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Abstract. There is accumulating evidence indicating that 
microRNA (miR)‑9‑3p expression is abnormal in patients 
with glioma; however, the role of miR‑9‑3p in glioma remains 
unclear. In the present study, reverse transcription‑quantitative 
PCR and immunohistochemical assays were conducted to 
assess miR‑9‑3p and forkhead box G1 (FOXG1) expression, 
respectively. A luciferase reporter assay was performed to 
confirm the target of miR‑9‑3p. Moreover, cell counting kit‑8 
and flow cytometry assays were used to assess proliferation 
and apoptosis, respectively. The present study demonstrated 
that miR‑9‑3p is significantly downregulated, and FOXG1 is 
significantly upregulated, in patients with glioma. miR‑9‑3p 
overexpression inhibited proliferation and increased the 
apoptosis of both U87MG and TG‑905 cells. In addition, 
FOXG1 was identified as a direct target of miR‑9‑3p, and 
FOXG1 silencing enhanced the inhibitory effect of miR‑9‑3p 
on proliferation and apoptosis in U87 MG and TG‑905 cells. 
In conclusion, the present results suggest that miR‑9‑3p may 
suppress malignant biological properties by targeting FOXG1. 
Thus, miR‑9‑3p may serve as a diagnostic target and novel 
prognostic marker in patients with glioma.

Introduction

Gliomas are the most frequently occurring type of brain tumor in 
adults, accounting for 45‑55% of primary nervous system tumors, 
worldwide (1). They are characterized by high aggressiveness, 
due to local diffuse infiltration, and a poor prognosis  (2,3). 
High‑grade gliomas, which are classified as grade III or IV by the 
World Health Organization (WHO) classification system (4), are 
the brain tumor type with the highest mortality rate, and exhibit 
heterogeneity at both the microscopic and molecular levels (5,6). 

Despite recent advancements in the treatment of glioma, the 
median survival time of patients is <16 months (7). Therefore, a 
comprehensive understanding of the mechanisms underpinning 
gliomagenesis is imperative, and may provide new insights into 
the clinical management of glioma.

microRNAs (miRNAs) are short non‑coding RNA mole-
cules that serve crucial roles in the regulation of numerous 
fundamental cellular processes by binding to the 3'‑untrans-
lated regions of target gene (8). Multiple studies have indicated 
that various miRNAs are aberrantly expressed in glioma 
tissues: Xiong et al (9) identified that miR‑320a inhibits the 
invasion and migration of glioma cells via the targeting of 
aquaporin 4. Furthermore, Liu et al (10) demonstrated that 
miR‑93 serves as an oncogene in glioma by directly targeting 
retinoblastoma‑like protein 2. Previous studies have also 
reported that miR‑9 can influence the angiogenesis and 
apoptosis of glioma by regulating MYC (11) and homocys-
teine inducible ER protein with ubiquitin like domain 1 (12). 
However, the mechanism behind miR‑9 regulation of glioma 
cell proliferation and apoptosis is yet to be elucidated.

Forkhead box G1 (FOXG1), also known as brain factor 1, 
is an important member of the forkhead box transcription 
factor family. FOXG1 is upregulated in a variety of malignant 
tumors and is involved in multiple developmental pathways in 
tumor cells, including proliferation, differentiation, cell cycle 
regulation and apoptosis (13). Silencing or down‑regulation 
of FOXG1 inhibits the invasion and metastasis of colorectal 
cancer cells (14), and also can inhibit the proliferation of glioma 
cells (15). Furthermore, Shibata et al (16) revealed that miR‑9 
regulates Cajal‑Retzius cell differentiation by targeting FOXG1 
in the mouse medial pallium. However, to the best of our knowl-
edge, whether miR‑9 can inhibit the proliferation and apoptosis 
of glioma via the targeting of FOXG1 is yet to be determined.

The present study aimed to investigate the association 
between FOXG1 and miR‑9‑5p. It was identified that miR‑9‑5p 
is expressed at a lower level in glioma tissues compared with 
adjacent paracancerous tissues. In addition, FOXG1 was iden-
tified as a direct target of miR‑9‑5p that mediates glioma cell 
proliferation and apoptosis.

Materials and methods

Tissue samples. All clinical samples were obtained from the 
Affiliated Hospital of Xizang Minzu University (Xianyang, 
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China) between May 2018 and February 2019. Glioma tissues 
from 5 patients (age range, 24‑60 years; sex, 3 males and 
2 females) and glioma‑adjacent tissues from 5 individuals (age 
range, 23‑57 years; sex, 2 males and 3 females) were fixed 
with 4% paraformaldehyde for 48‑72 h at room temperature 
and embedded in paraffin. For all patients, the original diag-
nosis and tumor grading were conducted in a blinded manner 
by two experienced pathologists, according to the principles 
defined by the WHO classification system. Written informed 
consent was obtained from all patients, prior to surgery. The 
present study was approved by the Ethics Review Board of the 
Affiliated Hospital of Xizang Minzu University.

Cell culture and transfection. The human glioblastoma 
U87 MG (CL‑0238) and TG‑905 (CL‑0309) cell lines were 
purchased from Procell Life Science & Technology Co., Ltd. 
(the origin of glioblastoma U87 MG cell is unknown and 
the cell line is preserved at the ATCC). U87 MG cells were 
cultured in MEM (Hyclone; Logan) supplemented with 10% 
FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin 
and streptomycin (Beijing Solarbio Science & Technology 
Co., Ltd.), in a humidified atmosphere of 5% CO2 at 37˚C. 
TG‑905 cells were cultured in RPMI‑1640 medium supple-
mented with 10% FBS and 1% penicillin and streptomycin. 
For sub‑culturing purpose, cells were incubated with 0.25% 
trypsin at 37˚C and cultures were harvested at 80% confluency.

Small interfering (si)RNA against FOXG1 (FOXG1‑siRNA), 
negative control siRNA (NC‑siRNA), and the miR‑9‑3p 
mimic and negative control molecules (NC mimic) were 
purchased from Guangzhou RiboBio Co., Ltd. Cell transfec-
tion was performed using riboFECT™ CP Transfection kit 
(Guangzhou RiboBio Co., Ltd.), according to the manufac-
turer's protocol, with 50 pmol/ml miR‑9‑3p mimic and NC 
mimic, and 40 pmol/ml FOXG1‑siRNA and NC‑siRNA. Cells 
were seeded into 6‑well plates at a density of 1x105 cells/well 
until they reached 50% confluence, 24 h before transfection. 
Fresh medium was replaced after 6 h. Following transfection 
for 24‑48 h at 37˚C, cells were collected for RT‑qPCR or 
western blotting analyses. The FOXG1‑siRNA and NC‑siRNA 
sequences were as follows: FOXG1‑siRNA forward, 5'‑CGU​
UUU​ACA​CAC​AUU​UGC​ATT‑3' and reverse, 5'‑UGC​AAA​
UGU​GUG​UAA​AAC​GTT‑3'; NC‑siRNA forward, 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT‑3' and reverse, 5'‑ACG​UGA​
CAC​GUU​CGG​AGA​ATT‑3'.

Immunohistochemistry. The paraffin‑embedded glioma and 
glioma‑adjacent tissues were cut into 4 µm thick slices, depa-
raffinized using xylene and rehydrated with graded alcohol 
solutions (100% alcohol I for 3 min, 100% alcohol II for 3 min, 
95% alcohol for 3 min, 85% alcohol for 3 min and 75% alcohol 
for 3 min, respectively). Subsequently, antigen retrieval was 
performed using 3% hydrogen peroxide at room temperature 
for 15 min. Cells were then blocked with 5% bovine serum 
albumin (BSA; Beyotime Institute of Biotechnology) at room 
temperature for 20 min. The sections were incubated with 
primary antibody FOXG1 (1:500; cat. no. ab18987; Abcam) at 
4˚C overnight, warmed for 30 min in a 37˚C incubator, and 
then incubated with goat anti‑rabbit biotinylated secondary 
antibodies (1:100; cat. no. BA1003; Wuhan Boster Biological 
Technology, Ltd) for 30 min at 37˚C. The sections were then 

stained with Strept Avidin Biotin Enzyme Complex (Wuhan 
Boster Biological Technology, Ltd.) for 30 min at 37˚C, and 
then counterstained with hematoxylin for 2  min at room 
temperature, before being treated with 3,3'‑diaminobenzidine, 
which was used as the chromogen, for 5 min at room tempera-
ture. In the negative control group, PBS was used in place 
of the primary antibody. Five visual fields were randomly 
selected and assessed for immunoreactive using a light micro-
scope (Nikon Corporation; magnification x400). The images 
were analyzed using Image‑Pro Plus software (version 6.0; 
Media Cybernetics, Inc.).

Western blotting. 48 h after transfection, harvested cells were 
washed with PBS and lysed using radioimmunoprecipitation 
assay lysis buffer (Wuhan Boster Biological Technology, Ltd). 
Total protein was quantified using the bicinchoninic acid 
Protein Assay kit (Wuhan Boster Biological Technology, Ltd.). 
Equal amount of protein (20 µg/lane) were separated using 
SDS‑PAGE on a 10% gel and then transferred onto a polyvi-
nylidene fluoride membrane (EMD Millipore). Subsequently, 
the membranes were blocked for 1 h at room temperature using 
5% skim milk, followed by incubation with primary anti-
bodies against β‑actin (1:1,000; cat. no. ab8227; Abcam) and 
FOXG1 (1:1,000; cat. no. ab18987; Abcam) overnight at 4˚C. 
The membrane was then incubated with a biotin‑conjugated 
goat anti‑rabbit IgG (1:5,000; cat. no. BA1003; Wuhan Boster 
Biological Technology, Ltd.) at room temperature for 1 h. 
Protein bands were visualized using an enhanced chemilumi-
nescence kit (EMD Millipore) and β‑actin was considered as 
the internal control.

Reverse transcription‑quantitative (RT‑q)PCR). Total RNA 
was extracted from U87 and TG‑905 cells using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc) according 
to the manufacturer's protocol. For the quantification of 
miRNA expression, RT and qPCR analysis were performed 
using the Bulge‑LoopTM miRNA qRT‑PCR Starter kit 
(Guangzhou RiboBio Co., Ltd) at 42˚C for 60 min and 70˚C for 
10 min. For the quantification of FOXG1 expression, mRNA 
was converted to cDNA using a PrimeScript™RT reagent kit 
(Takara Bio, Inc.) at 37˚C for 15 min and 85˚C for 5 sec. qPCR 
was performed using SYBR® Premix Ex Taq™ (Takara Bio, 
Inc.). The thermocycling conditions were as follows: Initial 
denaturation at 95˚C for 3 min; 40 cycles of denaturation at 
95˚C for 5 sec, annealing at 60˚C for 30 sec and elongation 
at 72˚C for 30 sec; and a final extension at 72˚C for 30 sec. 
The relative expressions levels of FOXG1 and miR‑9‑3p were 
calculated using the 2‑ΔΔCq method and normalized to the 
housekeeping gene β‑actin and U6 rRNA (17). The specific 
primer sequences were as follows: FOXG1 forward, 5'‑GGC​
TCA​CGC​TCA​ACG​GCA​TCT​ACG​A‑3' and reverse, 5'‑GCG​
GCA​CCT​TCA​CGA​AGC​ACT​TGT​T‑3'; and β‑actin forward, 
5'‑GAA​GAT​CAA​GAT​CAT​TGC​TCC​T‑3' and reverse, 5'‑TAC​
TCC​TGC​TTG​CTG​ATC​CA‑3'. The catalog number of 
miR‑9‑3p primer is MQPS0002283‑1‑100, and the catalog 
number of U6 is MQPS0000002‑1‑100.

Cell proliferation assay. The growth curves of U87 and 
TG‑905 cells were determined using Cell Counting Kit‑8 
(CCK‑8; Dojindo Molecular Technologies, Inc.) 24 h after 
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transfection, according to the manufacturer's protocol. Cells 
(7x103/well) were suspended and seeded in 96‑well plates 
overnight. Following incubation, the original culture medium 
was removed and 100 µl fresh medium mixed with CCK‑8 
at a ratio of 10:1 was added to each well. The absorbance at 
450 nm was measured using a microplate reader (Thermo 
Fisher Scientific, Inc.) to generate cell growth curves.

Annexin‑V/propidium iodide (PI) double‑staining assay. 
Following transection with miR‑9‑3p mimic or FOXG1 siRNA 
for 24 h, U87 and TG‑905 cells were digested using 0.25% trypsin 
and centrifuged at 148 x g for 5 min at room temperature, prior 
to collection for apoptosis detection. The collected cells were 
washed with PBS and digested using trypsin. Subsequently, 
1x105 cells were resuspended in 100 µl binding buffer, 5 µl 
Annexin V‑FITC and 5 µl PI staining solution (BD Biosciences), 
followed by incubation at room temperature (20‑25˚C) for 
15 min, according to the manufacturer's protocol. Cell apoptosis 
was analyzed using a flow cytometer (BD Biosciences) within 
1 h of treatment and the data were analyzed using FlowJo 10.07 
software (FlowJo LLC). Cells that were Annexin V‑positive 
were considered to indicate cells undergoing apoptosis.

Dual luciferase reporter assay. miR‑9‑3p targets were 
predicted using bioinformatics software programs, including 
TargetScan (http://www.targetscan.org/), mirDB (http://mirdb.
org/) and DIANA TOOLS (http://diana.imis.athena‑innova-
tion.gr). U87 and TG‑905 cells (4x104/well) were plated in 
24‑well plates. When the cultures attained 50% confluence, 
cells were co‑transfected using the Renilla luciferase pRL‑TK 
plasmid (100 ng/ml; Shanghai GenePharma Co., Ltd.) and 
a recombinant Firefly luciferase pGL3 reporter containing 
the 3'‑untranslated region (3'‑UTR) of human FOXG1 
(2 µg/ml; Shanghai GenePharma Co., Ltd.). This was followed 
by transfection with the miR‑9‑3p mimic and NC mimic using 
Lipofectamine®2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. The cells were 
then collected and lysed for a luciferase assay 24 h after trans-
fection using a Dual‑Luciferase Reporter assay kit (Promega 
Corporation). Firefly luciferase activity was normalized to 
Renilla luciferase activity for each tested well.

Statistical analysis. Statistical analyses were conducted 
using SPSS 20.0 software (IBM Corp.). Data are presented 
as the mean ± standard deviation, and each experiment was 
performed in triplicate. Differences among multiple groups 
were compared using one‑way analysis of variance and 
Dunnett's or Tukey's post hoc test, and differences between 
two groups were compared using Dunnett's t‑test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑9‑3p is downregulated in glioma tissues. miR‑9‑3p has 
been reported to be downregulated in gastric carcinoma (18) 
and colorectal cancer (19). To investigate whether the expres-
sion of miR‑9‑3p is abnormal in glioma, the present study 
performed RT‑qPCR to detect the expression level of miR‑9‑3p 
mRNA in glioma and adjacent paracancerous glioma tissues. 
As exhibited in Fig. 1A, miR‑9‑3p expression was significantly 

lower in glioma tissues compared with in glioma‑adjacent 
tissues, which indicates a potential role for miR‑9‑3p in glioma 
tumorigenesis and progression. To investigate the potential 
downstream mechanisms of miR‑9‑3p in glioma, an immuno-
histochemistry assay was performed to detect the expression 
level of FOXG1. As presented in Fig. 1B, the protein expression 
level of FOXG1 in glioma tissue was significantly increased 
compared with that of glioma‑adjacent tissues. In view of the 
negative regulatory association between miRNA and its target 
genes, this result reveals that miR‑9‑3p may have a targeted 
regulatory association with FOXG1.

Overexpression of miR‑9‑3p inhibits cell proliferation and 
increases cell apoptosis. To further investigate the biological 
functions of miR‑9‑3p in glioma, U87 MG and TG‑905 cells 
were transfected with miR‑9‑3p mimic and a NC mimic. 
RT‑qPCR revealed that miR‑9‑3p expression was significantly 
increased following transfection with miR‑9‑3p mimic, 
compared with the control and NC mimic groups, suggesting 
high transfection efficiency in U87 MG and TG‑905 cells 
(Fig. 2A and C). CCK‑8 and Annexin‑V/PI double‑staining 
assays were then performed to determine the proliferation and 
apoptosis rate in U87 MG and TG‑905 cells, and to investigate 
the influence of miR‑9‑3p on the progression of glioma. It was 
revealed that miR‑9‑3p overexpression significantly suppressed 

Figure 1. miR‑9‑3p and FOXG1 are aberrantly expressed in glioma tissues. 
(A) RT‑qPCR was performed to detect the expression level of miR‑9‑3p in 
glioma (n=5) and glioma‑adjacent tissues (n=5). (B) Immunohistochemistry 
was performed to detect the expression level of FOXG1 in glioma 
(n=5) and glioma‑adjacent tissues (n=5). **P<0.01 vs. non‑tumor group. 
miR‑9‑3p, microRNA‑9‑3p; FOXG1, forkhead box G1; RT‑qPCR, reverse 
transcription‑quantitative polymerase chain reaction.
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proliferation (Fig. 2B and D), whilst simultaneously increasing 
the apoptosis of U87 MG and TG‑905 cells (Fig. 3A and B). 
The present results indicate that miR‑9‑3p may act as a tumor 
suppressor and regulate the progression of glioma cells.

FOXG1 is a direct target of miR‑9‑3p in glioma cells. To 
determine the mechanism of miR‑9‑3p regulation of glioma, 

the present study investigated potential miR‑9‑3p targets using 
TargetScan, mirDB and DIANA TOOLS. FOXG1 was selected 
from several putative miR‑9‑3p targets as it serves key roles 
in: Cerebellar development  (20), glioma proliferation  (21), 
apoptosis (15) and also predicts prognosis (22). As indicated in 
Fig. 4A, it was revealed that the 3'‑UTR of FOXG1 was contains 
a conserved putative target site for miR‑9‑3p. Subsequently, 

Figure 2. Effects of miR‑9‑3p overexpression on the proliferation of U87 cells. U87 cells were transfected with miR‑9‑3p mimic and NC mimic (50 pmol/ml) 
for 24 h. (A and C) RT‑qPCR was applied to quantify the expression level of miR‑9‑3p in U87 MG and TG‑905 cells. (B and D) The cell viability of 
U87 cells was determined by a CCK‑8 assay in U87 MG and TG‑905 cells. ##P<0.01 vs. NC mimic group. miR‑9‑3p, microRNA‑9‑3p; RT‑qPCR, reverse 
transcription‑quantitative polymerase chain reaction; NC, negative control; control, without any treatment.

Figure 3. Effects of miR‑9‑3p overexpression on the apoptosis of U87 cells. U87 cells were transfected with miR‑9‑3p mimic and NC mimic (50 pmol/ml) 
for 24 h. (A) Annexin‑V/PI double‑staining assay was applied to detect the cell apoptotic rate in U87 MG cells. (B) Annexin‑V/PI double‑staining assay was 
applied to detect the cell apoptotic rate in TG‑905 cells. ##P<0.01 vs. NC mimic group. miR‑9‑3p, microRNA‑9‑3p; NC, negative control; PI, propidium iodide; 
control, without any treatment.
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dual‑luciferase assays were performed to determine whether 
FOXG1 is a direct target of miR‑9‑3p. The results indicated 
that overexpression of miR‑9‑3p suppressed the activity of 
luciferase reporters containing FOXG1 3'‑UTR in U87 MG and 
TG‑905 cells (Fig. 4B and E). In addition, the RT‑qPCR assay 

revealed that miR‑9‑3p overexpression was significantly inhib-
ited the expression of FOXG1 mRNA in U87 MG and TG‑905 
cells (Fig. 4C and F). Western blotting analysis revealed that 
the overexpression of miR‑9‑3p significantly inhibited the 
expression of FOXG1 protein (Fig. 4D and G). In summary, the 

Figure 4. FOXG1 is a direct target of miR‑9‑3p in glioma cells. (A) Bioinformatics analysis of the predicted interactions of miR‑9‑3p and its binding sites 
within the 3'‑UTR of FOXG1. (B) Relative luciferase activities of FOXG1‑wt, and FOXG1‑mut were identified using a Dual‑Luciferase Reporter assay kit 
following transfection of U87 MG with miR‑9‑3p mimic and NC mimic (50 pmol/ml) for 24 h. (C) The expression level of FOXG1 mRNA was examined 
by RT‑qPCR following transfection of U87 MG with miR‑9‑3p mimic and NC mimic (50 pmol/ml) for 24 h. (D) The expression level of FOXG1 protein 
was examined by western blot assay following transfection of U87 MG with miR‑9‑3p mimic and NC mimic (50 pmol/ml) for 48 h. The relative intensity of 
FOXG1 protein is presented as a bar graph. (E) Relative luciferase activities of FOXG1‑wt, and FOXG1‑mut were identified using a Dual‑Luciferase Reporter 
assay kit following transfection of TG‑905 cells with miR‑9‑3p mimic and NC mimic (50 pmol/ml) for 24 h. (F) The expression level of FOXG1 mRNA was 
examined by RT‑qPCR following transfection of TG‑905 cells with miR‑9‑3p mimic and NC mimic (50 pmol/ml) for 24 h. (G) The expression level of FOXG1 
protein was examined by western blot assay following transfection of TG‑905 cells with miR‑9‑3p mimic and NC mimic (50 pmol/ml) for 48 h. The relative 
intensity of FOXG1 protein is presented as a bar graph. *P<0.05, **P<0.01 vs. NC mimic group. FOXG1, forkhead box G1; miR‑9‑3p, microRNA‑9‑3p; 3'‑UTR, 
3'‑untranslated region; wt, wild‑type; mut, mutant; NC, negative control.

https://www.spandidos-publications.com/10.3892/ol.2020.11725
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Figure 6. miR‑9‑3p regulates cell apoptosis by inhibiting FOXG1. (A) Annexin‑V/PI double‑staining assay was performed to detect the cell apoptotic rate 
of U87 MG cells following transfection with FOXG1 siRNA (40 pmol/ml) for 24 h. (B) Annexin‑V/PI double‑staining assay was applied to detect the cell 
apoptotic rate of TG‑905 cells following transfection with FOXG1 siRNA (40 pmol/ml) for 24 h. **P<0.01 vs. control group; ##P<0.01 vs miR‑9‑3p mimic group; 
&&P<0.01 vs. FOXG1‑siRNA group. miR‑9‑3p, microRNA‑9‑3p; FOXG1, forkhead box G1; PI, propidium iodide; siRNA, small interfering RNA; control, 
without any treatment.

Figure 5. miR‑9‑3p regulates cell proliferation by inhibiting FOXG1. (A and C) Western blotting was used to detect the protein expression of FOXG1 following 
transfection of U87 MG and TG‑905 cells with FOXG1 siRNA (40 pmol/ml) for 48 h. (B and D) Relative cell viability was determined by a Cell Counting Kit‑8 
assay following transfection of U87 MG and TG‑905 cells with FOXG1 (40 pmol/ml) for 24 h. **P<0.01 vs. control group; ##P<0.01 vs. miR‑9‑3p mimic group; 
&&P<0.01 vs. FOXG1‑siRNA group. FOXG1, forkhead box G1; miR‑9‑3p, microRNA‑9‑3p; siRNA, small interfering RNA; control, without any treatment.
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present study demonstrated that miR‑9‑3p targets FOXG1 and 
suppresses its expression in glioma cells.

FOXG1 gene silencing enhances the effect of miR‑9‑3p 
mimic on cell proliferation inhibition and apoptosis. To 
determine whether FOXG1 influences the effect of miR‑9‑3p 
on the proliferation and apoptosis of U87 cells, siRNA was 
used to downregulate FOXG1 expression. As revealed in 
Fig. 5A and C, FOXG1 protein expression was downregulated 
following transfection with FOXG1 siRNA, suggesting high 
transfection efficiency of FOXG1 siRNA in U87 MG and 
TG‑905 cells. CCK‑8 and flow cytometry results revealed that 
siFOXG1 significantly decrease the proliferation and increased 
apoptosis in U87 cells. Furthermore, silencing of FOXG1 
enhanced the effect of the miR‑9‑3p mimic on cell prolifera-
tion (Fig. 5B and D) and apoptosis (Fig. 6A and B). The present 
results demonstrated that miR‑9‑3p regulates cell proliferation 
and apoptosis via the inhibition of FOXG1.

Discussion

Glioma is the most common type of brain tumor, with an inci-
dence of 6 per 100,000 annually, worldwide (23). Numerous 
studies have focused on the effects of miRNA dysregula-
tion in various types of human cancer. miRNAs have been 
revealed to influence a variety of biological processes by 
negatively regulating the protein levels of target onco‑ and 
tumor suppressor genes; therefore, miRNAs themselves serve 
as oncogenes or tumor suppressor genes in various types of 
human tumors (24,25). A number of studies have revealed 
the aberrant regulation of miR‑9 in multiple tumor types. For 
example, upregulation of miR‑9 was shown to promote tumor 
metastasis via the targeting E‑cadherin in serous ovarian 
cancer (26). Moreover, Tang et al (27) reported that miR‑9 
functions as a tumor suppressor in ovarian serous carcinoma, 
as it inhibits cell proliferation, migration and invasion via 
regulation of talin 1. By contrast, Zhu et al (28) demonstrated 
that miR‑9 serves an oncogenic role by regulating the prolif-
eration of osteosarcoma cells via direct targeting of GCIP. 
Additionally, miR‑9 has been reported to be upregulated in 
certain glioma specimens and cells, and may significantly 
promote tumorigenesis and angiogenesis  (11). However, 
Yang et al (12) reported that miR‑9‑3p is downregulated in 
high‑grade gliomas compared with non‑tumor tissues, and 
the overexpression of miR‑9‑3p increased apoptosis of glioma 
cells. Therefore, further investigation is required to identify 
the expression patterns and mechanisms of action of miR‑9, in 
relation to glioma. The present study revealed that the expres-
sion level of miR‑9‑3p is significantly lower in glioma tissues 
compared with glioma‑adjacent tissues.

The present study is not without limitations. For example, 
paraffin‑embedded in  situ hybridization was unable to be 
performed, which may have been useful in determining direct 
miR‑9 expression. Prospective studies will focus on deter-
mining the difference between tumor and adjacent normal 
tissue samples collected from the same patient, in order to 
accurately elucidate the differential expression of miR‑9.

Overexpression of miR‑9 has been revealed to inhibit cell 
proliferation and invasion in pancreatic cancer (29), hepatocellular 
carcinoma (30) and nasopharyngeal carcinoma (31). The present 

study discovered that an overexpression of miR‑9‑3p markedly 
inhibited the proliferation, and increased the apoptosis, of U87 
cells and the current results demonstrated that miR‑9‑3p may 
act as a tumor suppressor, and its overexpression may suppress 
glioma development, potentially improving patient prognosis.

As previously described, miR‑9 has numerous targets; it 
can suppress the gene expression of StAR related lipid transfer 
domain containing 13  (32), BLCAP apoptosis inducing 
factor  (33), SRY‑box transcription factor 7  (34) and ATP 
binding cassette subfamily B member 1 (35), by serving either 
an oncogenic role or acting as a tumor suppressor gene. The 
FOXG1 gene is located in the q12 region of chromosome 14 
and the protein it encodes contains 489 amino acids, is an 
important transcription factor and serves an important role in 
the regulation of telencephalic development, neuronal differ-
entiation and neurogenesis (36,37). Studies have identified that 
FOXG1 serves a role similar to that of oncogenes in the occur-
rence and development of certain tumors types, including 
medulloblastoma (38), non‑small cell lung cancer (39) and 
ovarian cancer (40). In addition, a low expression of FOXG1 
serves as an important indicator of good prognosis in patients 
with glioma (22). Bredenkamp et al (41) demonstrated that the 
FOXG1 3'UTR has a conserved recognition site specific to 
miR‑9, in mammals. However, to the best of our knowledge, 
whether miR‑9 can regulate the progression of glioma via 
targeting FOXG1 has not been reported. The present study 
identified that the 3'‑UTR of FOXG1 contained a conserved 
putative target site specific to miR‑9‑3p in U87 cells, and a 
dual‑luciferase reporter assay revealed that miR‑9‑3p overex-
pression suppressed luciferase activity. Furthermore, it was 
identified that miR‑9‑3p overexpression inhibited the mRNA 
and protein expression levels of FOXG1. The present results 
suggest that FOXG1 is a direct functional target of miR‑9‑3p. 
Additionally, the present study demonstrated that the inhibition 
of FOXG1 not only inhibited cell proliferation and increased 
cell apoptosis, but also enhanced the effect of miR‑9‑3p mimic 
on the proliferation and apoptosis of U87 MG and TG‑905 
cells, indicating that miR‑9‑3p regulates cell proliferation and 
apoptosis via targeting FOXG1 in glioma.

In summary, the present study demonstrated that miR‑9‑3p 
functions as a tumor suppressor in glioma. It was identified 
that miR‑9‑3p inhibits glioma progression via targeting 
FOXG1. Although miRNA‑based therapeutics are still under 
development, the present results are support the hypothesis 
that miR‑9‑3p and FOXG1 may represent novel and effective 
therapeutic targets for glioma treatment in the future.
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