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1  | INTRODUC TION

Gliomas represent the most common primary brain tumors, with the 
most biologically aggressive type, glioblastoma that accounts for more 
than 80% of malignant glioma.1-3 Despite the improvement in multi-
modal treatment involving surgical resection, radiotherapy, and temo-
zolomide (TMZ) chemotherapy, patients with glioblastoma derive little 
benefit from the current standard of care.4,5 The median survival time 
of glioblastoma was only 12-15 months, and the 5-year survival rate was 
only 4%-5%.6,7 Recently, substantial efforts have been undertaken in 
examining molecular mechanisms involved in glioblastoma and allowed 
for a novel understanding of tumor development and progression.

Circular RNA (circRNA) is a novel type of RNA molecule formed 
by a covalently closed loop and is found to exist widely in eu-
karyotes.8 Emerging evidence indicates that many circRNAs have 
cell-type-specific expression and are linked to physiological devel-
opment and various diseases including cancer.9 Similar to long non-
coding RNA, circRNAs can function as a miRNAs sponge and play a 
role in the pathological process of glioma.10 For example, upregu-
lated circ-TTBK2 in glioma was found to act as the miR-217 sponge 
and promote cell proliferation, migration, and invasion.11 Current 
studies showed another circRNA hsa_circ_0046701 significantly 
overexpressed in glioma and functioning as a sponge for miR-142-3p 
to promote carcinogenesis.12 Interestingly, circRNAs were also 
been found to be targeted by microRNAs that CDR1-AS, a miR-7 
sponge, could be degraded by miR-671-5p in glioma.13 Moreover, 
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Background: Recent studies have found circular RNAs (circRNAs) involved in the bio-
logical process of cancers. However, little is known about their functional roles in 
glioblastoma.
Methods: Human circRNA microarray analysis was performed to screen the expres-
sion profile of circRNAs in IDH1 wild-type glioblastoma tissue. The expression of 
hsa_circ_0008344 in glioblastoma and normal brain samples was quantified by qRT-
PCR. Functional experiments were performed to investigate the biological functions 
of hsa_circ_0008344, including MTT assay, colony formation assay, transwell assay, 
and cell apoptosis assay.
Results: CircRNA microarray revealed a total of 417 abnormally expressed circRNAs 
(>1.5-fold, P < .05) in glioblastoma tissue compared with the adjacent normal brain. 
Hsa_circ_0008344, among the top differentially expressed circRNAs, was signifi-
cantly upregulated in IDH1 wild-type glioblastoma. Further in vitro studies showed 
that knockdown of hsa_circ_0008344 suppressed glioblastoma cell proliferation, 
colony formation, migration, and invasion, but increased cell apoptotic rate.
Conclusions: Hsa_circ_0008344 is upregulated in glioblastoma and may contribute 
to the progression of this malignancy.
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endogenous circRNAs could encode functional proteins, which was 
confirmed in glioblastoma that circ-FBXW7 encoded a novel 21-kDa 
protein FBXW7-185aa and inhibited tumor cell proliferation and cell 
cycle acceleration.14 Deep insight into the roles of circRNA in tumor 
biology of glioblastoma accelerates to pave the way for treating this 
disease.

In this study, we applied circRNA microarray to investigate the 
difference between glioblastoma and normal brain and observed a 
novel circRNA, hsa_circ_0008344, overexpressed in glioblastoma. 
Knockdown of hsa_circ_0008344 inhibited glioblastoma cell prolif-
eration, migration, and invasion, and increased cell apoptosis, sug-
gesting that hsa_circ_0008344 might play an oncogenic role in the 
development and progression of glioblastoma.

2  | MATERIAL S AND METHODS

2.1 | Acquisition of tissue samples

Ten patients with primary glioblastoma, who underwent surgery at 
Changzheng Hospital from January 2016 to December 2016, were 
enrolled in the study. Pairs of glioblastoma tissue and adjacent non-
cancerous brain tissue were excised from patients and immediately 
frozen for further analysis. This study was approved by the Specialty 
Committee on Ethics of Biomedicine Research, Second Military 
Medical University of China. Informed consent was obtained from 
all participants.

2.2 | Human circular RNA microarray

Human circRNA expression analysis was performed on 4 pairs 
of glioblastoma tissue and corresponding adjacent brain tissue. 
Total RNA was extracted, of which linear RNA was removed 
by RNAse R kit (Epicentre, Inc. Madison, WI, USA). Human 
circRNA microarray hybridization was performed according 
to Arraystar’s standard protocols. The enriched circRNA was 
amplified to cDNA and transcribed into cRNA using Arraystar 
Super RNA Labeling Kit (Arraystar, Rockville, MD, USA). Labeled 
cRNAs were then hybridized using Arraystar Human circRNA 
Array (8 × 15K, Arraystar) and scanned by the Agilent Scanner 
G2505C.

2.3 | RNA extraction and quantitative real-time PCR

The total RNA was extracted from cell lines using TRIzol Reagent 
(Invitrogen, Karlsruhe, Germany) following the manufacturer’s 
protocol. First-strand cDNA was synthesized using ReverTra 
Ace (Toyobo, Osaka, Japan). The quantitative real-time PCR 
was conducted by ABI PRISM 7900HT Sequence Detection 
System in the presence of SYBR Green dye (Toyobo). Each sam-
ple was tested in triplicate. GAPDH was used as an internal 
control. All PCR primers used are as follows: hsa_circ_0008344 
forward primer, GCAGGAGGTAATGACGGAAG and reverse 
primer, TGGTCGAAGTCAGCAGACAC; GAPDH forward 

primer, GCGAGATCCCTCCAAAATCAA and reverse primer, 
GTTCACACCCATGACGAACAT.

2.4 | Cell line and culture

The human glioblastoma cell lines (U87 and U251) were obtained 
from the American Type Culture Collection (ATCC). All cells were 
maintained in a humidified atmosphere of 5% CO2 at 37°C and cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS).

2.5 | Plasmid and lentivirus infection

To establish cell lines in which hsa_circ_0008344 expression 
would be stably knocked down, the 21-nucleotide sequence 
(shRNA, 5′-GCCAAGCCAGTTCCATTAAAT-3′) was used to target 
hsa_circ_0008344.

Sequence (shNC, 5′-TTCTCCGAACGTGTCACGT-3′) served as a 
control. Corresponding sense and antisense oligonucleotides were 
synthesized from GENECHEM (Shanghai, China), and then annealed 
and cloned into the AgeI-EcoRI sites of the GV493 lentiviral vector. 
The procedures of packaging and infecting with lentivirus were per-
formed according to the previous study.15

2.6 | MTT assay

Cells in the logarithmic phase of growth were seeded in 96-well 
plates (5000 cells/well) in sextuple and allowed to grow for 1, 2, 3, 
and 4 days. Cell proliferation assay was analyzed by MTT kit follow-
ing the manufacturer’s instructions. The optical density was meas-
ured at 490-nm wavelength using a microplate reader (EL × 800, 
BIO-TEK, USA). Data were obtained from 3 independent assays per-
formed in triplicate.

2.7 | Colony formation assay

For colony formation assay, 1 × 103 cells were independently seeded 
onto 60-mm culture plates in triplicate. After about 2 weeks, visi-
ble colonies were fixed with 100% methanol and then stained with 
crystal violet. Colony-forming ability was evaluated by counting the 
number of colonies.

2.8 | Transwell assay

Transwell compartments with a 24-well 8-μm pore size (Costar, 
Washington, DC, USA) were coated with or without Matrigel. 
Cells were resuspended in 250 μL serum-free medium and placed 
in the upper chamber, and 600 μL medium with 20% FBS was 
added to the lower chamber. After cultured for 36 hours, the mi-
grated and invaded cells on the lower membrane surface were 
removed with a cotton swab and fixed by 4% paraformaldehyde 
and stained with crystal violet solution (Sigma-Aldrich, Saint 
Louis, MO, USA).
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2.9 | Cell apoptosis analysis

Cells were plated into 6-well plates at 6 × 104 cells/well. Forty-eight 
hours after transfection, the cells were harvested and washed with 
PBS. Cellular apoptosis was evaluated by flow cytometry using Annexin 
V-FITC apoptosis detection kit (BD Biosciences, Piscataway, NJ, USA) 
as described by the manufacturer’s instructions.

2.10 | Statistical analysis

Statistical analyses were all performed by SPSS 19.0 software. Data 
were calculated from 3 independent experiments presented as the 
mean ± standard deviation (SD). The difference between 2 groups 
was analyzed using Student’s t test. Difference (P < .05) was consid-
ered to be statistically significant.

3  | RESULTS

3.1 | Human circular RNA microarray identified hsa_
circ_0008344 upregulated in glioblastoma tissue

To investigate the abnormal expression of circRNAs, human circu-
lar RNA microarray analysis was performed in 4 pairs of IDH1 wild-
type glioblastoma tissue and corresponding nontumor normal brain. 
Results revealed there a total of 417 abnormally expressed circRNAs 
(>1.5-fold, P < .05), of which 136 were increased and 281 were down-
regulated in glioblastoma (Figure 1A). The abnormal circRNA expres-
sion profiles in the malignancy provided potential functional circRNAs 
related to glioblastoma progression. Among the top differentially ex-
pressed circRNAs (Table 1), hsa_circ_0008344 further detected its 
expression level in another group of 16 IDH1 wild-type glioblastoma 
samples and 7 normal brain tissues, which confirmed the significantly 
upregulated hsa_circ_0008344 in glioblastoma (Figure 1B).

3.2 | Hsa_circ_0008344 knockdown 
suppressed the proliferation of glioblastoma cells

Given its high level of glioblastoma, hsa_circ_0008344 was targeted to 
study its possible biological roles in tumor progression. Then, specifically 
shRNA inhibiting hsa_circ_0008344 was transfected into U87 and U251 
cells, and the expression of hsa_circ_0008344 was markedly decreased 
compared to control groups (Figure 2A). MTT assay was performed 
to determine glioblastoma cell proliferation, which showed that hsa_
circ_0008344 knockdown suppressed the proliferation activity in both 
U87 and U251 (Figure 2B-C). Consistently, colony formation assay also re-
vealed fewer numbers of clones in U87 and U251 groups transfected with 
shRNA compared with that in shNC and blank control cells (Figure 2D-E).

3.3 | Suppression of hsa_circ_0008344 
inhibited the glioblastoma cell migration and invasion

To explore the impact of hsa_circ_0008344 on migration and inva-
sion of glioblastoma cells, transwell assays were conducted in the 

2 selected cells. As shown in Figure 3A-B, downregulating hsa_
circ_0008344 leads to remarkably impaired migration capacity of 
glioblastoma cells compared with the shNC and blank control groups. 
The transwell assay confirmed the role of hsa_circ_0008344 on cell 
migration. Moreover, knockdown of hsa_circ_0008344 by shRNA 
also caused fewer cells traversed the membrane, which indicated a 
decreased invasive potential of glioblastoma cells (Figure 3C-D).

F IGURE  1 Hsa_circ_0008344 is upregulated in glioblastoma. A, 
Volcano plot of circRNAs. The vertical lines correspond to 1.5-fold 
up and down, and the horizontal line represents a P value of .05. 
The red point in the plot represents the differentially expressed 
circRNAs with statistical significance. B, Hsa_circ_0008344 
expression level is examined by qRT-PCR and significantly higher in 
glioblastoma tissues than normal brain samples (P < .001)
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3.4 | Hsa_circ_0008344 knockdown promoted 
tumor cell apoptosis in glioblastoma

We then investigated other aspects of hsa_circ_0008344 functions, 
such as apoptosis, in glioblastoma by flow cytometry. In accordance 

with previous results, u87 and U251 cells in the group of depleted 
hsa_circ_0008344 displayed markedly increased apoptotic rate 
compared with the shNC and blank control groups (Figure 4). The 
apoptosis assay suggested that hsa_circ_0008344 might have an 
anti-apoptosis character in glioblastoma cells.

4  | DISCUSSION

The rapid advances in high-throughput sequencing for noncod-
ing RNA have sparked new interest in circRNA, which is a special 
class of endogenous RNA, take a great proportion of all spliced 
transcripts, and wildly exist in human cells.16,17 Recent studies have 
demonstrated that circRNA plays a crucial role in various physiologi-
cal and pathological processes.18 Remarkably, hundreds of circRNAs 
have been shown to be deregulated in distinct cancers, including 
liver, lung, colorectal, breast, prostate, bladder, ovarian, kidney, and 
gastric cancer, as well as malignant glioma, and are likely to affect 
several of the hallmarks of cancer.19 In our study, we identified a 
novel circRNA, hsa_circ_0008344, upregulated in glioblastoma 

TABLE  1 The top 10 differentially expressed circRNAs in 
glioblastoma

circRNA Expression

hsa_circRNA_0008344 Up

hsa_circRNA_005198 Up

hsa_circRNA_001587 Up

hsa_circRNA_101085 Up

hsa_circRNA_101066 Up

hsa_circRNA_405962 Up

hsa_circRNA_018440 Down

hsa_circRNA_006240 Down

hsa_circRNA_403717 Down

hsa_circRNA_104105 Up

F IGURE  2 Hsa_circ_0008344 promotes glioblastoma cell growth. A, The efficiency of shRNA silencing hsa_circ_0008344 in U87 and 
U251 is detected by qRT-PCR. B-C, Decreased expression of hsa_circ_0008344 inhibits tumor cell proliferation. D-E, Comparing with the 
cells carrying shNC and blank control, the depleted hsa_circ_0008344 cells display fewer colonies (*P < .05)
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and underscored its roles in tumor cell proliferation, migration, in-
vasion, and apoptosis, which implied the great potential in clinical 
application.

Current studies indicated that circRNAs might regulate gene 
expression by acting as miRNA sponges, thereby regulating linear 
RNA transcription and protein production in cancer.20,21 Compared 
with their linear isomers, circRNAs have much higher expression 
levels and more miRNA binding sites, which may lead to more ef-
fective in sequestering miRNAs.21-23 As another type of noncoding 
RNA, miRNA can negatively modulate the translation process and 
target mRNA stability, thus suppress gene expression at the post-
transcriptional level.24,25 Further studies have demonstrated that 
miRNA can also function as a tumor suppressor gene, oncogene, 

or both, depending on the cell context, and is closely correlated 
with cancer profiling.26,27 Therefore, the carcinogenic mechanisms 
driven by circRNAs may occur through their interaction with miR-
NAs on regulating gene expression. Increased evidence has con-
firmed this idea that circular RNA-ZFR inhibited cell proliferation 
and promoted apoptosis in gastric cancer by sponging miR-130a/
miR-107 and modulating PTEN, circ-ITCH inhibited bladder can-
cer progression by sponging miR-17/miR-224 and regulating p21 
and PTEN expression, and hsa_circ_0046701 promoted carcino-
genesis by increasing the expression of miR-142-3p target ITGB8 
in glioma.12,28,29 Furthermore, hsa_circ_0008344 may bind to sev-
eral miRNAs, such as miR-433-3p and miR-450b-3p, predicted by 
bioinformatics, while miR-433-3p has been found to suppress cell 

F IGURE  3 Hsa_circ_0008344 promotes glioblastoma cell migration and invasion. A-B, Inhibition of hsa_circ_0008344 expression 
decreases cell migration as determined by transwell assay. C-D, The numbers of invasive cells in the depleted hsa_circ_0008344 groups are 
much smaller than those in shNC and blank control groups (*P < .05)
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growth and enhance chemosensitivity by targeting CREB in glio-
blastoma.30 Accordingly, it is presumed that hsa_circ_0008344 can 
sponge tumor suppressor miRNAs followed by disinhibition of the 
expression of some targeted oncogenic genes, which contributes to 
glioblastoma progression.

Collectively, the present study was first to investigate the ex-
pression and functional role of hsa_circ_0008344 in glioblastoma, 
which may expedite the appraisal of a novel therapeutic target for 
this malignancy.
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