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Abstract. Glioblastoma is one of the most common malignant 
primary tumors and develops in brain. The molecular mecha-
nism that regulates glioblastoma occurrence still remains 
unknown. MicroRNA (miR)-500a-5p has been reported to 
be involved in hepatocellular carcinoma and breast cancer. 
Whether miR-500a-5p regulates glioblastoma progression 
requires further investigation. In the present study, miR-500a-5p 
was highly expressed in malignant glioblastoma tissues and 
cell lines. Overexpression of miR-500a-5p promoted glio-
blastoma cell proliferation, migration and invasion in vitro. 
In addition, knockdown of miR-500a-5p accelerated cell 
apoptosis. Furthermore, miR‑500a‑5p inhibition significantly 
impaired tumor growth in vivo. The present study further 
explored the downstream mechanism. The luciferase reporter 
assay revealed that miR-500a-5p directly binds the 3'-untrans-
lated region of chromodomain helicase DNA binding 
protein 5 (CHD5) mRNA. MiR-500a-5p markedly inhibited 
CHD5 expression in glioblastoma cells. Furthermore, CHD5 
was downregulated in glioblastoma tissues, and the expression 
levels of miR-500a-5p and CHD5 were inversely correlated. In 
addition, knockdown of CHD5 restored the inhibition of cell 
proliferation and migration triggered by miR-500a-5p silence. 
Finally, it was demonstrated that miR-500a-5p can serve as a 
novel biomarker for the diagnosis and prognosis of glioblas-
toma patients. Taken together, the results of the present study 
indicated that miR-500a-5p may have promoted glioblastoma 
development and progression by targeting CHD5.

Introduction

Glioblastoma is one of the most common malignant primary 
tumors and develops in brain (1). Glioblastoma is highly 
aggressive and the survival rate of patients with glioblastoma 
was very low (2,3). Every year, large amounts of patients died 
from glioblastoma (4,5). Surgical resection, radiotherapy and 
chemotherapy are the main methods for glioblastoma therapy. 
In spite of some advances in tumor therapy, treatments for 
glioblastomas still remain challenging. The tumor recurrence 
rate is still very high because of infiltrative growth of glio-
blastoma (6,7). Up to now, many efforts have been made to 
understand the knowledge of glioblastoma biology. To develop 
gene therapies toward targeted sites, which show an exciting 
prospect, it is necessary to uncover the underlying molecular 
mechanisms that regulate glioblastoma.

MicroRNAs (miRNAs) belong to noncoding RNAs, which 
exert all kind of biological functions (8-10). miRNAs can bind 
to the 3'UTR of target mRNAs to promote their degrada-
tion and regulate gene expression with a post-transcriptional 
manner (11). Increasing evidences show that miRNAs 
participate in various cellular processes such as develop-
ment, proliferation and tumor metastasis (12-15). Therefore, 
miRNAs may serve as effective therapeutic targets and diag-
nostic biomarkers. Previous study also showed that miRNAs 
possess important roles in glioblastomas. For example, 
MicroRNA-141-3p promotes glioblastoma cell growth by 
directly targeting p53 (16). However, most important miRNAs 
in glioblastoma remains to be revealed. As for miR-500a-5p, 
Zhao et al (17) reported that miR-500a overexpression enhances 
hepatocarcinoma metastasis by repressing PTEN expression. 
Degli et al (18), showed that miR-500a-5p regulates breast 
cancer progression and predicts cancer survival. Additionally, 
Guo et al (19), indicated that miR-500a promotes migration 
and invasion in hepatocellular carcinoma by activating the 
Wnt/β-catenin signaling pathway. The role of miR-500a-5p in 
glioblastoma remains elusive and required to be defined.

In the present study, we aimed to investigate the func-
tion and mechanism of miR-500a-5p in glioblastoma. By 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR), we showed that miR-500a-5p was upregulated in 
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glioblastoma tissues and cells. CCK8 and Transwell assays indi-
cated that miR-500a-5p overexpression promoted glioblastoma 
cell proliferation, migration and invasion in vitro. Moreover, 
xenograft experiments illustrated that miR-500a-5p inhibition 
delayed tumor growth in vivo. In mechanism, we found that 
miR-500a-5p directly targeted CHD5. Summarily, our study 
highlighted the essential role of miR-500a-5p on glioblastoma 
development and progression via miR-500a-5p/CHD5 axis.

Materials and methods

Patient samples. All 60 tissue samples were collected from 
Harbin Medical University (Heilongjiang, China). The 
present study received ethical approval from Harbin Medical 
University. The clinical characters of these samples were 
listed in Table I. Written informed consent approving this 
study was obtained from each patient. Human glioblastoma 
cell lines U-87MG (www.atcc.org/Products/All/HTB-14.
aspx) and U251 were from the American Tissue Culture 
Collection (ATCC, Manassas, VA, USA). The U-87MG cell 
line is known to be cross-contaminated with another cell 
line of unknown origin, but it is likely to be another glioblas-
toma cell line (20). U-87MG cells were grown in Minimum 
Essential Medium (HyClone; GE Healthcare Life Sciences, 
Logan, UT, USA) with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). U251 
cells were maintained in Dulbecco's High Glucose Modified 
Eagle Medium (HyClone; GE Healthcare Life Sciences) with 
10% FBS. Normal human astrocytes (NHA) obtained from 
Lonza (www.lonza.com/products-services/bio-research/
primary-cells/human-cells-and-media/neural-cells-and-media/
nha-normal-human-astrocytes.aspx) were cultured in the 
provided astrocyte growth media and 5% FBS. Cells were 
incubated in a humidified atmosphere with 5% CO2 at 37˚C.

Construction and infection. NC mimic, miR-500a-5p mimic 
and its corresponding miR-500a-5p inhibitor were purchased 
from Guangzhou RiboBio Co., Ltd., (Guangzhou, China). Cell 
transfection was performed with Lipofectamine 2000 Reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to manu-
facturer's protocol. After incubating, cells were harvested then 
experiments were performed. Loss of CHD5 expression was 
achieved using small interfering RNA (siRNA) of CHD5. To 
establish a stably CHD5-silenced cell line, a GV113 plasmid 
containing CHD5 lentivirus short hairpin RNAs (TGG TTA 
AGG GCA GTG ATA G) were separately transduced into 
U-87MG cells.

CCK8 assay. Cell proliferation was detected by Cell Counting 
Kit (7 sea biotech, Shanghai, China). Cells were grown in 
96-well plate with 1x104 per well and incubated in 37˚C with 
5% CO2 until cell confluent rate reached 70%. After transfected 
with plasmid for 48 h, cells were still incubated for 24, 48 and 
72 h. 10 µl CCK8 solution was seed into each well. The absor-
bance at 450 nm was measured with SUNRISE Microplate 
Reader (Tecan Group, Ltd., Mannedorf, Switzerland).

Apoptosis assay. Cell apoptosis was measured by flow 
cytometry following the instructions of the Annexin V-FITC/
PI apoptosis detection kit (Nanjing KeyGen Biotech Co., Ltd., 

Nanjing, China). Cultured cells were harvested and washed 
twice in PBS, re-suspended in binding buffer, and then 
incubated with Annexin V-FITC and propidium iodide (PI) 
for 15 min at room temperature. Afterwards, flow cytometry 
was performed to determine rate of apoptosis on a FACSAria 
flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

In vitro migration and invasion assays. Twenty-four-well 
Transwell chambers with 8-µm pore size polycarbonate 
(Corning Incorporated, Corning, NY, USA) were used for cell 
migration and invasion assays. For invasion assays, the top side 
of the membrane was coated with Matrigel (BD Biosciences), 
and then 1x105 cells (in each well) in serum-free DMEM or 
RPMI 1640 medium were seeded on the chambers. DMEM or 
RPMI 1640 containing 10% FBS was added to the wells under 
the chamber. For migration analysis, 5x104 cells (in each well) 
in serum-free DMEM or RPMI 1640 medium were seeded 
on the chambers without Matrigel. After 24 h of incubation, 
cotton swabs were used to remove the cells inside the upper 
chamber, while the cells on the other side of the membrane 
surface were fixed and stained with 0.5% crystal violet solu-
tion. Five random fields were counted in each well.

Bioinformatics analysis. The potential targets of miR-500a-5p 
were predicted using the TargetScan (www.targetscan.org), 
microRNA (www.microrna.org/) and miRDB (www.mirdb.
org). The common genes of these algorithms were selected for 
further analysis.

RT‑qPCR. The total RNA of the tissue samples and cells was 
isolated using TRIzol Reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), in accordance with manufacturer's instruc-
tions. Then, 1 µg of total RNA was reverse-transcribed in a 
volume of 20 µl using random and oligo dT primers under 
standard conditions, in accordance with the instructions of the 
PrimeScript RT kit (Takara Biotechnology Co., Ltd., Dalian, 
China). For RT-qPCR assays, we used SYBR Premix Ex Taq 
(Takara Biotechnology Co., Ltd.) to determine the expression 

Table I. Clinical parameters of microRNA-500a-5p in 
glioblastoma samples.

Characteristics Low expression High expression P-value

Age (years)   1.00
  ≤60 19 18 
  >60 11 12 
Gender   0.43
  Male 20 16 
  Female 10 14 
Grade   0.02
  II 14 6 
  III 10 8 
  IV 6 16 
Tumor size (cm)   0.01
  ≤4 17 6 
  >4 13 24
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level of CHD5, in accordance with manufacturer's instructions. 
The thermocycling conditions were as follows: 95˚C for 30 sec, 
followed by 40 cycles at 95˚C for 15 sec and 60˚C for 32 sec 
and dissociation at 95˚C for 60 sec, 55˚C for 30 sec and 95˚C 
for 30 sec. The expression data of CHD5 were normalized to 
the expression of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). The primers used were as follows: Forward primer, 
5'-CTG ACT TCA ACA GCG ACA CC-3' and reverse primer, 
5'-TCT GAC TTC AAC AGC GAC ACC-3'. The relative fold 
change was calculated using the 2−ΔΔCq method (21).

In vivo assay. The protocol was described previously (22). 
Four-week-old athymic BALB/c nude mice were maintained 
under specific pathogen-free conditions. The mice were 
manipulated in accordance with the protocols approved by 
Harbin Medical University. The U-87MG cells were harvested 
and washed with PBS. Then, 1x107 cells were subcutaneously 
injected into the ventral side of each mouse for tumor forma-
tion assays. Six mice were used for each group. The tumor 
volumes were examined every 7 days and calculated. The 
protocol was approved by the Animal Care Ethics Committee 
of Harbin Medical University.

Details in Sukru's cohort (GSE90598). In this dataset, 16 
fresh-frozen glioblastoma multiforme samples, 7 healthy brain 
tissues, a NHA cell line and human fetal astrocyte cell line 
were analyzed by using miRNA and whole transcriptome 
microarray chips.

Luciferase reporter assay. U-87MG cells were seeded into 
a 24-well plate. Cells were co-transfected with wild-type, 
mutated CHD5 reporter plasmid or pMIR vector, and 
miR-500a-5p mimics or miR-500a-5p inhibitor. Luciferase 
assays were conducted 24 h after transfection using the Dual 
Luciferase Reporter Assay System (Promega Corporation, 
Madison, WI, USA).

Statistical snalysis. Statistical analysis was performed using 
SPSS v18.0 software (SPSS, Inc., Chicago, IL, USA). Each 
experiment was repeated at least three times. All data are 
expressed as the mean  ± standard deviation. The Kaplan-Meier 
method was used to calculate the survival curve, and log-rank 
test to determine statistical significance. Student's t‑test and 
one-way analysis of variance followed by Tukey's post hoc test 
were used to analyze 2 or multiple groups, respectively, for statis-
tical significance. A paired Student's t‑test was used to compare 
differences between human glioblastoma and normal adjacent 
tissue samples. Diagnostic potential of miR-500a-5p expression 
was assessed by receiver operating characteristic (ROC) anal-
ysis. The respective area under the curve (AUC) was analyzed 
by the Hanley and McNeil method. For analysis of correlation 
between miR-500a-5p levels and clinical features, chi-square 
tests were used. Pearson correlation coefficient analysis was 
used to determine the correlations. P<0.05 was considered to 
indicate a statistically significant difference.

Results

MiR‑500a‑5p is significantly upregulated in glioblas‑
toma tissues. To explore the function miR-500a-5p, we 

firstly examined its expression in glioblastoma tissues by 
RT-qPCR. We found that miR-500a-5p was significantly 
upregulated in glioblastoma tissues compared with adjacent 
normal tissues (Fig. 1A). Similarly, the high expression of 
miR‑500a‑5p was verified in glioblastoma cell lines (Fig. 1B). 
Then we divided these samples into two groups according to 
miR-500a-5p expression levels (mean value was the cut-off). 
Kaplan-Meier analysis was used to evaluate survival. The 
results showed that patients with higher miR-500a-5p expres-
sion possessed poorer survival (Fig. 1C). Furthermore, ROC 
curves were performed to evaluate the sensitivity and speci-
ficity of miR‑500a‑5p expression in predicting glioblastoma 
tissues from normal tissues. Notably, miR-500a-5p displayed 
predictive, with an AUC of 0.753 (P = 0.046; Fig. 1D). These 
results implied that miR-500a-5p might provide imperative 
clinical significance in glioblastoma diagnosis.

MiR‑500a‑5p enhances glioblastoma cell proliferation, 
migration and invasion in vitro. To determine the functions of 
miR-500a-5p in glioblastoma, we overexpressed miR-500a-5p 
in U-87MG and U251 cells by transduction with NC mimic 
or miR-500a-5p mimic. At 48 h after transduction with 
miR-500a-5p, miR-500a-5p expression was significantly 
increased compared with NC mimic group (Fig. 2A). Then 
CCK8 assay was conducted to analyze the proliferation of 
U-87MG and U251 cells at 24, 48 and 72 h post transfec-
tion (Fig. 2B). Overexpression of miR-500a-5p observably 
promoted cell proliferation in both U-87MG MG and U251 
cells. Similarly, colony formation assay showed that cells 
transfected with miR-500a-5p formed more clones (Fig. 2C). 
In consistence, we found that more U-87MG and U251 cells 
transfected with miR-500a-5p entered into S phase than 
control (Fig. 2D). To evaluate the effect of miR-500a-5p on 
cell migration and invasion, we performed transwell assays. 
We found that overexpression of miR-500a-5p promoted 
cell migration and invasion (Fig. 2E and F). In addition, we 
inhibited miR-500a-5p in U-87MG and U251 cells to evaluate 
the effect on cell apoptosis. Flow Cytometry by Annexin V/PI 
staining showed that apoptotic ratio was significantly higher in 
miR-500a-5p inhibitor-transfected cells than control (Fig. 2G). 
In collection, miR-500a-5p promoted cell proliferation, migra-
tion and invasion in glioblastoma, but inhibited cell apoptosis.

MiR‑500a‑5p delayed tumor growth in vivo. To further 
determine the effects of miR-500a-5p on glioblastoma cells 
in vivo, we examined tumor growth in nude mice. U-87MG 
cells transfected with NC inhibitor or miR-500a-5p inhibitor 
were subcutaneously inoculated into the armpits of the 
recipient nude mice. Every other 7 day, we measured the tumor 
volumes. We found that miR‑500a‑5p knockdown significantly 
inhibited tumor growth in vivo (Fig. 3A). At the endpoint of the 
experiments, the tumor weights were measured. The tumors in 
miR‑500a‑5p knockdown group were significantly lighter than 
that in control group (Fig. 3B).

MiR‑500a‑5p specif ically targeted CHD5 3'‑UTR in 
glioblastoma. To explore the molecular mechanism through 
which miR-500a-5p promoted glioblastoma progression, three 
computational algorithms including TargetScan, miRanda and 
PicTar were used in combination to search for potential targets of 
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miR-500a-5p. Among the candidates, the chromatin remodeler 
and tumor suppressor CHD5 was predicted to be a target of 
miR-500a-5p. The predicted interaction between miR-500a-5p 
and 3'UTR of CHD5 was illustrated (Fig. 4A). In order to 
verify this prediction, we cloned 3'UTR-wt and 3'UTR-mut 
into pMIR-REPORT vector. As expected, dual luciferase assay 
demonstrated that miR-500a-5p overexpression remarkably 
inhibited the luciferase activity while miR-500a-5p knockdown 
increased the luciferase activity (Fig. 4B). In contrast, the effect of 
miR-500a-5p on luciferase activity observed in pMIR-3'-UTR-wt 
was absent in pMIR-3'-UTR-mut (Fig. 4B). Moreover, we found 
that overexpression of miR-500a-5p decreased the mRNA 
and protein levels of CHD5 in U-87MG and U251 cells while 
miR-500a-5p knockdown got the inverse result (Fig. 4C and D). 
In addition, by RT-qPCR we found that the expression of 
miR-500a-5p was inversely correlated with that of CHD5 in glio-
blastoma tissues (Fig. 4E). Furthermore, the dataset (GSE90598) 
in GEO database (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE90598) showed that the expression of CHD5 was 
significantly downregulated in glioblastoma tissues compared 
with normal tissues (Fig. 4F). Similarly, RT-qPCR also showed 
that the mRNA levels of CHD5 were lower in glioblastoma 
samples than normal tissues (Fig. 4G). These results indicated 
that CHD5 mRNA 3'-UTR is a specific functional target of 
miR-500a-5p in glioblastoma cells.

MiR‑500a‑5p regulated glioblastoma cell proliferation, migra‑
tion and invasion by targeting CHD5 in vitro and in vivo. To 
investigate whether the regulation of cell proliferation, migra-
tion and invasion of glioblastoma cells by miR-500a-5p is 
executed via a CHD5-dependent manner, we co-transfected 
U-87MG and U251 cells with miR-500a-5p inhibitor and CHD5 
siRNA. Compared with cells transfected with miR-500a-5p 
inhibitor, the cells transfected with both miR-500a-5p inhibitor 
and CHD5 siRNA exhibited a lower expression on CHD5 
protein level (Fig. 5A). CCK8 and colony formation assays 
showed that CHD5 knockdown reversed the inhibitory effects 
by miR-500a-5p inhibition on cell proliferation potential in 
U-87MG and U251 cells (Fig. 5B and C). In addition, transwell 
assays showed that CHD5 knockdown reversed the inhibi-
tory effects by miR-500a-5p inhibition on cell migration and 
invasion potential in U-87MG and U251 cells (Fig. 5D and E). 
Furthermore, CHD5 knockdown decreased the cell apoptosis 
induced by miR-500a-5p inhibition (Fig. 5F). What's more, 
CHD5 knockdown also increased tumor weights to the control 
level in vivo (Fig. 5G). Besides, WB assay with formed tumor 
tissues showed that CHD5 knockdown reversed the inhibi-
tory effects by miR-500a-5p inhibition on cell proliferation, 
migration and invasion in vivo (Fig. 5H). Accumulating studies 
showed that Wnt/β-catenin signaling is indispensable for cancer 
development. We then performed WB assays with formed 

Figure 1. miR‑500a‑5p is significantly upregulated in glioblastoma tissues. (A) RT‑qPCR assay of miR‑500a‑5p expression in glioblastoma and normal tissues. 
(B) RT-qPCR assay of the miR-500a-5p levels in glioblastoma cells and NHAs. (C) Kaplan-Meier survival curve according to miR-500a-5p expression levels. 
(D) ROC analysis based on miR-500a-5p expression for survival prediction of patients with glioblastoma. All data are representative of three independent 
experiments and expressed as the mean ± standard deviation. **P<0.01 and ***P<0.001, as indicated. miR, microRNA; RT-qPCR, reverse transcription-quanti-
tative polymerase chain reaction; NHA, normal human astrocytes; AUC, area under the curve; ROC, receiver operating characteristic.
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tumor tissues and found that miR-500a-5p inhibition down-
regulated Wnt/β-catenin signaling while CHD5 knockdown 
upregulated it (Fig. 5I), which indicated that miR-500a-5p/
CHD5 regulated glioblastoma development and progression 
through Wnt/β-catenin signaling at least in part.

Discussion

Glioblastoma was one of the most common clinical primary 
brain tumors. However, the mechanism that regulates 
glioblastoma development and progression remains largely 
unknown. Previous studies demonstrated that miRNAs 
exerted pivot functions in all kinds of cancers including 
pancreatic cancer, glioblastoma, breast carcinoma, hepatocel-
lular carcinoma and so on (23-26). In glioblastoma, some 

miRNAs are reported to exert important functions. For 
instance, microRNA-101 inhibits proliferation, migration 
and invasion of human glioblastoma by targeting SOX9 (27). 
Nevertheless, the functions of most of miRNAs are unknown 
in glioblastoma. Therefore, there is an urgent need to define 
the molecular mechanism that regulates the genesis of glio-
blastoma, in order to develop effective therapeutics. Previous 
research shows that miR-500a increases cancer stem cells 
properties by STAT3 pathway in human hepatocellular carci-
noma (28). Besides, MicroRNA-500a also enhances migration 
and invasion in hepatocellular carcinoma by activating the 
Wnt/β-catenin signaling pathway (19). However, the functions 
of miR-500a-5p remain to be elucidated in glioblastoma. In 
our study, we showed that the expression of miR-500a-5p was 
significantly upregulated in glioblastoma tissues compared to 

Figure 2. miR-500a-5p enhances glioblastoma cell proliferation, migration and invasion in vitro and in vivo. (A) Reverse transcription-quantitative polymerase 
chain reaction assay of the miR-500a-5p level in U-87MG and U251 cells transfected with NC mimic or miR-500a-5p mimic. (B) Cell Counting Kit-8 prolifera-
tion assay revealed the effects of miR-500a-5p overexpression on U-87MG and U251 cell proliferation. (C) Colony formation assay demonstrated the effects 
of miR-500a-5p overexpression on U-87MG and U251 cell proliferation. (D) FACS assay revealed that miR-500a-5p overexpression increased the number of 
cells in the S phase. (E) Migration and (F) invasion assays demonstrated that miR-500a-5p overexpression promoted the migration and invasion of U-87MG 
and U251 cells (magnification, x200). (G) FACS assay by staining with Annexin V/PI showed that knockdown of miR‑500a‑5p promoted U‑87MG and U251 
cell apoptosis. All data are representative of three independent experiments and expressed as the mean ± standard deviation. *P<0.05, **P<0.01 and ***P<0.001 
vs. the NC group. FACS, fluorescence activated cell sorter; miR, microRNA; PI, propidium; NC, negative control.
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normal tissues, which indicated that miR-500a-5p may act as 
on oncogene in glioblastoma.

Aberrant miRNAs expression is closely related to various 
types of tumors (29). In the present study, we demonstrated 
the highly expression of miR-500a-5p in glioblastoma tissues 
and cell lines. In addition, by analysis with Kaplan-Meier 
survival curve and ROC, we showed that the expression of 
miR-500a-5p in glioblastoma can serve as a new biomarker 
for the diagnosis and prognosis of patients with glioblastoma. 
To further determine the roles of miR-500a-5p in glioblas-
toma, we overexpressed miR-500a-5p in U-87MG and U251 
cells. By CCK8, colony formation and transwell assays, we 
showed that overexpression of miR-500a-5p promoted cell 
proliferation, migration and invasion in U-87MG and U251 

cells in vitro. Besides, we also knocked down miR-500a-5p 
by transfection with miR-500a-5p inhibitor. By FACS 
with Annexin V/PI staining, we found that miR-500a-5p 
increased the apoptosis of U-87MG and U251 cells. To 
further explore the physiological function of miR-500a-5p, 
we conducted xenograft experiments, which indicated that 
miR‑500a‑5p inhibition significantly inhibited glioblastoma 
growth in vivo.

Up to now, the targets of miR-500a-5p have not been 
identified. On the basis of bioinformatics analysis, we 
predicted CHD5 as a target of miR-500a-5p in glioblas-
toma. CHD5 is a chromatin remodeler and serves as a 
tumor suppressor in various tumors. For example, CHD5 is 
a potential tumor suppressor in non-small cell lung cancer 

Figure 4. miR‑500a‑5p specifically targets CHD5 3'‑untranslated region in glioblastoma. (A) A diagram presenting the binding site of miR‑500a‑5p in CHD5. 
(B) Dual‑luciferase reporter assay revealed that co‑transfection with miR‑500a‑5p significantly reduces luciferase activity of the reporter containing the 
CHD5-wt, but it has less of an effect on the reporter containing CHD5-mut in U-87MG cells. (C) RT-qPCR and (D) western blotting assays demonstrated the 
effects of miR-500a-5p down- or upregulation on CHD5 expression in U-87MG and U251 cells. (E) There was an inverse correlation between miR-500a-5p 
and CHD5 expression in glioblastoma tissues. (F) CHD5 was downregulated in glioblastoma tissues according to the dataset (GSE90598). (G) RT-qPCR 
assay showed that CHD5 was downregulated in glioblastoma tissues when compared with normal tissues. All data are representative of three independent 
experiments and are expressed as the mean ± standard deviation. *P<0.05, **P<0.01 and ***P<0.001 vs. the control group. miR, microRNA; RT-qPCR, reverse 
transcription-quantitative polymerase chain reaction; CHD5, chromodomain helicase DNA binding protein 5; wt, wild type; mut, mutant; NC, negative control.

Figure 3. miR-500a-5p delays tumor growth in vivo. (A) Growth curve of U-87MG xenograft tumors; volume was measured every seven days. (B) Tumor 
weights were analyzed at the end of experiments. All data are representative of three independent experiments and expressed as the mean ± standard deviation. 
**P<0.01, as indicated. miR, microRNA; NC, negative control.
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(NSCLC) (30). In glioblastoma, a report showed that CHD5 
is downregulated in human glioblastoma (31). Nevertheless, 
how the expression of CHD5 is regulated remains unknown 
in glioblastoma. By luciferase reporter assay, we showed 
that the miR-500a-5p directly bond to the 3'-UTR of CHD5 
mRNA. RT-qPCR and WB results showed that miR-500a-5p 
inhibited the mRNA and protein level of CHD5 in glio-
blastoma cells. Besides, we showed that miR-500a-5p 
activated Wnt/β-catenin signaling while CHD5 inhibited 
this signaling in glioblastoma. Our results indicated that 
miR-500a-5p promoted cell proliferation, migration and 
invasion by targeting CHD5 and subsequently activating 
Wnt/β-catenin signaling. However, how CHD5 mediates 
activation of Wnt/β-catenin pathway needs further inves-
tigation. And the roles of CHD5-mediated activation of 
Wnt/β-catenin signaling on glioblastoma progression still 
require to be defined.

In summary, the present study provides new insights into 
the mechanism of glioblastoma progression, and suggests that 
miR-500a-5p might potentially serve as therapeutic target for 
glioblastoma.
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Figure 5. miR-500a-5p regulates glioblastoma cell proliferation, migration and invasion by targeting CHD5 in vitro and in vivo. (A) Western blot assay showed 
the protein levels of CHD5 in U-87MG and U251 cells transfected with miR-363-3p inhibitor. (B) Cell Counting Kit-8 proliferation assay demonstrated the 
effects of miR-500a-5p and/or CHD5 knockdown on U-87MG and U251 cell proliferation. (C) Colony formation assay revealed the effects of miR-500a-5p 
and/or CHD5 knockdown on U-87MG and U251 cell proliferation. (D and E) Migration and invasion assays demonstrated the effects of miR-500a-5p and/or 
CHD5 knockdown on the migration and invasion of U‑87MG and U251 cells (magnification, x200). (F) Fluorescence activated cell sorter assay by staining 
with Annexin V/PI showed the effects of miR-500a-5p and/or CHD5 knockdown on U-87MG and U251 cell apoptosis. (G) Tumor weights of U-87MG 
xenograft tumors were measured at the end of experiments. (H) Western blot assay revealed the effects of miR-500a-5p and/or CHD5 knockdown on tumor 
proliferation and migration in vivo. (I) Western blot assay indicated that miR-500a-5p activated Wnt/β-catenin signaling by targeting CHD5 in glioblastoma. 
All data are representative of three independent experiments and expressed as the mean ± standard deviation. *P<0.05, **P<0.01 and ***P<0.001 vs. the NC 
group. miR, microRNA; CHD5, chromodomain helicase DNA binding protein 5; PI, propidium iodide; sh-, short hairpin RNA; TCF1, transcription factor 7; 
BCL2, B-cell lymphoma-2; PCNA, proliferating cell nuclear antigen; TWIST, Twist family basic helix-loop-helix transcription factor; MMP9, matrix metal-
loproteinase; SNAI1, Snail family transcription repressor 1; NC, negative control.
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