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Abstract. Glioblastoma (GBM) is one of the most common 
and malignant types of primary cancer in the central nervous 
system; however, the clinical outcomes of patients with GBM 
remain poor. Circular RNAs (circRNAs) have been revealed 
to serve important roles in diverse biological processes, 
such as regulating cell proliferation, epithelial‑mesenchymal 
transition and tumor development. However, the underlying 
biological function of circRNA filamin A (circFLNA) and 
its potential role in GBM remain to be determined. The 
present study aimed to identify differentially expressed 
circRNAs in GBM. Reverse transcription‑quantitative PCR 
was used to analyze the expression levels of circFLNA. The 
results demonstrated that the expression levels of circFLNA 
were significantly upregulated in clinical GBM samples and 
GBM cells compared with adjacent healthy brain tissues and 
normal human astrocytes, respectively. The results of the Cell 
Counting Kit‑8 and Transwell assays revealed that circFLNA 
knockdown significantly inhibited the proliferative and inva‑
sive abilities of GBM cell lines. Moreover, high circFLNA 
expression levels were associated with a worse prognosis in 
GBM. MicroRNA (miR)‑199‑3p was subsequently predicted 
to be target of circFLNA. The inhibitory effect of miR‑199‑3p 
on cell proliferation and invasion was partially reversed 
following circFLNA knockdown. In conclusion, the findings of 
the present study identified novel roles for circFLNA in GBM 
and indicated that the circFLNA/miR‑199‑3p signaling axis 
may serve an important role in GBM progression. Therefore, 

circFLNA may represent a novel target for the diagnosis and 
treatment of GBM.

Introduction

Glioblastoma (GBM) is one of the most aggressive and malig‑
nant types of primary cancer in the central nervous system, 
accounting for ~3% of all cancers diagnosed worldwide (1) 
and 90,000 patient deaths per year (2). Currently, the overall 
survival of patients with GBM is <2 years  (3,4). The low 
survival rate is, at least in part, due to traditional therapies, such 
as surgical resection, chemotherapy and radiotherapy, being 
unsatisfactory for the treatment of GBM (5). For example, the 
recurrence rate of patients following surgery is high and the 
2‑year survival rate after surgery was found to be <35% (6,7). 
Therefore, there remains an urgent requirement to determine 
more efficient GBM diagnostic and prognostic biomarkers, 
and to develop novel strategies for the treatment of GBM.

Circular RNAs (circRNAs) are a class of non‑coding 
RNAs, which, similar to microRNAs (miRNAs/miRs), lack 
5' or 3' ends, and form a circular structure with covalent 
bonds  (8). Accumulating evidence has indicated that the 
aberrant expression of circRNAs may exert important 
biological functions in the progression of numerous types of 
cancer, including hepatocellular carcinoma, gastric carcinoma, 
colorectal cancer and glioma (9,10). In fact, previous studies 
have demonstrated that dysregulated circRNAs served as novel 
regulators of cancer progression, including in GBM (11,12). 
The tumor invasion‑associated biomarkers, MMP‑2 and 
MMP‑9, belong to the MMP family, and are known to promote 
extracellular matrix degradation and invasion of cancer cells 
into adjacent healthy tissues during tumor development (13).

circRNA filamin A (circFLNA), also known as 
hsa_circ_0092012, is a newly discovered oncogene, that 
originates from exon 9 to 15 of the FLNA gene and has 
a spliced mature sequence length of 543 base pairs  (14). 
Aberrant expression levels of circFLNA have been reported 
in a variety of human cancer types, including gastric cancer, 
oral squamous cell carcinoma and laryngeal squamous cell 
carcinoma (14‑17). However, to the best of our knowledge, the 
role of circFLNA in GBM remains to be determined.
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miRNAs are small, non‑coding RNAs that negatively 
regulate gene expression levels by binding to the 3'‑untranslated 
region (UTR) of target mRNAs (18). The aberrant expression 
of miRNAs was found to be associated with the occurrence 
and progression of a number of human diseases, including 
breast cancer, glioblastoma, thyroid papillary carcinoma, 
hepatocellular carcinoma, lung cancer, colon cancer and 
endocrine pancreatic tumors (18,19). In particular, the expression 
levels of miR‑199‑3p have been reported to be downregulated 
in multiple types of cancer, including GBM (20,21). However, 
the role of miR‑199‑3p in GBM progression remains elusive.

Thus, the present study aimed to detect the role and 
underlying mechanism of circFLNA in glioblastoma and 
screened the circRNAs‑miRNA network that exist during the 
progression of human.

Materials and methods

Cell lines. Human GBM cell lines (U251, LN229, T98G, 
A172 and SHG44) were obtained from The Cell Bank of Type 
Culture Collection of The Chinese Academy of Sciences. 
Normal human astrocytes (NHAs) were purchased from 
American Type Culture Collection. Cells were cultured in 
DMEM (cat. no. 670087; Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (cat. no. 16140071; Gibco; 
Thermo Fisher Scientific, Inc.) in a humidified atmosphere 
with 5% CO2 at 37˚C.

Patient studies. A total of 50 human GBM and paired 
adjacent healthy brain tissues were collected from patients 
with GBM (25 male patients and 25 female patients; median 
age, 40.5 years; age range, 18‑69 years) at Harbin Medical 
University Cancer Hospital (Harbin, China) between 
January 2015 and January 2019. Inclusion criteria: i) Newly 
diagnosed GBM; ii) patients older than 18 years; iii) GBM 
cases with confirmed pathology; and iv) patients with GBM 
were treated by surgery. Exclusion criteria: i) GBM cases 
with unconfirmed pathology; ii)  GBM cases with spinal 
involvement; ii) GBM cases with incomplete data records; 
and iv) patients receiving chemotherapy and radiotherapy 
prior to the surgery. All GBM tissues were histopathologically 
confirmed by two senior pathologists. The patient were divided 
into the high or low circFLNA and high or low miR‑199‑3p 
expression group according to the median expression level 
of clinical patients with GBM or patients from The Cancer 
Genome Atlas (TCGA)‑GBM database. Informed written 
consent was obtained from all patients prior to participation. 
The study was approved by The Institutional Review Board of 
Harbin Medical University (approval no. 2019HMUIRB0171).

Gene expression profiles of circFLNA expression. The edgeR 
Bioconductor software package (RStudio, Inc. version.4.1) 
was used to identify differentially expressed circRNAs in 
two Gene Expression Omnibus (GEO; https://www.ncbi.nlm.
nih.gov/geo) datasets, GSE92322 (22) and GSE86202 (23). 
Overall survival data based on the expression levels of 
miRNAs were obtained from patients with GBM from 
TCGA database (http://cancergenome.nih.gov). The DEseq2 
package (version 3.11; http://bioconductor.org/pack‑
ages/release/bioc/html/DESeq2.html) was used to detect the 

differentially expressed circRNAs using the following criteria 
as significant cut‑off values: Log2 fold‑change (FC)>2 and 
false‑discovery rate (FDR)<0.01. Clinicopathological data 
were obtained from 50 patients with GBM who underwent 
surgical resection. Gene Ontology (GO) functional term 
enrichment analysis was performed using The Database for 
Annotation, Visualization and Integrated Discovery version 6.8 
(https://david.ncifcrf.gov). Circos plots were constructed using 
http://www.bioinformatics.com.cn, an online platform for data 
analysis and visualization.

Reverse transcription‑quantitative PCR (RT‑qPCR). RT‑qPCR 
was used to analyze the expression levels of circFLNA and 
miR‑199‑3p. Briefly, total RNA was extracted from clinical 
tissues or cell lines using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). Total RNA was reverse transcribed into 
cDNA using a PrimeScript™ RT kit (cat. no. RR014A; Takara 
Biotechnology Co., Ltd.) according to the manufacturer's protocol. 
qPCR for mRNA detection was subsequently performed using a  
SYBR-Green PCR Master Mix (cat. no. DRR820A; Takara 
Biotechnology Co., Ltd.). RNase‑R was applied to detect the 
presence of circFLNA and eliminate the influence of linear 
RNAs. The expression levels of miRNAs were analyzed using 
a miScript PCR system (cat. no. 339306; Qiagen GmbH). The 
following primers were used for the qPCR: circFLNA forward, 
5'‑CCA​GCT​GAG​GCT​CTA​CCG​TGC​C‑3' and reverse, 5'‑GAG​
GCG​TCA​GCA​TCC​CCA​ACA​G‑3'; miR‑199‑3p forward, 
5'‑ACA​CTC​CAG​CTG​GGT​CCC​TGA​GAC​CCT​TTA‑3' and 
reverse, 5'‑CTC​AAC​TGG​TGT​CGT​GGA​GTC​GGC​AAT​
TCA‑3'; miR‑296‑5p forward, 5'‑ATG​GCG​GAC​GAG​GAG​
AAG​CTG​C‑3' and reverse, 5'‑TCA​CTC​AGT​GCG​GAG​GAT​
GAT​G‑3'; miR‑515‑3p forward, 5'‑CGG​GTT​CTC​CAA​AAG​
AAA​GCA‑3' and reverse, 5'‑CAG​CCA​CAA​AAG​AGC​ACA​
AT‑3' MMP‑2 forward, 5'‑CAG​GAC​ATT​GTC​TTT​GAT​GGC​
ATC​GC‑3' and reverse, 5'‑TGA​AGA​AGT​AGC​TAT​GAC​CAC​
CGC​C‑3'; MMP‑9 forward, 5'‑ATC​CCC​CAC​CTT​TAC​CA‑3' 
and reverse, 5'‑TCA​GAA​CCG​ACC​CTA​CAA‑3'; U6 forward, 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and reverse, 5'‑AAC​GCT​
TCA​CGA​ATT​TGC​GT‑3'; U1 forward, 5'‑GGA​CTC​ATC​AAG​
ACT​CAT​CA‑3'; and reverse, 5'‑GTG​AGG​ACG​AAA​CTG​CCT​
TG‑3'; and GAPDH forward, 5'‑AGG​CTG​TTG​GGA​AAG​TTC​
TTC‑3' and reverse, 5'‑ACT​GTT​GGA​ACT​CGG​AAT​GC‑3'. 
The following thermocycling conditions were used for qPCR: 
Initial denaturation at 94˚C for 10 min; followed by 40 cycles 
of denaturation at 94˚C for 5 sec, annealing at 60˚C for 30 sec 
and extension at 72˚C for 45 sec. GAPDH and U6 were used 
as the endogenous controls. The relative gene expression levels 
were calculated using the 2‑ΔΔCq method (24) and normalized to 
the expression levels of the endogenous controls, GAPDH (for 
mRNA) and U6 (for miRNA).

Isolation of cytoplasmic and nuclear RNA. Cellular 
cytoplasmic and nuclear RNA of glioblastoma cells was 
extracted and purified using a PARIS kit (cat. no. AM1921; 
Invitrogen; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol.

C e l l  t r a n s f e c t i o n .  S m a l l  i n t e r f e r i n g  R N A 
(siRNA/si)-circFLNA, si‑negative control (NC), miR‑199‑3p 
mimic, miR‑199‑3p inhibitor, NC mimic, NC inhibitor, 



MOLECULAR MEDICINE REPORTS  24:  786,  2021 3

pcDNA3.1‑circFLNA and pcDNA3.1 (empty vector) were 
purchased from Shanghai GenePharma Co., Ltd. The 
sequences of the constructs were as follows: si‑circFLNA 
forward, 5'‑AGC​CCC​TTC​AGG​GAG​CTG​GCA‑3' and reverse, 
5'‑CAA​CAG​CCC​CTT​CAG​GGA​GCT‑3'; pcDNA3.1‑circ‑
FLNA forward, 5'‑GUG​CCA​GCU​CCC​UGA​AGG​GTT‑3' 
and reverse, 5'‑GCC​AGC​UCC​CUG​AAG​GGG​CTT‑3'; si‑NC 
forward, 5'‑GGT​AAG​CAG​TGG​CTC​CTC​TAA‑3' and reverse, 
5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'; miR‑199‑3p mimic 
forward, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3' and reverse, 
5'‑AGG​GCC​CCC​CCU​CAA​UCC​UGU‑3'; miR‑199‑3p inhib‑
itor forward, 5'‑ACA​GGA​UUG​AGG​GGG​GGC​CCU‑3'; NC 
mimic forward, 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3' and 
reverse, 5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'; and NC 
inhibitor forward, 5'‑GGU​AAG​CAG​UGG​CUC​CUC​UAA‑3' 
and reverse, 5'‑ACG​UGA​CAC​GUU​CGG​AGA​AUU‑3'. Cells 
were added in 6‑well plates at 1x105 cells/well and were trans‑
fected with 20 µM miR‑199‑3p mimic, miR‑199‑3p inhibitor, 
si‑circFLNA, pcDNA3.1‑circFLNA or respective NCs using 
Lipofectamine® 2000 (cat. no. 11668030; Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Following transfection at 37˚C for 6 h, the culture 
medium was replaced and cells were subsequently obtained 
at 24 h post‑transfection for further experiments.

Dual luciferase reporter assay. RNA22 (https://cm.jefferson.
edu/rna22/Interactive) and starBase (http://starbase.sysu.edu.
cn) databases were used to predict the potential target miRNAs 
of circFLNA. Among the candidate miRNAs, the top three 
miRNAs, namely miR‑199‑3p, miR‑296‑5p and miR‑515‑5p, 
were selected according to their prediction score. Wild‑type 
(WT) and mutant (MUT) putative miR‑199‑3p binding sites 
of the 3'‑untranslated region (UTR) in circFLNA (Shanghai 
GenePharma Co., Ltd.), were cloned into psiCHECK2 lucif‑
erase reporter vectors (Shanghai GenePharma Co., Ltd.). 
LN229 cells were seeded at the density of 3x105 cells/well into 
6‑well plates and co‑transfected with 20 µl psiCHECK2‑circ‑
FLNA‑WT or ‑MUT (108 TU/ml) and 20 µM miR‑199‑3p 
mimic or NC mimic using Lipofectamine 2000. The medium 
was removed with fresh medium at 4 h post‑transfection. The 
relative luciferase activity was detected at 48 h post‑transfection 
using a Dual Luciferase Reporter assay system (cat. no. E1910; 
Promega Corporation) according to the manufacturer's 
instructions. Firefly luciferase activity was normalized to 
Renilla luciferase activity.

Cell proliferation assay. Cell proliferation was measured using 
a Cell Counting Kit‑8 (CCK‑8) assay (cat. no. C0037; Beyotime 
Institute of Biotechnology) according to the manufacturer's 
protocol. Briefly, following transfection, GBM cells were 
seeded (1x104 cells/well) into 96‑well plates and incubated 
for 24, 48 or 72 h. The rescue experiment was performed 
at 72 h. Following the incubation, 10 µl CCK‑8 reagent was 
added to each well and incubated for a further 4 h at 37˚C. The 
absorbance was measured using a microplate reader (Infinite 
F50; Tecan Group, Ltd.) at a wavelength of 450 nm.

Transwell invasion assay. A total of 5x104 LN229 and 
A172 cells were plated in serum‑free DMEM into the upper 
chambers of Transwell plates (Corning, Inc.), which were 

precoated with Matrigel (37˚C for 30 min), and incubated 
at 37˚C for 24 h. The lower chambers were filled with DMEM 
supplemented with 20% FBS before the incubation. Following 
incubation, the invasive cells in the lower chamber were fixed 
with 4% paraformaldehyde for 15 min at room temperature 
and stained with 1 mg/ml crystal violet for 20 min at room 
temperature. The invasive cells were counted in five randomly 
selected fields using a light microscope (Nikon Corporation; 
magnification, x100).

Western blotting. Total protein was extracted from LN229 
and A172 cells using RIPA lysis buffer (cat.  no.  P0013B; 
Beyotime Institute of Biotechnology) supplemented with 
complete Protease Inhibitor Cocktail (cat. no. 04693124001; 
Roche Applied Science). Total protein was quantified using 
a BCA protein assay kit (cat. no. P0012; Beyotime Institute 
of Biotechnology). The absorbance was measured using 
a microplate reader (Infinite F50; Tecan Group, Ltd.) at a 
wavelength of 562 nm and 50 µg protein/lane was separated 
via 10% SDS‑PAGE. The separated proteins were subsequently 
transferred onto PVDF membranes (cat. no. FFP24; Beyotime 
Institute of Biotechnology) and blocked with 5% BSA 
(cat.  no.  AR0004; Wuhan Boster Biological Technology, 
Ltd.) at 4˚C for 1 h. The membranes were then incubated with 
the following primary antibodies at 4˚C overnight: Rabbit 
anti‑MMP‑2 (1:1,000; cat.  no.  10373‑2‑AP; ProteinTech 
Group, Inc.), rabbit anti‑MMP‑9 (1:1,000; cat. no. 10375‑2‑AP; 
ProteinTech Group, Inc.) and mouse anti‑GAPDH (1:1,000; 
cat. no. SC‑47724; Santa Cruz Biotechnology, Inc.). Following 
primary antibody incubation, the membranes were incubated 
with HRP‑conjugated secondary antibodies for 1 h (anti‑mouse 
or anti‑rabbit; cat.  nos.  ab6721 and ab6728; 1:2,000; 
Abcam). Protein bands were visualized using ECL reagent 
(cat. no. P0018S; Beyotime Institute of Biotechnology) on a 
ChemiDoc™ MP Imaging system (cat. no. 12003154; Bio‑Rad 
Laboratories, Inc.). GAPDH was used as the loading control.

Statistical analysis. Statistical analyses were performed using 
SPSS 20.0 software (IBM Corp.) and data are presented as the 
mean ± SD. Statistical differences between groups were deter‑
mined using one‑way or two‑way ANOVA followed by Tukey's 
post hoc test or an unpaired Student's t‑test. The expression 
levels of circFLNA and miR‑199‑3p in clinical GBM tissues 
were analyzed using a Wilcoxon signed‑rank test. Kaplan‑Meier 
curves were used to determine the overall survival and a 
log‑rank test was conducted to analyze the significant differ‑
ences in survival using GraphPad Prism 5.0 software (GraphPad 
Software, Inc.). The association between circFLNA expression 
levels and the clinicopathological features of patients with GBM 
was determined using a χ2 test. The correlation between the 
expression of circFLNA and miR‑199‑3p was analyzed using 
Pearson's correlation analysis. Experiments were independently 
performed in triplicate. P<0.05 was considered to indicate a 
statistically significant difference.

Results

circRNA expression profile analysis. The present study 
investigated the expression levels of the top 20 differentially 
expressed circRNAs in the GSE86202 dataset obtained 
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from the GEO database; the cut‑off values were determined 
based on the Benjamini‑Hochberg method (log2FC>2 and 
FDR<0.01) (25) and the circRNAs were identified according to 
the log2FC level (Fig. 1A). Among the differentially expressed 
circRNAs, circFLNA expression levels were the highest in 
GBM tissues, demonstrating significantly upregulated expres‑
sion levels compared with adjacent healthy brain tissues 

(Fig. 1A and B). To further determine whether circFLNA 
served a role in the progression of GBM, the expression levels 
of circRNAs were evaluated using microarray data down‑
loaded from two GEO datasets and GSE86202. As shown 
in Fig.  1C, six intersecting circRNAs (three upregulated, 
circ‑FLNA, circ‑ERBB2, circ‑ATM; and three downregulated, 
circ‑0058971, circ‑NBEA, circ‑0024602) were identified and 

Figure 1. circFLNA expression levels are upregulated in GBM. (A) Heatmap demonstrating the differentially expressed circRNAs (fold-change) in the GEO 
dataset, GSE86202. (B) Volcano plot indicated that circFLNA expression levels were increased in the two groups of circRNAs from the GEO database. (C) A 
total of six significantly differentially expressed circRNAs were identified in the GSE86202 and GSE92322 GEO datasets. (D) Genomic loci of the FLNA gene 
and formation of circFLNA. The spliced mature sequence length of circFLNA is 543 base pairs in length. (E) Overview of differentially expressed circRNAs 
and their chromosomal location (using the GSE86202 dataset). The blue bar (downregulated circRNAs) and red bar (upregulated circRNAs) formed the inner 
circle. (F) Genes positively associated with circFLNA in the GEO datasets (GSE86202) were identified using GO analysis. circRNA, circular RNA; circFLNA, 
circRNA filamin A; GBM, glioblastoma; GEO, Gene Expression Omnibus; TPM, trans per kilobase of exon model per million; GO, Gene Ontology; Chr, 
chromosome.
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investigated according to their log2FC level. As the expression 
levels of circFLNA were upregulated in both GEO databases, 
circFLNA was further analyzed in subsequent experiments. 
circFLNA was discovered to originate from exon 9 to 15 of 
the FLNA gene, with a spliced mature sequence length of 543 
base pairs (Fig. 1D). The differentially expressed circRNAs 
identified between GBM and healthy tissues from the GEO 
database are displayed in Fig. 1E. circFLNA was subsequently 
subjected to GO functional term enrichment analysis to 
predict its function in GBM progression. The results revealed 
that circFLNA was associated with the biological process of 
glioblastoma, and ‘Cell invasion’, ‘Cell migration’ and ‘Focal 
adhesion’ were identified as the most enriched malignant 
biological processes (Fig. 1F). These results suggested that 
circFLNA may participate in GBM development.

circFLNA expression levels are upregulated in GBM 
tissues. circFLNA expression levels were subsequently 
analyzed in 50  clinical GBM cases using RT‑qPCR. The 
results demonstrated that circFLNA expression levels were 
significantly upregulated in GBM tissues compared with 
healthy tissues (Fig.  2A). Furthermore, analysis of the 
clinical data of the patients with GBM revealed that high 
expression levels of circFLNA in GBM were associated with 
a worse overall survival according to the median survival 
time of patients with GBM (Fig. 2B). The expression levels 
of circFLNA were also significantly associated with the 
presence of necrosis in MRI scans (n=50; P=0.001; Table I). To 
determine the function of circFLNA in GBM, the expression 
levels of circFLNA in GBM cell lines (U251, T98G, LN229, 
SHG44 and A172) were compared with NHAs (Fig. 2C). The 
expression levels of circFLNA were upregulated in GBM 
cell lines compared with NHAs and the expression level 
was highest in LN229 and A172 cells. Thus, these cells were 
selected for use in subsequent experiment.

circFLNA knockdown inhibits GBM cell proliferation and 
invasion. To investigate the effect of circFLNA on GBM 
proliferation and invasion, circFLNA expression levels 
were knocked down in LN229 and A172 cells. To identify 
the biological function of circFLNA in the progression of 
glioblastoma, LN229 and A172 cells were transfected with 
si‑circFLNA/si‑NC or pcDNA3.1‑circFLNA/pcDNA3.1‑NC, 
and the proliferative and invasive abilities were determined. 

The transfection efficiencies were confirmed via RT‑qPCR, 
where circFLNA expression was significantly decreased or 
increased compared with corresponding NC groups (Fig. 3A). 
Furthermore, the results of the CCK‑8 assay discovered that 
circFLNA knockdown significantly inhibited the proliferative 
ability of GBM cells following 48‑72 h of incubation compared 
with GBM cells transfected with si‑NC (Fig. 3B). In addition, 
the findings of the Transwell invasion assay demonstrated that 
the invasive ability of GBM cells was significantly inhibited 
by si‑circFLNA compared with si‑NC (Fig. 3C). These results 
suggested that the proliferative and invasive abilities of GBM 
cells may be suppressed by circFLNA knockdown in vitro.

To further explore the effect of circFLNA on GBM cell 
invasion, the mRNA and protein expression levels of tumor 
invasion‑related biomarkers, MMP‑2 and MMP‑9, in GBM 
cells were analyzed using RT‑qPCR and western blotting, 
respectively. The results revealed that circFLNA knockdown 
significantly downregulated the expression levels of MMP‑2 
and MMP‑9 in GBM cells compared with the si‑NC group 
(Fig. 4A and B). Based on these results, it was suggested that 
circFLNA may regulate the invasive ability of GBM cells.

Association between circFLNA and miR‑199‑3p expression 
levels. RT‑qPCR analysis was used to determine the subcellular 
localization of circFLNA in LN229 cells. As shown in 
Fig. 5A, circFLNA was found to be primarily localized in 
the cytoplasm of the GBM cells, indicating that circFLNA 
may exert both transcriptional and post‑transcriptional 
regulatory effects in GBM. Using StarBase and RNA22 
database blast prediction, three potential miRNA targets of 
circFLNA (miR‑199‑3p, miR‑296‑5p and miR‑515‑5p) were 
identified. To investigate the regulatory relationship between 
circFLNA and the miRNAs, RT‑qPCR was performed to 
analyze miR‑199‑3p, miR‑296‑5p and miR‑515‑5p expression 
levels in LN229 cells transfected with pcDNA3.1‑circFLNA 
plasmids, pcDNA3.1‑NC plasmids, si‑circFLNA or si‑NC. 
The data revealed that transfection with pcDNA3.1‑circFLNA 
significantly downregulated the expression levels of 
miR‑199‑3p compared with the pcDNA3.1‑NC plasmid, 
whereas circFLNA knockdown significantly upregulated 
the expression levels of miR‑199‑3p compared with 
si‑NC‑transfected cells; however, the expression levels 
of miR‑296‑5p and miR‑515‑5p were unaffected by the 
overexpression or knockdown of circFLNA (Fig. 5B and C).

Figure 2. Expression levels of circFLNA are upregulated in human GBM tissues and cell lines. (A) Expression levels of circFLNA were upregulated in GBM 
tissues (n=50) compared with the adjacent healthy brain tissues. (B) Kaplan‑Meier analysis identified that high expression levels of circFLNA were associated 
with a worse prognosis for patients with GBM (n=50). (C) circFLNA expression levels in GBM cell lines (U251, LN229, T98G, A172 and SHG44) and NHAs were 
analyzed using reverse transcription‑quantitative PCR. **P<0.01, ***P<0.001. Data are presented as the mean ± SD of three independent experiments. circFLNA, 
circular RNA filamin A; GBM, glioblastoma; NHA, normal human astrocytes; TPM, transcripts per kilobase of exon model per million mapped reads.
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The expression levels of miR‑199‑3p in 50 GBM and 
adjacent healthy brain tissues were subsequently determined. 
The expression levels were significantly downregulated in 
GBM tissues compared with adjacent healthy tissues (Fig. 6A). 
Kaplan‑Meier analysis showed that miR‑199‑3p expression was 

positively associated with the prognosis of patients with GBM 
from TCGA‑GBM database according to the median overall 
survival time of patients with GBM (Fig. 6B). In addition, 
miR‑199‑3p expression levels were significantly downregulated 
in GBM cell lines compared with NHAs (Fig. 6C).

Table Ⅰ. Association between circFLNA expression levels and the clinical characteristics of patients with glioblastoma (n=50).

	 circFLNA expression
	-----------------------------------------------------
Variable	 n	 Low	 High	 P‑value

Age, years				    0.845
  <60	 21	 10	 11	
  ≥60	 29	 13	 16	
Sex				    0.777
  Male	 25	 12	 13	
  Female	 25	 11	 14	
Karnofsky performance status scale				    0.260
  <60	 16	 6	 10	
  ≥60	 34	 17	 17	
Mean tumor diameter, cm				    0.951
  <5	 15	 7	 8	
  ≥5	 35	 16	 19	
Presence of necrosis on MRI				    0.001a

  Yes	 26	 6	 20	
  No	 24	 17	 7	
Seizure				    0.586
  Yes	 24	 12	 12	
  No	 26	 11	 15	

aP<0.05. circFLNA, circular RNA filamin A.

Figure 3. circFLNA knockdown inhibits the proliferative and invasive abilities of GBM cells in vitro. (A) circFLNA expression levels were detected in LN229 
and A172 cells following the transfection of si‑circFLNA or pcDNA3.1‑circFLNA and respective NCs. (B) GBM cell proliferation was analyzed using a Cell 
Counting Kit‑8 assay (si‑circFLNA vs. si‑NC). *P<0.05, **P<0.01 vs. si‑NC. (C) Transwell invasion assays were performed to determine the invasive ability 
of GBM cells. Magnification, x100; scale bar, 50‑µm. *P<0.05, **P<0.01, ***P<0.001. Data are presented as the mean ± SD of three independent experiments. 
circFLNA, circular RNA filamin A; NC, negative control; GBM, glioblastoma; si, small interfering RNA; OD, optical density.



MOLECULAR MEDICINE REPORTS  24:  786,  2021 7

miR‑199‑3p targets the 3'‑UTR of circFLNA. miR‑199‑3p and 
circFLNA expression levels in tissues from patients with GBM 
(n=50) were negatively correlated (n=50; R=‑0.6199; P=0.0006; 
Fig.  7A). Using the RNA22 and StarBase databases, the 
complementary sequence between circFLNA and miR‑199‑3p 
was identified (Fig. 7B). miR‑199‑3p mimic (miR‑199‑3p), 
NC mimic or inhibitors were transfected into LN229 and 
A172 cells and the transfection efficiencies were detected. 
The results demonstrated that miR‑199‑3p was significantly 

increased or decreased in transfected cells compared with 
NC groups (Fig. 7C). Subsequently, the circFLNA‑WT or 
circFLNA‑MUT 3'‑UTRs, which contained the predicted 
miR‑199‑3p binding site, were cloned into psiCHECK2 lucif‑
erase reporter vectors. The relative luciferase activity was 
significantly decreased following the co‑transfection of the 
circFLNA‑WT vector and miR‑199‑3p mimic compared with 
the circFLNA‑WT and miR‑NC, whereas no significant differ‑
ences were observed following the co‑transfection with the 

Figure 4. Expression levels of MMP‑2 and MMP‑9 in GBM cells. (A) Reverse transcription‑quantitative PCR analysis of MMP‑2 and MMP‑9 expression levels. 
(B) Western blotting was used to analyze the expression levels of MMP‑2 and MMP‑9 in si‑circFLNA‑transfected cells. Data are presented as the mean ± SD 
of three independent experiments. *P<0.05, **P<0.01, ***P<0.001. NC, negative control; si, small interfering RNA; circFLNA, circular RNA filamin A.

Figure 5. Identification of potential binding miRNAs of circFLNA in glioblastoma. (A) Subcellular localization of circFLNA was determined using RT‑qPCR 
in LN229 cells. (B) Expression levels of miR‑199‑3p, miR‑296‑5p and miR‑515‑5p in LN229 cells transfected with pcDNA3.1‑circFLNA were analyzed using 
RT‑qPCR. Expression levels of miR‑199‑3p were downregulated following transfection with pcDNA3.1‑circFLNA. (C) RT‑qPCR was used to determine that 
the expression levels of miR‑199‑3p were upregulated following the transfection with si‑circFLNA. Data are presented as the mean ± SD of three independent 
experiments. **P<0.01, ***P<0.001. miR, microRNA; NC, negative control; si, small interfering RNA; circFLNA, circular RNA filamin A; RT‑qPCR, reverse 
transcription‑quantitative PCR.

Figure 6. Expression levels of miR‑199‑3p in GBM. (A) Expression levels of miR‑199‑3p were analyzed in clinical GBM tissues. (B) Patients with GBM with 
high expression levels of miR‑199‑3p had an improved overall survival compared with patients with low miR‑505‑3p expression levels, as determined from 
data from The Cancer Genome Atlas database (log‑rank test, P=0.025). (C) miR‑199‑3p expression levels were analyzed in GBM cells using reverse transcrip‑
tion‑quantitative PCR. Data are presented as the mean ± SD of three independent experiments. **P<0.01, ***P<0.001. miR, microRNA; GBM, glioblastoma.
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miR‑199‑3p mimic or miR‑NC and circFLNA‑MUT vector in 
LN229 cells (Fig. 7D). These results indicated that circFLNA 
may interact with miR‑199‑3p in GBM cells.

miR‑199‑3p reverses the effect of circFLNA in GBM cells. As 
aforementioned, miR‑199‑3p expression levels were found to 
be negatively correlated with circFLNA expression levels in 
GBM cells. LN229 cells were subsequently used to perform 
rescue experiments. The expression levels of miR‑199‑3p 
were significantly upregulated following transfection with 
si‑circFLNA compared with si‑NC in GBM cells (Fig. 8A). 
The co‑transfection of miR‑199‑3p inhibitor+si‑circFLNA 
significantly downregulated the expression levels of 
miR‑199‑3p vs. the NC inhibitor  +  si‑circFLNA group 
(Fig.  8B). Conversely, the expression levels of miR‑199‑3p 
were significantly upregulated following the co‑transfection of 
cells with si‑circFLNA vs. the si‑NC + miR‑199‑3p inhibitor 
group. Transfection with miR‑199‑3p inhibitor also partially 
attenuated the suppressive effect of circFLNA knockdown on 
the viability and invasion of LN229 cells (Fig. 8C and D). These 
data indicated that miR‑199‑3p may be a crucial mediator of 
circFLNA‑regulated tumor proliferation and invasion processes.

Discussion

GBM is an aggressive and malignant type of primary 
brain cancer with a >90% 5‑year mortality (1,2). Although 

significant progress has been achieved in research into treat‑
ments for GBM, the therapeutic strategies available (resection 
techniques, chemotherapy strategies and radiation therapy) for 
GBM remain unsatisfactory (5). Accumulating evidence has 
reported that circRNAs were associated with the occurrence 
of numerous types of cancer and the aberrant expression of 
circRNAs was found to be associated with promoting the 
tumorigenesis of cancer  (26‑29). however, its underlying 
mechanism of action requires further investigation.

The mechanism via which circFLNA acts as an 
oncogene in GBM remains unknown. In the present study, 
circFLNA expression was significantly increased in GBM 
tissues compared with adjacent normal tissues. In addition, 
miR‑199‑3p expression was decreased in GBM tissues, 
and miR‑199‑3p expression was negatively correlated 
with circFLNA expression. Using bioinformatics analysis, 
miR‑199‑3p was predicted as the potential target of 
circFLNA. Notably, circFLNA knockdown suppressed the 
proliferative and invasive abilities of GBM cells, whereas 
co‑transfection with miR‑199‑3p inhibitor partially reversed 
these trends. Therefore, circFLNA knockdown may suppress 
the proliferation and invasion of GBM, indicating a potential 
therapeutic strategy for GBM.

The competing endogenous RNA (ceRNA) theory is 
considered to be an important mechanism for circRNAs, in 
which circRNAs have been demonstrated to act as sponges 
to regulate the expression and function of miRNAs (11,30). 

Figure 7. miR‑199‑3p targets the 3'‑UTR of circFLNA. (A) Correlation between circFLNA and miR‑199‑3p expression levels was determined. (B) Predicted 
binding site of miR‑199‑3p on circFLNA is shown. (C) miR‑199‑3p expression levels were analyzed in LN229 and A172 cells following transfection with 
miR‑199‑3p mimic, NC mimic, miR‑199‑3p inhibitor or NC inhibitor using reverse transcription‑quantitative PCR. (D) Relative luciferase activity was 
determined following co‑transfection of LN229 cells with miR‑199‑3p mimics or NC mimics and circFLNA‑WT or circFLNA‑MUT. Data are presented as 
the mean ± SD of three independent experiments. **P<0.01, ***P<0.001. circFLNA, circular RNA filamin A; miR, microRNA; WT, wild‑type; MUT, mutant; 
NC, negative control; si, small interfering RNA; UTR, untranslated region.
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A previous study reported that circRNA_001783 expression 
levels were downregulated in breast cancer, which regulated 
cancer cell proliferation via miR‑200c‑3p  (31). circRNA 
activin A receptor type 2A was also demonstrated to function 
as a ceRNA for miR‑626, which suppressed cell prolifera‑
tion and invasion in bladder cancer (32). In gastric cancer, 
circRNA Ran GTPase activating protein 1 regulated invasion 
and metastasis by upregulating VEGFA expression levels 
via interacting with miR‑877‑3p (33). It was hypothesized 
that circFLNA may act as a ceRNA towards miR‑199‑3p. 
Accumulating evidence has revealed that the aberrant expres‑
sion of miRNAs serves important roles in the occurrence 
and development of numerous types of cancer (34‑38). For 
example, Zhang et al (39) reported that miR‑199‑3p directly 
regulated the expression levels of snail family transcrip‑
tional repressor 1 in hepatoma cells. Koshizuka et al (40) 
demonstrated that miR‑199‑3p expression levels were 
downregulated in head and neck cancer, which suppressed 
malignant biological behaviors. The present study detected 
that circFLNA knockdown may suppress the proliferation 
and invasion of GBM, these results highlighted the potential 
role of the circFLNA/miR‑199‑3p axis in GBM development.

In conclusion, the findings of the present study suggested 
that circFLNA may serve as an oncogenic circRNA by acting 
as a ceRNA and sponging miR‑199‑3p in GBM. In a future 
study, the patient‑derived xenograft model will be used to 
follow the effects of circRNA on tumorigenesis, which is a 
more clinically predictive model of human glioblastoma. 
The results identified a novel role of circFLNA in GBM and 
elucidated the underlying mechanisms of circFLNA in the 
progression of GBM. Therefore, circFLNA may be regarded 
as a novel approach for the treatment of GBM.
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