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Abstract. Glioma is the most common and aggressive of 
malignant brain tumours. MicroRNAs (miRNAs/miRs) are 
involved in tumour development of various human cancers, 
including glioma. Therefore, miRNAs may have potential 
tumour diagnostic, prognostic and therapeutic values in 
human glioma. miR‑103 is abnormally expressed in various 
human cancer types. However, the detailed expression pattern, 
biological functions and underlying molecular mechanism 
of miR‑103 in glioma remain unclear. Therefore, the present 
study aimed to investigate the expression, biological roles and 
underlying mechanisms of miR‑103 in glioma. Results of the 
present study demonstrated that miR‑103 was significantly 
down‑regulated in glioma tissues and cell lines. Functional 
experiments demonstrated that miR‑103 overexpression inhib-
ited the proliferation and invasion of glioma cells in vitro. 
Additionally, brain‑derived neurotrophic factor (BDNF) was 
identified as a direct functional target of miR‑103 in glioma. 
Furthermore, mRNA and protein expression levels of BDNF 
were highly upregulated in glioma tissues compared with 
normal brain tissues. Spearman's correlation analysis indicated 
a negative association between miR‑103 and BDNF mRNA 
expression levels in glioma tissues. Furthermore, rescue 
experiments demonstrated that BDNF up‑regulation reversed 
the suppressive effects of miR‑103 on glioma cell prolifera-
tion and invasion. Therefore, the authors of the present study 
hypothesized that the interaction between miR‑103 and BDNF 
serves a role in glioma progression and, in the future, may 
serve as a therapeutic target for glioma treatment.

Introduction

Glioma is the most common and aggressive of malignant the 
brain tumours, and accounts for ~30% of all central nervous 

system tumours and 80% of all malignant brain tumours (1). 
Based on their pathology, gliomas can be divided into astro-
cytomas, glioblastomas, medulloblastomas, ependymomas 
and oligodendrogliomas (2)�������������������������������. To date, the molecular mecha-
nisms underlying the occurrence and development of gliomas 
remain unclear. Gliomas can be associated with several risk 
factors, including tumour origin, genetic factors, biochemical 
environment, ionizing radiation, nitroso compounds, air 
pollution, unhealthy lifestyle habits and infection  (3,4). 
At present, surgery combined with radiotherapy, chemo-
therapy and targeted therapy is the standard treatment for 
patients with glioma (5). Despite an evident progress in the 
therapeutic strategies for gliomas, the prognosis for patients 
afflicted with this disease remains poor  (6). The median 
survival time of patients with glioma is ~9‑12 months (7). 
The poor prognosis of patients with glioma is partially due to 
the highly invasive nature of glioma cells, making complete 
surgical resection unattainable (8,9). Therefore, elucidation 
of the mechanisms underlying the formation and progres-
sion of glioma and development of effective diagnostic and 
therapeutic treatment methods for patients with glioma are 
required.

MicroRNAs (miRNAs/miRs) are a class of endog-
enous, short noncoding ~19‑25 nucleotides‑long RNA 
molecules (10)�����������������������������������������. miRNAs negatively modulate gene expres-
sion at the transcriptional level by base pairing with the 
3'‑untranslated region (3'‑UTRs) of their target mRNAs, 
and inducing mRNA degradation or inhibition of transla-
tion (11). Through negative regulation of the target genes, 
miRNAs participate in many physiological processes, 
including cell proliferation, cell cycle progression, differ-
entiation, apoptosis and metastasis (12‑15). Recent studies 
have reported that miRNAs are abnormally expressed in 
human cancers, including glioma, breast, gastric, bladder 
and lung cancers  (16‑20). In particular, abnormal expres-
sion of certain miRNAs is associated with tumorigenesis 
and cancer progression (21,22). Dysregulated miRNAs may 
serve similar roles to oncogenes or tumour suppressor genes, 
depending on their target mRNAs (23). Therefore, miRNAs 
may demonstrate a potential as novel prognostic indicators 
and therapeutic targets for patients with malignancies (24).

miR‑103 is abnormally expressed in various human 
cancers  (25‑27). The present study aimed to elucidate the 
expression pattern, biological functions and underlying 
molecular mechanism of miR‑103 in glioma.
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Materials and methods

Tissue samples and cell lines. The present study was approved 
by the Ethical Committee of Linyi People's Hospital (Linyi, 
China). Written informed consent was obtained from all 
participants. A total of 26 surgically resected glioma tissues 
were collected from patients with glioma (male, 25; female, 11; 
age range, 37‑72 years) in Linyi People's Hospital between 
July 2013 and February 2016. A total of 12 normal brain 
tissue samples were obtained from patients with cerebral 
trauma (male, 7; female, 5; age range, 25‑68 years) subjected 
to a surgical procedure. None of the patients were treated with 
radiotherapy or chemotherapy prior to the surgical resection. 
All collected tissues were immediately snap‑frozen in liquid 
nitrogen at the time of surgery and stored at ‑80˚C.

Normal human astrocytes (NHAs) were purchased form 
ScienCell Research Laboratories, Inc. (San Diego, CA, USA) 
and cultured in the astrocyte medium (ScienCell Research 
Laboratories, Inc.). Glioma cell lines U251, LN18 and LN229 
were obtained from the Cell Bank Type Culture Collection 
of the Chinese Academy of Sciences (Shanghai, China). All 
glioma cell lines were maintained in Dulbecco's modified 
Eagle medium (DMEM) containing 10% fetal bovine serum 
(FBS), 100 U/ml penicillin and 100 mg/ml streptomycin (all 
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) at 37˚C in a humidified atmosphere containing 5% CO2.

Cell transfection. miR‑103 mimics and negative control 
miRNA (miR‑NC) were purchased from Guangzhou RiboBio 
Co., Ltd. (Guangzhou, China). Brain‑derived neurotrophic 
factor (BDNF) overexpression plasmid (pcDNA3.1‑BDNF) 
and blank plasmid (pcDNA3.1) were obtained from Shanghai 
GenePharma Co., Ltd. (Shanghai, China). For transfection, 
cells were seeded in 6‑well plates at a density of 1x105 cells/per 
well and cultured until 60‑70% confluence was attained. Cells 
were separately treated with pcDNA3.1‑BDNF or pcDNA3.1 
using Lipofectamine 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.,), according to the manufacturer's protocol. 
Following incubation at 37˚C with 5% CO2 for 8 h, the trans-
fection mixture was replaced with fresh DMEM supplemented 
with 10% FBS, without penicillin and streptomycin. Following 
transfection for 24 h, MTT assay was performed. Reverse tran-
scription‑quantitative polymerase chain reaction (RT‑qPCR) 
and Transwell invasion assays were performed at 48  h 
post‑transfection. Western blotting analysis was performed to 
detect protein expression at 72 h post‑transfection.

RT‑qPCR. Total RNA was extracted from tissues or cells using 
the TRIzol reagent (Thermo Fisher Scientific, Inc.), according 
to the manufacturer's protocol. To quantify the expression 
of miR‑103, total RNA was reverse transcribed into cDNA 
by using the TaqMan MicroRNA Reverse Transcription 
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The temperature protocol for reverse transcription was as 
follows: 16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min. 
Subsequently, the TaqMan MicroRNA PCR kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) was used to detect 
miR‑103 expression in an RT‑qPCR amplification reaction, 
with U6 as an internal reference gene. To quantify the BDNF 
mRNA expression, cDNA was synthesized using the M‑MLV 

Reverse Transcriptase (Promega Corporation, Madison, WI, 
USA), followed by a qPCR reaction with the SYBR Green 
Real‑Time PCR Master Mix (Toyobo Life Science, Osaka, 
Japan) using a 7500 Sequence Detection system (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), with GAPDH as 
an internal control gene. The thermocycling conditions for 
qPCR were as follows: 95˚C for 10 min, followed by 40 cycles 
of 95˚C for 15 sec and 60˚C for 1 min. The following PCR 
primer pairs were designed: miR‑103 forward: 5'‑GAG​CAG​
CAT​TGT​ACA​G‑3', reverse: 5'‑GTG​CAG​GGT​CCG​AGG​
T‑3'; U6 forward: 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3', reverse: 
5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; BDNF forward: 
5'‑TCC​CTG​GCT​GAC​ACT​TTT‑3', reverse: 5'‑ATT​GGG​TAG​
TTC​GGC​ATT‑3'; GAPDH forward: 5'‑CGG​AGT​CAA​CGG​
ATT​TGG​TCG​TAT‑3', reverse: 5'‑AGC​CTT​CTC​CAT​GGT​
GGT​GAA​GAC‑3'. Relative gene expression was calculated 
using the 2‑ΔΔCq method (28).

MTT assay. MTT assay (Sigma‑Aldrich, Merck KGaA, 
Darmstadt, Germany) was used to determine cell prolif-
eration. Cells were seeded in 96‑well plates at a density of 
3x103 cells/well and cultured overnight at 37˚C with 5% CO2. 
Subsequently, transfection was performed, as described above, 
and the samples were incubated at 37˚C with 5% CO2 for 0, 24, 
48 and 72 h. At each time point, 10 µl MTT solution (5 mg/ml) 
was added into each well and incubated for additional 4 h, 
and cells were then lysed in 150 µl dimethylsulfoxide at room 
temperature for 10 min. The absorbance was measured at a 
wavelength of 490 nm with a SpectraMax M3 microplate 
reader (Molecular Devices, LLC, Sunnyvale, CA, USA). Each 
assay was performed in triplicate and repeated independently 
at least three times.

Transwell invasion assay. Transwell filters (pore size, 8 µm; 
EMD Millipore, Billerica, MA, USA) coated with Matrigel 
(BD Biosciences, Franklin Lakes, NJ, CA, USA) were used 
to examine cell invasion ability. Cells were harvested 48 h 
post‑transfection and 5x104 cells were resuspended in 200‑µl 
FBS‑free DMEM and placed in the upper chamber. A total of 
500 µl DMEM containing 20% FBS was added into the lower 
chamber as a chemo‑attractant. Cells were then incubated at 
37˚C with 5% CO2 for 24 h. Cells on the upper surface of the 
membrane were removed with cotton swabs. Cells that invaded 
to the bottom of the insert were fixed in 4% paraformaldehyde 
at room temperature for 10 min, stained with 0.1% crystal 
violet at room temperature for 10 min and washed in PBS. 
Finally, the invasive cells were counted under a light micro-
scope (Olympus IX53; Olympus Corporation, Tokyo, Japan) in 
five independent fields/well (magnification, x200).

Bioinformatics analysis. TargetScan Human online software 
(version 7.0; www.targetscan.org) and miRBase database 
(http://www.mirbase.org/) were used to predict the targets of 
miR‑103.

Luci ferase  repor ter  a ssay.  For  t he  luc i fe rase 
repor ter assay, a repor ter plasmid containing the 
wild‑type (pmirGLO‑BDNF‑3'‑UTR Wt) or mutant 
(pmirGLO‑BDNF‑3'‑UTR Mut) 3'‑UTR of BDNF were synthe-
sized by Shanghai GenePharma Co., Ltd. Cells were seeded in 
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24 well plates at a density for 1.5x105 cells per well and incubated 
overnight at 37˚C with 5% CO2. Cells were then transfected 
with miRNA mimics (50 pmol; miR‑103 mimics or miR‑NC) 
and reporter plasmids (0.2 µg; pmirGLO‑BDNF‑3'‑UTR Wt 
or pmirGLO‑BDNF‑3'‑UTR Mut) using Lipofectamine 2000, 
according to the manufacturer's protocol. Following a 24 h 
transfection, the cells were harvested and luciferase activities 
were determined using the Dual‑Luciferase Reporter Assay 
system (Promega Corporation) according to the manufactur-
er's protocol. The Renilla luciferase activity was normalized 
to the Firefly luciferase activity. This assay was performed in 
triplicate and repeated three times independently.

Protein isolation and western blot analysis. Proteins were 
extracted from tissue samples or cells using a protein lysis 
buffer (Xinyu Biotechnology, Shanghai, China) supplemented 
with a protease and phosphatase inhibitor cocktail (Roche 
Diagnostics, Basel, Switzerland). A Bicinchoninic Acid Protein 
Assay kit (Pierce; Thermo Fisher Scientific, Inc.) was applied 
to measure protein concentration. Equal quantities of proteins 
(30 µg) were analyzed by 10% SDS‑PAGE and transferred 
onto polyvinylidene fluoride membranes (EMD Millipore). 
The membranes were further blocked with 5% skimmed milk 
at room temperature for 2 h and incubated overnight at 4˚C 
with monoclonal primary antibodies: Anti‑mouse anti‑human 
BDNF (cat. no. ab10505; 1:1,000 dilution; Abcam, Cambridge, 
UK) or anti‑mouse anti‑human GAPDH (cat. no. sc‑47724; 
1:1,000 dilution; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). Subsequently, the membranes were incubated with a 
corresponding horseradish peroxidase‑conjugated secondary 
antibody (cat. no.  c‑2005; 1:5,000 dilution; Santa Cruz 

Biotechnology, Inc.) at room temperature for 2 h. Protein blots 
were detected using the Enhanced Chemifluorescence western 
blotting kit (Pierce; Thermo Fisher Scientific, Inc.). Signal 
intensity was quantified using ImageJ software (version 1.48; 
National Institutes of Health, Bethesda, MA, USA). GAPDH 
was used as control.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Comparisons between groups were made with 
Student's t‑tests or one way analysis of variance using SPSS 

Figure 1. miR‑103 is down‑regulated in glioma tissues and cell lines. 
(A) miR‑103 expression in glioma tissues (n=26) and normal brain tissues 
(n=12) was examined by reverse transcription‑quantitative polymerase chain 
reaction. (B) Relative expression of miR‑103 was determined in three human 
glioma cell lines (U251, LN18 and LN229) and in NHAs. Data are presented 
as the mean ± standard deviation. *P<0.05 vs. the respective control group. 
miR‑103, microRNA‑103; NHAs, normal human astrocytes.

Figure 2. miR‑103 overexpression inhibits the in vitro proliferation and 
invasion of U251 cells. (A) U251 cells were treated with miR‑103 mimics 
or miR‑NC. Transfection efficiency was determined by reverse transcrip-
tion‑quantitative polymerase chain reaction. (B) MTT assay demonstrated 
that cell proliferation was inhibited by miR‑103 overexpresssion in U251 
cells. (C) Transwell invasion assay demonstrated that cell invasion capabili-
ties were also suppressed by miR‑103 in U251 cells. Data are presented as 
the mean ± standard deviation.*P<0.05 vs. the respective control. MiR‑103, 
micoroRNA‑103; NC, negative control.
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software (version 18.0, SPSS, Inc., Chicago, IL, USA). 
Student‑Newman‑Keuls analysis was used to compare differ-
ences between groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑103 is significantly down‑regulated in glioma tissues and 
cell lines. The expression level of miR‑103 in 26 glioma tissues 
and 12 normal brain tissues was measured using RT‑qPCR to 
assess the potential role of miR‑103 in glioma. Results demon-
strated that miR‑103 was down‑regulated in glioma tissues 
compared with the normal brain tissues (Fig. 1A, P<0.05). 
Furthermore, miR‑103 expression was detected using RT‑qPCR 
in three glioma cell lines (U251, LN18 and LN229) and NHAs. 
The expression level of miR‑103 decreased in glioma cell lines 
compared with NHAs (Fig. 1B, P<0.05). The above data support 
the hypothesis that miR‑103 is down‑regulated in glioma tissues 
and cell lines, suggesting that miR‑103 downregulation may be 
involved in glioma initiation and progression.

miR‑103 inhibits the proliferation and invasion of glioma 
cells in vitro. To investigate the roles of miR‑103 in glioma, 
U251 cells were transfected with miR‑103 mimics to increase 
the intracellular levels of miR‑103. RT‑qPCR confirmed that 
miR‑103 expression was markedly up‑regulated in U251 
cells transfected with miR‑103 mimics compared with cells 
transfected with miR‑NC (Fig. 2A, P<0.05).

MTT assay was performed to investigate the effect of 
miR‑103 overexpression on glioma cell proliferation. As 
presented in Fig. 2B, miR‑103 up‑regulation inhibited the 
proliferation of U251 cells compared with miR‑NC‑trans-
fected cells (P<0.05). Transwell invasion assay was further 
used to examine the invasive capability of glioblastoma cells. 
Ectopic expression of miR‑103 significantly decreased the 
invasive capacities of U251 cells (Fig. 2C, P<0.05). These 
results of the present study indicate that miR‑103 suppresses 
the proliferation and invasion of glioma cells.

BDNF is a direct target of miR‑103 in glioma. Potential targets 
of miR‑103 in glioma cells were investigated to elucidate 
the molecular mechanisms underlying miR‑103‑mediated 
inhibition of proliferation and invasion of glioma cells. 
Bioinformatics analysis was performed to predict candidate 
targets of miR‑103. The analysis indicated a potentially 
complementary region between the seed region sequence 
of miR‑103 and nucleotide 299‑305 region in the 3'‑UTR 
of BDNF (Fig. 3A). To confirm this specificity, regulatory 
effects of miR‑103 on the endogenous BDNF expression were 
investigated. RT‑qPCR and western blot analysis revealed that 
miR‑103 overexpression suppressed BDNF expression in U251 
cells at both mRNA and protein levels (Fig. 3B and C respec-
tively, both P<0.05). Luciferase reporter assay was conducted 
to further identify the direct interaction between miR‑103 and 
the 3'‑UTR of BDNF. Luciferase activity was decreased in the 
U251 cells co‑transfected with the pmirGLO‑BDNF‑3'‑UTR 

Figure 3. BDNF is a direct target of miR‑103 in glioma. (A) Visualization of a potentially complementary region between the seed region sequence of 
miR‑103 and nucleotide 299‑305 region in the 3'‑UTR of BDNF, determined using bioinformatics tools. (B) mRNA and (C) protein expression of BDNF 
in U251 cells transfected with miR‑103 mimics or miR‑NC. (D) Luciferase reporter assays were performed in U251 cells following co‑transfection with 
pmirGLO‑BDNF‑3'‑UTR Wt or pmirGLO‑BDNF‑3'‑UTR Mut and miR‑103 mimics or miR‑NC. Data are presented as the mean ± standard deviation. *P<0.05 
vs. the respective control. miR‑103, micoroRNA‑103; BDNF, brain‑derived neurotrophic factor; Wt, wild-type; Mut, mutant; NC, negative control; UTR, 
untranslated region.
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Wt vector and miR‑103 mimics (Fig.  3D, P<0.05). The 
pmirGLO‑BDNF‑3'‑UTR Mut vector along with the miR‑103 
mimic exerted no effect on luciferase activities. Above data 
suggest that BDNF is a direct target of miR‑103 in glioma.

miR‑103 expression is negatively associated with BDNF 
levels in glioma tissues. mRNA and protein levels of BDNF in 
glioma tissues and normal brain tissues were measured using 
RT‑qPCR and western blotting, respectively to verify the asso-
ciation between the expression of miR‑103 and BDNF. The 
results demonstrated that mRNA and protein levels of BDNF 
were significantly increased in glioma tissues compared with 
normal brain tissues (Fig. 4A‑C, both P<0.05).

Spearman's correlation analysis demonstrated a negative 
association between miR‑103 and BDNF mRNA expression 
levels in glioma tissues (Fig. 4D; r=‑0.6487; P=0.0003). The 
above results suggest that miR‑103 down‑regulation may cause 
BDNF up‑regulation in glioma.

BDNF overexpression counteracts the suppressive effects 
of miR‑103 on glioma cells. Considering that BDNF is a 
direct target of miR‑103, it was investigated whether BDNF 
is involved in the regulation of miR‑103‑mediated inhibi-
tion of glioma cell proliferation and invasion. U251 cells 
were transfected with miR‑103 mimics and pcDNA3.1 or 
pcDNA3.1‑BDNF. Western blot analysis indicated that BDNF 
down‑regulation induced by miR‑103 was counteracted by 
BDNF overexpression (Fig. 5A, P<0.05). Functional rescue 
experiments revealed that BDNF up‑regulation significantly 

decreased the suppressive effects of miR‑103 on glioma cell 
proliferation and invasion (Fig. 5B and C; both P<0.05). The 
above results suggest that miR‑103 may inhibit the prolif-
eration and invasion of glioma cells by suppressing BDNF 
expression.

Discussion

miRNAs are involved in the tumour development of various 
human cancers, including glioma (29‑31). Dysregulation of 
miRNAs is a common feature of human malignancies, as they 
regulate the expression of oncogenes and tumour suppres-
sors (32). Therefore, miRNAs may possess potential tumour 
diagnostic, prognostic and therapeutic values in human glioma. 
In the present study, miR‑103 was down‑regulated in glioma 
tissues and cell lines. In addition, restoration of normal‑cell 
levels of expression of miR‑103 attenuated glioma cell 
proliferation and invasion in vitro. Furthermore, BDNF was 
validated as a direct target of miR‑103 in glioma. The above 
results indicate that miR‑103 acts as a tumour suppressor in 
glioma, suggesting its potential use in the treatment of patients 
with glioma.

miR‑103 is down‑regulated in several human cancers, 
including gastric cancer tissues and cell lines. Low miR‑103 
expression is associated with pathological (p)M stage in the 
tumor, node and metastasis classification of patients with gastric 
cancer (33). In the prostate cancer, miR‑103 expression is reduced 
in tumour tissues (27). However, miR‑103 is overexpressed in 
colorectal cancer. High miR‑103 expression is associated with 

Figure 4. BDNF is upregulated in glioma tissues and is negatively associated with miR‑103 expression. BDNF (A) mRNA and (B and C) protein expression was 
detected in glioma tissues and normal brain tissues. (D) Spearman's correlation analysis was used to investigate the association between BDNF and miR‑103 
expression level in glioma tissues. Data are presented as the mean ± standard deviation. *P<0.05 vs. the respective control. miR‑103, micoroRNA‑103; BDNF, 
brain‑derived neurotrophic factor.
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an aggressive phenotype of colorectal cancer and poor overall 
survival of patients (34). miR‑103 is also up‑regulated in breast 
cancer and hepatocellular carcinoma (35,36). Serum levels of 
miR‑103 in breast cancer are associated with the advanced 
clinical stage and lymph node metastasis  (35). The above 
results indicate that the expression patterns of miR‑103 are 
tissue specific and can be used as a predictive value for patient 
prognosis in human cancer.

miR‑103 has been previously identified to serve 
tumour‑suppressing roles in multiple human malignancies. For 
instance, miR‑103 up‑regulation suppresses cell growth and 
metastasis in gastric cancer (33)����������������������������. Restoration of the expres-
sion of miR‑103 inhibits prostate cancer cell proliferation and 
invasion and increases the duration of the G1 phase of the 
cell cycle (27). miR‑103 was also identified as an oncogene in 
colorectal cancer, promoting cell growth and metastasis both 
in vitro and in vivo (25,34). Yu et al (26) revealed that miR‑103 
downregulation attenuates cell proliferation and invasion of 
endometrial cancer. Xia et al (36)���������������������������� reported that miR‑103 over-
expression promotes cell proliferation and decreases apoptosis 
in hepatocellular carcinoma. The above, conflicting results 
revealed that the biological functions of miR‑103 are tissue 
specific, an observation which can be explained by imperfect 
complementarity between miRNAs and their target genes. 
Therefore, miR‑103 should be investigated as a potential target 
for the therapeutic treatment of specific types of cancer.

Previous studies have identified several miR‑103 targets, 
including: i)  c‑Myb proto‑oncogene in gastric cancer; 
ii) large tumor suppressor kinase 2, endoribonuclease DICER 
and phosphatase and tensin homolog in colorectal cancer; 
iii)  tissue inhibitor of metallopeptidases‑3 in endometrial 
cancer; iv)  programmed cell death 10 in prostate cancer; 
and v)  A‑kinase anchoring protein 12 in hepatocellular 
carcinoma (25‑27,33,34,36). In the present study, BDNF was 
validated as a novel target of miR‑103. A bioinformatics 
prediction indicated that BDNF is a potential target of 
miR‑103. RT‑qPCR and western blotting demonstrated that 
miR‑103 negatively modulated the mRNA and protein expres-
sion levels of BDNF in glioma cells. Luciferase reporter assay 
revealed that the 3'‑UTR of BDNF could be directly targeted 
by miR‑103 in glioma cells. Furthermore, BDNF was signifi-
cantly upregulated in glioma tissues and negatively associated 
with miR‑103 expression. Rescue experiments demonstrated 
that BDNF overexpression substantially reversed the suppres-
sive effects of miR‑103 on glioma cell proliferation and 
invasion. The above results indicate that BDNF is a direct and 
functional target gene of miR‑103 in glioma.

BDNF, located on the short arm of chromosome 11 (11p13), 
is up‑regulated in various human cancer types, including gastric, 
lung, cervical, breast and colorectal cancers, and hepatocellular 
carcinoma (37‑42). BDNF has been recently identified to act as 
a cancer regulator and serve a role in cancer occurrence and 

Figure 5. BDNF up‑regulation reverses the inhibitory effects of miR‑103 on the proliferation and invasion of glioma cells. (A) BDNF protein expression was 
measured in U251 cells co‑transfected with miR‑103 mimics with pcDNA3.1 or pcDNA3.1‑BDNF. (B) MTT assay was used to detect the proliferation of U251 
cells co‑transfected with miR‑103 mimics with pcDNA3.1 or pcDNA3.1‑BDNF. (C) Transwell invasion assay was used to detect the invasion capacity of U251 
cells co‑transfected with miR‑103 mimics pcDNA3.1 or pcDNA3.1‑BDNF. Data are presented as the mean ± standard deviation. *P<0.05 vs. the respective 
control. miR‑103, micoroRNA‑103; BDNF, brain‑derived neurotrophic factor; NC, negative control.
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development  (43). In glioma, BDNF is highly expressed in 
tumour tissues and is associated with high pathological grading 
scores (44)���������������������������������������������������. Functional assays indicated that BDNF is an onco-
gene in glioma as it promotes cell growth and metastasis, and 
inhibits apoptosis (45). Therefore, BDNF may be a promising 
therapeutic target for the treatment of patients with glioma.

In conclusion, the present study provided evidence that 
miR‑103 is down‑regulated in glioma tissues and cell lines. 
miR‑103 serves a tumour‑suppressive role in glioma by 
down‑regulating BDNF. The results of the present study indicate 
that the miR‑103/BDNF interaction is a potential therapeutic 
target for the treatment of glioma. However, the use of a single 
cell line is a limitation of the present study, and the results 
should be validated using multiple cell lines.
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