], 

glioblastoma (GBM) is considered as grade IV type 

gliomas and is often related to poor prognosis [2–4]. 

Currently, radiotherapy and chemotherapy with 

temozolomide are still the main therapeutic methods for 

glioblastomas. However, due to the unsatisfactory 

therapeutic effect, the expected survival time of these 
patients is very short [5]. Therefore, making an accurate 

diagnosis for glioma at the earliest possible stage is very 

critical for improving treatment efficacy. Although 

there are new technological instruments that can help 

confirming the diagnosis of gliomas, such as brain 

magnetic resonance imaging (MRI) with spectroscopy 

and perfusion, the high cost hinders large scale 

application [6]. Advances in molecular biology 

techniques provide powerful and convenient ways for 

screening tumors [7]. Therefore, it is of great clinical 

value to uncover the unknown mechanisms regarding 

the development of glioma. 

 

Circular RNA (circRNA) was a member of non-coding 
RNA and possessed a covalently closed consecutive 

loop. Unlike linear RNA, circRNA can stably reside in 

the cell for a longer time due to its unique covalent loop 
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ABSTRACT 
 

Circular RNAs (circRNAs) are a group of noncoding RNAs derived from back-splicing events. CircRNA is reported 
to be involved in various tumor progressions, including glioma. Although there are a few reports of circular 
RNAs participating in gliomas, it is still unclear whether circular RNAs regulate the occurrence of gliomas. In our 
research, we found that the expression of circITGA7 in glioma tissues and glioma cells increased significantly. 
Knocking down circITGA7 can significantly inhibit the proliferation of glioma cells and reduce cell metastasis. 
Through analysis and dual-luciferase report assay, we found that circITGA7 acts as a sponge for miR-34a-5p 
targeting VEGFA in glioma. Our study showed that circITGA7 regulates the proliferation and metastasis of 
glioma cell lines (SW1783&U373) by regulating the miR-34a-5p/VEGFA pathway. In conclusion, our study 
revealed a regulatory loop for the circITGA7/miR-34a-5p/VEGFA axis to regulate glioma development. 
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structure with neither 5′ to 3′ polarity nor a 

polyadenylated tail [8]. In recent years, a vast amount of 

studies has demonstrated that circRNA have important 

biological functions. For example, Liang et al displayed 

that circ-ABCB10 promotes breast cancer cell growth 

[9]. Yang et al demonstrated that circ-ITCH level was 

down-regulated in bladder cancer cell in vitro and in 

vivo. Meanwhile, overexpression of circ-ITCH 

suppressed bladder cancer cell proliferation and 

metastasis [10]. Tian et al found that down-regulation of 

hsa_circ_0003159 expression level had negative links to 

the extent of remote metastasis and stage of tumor-

node-metastasis of gastric cancer (GC) patients [11]. Li 

et al found that circ-104916 level was lower in GC 

tissues and cells than adjacent normal tissues. Li et al 

reported that circITGA7 inhibits colorectal cancer 

growth and metastasis by modulating the Ras pathway 

[12]. However, enhanced circ-104916 would greatly 

retarded GC cell growth in vitro [13]. Therefore, 

analysis the role of circRNA in the occurrence and 

development of glioma is necessary. 

 

Although some researches have been performed on 

glioma about circRNAs, the exact mechanism of 

circRNA for glioma is elusive. Here, we identified and 

studied a circRNA circITGA7 in glioma. Our study 

showed that circITGA7 was enhanced in glioma tissues 

and cells compared to nearby normal ones. Knockdown 

circITGA7 significantly inhibited cell proliferation and 

metastasis. Mechanistically, our data revealed that 

circITGA7 reduced the expression of miR-34a-5p, 

promoted translation of downstream gene VEGFA, 

which promoted the growth of glioma. 

 

RESULTS 
 

Construction of circITGA7 regulating ceRNA 

networks 

 

Previous studies showed circRNAs could act as miRNA 

sponges in human cancers [14]. The circITGA7 

targeting miRNAs were obtained using RegRNA2.0 

database (http://regrna2.mbc.nctu.edu.tw/index.html). 

Then, the direct targets of circITGA7 targeting 

 miRNAs were predicted using Starbase2.0 database 

(http://starbase.sysu.edu.cn/). As presented in Figure 1, 

a total of 14 miRNAs (miR-17-3p, miR-198, miR-34a-

5p, miR-191-5p, miR-125a-3p, miR-185-5p, miR-200a-

5p, miR-378a-5p, miR-339-5p, miR-432-5p, miR-498, 

miR-551a, miR-92b-3p) and 6068 mRNAs were 

identified.  

 

In order to evaluate whether these mRNAs were 

associated with the progression of gliomas, we 

analyzed a public database GSE43378, which 

included 32 GBM samples and 18 LGG samples.  

A total of 1254 down-regulated and 1587 up-

regulated potential targets of circITGA7 were 

identified in this study (Figure 2). 

 

Identification key gene modules by WGCNA 

 

The WGCNA analysis was constructed using R 

software. The results of the parameter analysis are 

shown in Figure 2A. After determining the optimal 

parameter (β=4), the WGCNA algorithm was used to 

convert the correlation coefficient of a gene pair into 

the adjacent coefficient. We finally obtained 3 gene 

modules (Figure 3). A total of 590 genes were 

included in Module 1, 366 genes were included in 

Module 2, and 189 genes were included in Module 3. 

 

Bioinformatics analysis of key targeting modules of 

circITGA7 in glioma 

 

Then, we applied bioinformatics analysis of key 

targeting modules of circITGA7 in glioma using 

DAVID system. Module 1 was involved in regulating 

ERBB signaling, negative regulation of cellular 

macromolecule biosynthetic process, ERBB2 

signaling, cellular protein modification process, and 

protein phosphorylation. Module 2 was related to 

antigen processing and presentation of exogenous 

peptide antigen via MHC class I, cytokine-mediated 

signaling, interferon-gamma-mediated signaling, 

cellular response to interferon-gamma, neutrophil 

degranulation, neutrophil activation involved in 

immune response, neutrophil mediated immunity, 

negative regulation of lymphocyte proliferation. And 

Module 3 was involved in regulating intracellular 

protein transport, protein transport, limb 

development, vesicle organization, cellular protein 

localization, regulation of chemotaxis, regulation of 

transcription from RNA polymerase II promoter 

(Figure 4). 

 

Identification of key targets of circITGA7 in glioma 

 

Then, we applied PPI network analysis to identify key 

targets of circITGA7 in glioma using String database. As 

shown in Figure 5, a total of 33 key targets in module 1 

were identified, including SHC1, PTK2, CBL, ERBB4, 

VAV3, CDC42, RNF34, GAN, UBE2D3, UBR1, 

UBE2A, UBA6, KBTBD6, UBE2H, RBCK1, ARIH2, 

ERBB2, RAP1A, PIK3CB, PIK3R1, VEGFA, SOS1, 

PTPN11, P4HB, PDIA6, FAM20C, TNC, IGFBP3, 

IGFBP5, FSTL1, ITGB3, UBE2N, QSOX1. 12 key 

targets in module 2 were identified, including HLA-

DPB1, HLA-A, B2M, GBP2, IRF1, TRIM38, HLA-G, 
OAS2, HLA-E, CD44, HLA-C, and GBP1. 5 key targets 

in module 3 were identified ZNRF2, ZNRF1, RNF14, 

ASB13, FBXL20. 

http://regrna2.mbc.nctu.edu.tw/index.html
http://starbase.sysu.edu.cn/
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Increased circITGA7 level was shown in glioma 

tissues 

 

We firstly evaluated the expression of circITGA7 levels 

in glioma tissues. For that purpose, 12 pairs of glioma 

tissues and adjacent normal tissues were subjected to 

analysis. Our data revealed circITGA7 level was raised 

in glioma tissues (Figure 6A).  

 

Evaluation of circITGA7-induced effects on glioma 

cell proliferation, and metastasis  

 

Here, we determined circITGA7 expression in glioma cell 

lines to explore the circITGA7-mediated influence on 

glioma. Our data revealed circITGA7 level was higher in 

glioma cells compared to that in NHA cells. Of them, 

SW1783&U373 cells highly expressed circITGA7 (Figure 

6B) and were used for the following studies. Figure 6C 

demonstrated circITGA7 expression levels after 

knockdown of circITGA7 in SW1783&U373 cell lines. 

CCK-8 assay shown knockdown circITGA7 marred 

SW1783&U373 cell proliferation (Figure 7A, 7B). Further 

data revealed the circITGA7 level was negatively related 

to metastasis. Transwell demonstrated down-regulation of 

circITGA7 restrained SW1783&U373 cell migration and 

invasion (Figure 7C–7F). 

CircITGA7 functioned as a sponge of miR-34a-5p 

 

Previous researches have shown circular RNAs 

generally played as sponges of miRNAs through 

interaction with RISC complex [15]. We predicted 

probable targets of circITGA7 via miRBase and the 

CircInteractome. Figure 8A, 8B showed that miR-34a-

5p is a potential target of circITGA7 and its expression 

level in glioma tissue is reduced, which is inversely 

correlated with the level of circITGA7. Luciferase assay 

suggested that miR-34a-5p mimic muffled circITGA7-

WT-caused effects on SW1783&U373 cells (Figure 

8C). Based on the above data, our findings indicated 

circITGA7 was a sponge for miR-34a-5p and impeded 

its availability. 

 

MiR-34a-5p targets VEGFA in gliomas 

 

Emerging data suggested miRNAs functioned through 

interaction with 3ʹ-UTR of target mRNAs [16]. 

Therefore, we unearthed targets of miR-34a-5p by the 

TargetScan and miRanda databases. We selected 

VEGFA for the study. Luciferase assay indicated miR-

34a-5p mimics impeded the activity of WT-VEGFA 

reporter (Figure 8D). What is more, overexpressed miR-

34a-5p obviously inhibited VEGFA level in

 

 
 

Figure 1. Construction of circITGA7 regulating ceRNA networks. Direct targets of circITGA7 targeting miRNAs were predicted, 14 

miRNAs and 6068 mRNAs were predicted by regrna2 and Starbase 2.0 database. 
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Figure 2. Evaluation of mRNA and glioma progression. (A) Analysis of the public database GSE43378 identified 1254 down-regulated 

and 1587 up-regulated potential targets of circITGA7, and (B) identified the appropriate power value (soft threshold).  
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Figure 3. Identification key gene modules by WGCNA. (A, B) Gene cluster dendrogram and module colors. Each color represents the 
independent module which contains a group of highly correlated genes. A total of 3 modules were identified. 
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Figure 4. Bioinformatics analysis of key targeting modules of circITGA7 in glioma. Bioinformatics analysis of the key targeting 
module of circITGA7 in glioma was carried out by DAVID system. (A) Module 1 is mainly involved in regulating the ERBB signaling (GO: 
0038127), (B) module 2 is mainly involved in antigen processing and presentation of exogenous peptide antigen via MHC class I, TAP-
independent (GO:0002480), and (C) module 3 is mainly involved in regulation of intracellular protein transport (GO:0006886). 
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SW1783&U373 cells (Figure 8E). Furthermore, western 

blot results showed that VEGFA protein level was 

decreased in cells transfected with si-circITGA7, and 

increased in cells transfected with miR-34a-5p inhibitor, 

and that miR-34a-5p inhibitor attenuated the VEGFA 

protein level decrease by si-circITGA7 compared with 

the control group (Figure 8F). Considering our data 

have displayed miR-34a-5p level could be suppressed 

by circITGA7, and VEGFA was a target of miR-34a-5p, 

we further investigated the underlying mechanism in

 

 
 

Figure 5. Identification of key targets of circITGA7 in glioma. Using a string database, PPI network analysis was used to identify 
the key targets of circITGA7 in gliomas. 33 key targets were identified in module 1 (A), 12 key targets in module 2 (B), and 5 key targets 
in module 3 (C). 
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circITGA7-regulated VEGFA expression. Collectively, 

our data indicated that VEGFA level was increased by 

circITGA7 via sponging miR-34a-5p (Figure 8G). 

 

CircITGA7-induced change of glioma cell migration 

and invasion by regulating miR-34a-5p/VEGFA 

pathway 

 

We performed the rescue assay to validate circITGA7-

induced altered effects on SW1783&U373 cell 

metastasis after knockdown of miR-34a-5p or VEGFA. 

CCK-8 and transwell assays revealed downregulated 

circITGA7 inhibited SW1783&U373 cell growth and 

metastasis. Nevertheless, suppressed miR-34a-5p 

induced glioma cell growth, migration and invasion, 

whereas those effects could be reversed once down-

regulation of VEGFA in glioma cells (Figure 9A–9D). 

Our findings have shown circITGA7 and VEGFA 

functioned as a promoter in glioma, while miR-34a-5p 

was regarded as an inhibitor of oncogene. Furthermore, 

circITGA7 functioned through regulating miR-34a-

5p/VEGFA signaling. 

 

DISCUSSION 
 

The circular RNA remains relatively stable within 

eukaryotic cells, and has a regulatory role for the life 

activities of the cells [17]. A large number of clinical 

reports have found that circRNA functioned importantly 

in numerous disease processes, like myocardial 

infarction, osteoarthritis, heart failure, bladder 

carcinoma, esophageal cancer et al. [18–20]. Previous 

studies have shown that the circRNA can control 

miRNA-mRNA signaling networks via up or down-

regulation expression level of itself, which involved the 

human disease process [21]. In the current study, we 

addressed the expression pattern and roles of circITGA7 

in glioma. 

 

With the development of RNA sequencing and 

synthetic technology, a large number of novel circRNAs 

were identified. Extensive research efforts have been 

dedicated to understanding the functions and 

mechanisms of circRNAs in cancer [22]. Previous 

studies have shown loss-regulation of circRNA is 

strongly linked to the processes of many cancer, like 

basal cell carcinoma, breast cancer, glioma, lung cancer 

[23–26]. CircRNA has been found extensively 

participates in the physio pathological processes of 

tumor. For instance, Xia et al found that knockdown of 

circ-CBFB remarkably resulted in inhibition of chronic 

lymphocytic leukemia cell growth, arrest of cell cycle 

development, and induction of cell apoptosis [27]. Fang 

et al reported that upregulation of circFAT1(e2) 

inhibited GC cell proliferation, migration, and invasion 

via sponging miR-548g and up-regulating target gene 

RUNX1 level in GC cell cytoplasm [28]. However, the 

roles of circITGA7 in gliomas remained largely 

unknown. In this study, we identified 14 miRNAs and 

6068 mRNAs as potential targets of circITGA7. Using 

GSE43378 database, 1254 targets were found to be 

negatively and 1587 targets were found to be positively 

correlated to the progression of glioma. Then, we 

conducted WGCNA analysis to identify key modules 

and targets of circITGA7. Three key modules and 50 

key targets were obtained. Bioinformatics analysis 

revealed circITGA7 may be involved in regulating 

ERBB signaling. 

 

 
 

Figure 6. Increased circITGA7 level was shown in glioma tissues. (A) Relative expression of circITGA7 in 12 pairs of glioma tissues and 

adjacent normal tissues by qRT-PCR. (B) Relative expression of circITGA7 in different glioma cell lines by qRT-PCR. (C) Relative expression of 
circITGA7 in SW1783 and U373 cells transfected with si-circITGA7. *p < 0.05, **p < 0.01. 
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Figure 7. CircITGA7-induced effects on glioma cell growth, migration, and invasion. (A, B) Knockdown of circITGA7 decreased the 
proliferation in both SW1783 and U373 cells. (C–F) Cell migration and invasion was determined by transwell assay in SW1783 and U373 cells 
transfected with si-circITGA7 or NC. *p < 0.05, **p < 0.01. 
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Our results have shown that circITGA7 is up-regulated 

in glioma tissues and cells compared to that in adjacent 

normal ones. Glioma cell growth, migration and 

invasion were hindered once decreasing circITGA7 

expression. Our finding implies circITGA7 exhibited a 

primary role in glioma development. CircRNAs often 

competed for endogenous miRNAs in cancer cells 

[14]. MiR-34a-5p was chosen in this part by the 

bioinformatics approach and luciferase assay. We 

confirmed the association between circITGA7 and 

 

 
 

Figure 8. CircITGA7 functioned as a sponge of miR-34a-5p and VEGFA was a target of miR-34a-5p in glioma. (A) The binding site 
of miR-34a-5p in circITGA7. (B) Relative expression of miR-34a-5p in glioma tissues and paired adjacent normal tissues. (C) SW1783 and U373 
were transfected with wide-type or mutant circITGA7 reporter plasmid, and the luciferase reporter was performed to confirm the direct 
target site. (D) SW1783 and U373 cells were transfected with wide-type or mutant VEGFA reporter plasmid, and the luciferase reporter was 
performed to confirm the direct target sites. (E) Overexpression of miR-34a-5p inhibited the levels of VEGFA in SW1783 and U373 cells by 
qRT-PCR. (F) Western blot results showed that the level of VEGFA protein in cells transfected with si-circITGA7 decreased, while the level of 
VEGFA protein in cells transfected with miR-34a-5p inhibitor increased, compared with the control group, miR-34a-5p inhibitor can reduce si-
circITGA7 decreases the level of VEGFA protein. GAPDH was as the control. (G) The miR-34a-5p inhibitor eliminated the inhibitory effect of 
circITGA7 knockdown on VEGFA in SW1783 and U373 cells. *p < 0.05, **p < 0.01, ***p<0.001. 
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miR-34a-5p in glioma cells. The previous study 

indicated that miR-34a-5p suppressed human cancers 

by affecting multiple targets. For example, MiR-34a-

5p suppressed cell growth and EMT (epithelial-

mesenchymal transition) by targeting LEF1 [29]. In 

gliomas, miR-34a was found to attenuate glioma cells 

progression and chemoresistance via targeting PD-L1 

[30]. Our results indicated that miR-34a-5p interacts 

with circITGA7. Functional assays also showed miR-

34a-5p suppressed gliomas proliferation. 

 

A lot of researches show that miRNAs are involved in 

cancer initiation and development through regulating 

targeted mRNAs [31–33]. We identified VEGFA as a

 

 
 

Figure 9. CircITGA7-induced change of glioma cell metastasis by regulating miR-34a-5p/VEGFA pathway. (A, B) CCK-8 assay was 

used to determine cell growth in SW1783 and U373 transfected with indicative plasmids. (C, D) Transwell assay was utilized to examine cell 
migration and invasion in SW1783 and U373 transfected with indicative plasmids. *p < 0.05, **p < 0.01. 
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direct downstream target gene via bioinformatics 

prediction. Subsequently, we performed a series of 

verification experiments to confirm the results of this 

prediction. As a result, we showed circITGA7 promoted 

VEGFA expression via sponging miR-34a-5p in 

glioma. VEGFA is found to be associated with tumor 

proliferation, migration and invasion. Targeting 

VEGFA signaling have been reported to be a promising 

strategy in human cancers [34]. Our data indicated that 

VEGFA level was increased in glioma tissues and 

played a carcinogenesis role. Moreover, VEGFA 

expression was regulated by circITGA7 and miR-34a-

5p together in glioma. The silencing of circITGA7 

significantly enhanced the expression level of miR-34a-

5p and reduced the expression level of VEGFA.  

 

Several limitations should be noted in this study. First, 

this study was mainly based on bioinformatics analysis. 

Therefore, the detailed interaction among circITGA7, 

miR-34a-5p and VEGFA should be further verified at 

mRNA and protein levels in vivo and in vitro in the near 

future. At the same time, we will also establish relevant 

in vivo model to further verify the effects of circITGA7 

on gliomas growth and metastasis. 

 

Taken together, this study demonstrated that circITGA7 

promoted glioma proliferation via regulating miR-34a-

5p/VEGFA axis. Our results provide a potential 

biomarker of the screening and diagnosis for glioma 

patients, and a potential target for the treatment of 

glioma. 

 

MATERIALS AND METHODS 
 

Samples 

 

Twelve pairs of glioma and normal samples from the 

patients who were absent of radiotherapy and 

chemotherapy before surgery were enrolled from our 

hospital. All the subjects unanimously consented and 

signed informed consent documents. 

 

WGCNA and the identification of modules 

 

The WGCNA R package was used to conducted 

WGCNA analysis according to previous studies [35].  

 

Cell culture  

 

SW1783, U373, U87 and NHA were derived from the 

Type Culture Collection of the Chinese Academy of 

Sciences (Shanghai, China) and cultured in DMEM 

medium (Invitrogen, CA, USA) supplemented with 

10% fetal bovine serum (Gibco, USA) and 1% 

streptomycin/penicillin under 37° C incubator 

containing 5% CO2. 

Transfection 

 

Si-circITGA7 was ordered from Gene-Pharma 

(Shanghai, China). 50nM of mimics were separately 

transfected into indicated cells using Lipo-

fectamine2000 (Invitrogen) as manual’s protocols. The 

coding sequence of circITGA7 was inserted into a pcD-

ciR construct (Geenseed Biotech, China) and then 

transfected into SW1783 and U373 cells to establish 

stably overexpressed cell line and screened by G418. 

 

CCK-8 assay 

 

CircITGA7, miR-34a-5p and VEGFA with 

corresponding control were transfected into cells and 

harvested at an indicated time point, followed by 

reseeding into 96-well plates as 2×103 cells per well. On 

the following day, CCK-8 (10 µl/well) was added the 

absorbance OD 450nm of each well was measured with 

a microplate reader after incubation for 2 h.  

 

Transwell assay 

 

The migration and invasion of indicated SW1783 and 

U373 were detected by transwell chamber (Costar, MA, 

USA) referred to manuals described. 

 

qRT-PCR assay 

 

Total RNA was isolated from samples using TRIzol 

reagent and further reversely transcripted into cRNA, 

qRT-PCR were then conducted using SYBR Green 

PCR Kit (Thermo Fisher Scientific). 

 

Western blot 

 

The total proteins were extracted from cells with RIPA 

lysis buffer mixed with phenylmethylsulfonyl fluoride 

(PMSF), protein inhibitors, and phosphatase inhibitors 

(KeyGEN BioTECH, China). Equal amounts of proteins 

were separated with 10% SDS-PAGE gel and 

transferred to polyvinylidene difluoride (PVDF) 

membranes (Millipore, MA, USA). The membranes 

were blocked with 5% bovine serum albumin (BSA) for 

1.5 h and then incubated with primary antibodies: rabbit 

polyclonal anti-VEGFA (1:1000, ab46154, Abcam, UK) 

and rabbit anti-GAPDH (1:10000, ab9485, Abcam, 

UK). Proteins were then detected by an enhanced 

chemiluminescence system (ECL) reagent (KeyGEN 

BioTECH, China) after incubation with secondary 

antibodies for 1 h at room temperature. 

 

Luciferase assay 

 

CircITGA7-WT, circITGA7-MUT, and VEGFA-

3′UTR-wide-type (WT), VEGFA-3′UTR- mutant-type 
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(MUT) were constructed. MiR-34a-5p binding sites 

inserted into circITGA7 and VEGFA 3′UTR WT or 

(MUT were separately cloned into pGL3 luciferase 

construct (Promega, WI, USA). MiR-34a-5p mimics 

with luciferase reporter constructs and pRL-TK vector 

(Promega) were individually transfected into glioma 

cells. Relative luciferase activity was determined as 

manufacturers described at 24 h post-transfection. 

 

Statistical analysis 

 
All the representative data was analyzed by GraphPad 

Prism 6 and presented as the mean ± SD. Differences 

existed in two comparison groups and multiple groups 

were resolved by the Student’s t-test or one-way 

ANOVA analysis. Overall survival analysis was 

determined by the Kaplan-Meier curve and a significant 

difference of each was calculated by the log-rank test. 

The relation between circITGA7 expression and clinical 

profile was measured by the Chi-square test. A 

significant difference was presented as P-value was less 

than 0.05. 
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