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Hsa_circ_0080229 upregulates the expression of murine double 
minute-2 (MDM2) and promotes glioma tumorigenesis and 
invasion via the miR-1827 sponging mechanism
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Background: Glioma is the most common and fatal primary cranial tumor. The epidermal growth factor 
receptor (EGFR) plays an important role in the occurrence and treatment of glioma, which might function 
through a circular ribonucleic acid (circRNA)-related mechanism. Hsa_circ_0080229 (circ_0080229) has 
been identified as a circRNA arising from an EGFR gene in gliomas; however, little is known about its 
molecular mechanism to date.
Methods: To address this question, a series of experiments were conducted to confirm the effect of 
circ_0080229 in gliomas and identify the downstream mechanism. A quantitative real-time polymerase chain 
reaction (qRT-PCR) analysis and in-situ hybridization/fluorescence in-situ hybridization (ISH/FISH) testing 
were performed to identify the expression of circ_0080229 in patient samples. Bioinformatic analysis was 
carried out to explore the possible mechanism. Next, a series of in-vitro functional assays and in-vivo assays 
with a xenograft subcutaneous glioma model was carried out to confirm the effect of circ_0080229. Finally, 
qRT-PCR analysis and a Western Blot analysis were performed to verify the related mechanism.
Results: The expression of circ_0080229 was upregulated in both glioma tissues and cell lines related to 
unfavorable clinicopathologic characteristics. The expression of circ_0080229 was found to be inversely 
correlated with miR-1827, a micro-ribonucleic acid (miRNA) targeting murine double minute-2 (MDM2). 
The downregulation of circ_0080229 inhibited gliomas in vivo and suppressed U87 and U251 cell lines in 
vitro, which the transfection of the miR-1827 inhibitor could reverse. Concerning the mechanism, a block 
of circ_0080229 decreased MDM2 expression, while the inhibition of miR-1827 reversed this effect. Thus, 
circ_0080229 appears to target the downstream miR-1827/MDM2 signaling pathway.
Conclusions: Our results showed that the silencing of circ_0080229 upregulates the expression of miR-
1827, which in turn resulted in the suppression of MDM2, and the mediation of the downstream P53 
signaling pathway. Circ_0080229 exerted an effect in mediating tumor progression through the MDM2 
signaling pathway by sponging miR-1827. Its importance as a potential prognostic biomarker in gliomas has 
thus been established.
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Introduction

Malignant glioma, which is the most frequent primary 
cranial tumor in adults, is known for its aggressive 
oncogenesis and deadly prognosis (1). The current standard 
therapy for gliomas is maximal safe surgical resection, 
followed by radiation therapy and temozolomide (TMZ) 
chemotherapy (2-4). However, as most patients with 
malignant gliomas still succumb to the disease within 2 
years of diagnosis, there is an urgent demand for more 
effective therapeutic strategies (4).

Circular ribonucleic acids (circRNAs) are a new class 
of non-coding ribonucleic acids (RNAs) with a closed 
circular structure and are currently emerging as important 
players in cancer progression, malignancy, and metastasis 
(5,6). Recent studies have shown that circRNAs mainly 
affect competitive endogenous RNA (ceRNA) or micro-
RNA (miRNA) sponges. Compared to linear long non-
coding RNAs (lncRNA), circRNAs are more stable and 
effective at absorbing miRNAs, which are believed to target 
the 3' untranslated region (UTR) of downstream genes 
and subsequently decrease their expression (6,7). Some 
studies have shown that circRNAs are highly enriched in 
neuronal tissues, and their expressions are often regulated 
during neuronal development or tumorigenesis (8-11). 
Consequently, circRNAs likely mediate oncogenes or cancer 
suppressor genes by sponging miRNAs in gliomas. Li et al. 
reported that hsa_circ_0046701 promotes carcinogenesis by 
increasing Integrin Subunit Beta 8 by targeting miR-142-
3p (9). Yang et al. found that a circRNA from F-box and 
WD-40 domain protein 7 plays a role in repressing glioma 
tumorigenesis (11).

The epidermal growth factor receptor (EGFR) is a 
prominent biomarker in many malignant cancers, including 
glioma (12-16). The amplification and overexpression of the 
EGFR gene have been reported to be a hallmark of primary 
glioblastoma, and a series of therapeutic methods targeting 
the EGFR have been applied in clinical trials (14,17). Such 
research has prompted us and many others to attempt to 
elucidate the mechanism related to EGFR.

Salzman et al. identified many circRNAs and the related 

linear transcripts for each gene and notably reported that 
hsa_circ_0080229 is a circRNA of the EGFR (18). To date, 
no research has been conducted to determine the role of 
circ_0080229 in gliomas. Consequently, their mechanism 
in tumorigenesis and progression remains unknown. We 
hypothesized that the circRNAs derived from the EGFR 
gene might be involved in oncogenesis.

In this study, we sought to identify the overexpression 
of circ_0080229 in gliomas and evaluate the association 
between circ_0080229 and gliomas classification based 
on the World Health Organization’s (WHO’s) grading 
standard (19). The function of circ_0080229 was verified in 
vitro and in vivo. Further, we tried to excavate the possible 
mechanism by which circ_0080229 mediates proliferation 
and invasion in gliomas.

We present the following article following the ARRIVE 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-7123).

Methods

Tissue sample collection and cell cultures

Nineteen paired glioma tissues and adjacent normal tissues 
were obtained from patients who underwent surgery at Sun 
Yat-Sen Memorial Hospital from June 2016 to September 
2017. All specimens were histopathologically confirmed 
and graded according to WHO’s staging guidelines. All 
samples from the surgery operations were immediately 
frozen and then stored in liquid nitrogen until RNA or 
protein extraction. The study was approved by the Drug 
Clinical Trial Institution Ethics Committee of Sun Yat-Sen 
Memorial Hospital (IRB number: 2016-161). The study 
conformed to the Declaration of Helsinki (as revised in 
2013), and all patients provided their written and informed 
consent for all surgical treatments and molecular studies. 
Normal human astrocytes, human embryonic kidney (HEB) 
293T and glioma U87 and U251 cell lines were purchased 
from the Chinese Academy of Sciences (Shanghai, China) 
and cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) (Gibico BRL) supplemented with 10% fetal 
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bovine serum (FBS) (Gibico, qualified, South America).

Cell-line transfection and group division

RNAs (GenePharma, Shanghai) were transfected into 
the U87 and U251 cell l ines using Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA). The following 
3 main groups were used in this study: (I) a negative 
control (NC) group; (II) a si-circ_0080229 group; 
( I I I )  a  s i+miR1827- inhib i tor  group.  The o l igos 
sequences of the NC, NC-inhibitor, and miR-1827 
inhibitor were designed by GenePharma, Shanghai, 
China. The sense of si-circ_0080229 was designed as 
5'-ACUGCACCUACGGUGAGCCTT-3', and the 
antisense as 5'-GGCUCACC GUAGGUGCAGUTT-3'. 
The transfection efficiency was confirmed by a quantitative 
real-time polymerase chain reaction (qRT-PCR) analysis.

RNA extraction and the qRT-PCR analysis

Total RNA was isolated from the cell lines or tissues 
using the TRIzol reagent (Invitrogen, USA) following the 
manufacturer’s instructions. We then transferred RNA 
to complementary deoxyribonucleic acid (cDNA) using 
the PrimeScript™ Reverse Transcription Kit (TakaRa, 

Japan). To prepare the miRNA’s cDNA, we followed the 
instructions of the Mir-X miRNA First-Strand Synthesis Kit 
(TakaRa, Japan). The primers were designed as described in 
Table 1 and synthesized by Guangzhou IGE Biotechnology 
LTD (Guangzhou, China). We then performed a qRT-PCR 
analysis using a FastStart Universal SYBR-Green Master 
(TakaRa Japan). The following procedures were performed 
in PCR: (I) the activation of enzymes at 95 ℃ for 5 minutes; 
(II) the denaturation at 95 ℃ for 20 seconds; (III) the 
annealing and extension at 60 ℃ for 30 seconds; (IV) the run 
45 cycles for (II) and (III). The relative expression levels of 
the PCR products were calculated using the 2−ΔΔCt method. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
or vampyrus U6 spliceosomal RNA (U6) were used as the 
internal references.

In-situ hybridization (ISH) and fluorescence in-situ 
hybridization (FISH) testing

T h e  p r o b e  s e q u e n c e  o f  t h e  I S H  k i t  w a s 
“TCCCTTGGCTCACCGTAGTGCAG”. The probe was 
designed to target the circular conjunction of circ_0080229, 
which made it specific to the circRNAs rather than its linear 
transcripts. First, we prepared paraffin-embedded slices 
that were dewaxed and rehydrated according to standard 
procedures. Next, we used 3% hydrogen peroxide (H2O2) 
to treat the slices for 10 minutes to inactivate endogenous 
enzymes. Proteinase K (20 μg/mL) was applied to the slices 
to expose nucleic acid segments at 37 ℃ for 30 minutes. We 
dropped the probe-based hybridization solution onto the slices 
at 73 ℃ for 5 minutes, put the slices into pre-hybridization at 
37 ℃ for 2 hours, and further incubated them at 37 ℃ for 16–
18 hours. The blocking solution was dropped onto the slices 
at 37 ℃ for 30 minutes. Biotinylated mouse anti-digoxin was 
added to the slices for the reaction at 37 ℃ for 1 hour. After 
being washed 3 times with PBS, streptavidin-biotin complex 
peroxidase was then dropped to react at 37 ℃ for 30 minutes 
before washing with PBS. Finally, diaminobenzidine and 
hematoxylin were added to the slides.

The procedures for the FISH assay were similar to those 
of the ISH assay except that the FISH probe was attached 
with cyanine 3, which was detected with a fluorescent 
microscope. Both the ISH and FISH Kits and designed 
probes were purchased from Ribobio (Guangzhou, China).

Western blot analysis

Proteins from cell lines or tissues were pyrolyzed using 

Table 1 The primer sequences in the qRT-PCR assay

Genes Primers sequences

GAPDH forward 5'- GCTCTCTGCTCCTCCTGTTC-3'

GAPDH reverse 5'- AAATGAGCCCCAGCCTTCTC-3'

Circ_0080229 forward 5'-CATCCAAACTGCACCTACGG-3'

Circ_0080229 reverse 5'-CACTCTGGGTGGCACTGTATG-3'

MDM2 forward 5'-CCATGCCTGCCCACTTTAGA-3'

MDM2 reverse 5'-CAGGCTGCCATGTGACCTAA-3'

P53 forward 5'-ACCTATGGAAACTACTTCCTGAAA-3'

P53 reverse 5'-CTGGCATTCTGGGAGCTTCA-3'

U6 forward 5'-GGAACGATACAGAGAAGATTA-3'

U6 reverse 5'-TGGAACGCTTCACGAATTTGCG-3'

miR-1827 forward 5'-GTGAGGCAGTAGATTGAATAAA-3'

miR-1914-5p forward 5'-TGCCCGGCCCACTTCTGAA-3'

miR-629-3p forward 5'-CTCCCAACGTAAGCCCAGC-3'

miR-1206 forward 5'-GTGTTCATGTAGATGTTTAAGC-3'

miR-3665 forward 5'-AGCAGGTGCGGGGCGG-3'
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a Ristocetin-Induced Platelet Aggregation Lysis Buffer 
(Beyotime, China), and then denatured at 98 ℃ for  
10 minutes. The total proteins in lysates were separated by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
and transferred to a 0.22-µm polyvinylidene difluoride 
membrane (Millipore, Billerica, MA, USA). The membrane 
was subsequently incubated with 5% bovine albumin, and 
specific antibodies were applied to incubate the proteins. 
Finally, blotting was imaged following the manufacturer’s 
protocol.  The GAPDH antibody was the internal 
preference. The primary antibodies were as follows: 
GAPDH (Abcam, ab8245, Cambridge, MA, USA); MDM2 
(Abcam, ab16895, Cambridge, MA, USA); and P53 (Abcam, 
ab26, Cambridge, MA, USA).

Dual-luciferase reporter gene detection assay

The luciferase reporter plasmid was constructed by 
BersinBio (Guangzhou, China), and the targeted sequence 
(wild type) of MDM2 or circ_0080229 was added to the 
downstream of Firefly Luciferase; Renilla Luciferase was 
used as an internal reference. The mutant-type reporter 
was also used as a model control group to eliminate any 
irrelevant plasmid interference.

Next, 293T cells were cultured in 24-well plates, 
which were co-transfected with the reporter plasmid 
and miR-1827 mimics or an inhibitor or the NC oligos. 
After co-incubation for about 48 hours, the cells were 
extracted, and the relative intensity of the Firefly 
luciferase (compared to Renilla Luciferase) was examined 
in accordance with the manufacturer’s protocol (Yeasen, 
Shanghai, China).

Wound-healing assay

After general cell culture, cells were seeded into 6-well 
plates with a density of 1×106/well. The cells were put 
into incubation and cultured to 90% confluence in about 
24–48 hours. A sterile pipette tip of 100 μL was used to 
scratch the cell layers to form wounded gaps. The plates 
were gently washed with PBS, and DMEM (without FBS) 
was then added to the plates that were incubated at 37 ℃ 
for 48 hours. The wound gaps were photographed with a 
microscope.

Transwell migration and invasion assay

The invasion assay needed transwell inserts (8.0 µm, 

Costar, USA) were coated with 50 µL of 1 mg/mL Matrigel 
matrix (BD, Franklin, USA) following the manufacturer’s 
guidelines. U87 or U251 cells (8×104) in 200 µL DMEM 
(without FBS) were plated in the upper chamber, and 
500 µL cultured media with FBS were added to the lower 
chamber. The migration assay was similar to the invasion 
assay, except that the transwell insert was not coated with 
Matrigel. After incubation for 24 hours at 37 ℃ in a humid 
atmosphere with 5% carbon dioxide (CO2), the cells that 
did not penetrate the membrane were gently removed by 
a swab, while the migrated or invaded cells were fixed with 
4% paraformaldehyde, stained with 0.1% crystal violet and 
photographed with a microscope.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide (MTT) assay

Briefly, U87 or U251 cells (5×103) in different groups were 
seeded into 96-well plates and cultured at 37 ℃ in a humid 
atmosphere with 5% CO2. After 72 hours of incubation, 
the cells were treated with MTT solution (1 mg/mL) for 
3 hours. Then, the culture medium was removed, and 
dimethyl sulfoxide (100 µL) was added to each well for  
30 minutes of incubation. Optical density (OD) values were 
detected with a Multiscan Spectrum (Thermo, MA, USA) 
to reflect proliferation.

3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymetho-
xyphenyl)-2-(4-sulfopheny)-2H-tetrazolium inner salter 
(MTS) assay

Similar to the MTT assay, an MTS assay was applied to 
detect proliferation. U87 or U251 cells (5×103) in the 3 
groups (see above) were seeded into 96-cell plates and 
cultured at 37 ℃ with 5% CO2. After certain time points 
(24, 48, 72, and 96 hours), the cells were treated with 
MTS (KeyGEN, China) for 1 hour, and the OD values 
were detected to represent the proliferation following the 
manufacturer’s protocol.

Colony formation assay

U87 and U251 cells (500/well) in different groups were 
seeded into 6-well plates and cultured for 10 days. The 
colonies were then fixed with 4% paraformaldehyde for  
20 minutes and stained with 0.1% crystal violet for  
10 minutes. The number of colonies was counted, and the 
colony formation rate was calculated.
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EdU (5-ethynyl-2'-deoxyuridine) cell proliferation assay 

U87 and U251 cells cultured in 6-well plates were treated 
with EdU solution (10 µM) for 2 hours. The cells were 
then treated with 4% paraformaldehyde for 30 minutes, 
and the plates were washed with PBS 3 times. Finally, the 
EdU-FITC fluorescence was detected using the EdU Cell 
Proliferation Kit with Alexa Fluor 488 (BeyoClick, China) 
following the manufacturer’s instructions.

Annexin V-fluorescein isothiocyanate (FITC)/polyimides 
(PI) apoptosis assay

For the cell apoptosis analysis, U87 and U251 cells were 
first treated with small interfering RNA (siRNA) of 
circ_0080229 and miR-1827 and divided into the 3 groups 
(see above). Then, TMZ was used to co-induce apoptosis 
in different groups of cells. After 48 hours, the cells were 
collected. The cells (5×105) were stained successively with 
Annexin V-FITC and PI, and flow cytometry was used to 
detect the fluorescence, which reflected the intensity of 
Annexin V or PI.

TdT-mediated dUTP nick end labeling (TUNEL) assay 

An In-Situ Cell Death Detection Kit, POD (Roche, 
CH, Switzerland) was used to assess the apoptosis based 
on TUNEL technology following the manufacturer’s 
protocol. First, U87 and U251 cells were induced with 
TMZ for 48 hours and then were fixed by 4% triformol 
paraformaldehyde for 30 minutes. Then, 3% H2O2 was 
dropped onto the samples for permeabilization before 
the TUNEL reaction mixture was added. Finally, after 
incubation with the TUNEL reaction mixture, the samples 
were analyzed by fluorescence microscopy.

In-vivo tumorigenesis assay

BALB/c nude mice (aged 4 weeks; half male and female) 
were purchased from Beijing Vital River Laboratory 
Co. Ltd. (China) and maintained in specific pathogen-
free conditions at the Animal Experiment Centre, Sun 
Yat-Sen University. Twelve mice were randomly divided 
into the following 2 groups using a simple random 
sampling method: (I) an NC group; (II) a si-circ_0080229 
group. U251 cells were first transfected with either si-
circ_0080229 oligo or the NC oligo, and 5×106 cells were 
then subcutaneously injected into the right flank of each 

nude mouse. The weight of the mice and the size of the 
tumors were monitored and recorded every 5 days, and the 
tumor volume was estimated using the following formula:  
V = ab2/2 (where “a” was the variable for the major axis and 
“b” for the minor axis). When the average tumor volume 
was about 13.5 mm3, the NC or the si-circ_0080229 RNA 
oligo was injected into the tumors 5 times every 7 days. At 
the end of the experiment, the mice were put to death, and 
the tumors’ weights were recorded. Further, each tumor was 
stained with hematoxylin and eosin to verify its pathology. 
All animal experiments were approved by the Animal 
Experiment Ethics Committee of Sun Yat-Sen University 
(LACUC number: L102022016000D) and conducted 
following the National Research Council (USA) guidelines 
on the care and use of laboratory animals (20).

Statistical analysis

The significance of the differences between the groups was 
estimated using the Student’s t-test, one-way analysis of 
variances, or Chi-square test as appropriate. A two-tailed 
P<0.05 was considered statistically significant. All of the 
statistical analyses were performed with SPSS 19.0 software 
(IBM, SPSS, Chicago, IL, USA).

Results

The upregulation of circ_0080229 is correlated with an 
unfavorable prognosis in gliomas

To identify the expression of circ_0080229 in gliomas, 
ISH testing and qRT-PCR analysis were conducted in 
samples of patients with gliomas and pair-matched adjacent 
normal tissues. Figure 1A shows the ISH of circ_0080229 
expression. In Figure 1A,B,C,D, circ_0080229 is shown 
to be significantly upregulated in glioma tissues, and the 
higher-grade glioma tissues show more abundant staining 
than the lower-grade glioma tissues. Circ_0080229 was 
mainly localized in the cytoplasm of the tissue cells (see 
Figure 1A). The ISH samples’ quantification analysis 
indicated glioma grade differential upregulation, which 
suggests that circ_0080229 expression is correlated with 
malignancy (see Figure 1B). To further verify the association 
between the circ_0080229 expression and the glioma WHO 
grade, FISH testing was conducted on a tissue chip of 80 
samples with different WHO grades. The results showed 
that high circ_0080229 expression was related to high-
grade gliomas, as shown in the heatmap (see Figure 1C). 
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Quantification by a qRT-PCR analysis further proved the 
upregulation of circ_0080229 expression in gliomas (see 
Figure 1D). The expression of circ_0080229 was detected 
in different cell lines, and the results showed that the 
expression of circ_0080229 in the U87 and U251 cell lines 
was significantly increased compared to that in HEB cell 
lines (see Figure 1E). Moreover, to investigate the clinical 
significance of circ_0080229, we analyzed its expression 
level and matched clinicopathological characteristics 
and found out that circ_0080229 expression level was 
significantly higher in patients at an advanced stage or with 
advanced tumor sizes (see Table 2).

circ_0080229 knockdown inhibited the proliferation of 
glioma cells

Having confirmed the high expression of circ_0080229 

in the U87 and U251 glioma cell lines, these cell lines 
were used to elucidate the importance of circ_0080229 in 
the migration and invasion of glioma. We proceeded to 
block circ_0080229 using siRNA to investigate the role 
of circ_0080229 in the migration and invasion of glioma 
cells. Next, to determine the rescue effect of miR-1827, the 
cells were co-treated with si-circ_0080229 and the mi-1827 
inhibitor. The cells were then divided into the following 3 
groups: (I) non-treated control (NC); (II) si-circ_0080229 
treated cells; and (III) si-circ_0080229 + mi-1827 inhibitor-
treated cells.

The colony formation assay showed a reduction in the 
colony formation rate in the si-circ_0080229 group in both 
the U87 and U251 cell lines compared to the NC group and 
was restored to some extent in the si+miR1827 inhibitor 
group (see Figure 2A,B). The OD values in the MTS assay 
demonstrated the growth trend in the 3 groups in the U87 

Figure 1 The upregulation of circ_0080229 is correlated with an unfavorable prognosis in gliomas. (A,B) In-situ hybridization (ISH) assay 
with diaminobenzidine (DAB) staining for the circ_0080229 expression of glioma tissues compared with adjacent normal tissues in high-
grade and low-grade gliomas. The pictures were captured at 100× magnification under a microscope. (C) Fluorescent in-situ hybridization 
(FISH) for circ_0080229 expression in a glioma tissue chip. (D) A quantitative real-time polymerase Chain Reaction (qRT-PCR) analysis of 
circ_0080229 expression level in glioma tissues and adjacent normal tissues. (E) A qRT-PCR analysis of circ_0080229 expression level in the 
U87 and U251 glioma cell lines compared with HEB. *, P<0.05; **, P<0.01; ***, P<0.001.
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Table 2 Correlation between circ_0080229 expression and clinicopathologic features in 19 cases of glioma tissues

Characteristics of the  
cases

N of cases (total 19)
Relative circ_0080229 expression

P value
Low level High level

WHO grade 0.001*

Low grade 6 6 0

High grade 13 2 11

Size (cm) 0.729

<5 8 3 5

>5 11 5 6

Gender 0.26

Male 9 5 4

female 10 3 7

Age (years) 0.435

<60 15 7 8

>60 4 1 3

Location 0.152

Left 8 4 4

Right 7 4 3

bilateral 4 0 4

*, P<0.05; Chi-square test.

or U251 cell lines, which indicated that the knockdown 
of circ_0080229 moderated the rising trend, while also 
inhibiting the expression of miR-1827, which in turn led 
to some improvement (see Figure 2C,D). Conversely, we 
sought to confirm MDM2 as the downstream target of the 
circ_0080229-mediated mechanism using a MTT assay. 
The results showed that the knockdown of circ_0080229 
decreased proliferation while the overexpression of MDM2 
significantly rescued the trend in the U87 and U251 cell 
lines (see Figure 2E,F). Meanwhile, the EdU (5-ethynyl-
2'-deoxyuridine) proliferation assay showed a significant 
decrease in the proliferation rate in the si-circ_0080229 
group, a result which was reversed in the si+miR-1827 
inhibitor group (see Figure 2G,H).

circ_0080229 knockdown suppressed the migration and 
invasion of glioma cells 

Compared to the NC and si+miR1827-inhibitor group, 
the migration ability proven by the wound healing assay 
was significantly attenuated after 48 hours in the si-

circ_0080229 treated group in both the U87 and U251 cell 
lines (see Figure 3A,B). Additionally, the transwell migration 
assay showed a significant decline in migration ability when 
it was treated with si-circ_0080229; however, this was 
reversed with the miR-1827 inhibitor (see Figure 3C,D). 
Further, the transwell invasion assay demonstrated that the 
invasive potential in group si-circ_0080229 was weaker than 
that of the NC group and that simultaneously transfecting 
cells with si-circ_0080229 and miR-1827 inhibitor 
subsequently reversed the invasive ability (see Figure 3E,F).

circ_0080229 knockdown enhanced the apoptosis induction 
in TMZ-treated gliomas cells

TMZ is the first-line treatment for glioblastoma, and it 
is commonly used in different kinds of research that seek 
to induce apoptosis of glioma. To determine the effect of 
circ_0080229 in apoptosis, U87 and U251 cells were treated 
with siRNA of circ_0080229 and miR-1827 and divided 
into 3 groups. Then, U87 cells in the different groups were 
induced with 200 μmol/L TMZ, and the U251 cells in all 
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Figure 2 The knockdown of circ_0080229 inhibited the proliferation of glioma cells that could be rescued by miR-1827 inhibitor or 
MDM2-overexpressed plasmid. (A,B) A colony formation assay of U87 and U251. (C) The time curve detected by 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymetho-xyphenyl)-2-(4-sulfopheny)-2H-tetrazolium inner salter (MTS) assay in U87 showed optical density (OD) values 
for proliferation. (D) The proliferation OD values-time curve detected by MTS assay in U251. (E) The proliferation OD values detected 
by a 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay in U87. (F) The proliferation OD values were 
detected by a MTT assay in U251. (G) The images were magnified by 200 times in microscopy to show the 5-ethynyl-2'-deoxyuridine (EdU) 
proliferative detection assay in U87 and U251. DAPI (4',6-diamidino-2-phenylindole) represents all the cells in blue, while EdU-FITC 
(fluorescein isothiocyanate) represents the cells in the division. (H) The statistical results of the EdU assay, indicating the proportion of cells 
in the division. *, P<0.05; **, P<0.01; ***, P<0.001.
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Figure 3 The knockdown of circ_0080229 suppressed the migration and invasion of glioma cells, which a miR-1827 inhibitor could rescue. 
(A) The cells were imaged by phase contrast microscopy at 40× magnification to show the wound healing assay after 48 hours in U87 and 
U251. (B) A statistical analysis of a wound healing assay in (A). (C,D) The cells were stained by crystal violet to show the transwell migration 
after 24 hours of U87 and U251. (E,F) The cells were stained by crystal violet to show the transwell invasion analysis after 24 hours in U87 
and U251. *, P<0.05; **, P<0.01; ***, P<0.001.

groups were treated with 320 µmol/L TMZ based on the 
general median lethal dose of each cell line. After 36 hours 
of induction with TMZ, a flow cytometry analysis was 
performed to detect apoptosis in both the U87 and U251 
cell lines. The results indicated that the si-circ_0080229 
group had a higher apoptosis rate than that of the NC or 

si+miR1827-inhibitor group (see Figure 4A,B). Similar 
results were found in the TUNEL analysis of the different 
groups; that is, that knockdown of circ_0080229 was found 
to enhance apoptosis induced by TMZ in the U251 and 
U87 cell lines, which could be reversed by inhibiting miR-
1827 (see Figure 4C,D).
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Figure 4 The knockdown of circ_0080229 enhanced temozolomide (TMZ) induced apoptosis in glioma cells that could be rescued by a 
miR-1827 inhibitor. (A,B) U87 cells were induced with 200 μmol/L of TMZ, and U251 cells were induced with 320 μmol/L TMZ, and 
apoptosis was detected using flow cytometry. (C,D) A TdT-mediated dUTP nick end labeling (TUNEL) assay was conducted in the cells 
described in (A,B), and the fluorescence intensities of the apoptotic cells were analyzed. *, P<0.05; **, P<0.01; ***, P<0.001.

circ_0080229 knockdown inhibited tumor growth in vivo

To further explore whether circ_0080229 affected tumor 
growth in vivo, we constructed a xenograft subcutaneous 
tumor model in BALB/c nude mice and then treated the 
mice with either si-circ_0080229 or NC with GenEscort™ 
III. On average, the xenograft tumor volume took about  
10 days to grow up to 13.5 mm3. After that, intra-tumoral 
injections were performed 5 times every 7 days with either 
si-circ_0080229 or NC, depending on the group. These 
treatments did not produce any side effects or adverse 
events in the mice. Sixty days after treatment, 6 mice in 
each group were sacrificed, and the subcutaneous tumors 
were isolated and examined (see Figure 5A). The pathology of 
the tumors was verified using hematoxylin and eosin staining 
(see Figure 5B). On average, the tumor weight was 0.167±0.090 
g in the si-circ_0080229 group and 0.924±0.338 g in the 

NC group; thus, tumors in the si-circ_0080229 group 
were significantly lighter than those in the NC group (see 
Figure 5C). The tumor sizes were also detected, and the 
growth curve of tumors in the si-circ_0080229 group was 
significantly inhibited compared to that of the NC treated 
group (see Figure 5D).

circ_0080229 physically binds to miR-1827 that targets 
the 3'UTR of MDM2

Using circBase (http://www.circbase.org), we confirmed 
that hsa_circ_0080229 was the same circRNA as hsa-circ-
EGFR.33 on CircNet (http://circnet.mbc.nctu.edu.tw).  
The following top 5 microRNAs, which were the potential 
target of circ_0080229, were also identified via CircNet: 
miR-1827, miR-3665, miR-1206, miR-629-3p, and 
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miR-1914-5p (see Figure 6A). A qRT-PCR analysis was 
performed to examine the expression of each of these 5 
microRNAs in glioma tissues and adjacent normal tissues. 
Among all the miRNAs, miR-1827 had the most significant 
downregulation in glioma tissues than adjacent normal 
tissues (P<0.001; see Figure 6B). As miR-1827 is involved 
in the MDM2 pathway in colorectal cancer (21), we further 
analyzed the related expression of MDM2 in gliomas. A 
qRT-PCR analysis of the 20 glioma samples showed that 
circ_0080229 and miR-1827 were negatively correlated 
(P<0.01; Pearson correlation –0.906; see Figure 6C), while 
circ_0080229 and MDM2 were positively correlated 

(P<0.01; Pearson correlation 0.809; see Figure 6D). Notably, 
the bioinformatic analysis revealed that miR-1827 contained 
a putative binding site of circ_0080229 while simultaneously 
binding a 3'UTR of MDM2 (see Figure 6E). To verify the 
binding sites between circ_0080229 and miR-1827 and 
those between miR-1827 and MDM2, a dual-luciferase 
reporter gene expression assay was performed in the 293T 
cell line, which is frequently used in general luciferase 
reporter gene assays. The luciferase reporter expression 
intensity was significantly attenuated by miR-1827 mimics 
targeting the plasmid of both MDM2 and circ_0080229 
wild-type sequence. However, there was no difference in 

Figure 5 The knockdown of circ_0080229 inhibited tumor growth in vivo. (A) The xenograft tumor size of each group 60 days after 
treatment. (B) The upper images were magnified 100 times, and the lower images were magnified 400 times in microscopy. The images 
showed the pathology with hematoxylin and eosin staining of the tumors. (C) The tumor weight of each group 60 days after treatment. (D) 
The tumor volume of each group; significant inhibition was found in the si-circ_0080229 treatment group. **, P<0.01; ***, P<0.001. N.S, no 
statistical significance.
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Figure 6 Circ_0080229 physically binds miR-1827 and miR-1827 targets MDM2. (A) Putative targets of circ_0080229 according to the 
bioinformatic analysis on CircNet. (B) Quantitative real-time polymerase chain reaction (qRT-PCR) of 5 micro-RNA (miRNA) expression 
levels in glioma tissues compared to adjacent normal tissues. (C) A Pearson correlation analysis of miR-1827 and circ_0080229 exhibits 
the negative association. (D) A Pearson correlation analysis of MDM2 and circ_0080229 exhibited a positive association. (E) The putative 
binding site between circ_0080229 and miR-1827, and between miR-1827 and the 3' untranslated region (3'UTR) of MDM2. (F) The dual 
luciferase reporter assay. The significant differences among the negative group, mimic group, and inhibitor group were detected in the wild-
type luciferase reporter. *, P<0.05; **, P<0.01; ***, P<0.001.
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the luciferase reporter assay results concerning the mutant 
control group with the MDM2 or circ_0080229 sequence. 
These results validated the binding potency between miR-
1827 and circ_0080229 and between miR-1827 and the 
MDM2 3'UTR (see Figure 6F).

circ_0080229 regulated MDM2 expression by competitively 
sponging miR-1827

miR-1827 has been reported to act as a tumor suppressor 
targeting the 3'UTR of MDM2 and its downstream P53 
pathway in colorectal cancer (21). Thus, we hypothesized 
that miR-1827 played a similar role in glioma and tried to 
illuminate further the signaling pathway of MDM2 and 
P53 induced by circ_0080229. The expressions of MDM2 
were increased in glioma tissues compared to those of 
adjacent normal tissues, as illustrated by qRT-PCR analysis 
and a western blot analysis (see Figure 7A,B). Further, 
their expressions were negatively correlated with miR-
1827 expression (see Figure 7C). A survival analysis based 
on The Cancer Genome Atlas (TCGA) showed that a high 
MDM2 level was correlated with an unfavorable prognosis 
in glioma (see Figure 7D). The knockdown of circ_0080229 
in the U87 and U251 cell lines decreased MDM2 while 
miR-1827 inhibitor transfection rescued the reduction. 
Interestingly, circ_0080229 silencing led to the suppression 
of P53 in U87 and overexpression in U251(see Figure 
7E,F,G). The above results indicated that circ_0080229 
could sponge miR-1827 and result in the overexpression of 
the oncogene MDM2.

Discussion

Glioma is one of the deadliest cancers for which there 
is currently no efficient therapy. Due to its indistinct 
mechanism, the clinical treatment of glioma represents 
a great challenge. The EGFR has been shown to play an 
important role in the occurrence and treatment of glioma, 
but the detailed mechanism by which it does so remains 
unclear. Recent studies have shown that circRNAs play 
critical roles in the tumorigenesis and metastasis of most 
cancers, including glioma (5,6,22,23). Some studies have 
demonstrated the novel roles of circRNAs in glioma, such 
as Tau tubulin kinase 2 circRNA and hsa_circ_0046701 (9), 
whose main mechanisms are to mediate the downstream 
gene by sponging miRNAs. It was reasonable to deduce 
that the EGFR-derived circRNA might also be important 
in glioma. However, to date, no study had reported on the 

function of circ_0080229 in glioma.
In the present study, we identified circ_0080229 as a 

novel biomarker in glioma. Circ_0080229 is upregulated 
in glioma cell lines and tissues and is associated with the 
clinicopathologic stage. Functional assays of circ_0080229 
in the U87 and U251 glioma cell lines indicated that 
circ_0080229 knockdown suppressed the proliferation, 
migration, and invasion of glioma and also enhanced the 
induction of apoptosis in TMZ-treated cells. Also, the 
treatment of si-circ_0080229 in a subcutaneous xenograft 
tumor model in BALB/c nude mice indicated that 
circ_0080229 promoted tumor growth and progression 
in vivo. Concerning the mechanism, circ_0080229 could 
sponge miR-1827 while the latter targeted the 3'UTR of 
MDM2 to decrease MDM2 expression, which was shown 
by a dual-luciferase reporter, a qRT-PCR analysis, and a 
western blot analysis. In conclusion, circ_0080229 promoted 
glioma tumorigenesis and metastasis by increasing MDM2 
expression by sponging miR-1827.

It has been clearly shown that MDM2 and wild-type 
P53 gene constitute a feedback-loop inside which MDM2 
decreases the tumor suppressor P53 (24-26). However, in 
addition to mediating the P53 pathway, MDM2 also exerts 
its oncogene functions on many other signaling pathways 
(27-29); for example, it also interacts with the histone 
methyltransferase SUV39H1 (30,31). Thus, as reported (26),  
the expression of MDM2 is also increased in some P53-
mutant tumors. In the present study, circ_0080229 
was found to increase the expression of MDM2, which 
illustrated the regulatory mechanism of the circRNA 
derived from the EGFR.

As mentioned above, MDM2 always decreases the wild-
type P53 gene. Our research found a notable and different 
trend in P53 expression after silencing circ_0080229 
between U87 and U251, whereby the former was increased 
while the latter was decreased. This was because the P53 
gene in U87 is a wild type, and U251 contains a mutant P53 
gene (mutant at codon 273; CGT/CAT; Arg/His) (32). The 
wild-type P53 plays a critical role in tumor suppression, 
while the mutant P53 deteriorates into an oncogene 
(2,33,34). In a cell line with a wild-type P53, such as U87, 
circ_0080229 increases MDM2 to suppress the expression 
of the tumor suppressor P53. Conversely, in a cell line with 
mutant P53, such as U251, circ_0080229 increases the 
expression of the mutant P53, the oncogene in glioma.

MiRNAs have been widely reported to play a critical role 
in mediating gene expression by binding with the 3'UTR 
(35-38). Concerning miR-1827, it has been reported to 
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Figure 7 Circ_0080229 regulated MDM2 expression by competitively sponging miR-1827. (A,B) A Western blot analysis of MDM2 in 
glioma tissues and adjacent normal tissues. (C) A quantitative real-time polymerase chain reaction (qRT-PCR) analysis of miR-1827 and 
MDM2 relative expression in glioma tissues and adjacent normal tissues. (D) The survival analysis of MDM2 based on the data set of The 
Cancer Genome Atlas (TCGA) showed that higher MDM2 led to a poor prognosis in glioma. (E) A qRT-PCR analysis of the expression 
of miR-1827, MDM2, and P53 in the U87 and U251 cell lines in the different treatment groups. (F,G) A Western blot analysis of the 
expression of MDM2 and P53 in the U87 and U251 cell lines of the different groups. *, P<0.05; **, P<0.01; ***, P<0.001.
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be a novel regulator in colorectal carcinoma and small-
cell lung cancer (21,39-41). Zhang et al. showed that 
microRNA-1827 suppressed tumorigenesis by repressing 
MDM2 expression in colorectal cancer (40). In the present 
study, we elucidated the function of miR-1827 as an 

MDM2 mediator by targeting the 3'UTR of MDM2 and 
further discovered that circ_0080229 was a regulator of 
miR-1827. Thus, miR-1827 served as a bridge between 
circ_0080229 and MDM2, indicating circ_0080229 
mediates tumorigenesis and invasion in glioma by targeting 
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Figure 8 Schematic drawing of the circ_0080229-miR-1827-MDM2 pathway.

the MDM2 pathway.
EGFR plays an important role in glioma; however, 

very few studies have examined circRNA derived from the 
EGFR. Our work creatively showed that the EGFR-derived 
circ_0080229 is a critical biomarker in glioma and further 
illuminated its regulatory mechanism by sponging miR-
1827 to the target MDM2/P53 pathway (see Figure 8).

Conclusions

Taken together, all the analyses indicated that circ_0080229 
is an oncogenic factor that mechanistically promotes 
proliferation and metastasis in glioma by increasing 
MDM2 by sponging miR-1827. Thus, the circRNA hsa_
circ_0080229 has the potential to act as a diagnostic and 
prognostic biomarker in glioma.
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