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Abstract. Glioblastoma multiforme is the most aggressive 
primary brain cancer in adults. Therefore, it is important to 
investigate the mechanisms associated with cell viability and 
invasion ability of the cells in glioblastoma multiforme. The 
opposite strand of the glial cell line-derived neurotrophic 
factor (GDNF) gene is used to transcribe the cis-antisense 
GDNF opposite strand (GDNFOS) gene, which belongs to the 
long noncoding RNAs. The current study assessed the effects 
of GDNFOS1 overexpression and interference on GDNF 
expression, cell viability and invasion ability in U87 and 
U251 MG glioblastoma cells. Overexpression and interference 
were performed using constructed lentiviral vectors, 
including long non-coding RNA GDNFOS1 overexpression 
vector, pL-short hairpin RNA (shRNA)-GDNFOS1-9, 
pL-shRNA-GDNFOS1-49, pL-shRNA-GDNFOS1-248, 
pL-shRNA-GDNFOS1-9+49, pL-shRNA-GDNFOS1-9+248 
and pL-shRNA-GDNFOS1-49+248. Reverse transcription- 
quantitative PCR was used to determine the efficiency of 
interference and overexpression of GDNFOS1 in U87 and 
U251 MG cells. GDNF protein expression in U87 and U251 
MG cells was detected using western blot analysis. In addition, 
cell viability was detected using a cell counting kit-8 assay 
at 24, 48 and 72 h after GDNFOS1 overexpression or interference. 
A transwell invasion assay was used to detect invasion ability. 
Different shRNA sequences were tested and the results 
revealed that a combination (pL-shRNA-GDNFOS1-49+248) 
was most effective in the knock-down GDNFOS1. Compared 
with the control group, GDNF expression in U87 MG cells was 
significantly increased in the GDNFOS1 overexpression group 
and decreased in the shRNA-GDNFOS1-248 group. U87 MG 

cell viability was significantly increased in the GDNFOS1 
overexpression group at 24, 48 and 72 h compared with the 
negative control group. The viability of U87 MG cells was 
decreased in the GDNFOS1 interference group at 72 h when 
compared with the control group. The relative invasive ability 
was significantly increased in the GDNFOS1 overexpression 
group when compared with the negative control group. The 
invasive ability was significantly decreased in the GDNFOS1 
interference group when compared with the negative control 
group. Similar results were exhibited by the U251 MG cells. 
Overall, GDNF expression, cell viability and invasion ability 
of glioblastoma cells significantly increased with GDNFOS1 
overexpression and decreased with GDNFOS1 interference.

Introduction

Glioblastoma multiforme is the most aggressive primary 
brain cancer in adults worldwide (1). Following meningioma, 
glioblastoma multiforme is the second most common cancer 
of the central nervous system, globally. Glioblastoma muli-
forme incidence is approximately 3/100,000 per year (1). 
After diagnosis, the average survival time is approximately 
12-15 months and <5% of patients survive longer than 5 years, 
with survival time being 3 months for patients who receive no 
medical treatment (2). Therefore, it is important to assess the 
mechanisms of cell viability and invasion ability in glioblas-
toma multiforme.

Glial cell line-derived neurotrophic factor (GDNF) 
promotes the longevity of dopamine neurons in the midbrain, 
spinal motor neurons, peripheral sensory neurons and 
noradrenergic neurons (3-6). A previous study demonstrated 
that GDNF regulates neuronal phenotypes, the branching of 
neurites and synaptic plasticity (7). The opposite strand to the 
GDNF gene has been revealed to be associated with the tran-
scription of cis-antisense GDNF opposite strand (GDNFOS) 
gene and four exons that are located in the GDNFOS gene are 
spliced into various isoforms (8). GDNFOS1 and GDNFOS2 
encode long noncoding (lnc) RNAs, while GDNFOS3 encodes 
a protein of 105 amino acids (8). GDNFOS1 has been reported 
to overlap with GDNF transcription, whereas GDNFOS2 does 
not (8). Lnc RNAs regulate the homeostasis of a variety of cell 
and tissue types and may affect signaling pathways and gene 
expression (9). Glioblastoma multiforme microglia attraction 
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has been demonstrated to be mediated by GDNF (10). GDNF 
has also been revealed to be associated with the bone morpho-
genetic protein 4 (BMP4)-mediated reversal of multi-drug 
resistance in glioblastoma multiforme (11). The dysregulation 
of human GDNF and GDNFOS has been revealed to be asso-
ciated with the pathogenesis of brain disease. For example, 
GDNFOS1 was demonstrated to regulate middle temporal 
gyrus in Alzheimer's disease (8). However, since the GDNFOS 
gene was only discovered in 2011 (8), evidence of the associa-
tion between GDNFOS and a variety of cancer types is scarce 
and the role of GDNFOS in glioblastoma is undetermined. 
The effects of GDNFOS1 on GDNF expression in glioblas-
toma cells remain to be elucidated.

The current study aimed to assess the effects of GDNFOS1 
overexpression and interference on GDNF expression, cell 
viability and invasion ability in U87 and U251 MG glioblas-
toma cells.

Materials and methods

Cells and reagents. Lipofectamine 2000®, SYBR qPCR mix 
kit, TRIzol reagent, SuperScript III reverse transcriptase, 
cDNA synthesis kit and packaging mix were obtained from 
Invitrogen (Thermo Fisher Scientific, Inc.). EcoRI/BamHI, 
T4 DNA ligase and Opti-Minimum Essential Medium 
(Opti‑MEM) were from Thermo Fisher Scientific, Inc. PBS 
was supplied by Sigma-Aldrich (Merck KGaA). CFX96 
Touch™ Real-Time PCR Detection system was supplied by 
(Bio-Rad Laboratories, Inc., and lysis buffer (cat. no. P0013), 
protease and phosphatase inhibitors (cat. no. P1045), enhanced 
chemiluminescence solution (cat. no. P0018A), polyvinyli-
dene fluoride (PVDF) membranes (cat. no. FFP24), BCA kit 
(cat. no. P0012) and film (cat. no. FF057) were all supplied 
by Beyotime Institute of Biotechnology. Primary antibody 
against GDNF (cat. no. ab176564) and horse-radish peroxi-
dase (HRP)‑conjugated goat anti‑rabbit secondary antibody 
(cat. no. ab205718) were supplied by Abcam. Transwell inserts 
(8‑µm pore size; cat. no. 3422) were supplied by Corning, Inc.

Glioblastoma of unknown origin U87 (HTB‑14; 
American Type Culture Collection) and U251 MG cells 
(cat. no. 09063001; European Collection of Authenticated Cell 
Cultures) were cultured in DMEM (Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS (cat. no. SH30084.3; 
Hyclone; GE Healthcare) at 37˚C in a humidified atmo-
sphere of 5% CO2. U87 cells (2x105 cells/well; seeded into 
six-well plates) were transduced with lentiviral particles 
at a multiplicity of infection (MOI) of 5 (12). U251 cells 
(2x105 cells/well; seeded into six‑well plates) were trans-
duced at a MOI of 10 (13). Cells were selected with 2 µg/ml 
blasticidin (Invitrogen; Thermo Fisher Scientific, Inc.) and 
stable clones were subsequently generated.

Construction of recombinant plasmids. The lncRNA 
GDNFOS1 target sequence (600 bp; NCBI accession number, 
JF824130.1) was synthesized. Specific primers which 
included target sequences with enzyme excision sites were 
designed and the sequences were as follows: Forward, 5'‑AAT 
TAA GGA AGC TAG AGC GCC GGG CTT TCC‑3' and reverse, 
5'‑TAA ACC CAA GGC GCG GGC TAG CCA CAA GAT TTT 
TGC AC‑3'. PCR was used to amplify the target sequence, 

which was excised with restriction enzymes NheI and AscI. 
Synthesized GDNFOS1 DNA was amplified via PCR using 
KOD plus DNA polymerase (Toyobo Life Science). The ther-
mocycling conditions were as follows: 95˚C for 30 sec, 60˚C 
for 60 sec and 72˚C for 60 sec (for 30 cycles). Vector PDS159_
pL6.3-CMV-GFPa1-IRES-MCS (Novobio Scientific, Inc.) 
was excised with NheI and AscI and the products were 
collected using a gel extraction kit (cat. no. AP‑GX‑50; 
Corning, Inc.) according the manufacturer's protocol. The 
excised target sequence and vector were ligated by T4 DNA 
ligase at 16˚C for 4 h. The product was transformed into DH5 
α‑cells (Beijing Transgen Biotech Co., Ltd.). Positive clones 
were sequenced and used to prepare the plasmids. A lncRNA 
GDNFOS1 overexpression vector with cytomegalovirus 
promoter (Novobio Scientific, Inc.) was constructed and 
named pL6.3-CMV-GFPa1-IRES-GDNFOS1. In addition, 
according to the sequences of lncRNA GDNFOS1, three pairs 
of oligo sequences were designed, respectively (Table I). After 
annealing, double stranded DNA was inserted into the lenti-
virus vector PDS019_pL_shRNA_F (BsmBI enzyme excision 
site; Novobio Scientific, Inc.) to create the lncRNA GDNFOS1 
interference vector. The sequence was confirmed via Chromas 
software (Chromas v2.31; Technelysium Pty Ltd.). The 
interference vectors were named pL-shRNA-GDNFOS1-9, 
pL-shRNA-GDNFOS1-49 and pL-shRNA-GDNFOS1-248. 
Tw o  v e c t o r s  w e r e  c o m b i n e d  a n d  n a m e d 
pL-shRNA-GDNFOS1-9+49, pL-shRNA-GDNFOS1-9+248, 
and pL-shRNA-GDNFOS1-49+248. A scrambled vector was 
also used with a sequence of 5'‑TGA GAC GAA GCT TCG TCT 
CGT‑3'. The software utilized for constructing the shRNA 
sequences was BLOCK-iT™ RNAi Designer (Thermo Fisher 
Scientific, Inc.; rnaidesigner.thermofisher.com/rnaiexpress).

Lentiviral packaging. A total of 3 µg recombinant lentiviral 
plasmid and 9 µg packaging mix were added into 1.5 ml 
Opti-MEM. In addition, total of 1.5 ml Opti-MEM was mixed 
with 36 µl Lipofectamine 2000 and incubated for 5 min at 
room temperature. The diluted Lipofectamine 2000 and 
plasmid solution were then mixed and incubated for 5 min 
at room temperature. The mixture was added into a culture 
dish with 293T cells (Novobio Scientific, Inc.) and cultured 
at 37˚C for 48 h. Cell supernatant was collected using a pasteur 
pipette, centrifuged (1,500 x g for 10 min at room temperature) 
and filtered. The virus solution was condensed using centrifu-
gation (50,000 x g for 2 h at 4˚C) and re‑suspended in DMEM. 
The blank group refers to cells that were untransfected and 
the negative control group refers to cells transfected with the 
previously mentioned scrambled vector.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
RT‑qPCR was used to determine the efficiency of interference 
and overexpression in U87 and U251 MG cells. Total RNA 
was extracted using TRIzol reagent following manufacturer's 
protocol and reverse transcription was performed using a 
cDNA synthesis kit. Each reaction contained 0.5 µl Oligo dT 
primers (0.2 µg/µl; Table II) and 1 µl SuperScript III reverse 
transcriptase (200 U/µl). Reverse transcription was performed 
at 42˚C. PCR was performed using a SYBR qPCR mix kit. 
PCR conditions were as follows: Initial denaturation at 95˚C 
for 2 min; 40 cycles of 95˚C for 10 sec, 60˚C for 30 sec and 
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70˚C for 45 sec. A CFX96 Touch™ Real‑Time PCR Detection 
system was used during PCR. Gene expression was normal-
ized to β-actin. The 2-ΔΔCq method was used to determine 
qPCR results (14).

Western blot analysis. GDNF expression in U87 and U251 
MG cells was detected using western blot analysis. Cells were 
lysed in lysis buffer with protease and phosphatase inhibitors 
at 4˚C for 1 h. The lysis mixture was centrifuged at 4˚C at 
10,000 x g for 10 min. Supernatant with cellular proteins was 
collected and used in the subsequent experiments. The protein 
concentration was measured using a BCA kit and proteins 
were separated using SDS‑PAGE (10% gel; 40 µg protein/lane; 
120 V). The separated proteins were transferred to PVDF 
(100 V for 2 h). The membranes were blocked with 5% non-fat 
milk at room temperature for 1 h and incubated with primary 
antibodies against GDNF (1:300) and β‑actin (cat. no. ab8227; 
1:1,000; Abcam) at 4˚C overnight. After being washed with 
Tris-buffered saline with Tween-20, membranes were incubated 
with HRP‑conjugated goat anti‑rabbit secondary antibody 
(1:5,000) at room temperature for 1 h. Membranes were subse-
quently incubated in an enhanced chemiluminescence solution 
at room temperature for 10 min. Images were captured on 
film in a dark room. Experiments were repeated three times. 
Blot images were quantified in greyscale using ImageJ v1.42 
(National Institutes of Health) and protein expression was 
presented relative to the control group. The results in control 
group were normalized using the mean results. However, there 
was some variability in control samples.

Cell viability assay. U87 MG and U251 MG cell viability 
was detected using a cell counting kit (CCK)-8 assay 
at 0, 24, 48 and 72 h after GDNFOS1 overexpression or inter-
ference. CCK‑8 reagent (Dojindo Molecular Technologies, 
Inc.) was added into each well of 96-well culture plates and 
incubated for 4 h. A microplate reader was used to measure 
the absorbance at a wavelength of 490 nm. The reading of each 
group was divided by the baseline reading at 0 h to determine 
relative cell viability. Experiments were repeated three times.

Transwell invasion assay. Matrigel (1 g/l; 50 µl) was used to 
coat the membrane of the upper transwell compartment, and 
incubated at 37˚C for 1 h. The upper compartment was filled 
with the U87 and U251 MG cell suspension in DMEM (200 µl; 
2x105 cells/ml) and the lower compartment was filled with 
DMEM that contained 10% FBS (800 µl). Cells were subse-
quently incubated for 24 h at 37˚C. The microporous membrane 
was then fixed with 4% paraformaldehyde at room temperature 
for 30 min. Crystal violet (1%) was used to stain the lower side 
of membrane at room temperature for 10 min and was subse-
quently washed with PBS twice. Cells were observed under a 
light microscope (magnification, x400; 6 random fields of view 
per group) and cells that had invaded through the membrane 
were counted. The average number of cells that transgressed 
through the membrane was divided by that in the blank group 
to calculate the relative cell invasion of U87 and U251 MG 
cells. Experiments were repeated three times.

Statistical analysis. Statistical data were analyzed using 
GraphPad Prism software (version 5.0; GraphPad Software, 
Inc.). The results are presented as the mean ± standard error. 
Differences between three and more groups were compared 
using a one-way ANOVA followed by the Bonferroni post-hoc 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Confirmation of GDNFOS1 overexpression and interference in 
U87 and U251 MG cells. Compared with the negative control group, 
GDNFOS1 mRNA expression in U87 MG cells was increased 
significantly in the GDNFOS1 overexpression group (P<0.001; 
Fig. 1A). In addition, GDNFOS1 mRNA expression in U87 MG 
cells was significantly decreased in the shRNA‑GDNFOS1‑248 
group when compared with the negative control group (P<0.05; 

Table I. Oligonucleotide sequences used in vector construction.

Name Sequences (5'‑3')

shRNA-GDNFOS1-9-F CACCGCTTTCCTCGCGCCTGTCGAACGAATTCGACAGGCGCGAGGAAAGC
shRNA-GDNFOS1-9-R AAAAGCTTTCCTCGCGCCTGTCGAATTCGTTCGACAGGCGCGAGGAAAGC
shRNA-GDNFOS1-49-F CACCGTGTCTCGCCCTCTCGCTTCTCGAAAGAAGCGAGAGGGCGAGACAC
shRNA-GDNFOS1-49-R AAAAGTGTCTCGCCCTCTCGCTTCTTTCGAGAAGCGAGAGGGCGAGACAC
shRNA-GDNFOS1-248-F CACCGAGTCACGGAAGAATAGAAGACGAATCTTCTATTCTTCCGTGACTC
shRNA-GDNFOS1-248-R AAAAGAGTCACGGAAGAATAGAAGATTCGTCTTCTATTCTTCCGTGACTC

shRNA, short hairpin RNA; GDNFOS1, glial cell line‑derived neurotrophic factor opposite strand 1; F, forward; R, reverse.

Table II. Primers used in quantitative PCR.

Primers Sequences (5'‑3')

lncRNA GDNFOS1-F AGTGGCGAGAAAAGGAGCTG
lncRNA GDNFOS1-R GCACCTTGTGTTTGCCTGTT
GDNF-F AGTGACAAAGTAGGGCAGGC
GDNF-R CCACACCTTTTAGCGGAATGC
β-actin-F AGGGAAATCGTGCGTGAC
β-actin-R CGCTCATTGCCGATAGTG

Lnc, long‑coding RNA; GDNF, glial cell line‑derived neurotrophic 
factor; OS, opposite strand; F, forward; R, reverse.
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Fig. 1A). A combination of interference vectors caused higher 
GDNFOS1 expression inhibition in U87 MG cells. GDNFOS1 
mRNA expression was significantly decreased in the 
shRNA-GDNFOS1-9 + shRNA-GDNFOS1-49 combination, 
shRNA-GDNFOS1-9 + shRNA-GDNFOS1-248 combination 
and shRNA-GDNFOS1-49 + shRNA-GDNFOS1-248 combina-
tion, when compared with the negative control group (all P<0.001; 
Fig. 1A). The shRNA-GDNFOS1-49 + shRNA-GDNFOS1-248 
combination exhibited the highest inhibition of GDNFOS1 
expression in U87 MG cells. The shRNA-GDNFOS1-49 + 
shRNA-GDNFOS1-248 combination was therefore used in the 
subsequent experiments. Similarly, when compared with the 
negative control group, GDNFOS1 mRNA expression in U251 
MG cells was significantly higher in the GDNFOS1 overex-
pression group (P<0.001; Fig. 1B) and significantly lower in 
the shRNA-GDNFOS1-9 and shRNA-GDNFOS1-248 groups 
(P<0.05; Fig. 1B). ShRNA-GDNFOS1-248 exhibited the highest 
interference ability in U251 cells and was therefore used in the 
subsequent experiments.

Protein expression of GDNF in U87 and U251 MG cells is 
significantly increased in the GDNFOS1 overexpression group 
and decreased in the GDNFOS1 interference group. When 
compared with the control group, GDNF protein expression 
in U87 MG cells was significantly increased in the GDNFOS1 
overexpression group (P<0.05; Fig. 2A) and significantly 
decreased in the GDNFOS1 interference group (P<0.001; 
Fig. 2A). In addition, the protein expression of GDNF in U251 
MG cells was significantly increased in the GDNFOS1 overex-
pression group (P<0.01; Fig. 2B) and significantly decreased in 
the GDNFOS1 interference group (P<0.05; Fig. 2B).

Viability of U87 MG and U251 cells is significantly increased 
in the GDNFOS1 overexpression group and decreased in the 
GDNFOS1 interference group. When compared with the nega-
tive control group, U87 MG cell viability increased significantly 

in the GDNFOS1 overexpression group at 24, 48 and 72 h 
(P<0.01, P<0.05 and P<0.01, respectively; Fig. 3A). Meanwhile, 
U87 MG cell viability decreased significantly in the GDNFOS1 
interference group at 72 h when compared with the nega-
tive control group (P<0.001; Fig. 3A). Furthermore, U251 
MG cell viability significantly increased in the GDNFOS1 
overexpression group at 24, 48 and 72 h (P<0.01; P<0.001; 
P<0.001, respectively; Fig. 3B) and significantly decreased in 
the GDNFOS1 interference group at 24, 48 and 72 h (P<0.01; 
P<0.001; P<0.001, respectively; Fig. 3B).

Invasion ability is significantly increased in the GDNFOS1 
overexpression group and decreased in the GDNFOS1 interfer‑
ence group. The relative invasion ability of U87 MG cells was 
significantly increased in the GDNFOS1 overexpression group 
(P<0.01; Fig. 4A) and significantly decreased in the GDNFOS1 
interference group when compared with the negative control 
group (P<0.05; Fig. 4A). Similarly, when compared with the 
negative control group, the relative invasive ability of U251 MG 
cells was significantly increased in the GDNFOS1 overexpres-
sion group (P<0.001; Fig. 4B) and significantly decreased in the 
GDNFOS1 interference group (P<0.001; Fig. 4B).

Discussion

In current study, the results demonstrated that GDNF expres-
sion, cell viability and invasion ability of glioblastoma cells 
significantly increased with GDNFOS1 overexpression and 
decreased with GDNFOS1 interference.

GDNF has previously been reported to promote 
the survival of peripheral motor and sensory neurons, 
GABAergic and cholinergic neurons in the forebrain and 
pancreatic β-cells (15-17). Furthermore, GDNF has been 
demonstrated to affect the enteric nervous system (18-24). 
The ability of enteric neural progenitors to develop into 
the enteric nervous system has been revealed to increase 

Figure 1. Confirmation of the overexpression and interference of GDNFOS1 in U87 and U251 MG cells. Reverse transcription quantitative PCR analysis of 
GDNFOS1 mRNA expression in (A) U87 MG cells and (B) U251 MG cells. Data are presented as the mean ± standard deviation of three measurements per 
group. *P<0.05 and ***P<0.001 vs. negative control group. GDNFOS1, glial cell line‑derived neurotrophic factor OS1; shRNA, short hairpin RNA.
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Figure 2. GDNF protein expression in U87 MG and U251 MG cells. Western blot analysis of the relative GDNF protein expression in (A) U87 MG and 
(B) U251 MG cells. Western blots were quantified in greyscale and relative protein expression was presented relative to the control group. A combination of 
shRNA-GDNFOS1-49 + shRNA-GDNFOS1-248 was used for interference in U87 cells. ShRNA-GDNFOS1-248 exhibited the highest interference ability 
in U251 cells and was therefore used subsequently. Experiments were performed in triplicate. Data are presented as the mean ± standard deviation of three 
measurements per group. *P<0.05, **P<0.01 and ***P<0.001 vs. the control group. The numbers 1-3 in the western blot analysis correspond to sample numbers. 
C, control; O, overexpression; I, interference. GDNF, glial cell line‑derived neurotrophic factor; shRNA, short hairpin RNA.

Figure 3. U87 and U251 MG cell viability. Cell counting kit-8 analysis of the relative cell viability of (A) U87 MG and (B) U251 MG cells at 24, 48 and 72 h 
after glial cell line-derived neurotrophic factor opposite strand 1 overexpression or interference. Data are presented as the mean ± standard deviation of three 
measurements per group. *P<0.05, **P<0.01 and ***P<0.001 vs. the negative control group.
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with GDNF exposure (18-21). The loss of enteric neurons 
in diabetic rats has been demonstrated to be associated 
with decreased GDNF expression (22). In diabetic rats, 
the regeneration of lost enteric neurons, which is induced 
by high frequency electroacupuncture, has been revealed 
to be associated with the GDNF and PI3K/AKT signaling 
pathways (23). The markers of synaptic vesicles in enteric 
neurons were revealed to be induced by GDNF (24). In addi-
tion, GDNF has also been demonstrated to be associated 
with the physiology and pathophysiology of glioblastoma 
multiforme. Glioblastoma multiforme-induced attraction of 
microglia has been revealed to be mediated by GDNF (10). 
In a previous study, the modulation of GDNF was associated 
with the BMP4-mediated reversion of multi-drug resistance 
in glioblastoma multiforme (11). In rat C6 glioblastoma cells, 
the expression of GDNF has been indicated to be promoted 
by calcium discharge from the endoplasmic reticulum via 
mitogen-activated protein kinase-independent and dependent 
pathways (25). Fibroblast growth factor (FGF)-2 has been 
demonstrated to stimulate GDNF mRNA expression in rat C6 
glioblastoma cells (26). After treatment with tumor necrosis 
factor-α or interleukin-1 for 24 h, U87 MG glioblastoma cells 
were stimulated to release GDNF. The production of GDNF 
from U87 MG glioblastoma cells was also indicated to be 

affected by FGF-1, 2 and 9, prostaglandins (PGA2, PGE2 and 
PGI2), dexamethasone and vitamin D3 (27).

GDNFOS1 belongs to the lncRNAs and the opposite strand of 
the GDNF gene is used to transcribe the cis-antisense GDNFOS 
gene (8). Unlike small noncoding RNAs including microRNAs 
and small interfering RNAs, long noncoding RNAs are inter-
genic noncoding RNAs (28). They are located between coding 
genes rather than antisense to them or within introns (29). 
Kidney, testis and ovary display the highest mRNA expression 
of GDNFOS1 (8). In the brain, higher expression GDNFOS1 
was exhibited in the nucleus accumbens and cerebellum 
compared with other brain regions (8). The expression of the 
GDNF isoform Ex1_4L is higher than GDNFOS1 expression 
in the human brain (8). The first exon of GDNFOS1 has been 
revealed to be composed of 136 nucleotides that are reversely 
complementary to the 5'‑untranslated region of the GDNF 
isoform Ex1_4L/S (30). Exon 2-short and exon 3-short are 
spliced from exon 1 of GDNFOS1 via intra-exonal splicing, 
whereas exon 4-short is spliced from exon 1 of GDNFOS1 via 
alternative poly-adenylation (8).

In the present study, the results revealed that GDNF expres-
sion, cell viability and invasion ability of glioblastoma cells 
significantly increased with GDNFOS1 overexpression and 
decreased with GDNFOS1 interference. Studies that assess the 

Figure 4. Transwell invasion analysis of U87 and U251 MG cells. (A) Invasion assay and (B) statistical analysis of the invasion ability of U87 and U251 MG cells. 
The mean number of cells that transgressed through the membrane was divided by that in the blank group to calculate relative cell invasion. Data are presented as 
the mean ± standard deviation of three measurements per group. *P<0.05, **P<0.01 and ***P<0.001 vs. the negative control group. Scale bar, 100 µm.
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association between GDNFOS1 and glioblastoma multiforme 
are required. To the best of our knowledge, for the first time, 
the present study revealed that GDNFOS1 is associated with 
the regulation of viability and invasion in glioblastoma cell 
lines U87 and U251. The increased cell viability of glioblas-
toma cells observed in the present study, may be associated 
with increased GDNF expression due to the fact GDNFOS1 
overlaps with GDNF mRNA. The molecular mechanisms 
underlying how GDNFOS1 regulated the expression of GDNF 
requires further investigation. The cross-link regulation of 
precursor N‑cadherin and fibroblast growth factor receptor 1 
by GDNF has been demonstrated to increase the viability of 
U251 glioblastoma cells (31). GDNF has also been revealed to 
enhance the viability of human cumulus cells by downregu-
lating miR-145-5p (32). In a previous study, GDNF reduced 
apoptosis in dopaminergic neurons in vitro (33) and prevented 
ethanol-induced apoptosis (34). In addition, GDNF has been 
revealed to serve an important role in the aggressive behavior 
and invasion of cancer. The perineural invasion of pancreatic 
cancer cells has been reported to be induced by the secretion 
of GDNF from macrophages (35). The GDNF receptor, which 
is released by nerves, enhanced cancer cell perineural inva-
sion via GDNF-RET signaling (36). An antibody against the 
GDNF receptor was revealed to provide a targeted therapeutic 
opportunity for patients with breast cancer (37). In addition, 
GDNFOS1 may stimulate the viability and invasion ability of 
glioblastoma cells through other molecular mechanisms not 
involving GDNF. Further studies are required to elucidate the 
underlying biological mechanisms behind this interaction.

In the current study, the viability of glioblastoma cells when 
GDNFOS1 was overexpressed or interfered was detected, but 
this was not tested in normal cell lines. Migration ability was 
also not determined in the present study. In previous studies 
however, the changes are often the same between tumor invasion 
and migration in both tumor cells and tumors (38-42). Future 
experiments should address the limitations of the present study.

In conclusion, the current study demonstrated that GDNF 
expression, cell viability and invasion ability of glioblastoma 
cells significantly increased with GDNFOS1 overexpression 
and decreased with GDNFOS1 interference.
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