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Abstract. MicroRNAs (miRNAs) are small non‑coding 
RNA molecules that regulate gene expression at the 
post‑transcriptional level. Previous studies have reported 
that there are causative links between the abnormal regula-
tion of miRNAs and cancer development. Hsa‑miR‑495 has 
previously been demonstrated to be downregulated, and to 
function as a tumor suppressor, in numerous types of human 
cancer. However, the function and molecular mechanism 
of hsa‑miR‑495 in glioma remains unclear. In the current 
study, the expression and effects of hsa‑miR‑495 on glioma 
were evaluated. It was identified that the expression levels 
of hsa‑miR‑495 were downregulated in glioma tissues and 
cell lines. Furthermore, restoration of hsa‑miR‑495 inhibited 
glioma cell proliferation and invasion in  vitro. Notably, a 
luciferase reporter assay revealed that hsa‑miR‑495 was able 
to directly target v‑myb avian myeloblastosis viral oncogene 
homolog (MYB) in glioma cells. In addition, an RNA interfer-
ence assay indicated that MYB knockdown inhibited glioma 
cell proliferation and invasion in vitro. In conclusion, the results 
of the present study suggested that hsa‑miR‑495 may act as a 
tumor suppressor gene in glioma by directly inhibiting MYB 
expression, which may provide a novel therapeutic strategy for 
the treatment of glioma.

Introduction

Human gliomas, which originate from neural mesenchymal 
stem cells, currently account for 40‑50% of nervous system 
tumors (1). In 2007, the World Health Organization classified 
astrocytomas into the following grades: Grade I‑II, well‑differ-
entiated low‑grade diffuse astrocytoma; grade III, anaplastic 
astrocytoma; and grade IV, glioblastoma multiforme (2). Despite 
the use of aggressive surgery in combination with radiotherapy, 
chemotherapy and biological therapy, gliomas remain difficult 
to treat, and the median survival of patients with glioma is 
12‑15 months (3). Therefore, it is necessary to elucidate mecha-
nisms underlying the development of glioma and to discover 
novel targets for the treatment of glioma.

MicroRNAs (miRNAs) are a class of small non‑coding 
RNAs that function as negative regulators of gene expression. 
miRNAs regulate expression at the post‑transcriptional level 
by binding to complimentary sequences in the 3'‑untranslated 
regions (3'‑UTRs) of mRNAs (4,5). Aberrant miRNA expres-
sion, and loss of the dynamic balance between oncogene and 
tumor suppressor gene expression, may lead to the formation 
and development of tumors (6).

Hsa‑miR‑495 is located at chromosome 14q32.31 in the 
human genome, the expression of which varies in different 
tumor types. Downregulation of hsa‑miR‑495 has been reported 
in numerous human malignancies, including non‑small cell 
lung cancer, gastric cancer and acute myeloid leukemia (7‑9). 
However, the function and molecular mechanisms of 
hsa‑miR‑495 in glioma remain unclear.

The present study aimed to explore the biological function 
and molecular mechanism of hsa‑miR‑495 in glioma. As hypoth-
esized, hsa‑miR‑495 was downregulated in glioma tissues and 
cell lines. Notably, hsa‑miR‑495 was revealed to have vital roles 
in glioma cell proliferation and invasion by directly targeting 
v‑myb avian myeloblastosis viral oncogene homolog (MYB), 
resulting in the inhibition of glioma cell invasion. These results 
indicated that upregulation of hsa‑miR‑495 may be considered a 
potential future therapeutic strategy for the treatment of glioma.

Materials and methods

Patient samples and cell lines. A total of 32 samples of paired 
human glioma and matched normal brain tissues were collected 
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from adult patients that were admitted and diagnosed at The 
Second Affiliated Hospital, Harbin Medical University (Harbin, 
China). The 32 patients with glioma were comprised of 18 male 
patients and 14 female patients, including 12 low‑grade glioma 
(5 grade I and 7 grade II) and 20 high‑grade glioma (8 grade III 
and 12 grade IV). The age range of the patients was 45‑78 years 
old, with a median age of 62. Tissue samples were immediately 
snap‑frozen in liquid nitrogen and were stored at ‑80˚C. Four 
human glioma cell lines (A172, U87, U251 and U373) and a 
normal neuronal primary human fetal glial (PHFG) cell line 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). The cells were maintained in Dulbecco's 
modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (FBS; Invitrogen; Thermo Fisher Scientific, 
Inc.) at 37˚C in a humidified atmosphere containing 5% CO2, and 
1% antibiotics (100 µ/ml penicillin and 100 mg/ml streptomycin 
sulfates) were added. The present study was approved by the 
Institutional Review Board of The Second Affiliated Hospital, 
and written informed consent was obtained from all patients.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from the patient tissues and cell lines, subsequent to mincing 
and homogenization of the tissues, using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Total RNA (1 µg) was reverse tran-
scribed using oligo (dT) 18 as a stem‑loop RT primer (Qiagen 
GmbH, Hilden, Germany) for the RT of miRNA, and using 
random primers (Invitrogen; Thermo Fisher Scientific, Inc.) 
for the RT of mRNA. The RT protocol was as follows: 60˚C 
for 5 min, 4˚C for 2 min, 50˚C for 1 h, 85˚C for 5 min, and 
finally maintained at 4˚C. qPCR was performed using a Roche 
Lightcycler 480 Real‑Time PCR system (Roche Diagnostics, 
Indianapolis, IN, USA). The total volume of the qPCR reaction 
was 20 µl, which contained cDNA template 1 µl, 2X QuantiTect 
SYBR Green PCR Master Mix (10 µl), 10X reverse miScript 
SYBR Green PCR kit Universal Primer (2 µl), forward primer 
(0.5 µl) and RNase-free water (6.5 µl). The qPCR cycling condi-
tions were as follows: 95˚C for 10 min, followed by 45 cycles of 
94˚C for 20 sec, 60˚C for 30 sec and 72˚C for 30 sec. The specific 
primers for hsa‑miR‑495 and U6 were as follows: Hsa‑miR‑495, 
forward 5'‑AGA​AGT​TGC​CCA​TGT​TAT​‑3', reverse miScript 
SYBR Green PCR kit Universal Primer (Qiagen GmbH); and 
U6, forward 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3', reverse 5'‑ACG​
CTT​CAC​GAA​TTT​GCG​T‑3'. The specific primers (Invitrogen; 
Thermo Fisher Scientific, Inc.) for MYB and glyceraldehyde 
3‑phosphate dehydrogenase (GAPDH) were as follows: MYB, 
forward 5'‑TGA​CGA​GGA​TGA​TGA​GGA​CTT​T‑3', reverse 
5'‑ATC​TGT​TCG​ATT​CGG​GAG​ATA​A‑3'; and GAPDH, 
forward 5'‑ACA​TCA​AGA​AGG​TGG​TGA​AGC​AGG‑3', reverse 
5'‑CGT​CAA​AGG​TGG​AGG​AGT​GGG​T‑3'. All experiments 
were performed in triplicate. Relative expression levels were 
calculated according to the comparative Cq method (10).

Cell transfection. The hsa‑miR‑495 oligonucleotide and 
MYB‑specific small interfering (si)RNA molecules were 
chemically synthesized by Shanghai GenePharma Co., Ltd. 
(Shanghai, China). The sequences were as follows: Hsa‑miR‑495 
mimics, 5'‑UGU​GAC​GAA​ACA​AAC​AUG​GUG​CAC​U‑3'; 

and hsa‑miR‑495 mimics negative control, 5'‑CAG​UAC​UUU​
UGU​GUA​GUA​CAA‑3'. Four MYB‑specific siRNA sequences 
were synthesized, as follows: 5'‑CGU​UGG​UCU​GUU​AUU​
GCC​AAG​CAC​U‑3'; 5'‑CAG​AUG​ACU​GGA​AAG​UUA​UUG​
CCA​A‑3'; 5'‑GGA​AGG​UUA​UCU​GC‑AGG​AGU​CUU​CA‑3' 
and 5'‑GCU​UCC​AGA​AGA​ACA​GUC​AUU​UGAU‑3'. The 
following siRNA sequence was used as a siRNA negative 
control: 5'‑UUC​UCC​GAA​CGU​GUC​ACGUU‑3'. Transfection 
was performed using Lipofectamine 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Cells were counted and seeded onto plates 1 day 
prior to transfection, in order to ensure suitable cell confluence. 
Hsa‑miR‑495 oligonucleotide and MYB‑specific siRNA were 
used at final concentrations of 10 nmol/l, and were transfected 
in antibiotic‑free Opti‑MEM medium (Invitrogen; Thermo 
Fisher Scientific, Inc.).

Cell proliferation assay. A172 and U87 cells were incubated 
in 10% Cell Counting kit‑8 (CCK‑8; Dojindo Molecular 
Technologies, Inc., Kumamoto, Japan) diluted in normal culture 
medium at 37˚C, until visible color conversion was detected. 
Proliferation levels were determined 0, 24, 48 and 72  h 
post‑transfection. CCK‑8 solution (10 µl) was added to each 
well, and absorbance was measured at 450 nm using a micro-
plate reader (Model 550; Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA) after incubation for 2 h at 37˚C. All experiments were 
performed in triplicate.

Cell invasion assay. Cell invasion was determined using a 
Transwell assay. For the Transwell assay, the appropriate 
hsa‑miR‑495 oligonucleotide and MYB‑specific siRNA 
molecules were transfected into A172 and U87 cells, 
according to the manufacturer's protocol. Subsequent to 
incubation for 48 h, 5x104 cells were seeded into the upper 
Matrigel‑coated invasion chambers (BD Biosciences, San 
Jose, CA, USA) in serum‑free DMEM. DMEM supplemented 
with 10% FBS was added to the lower chambers. After 24 h, 
the invading cells were fixed using 95% ethanol and were 
stained with 0.1% crystal violet. A DM4000B microscope 
was used (Leica, Microsystems, Inc., Buffalo Grove, IL, 
USA). The assay was repeated in three independent experi-
ments.

Bioinformatics. MiRanda (http://www.microrna.org) and 
miRcode (http://www.mircode.org) were used to predict the 
binding sites between hsa‑miR‑495 and MYB.

Dual luciferase assays. MYB mRNA 3'‑UTRs containing the 
predicted hsa‑miR‑495 binding sites were amplified from human 
cDNA using PCR and were inserted into psiCHECK‑2 luciferase 
reporter vectors (Promega Corporation, Madison WI, USA), 
in order to obtain constructed plasmids containing wild‑type 
MYB mRNA 3'‑UTR (psiCHECK‑2‑HMGB1‑WT‑3'‑UTR). 
MYB mRNA 3'‑UTRs containing mutation sequences in the 
putative binding site (psiCHECK‑2‑HMGB1‑MUT‑3'‑UTR) 
were chemically synthesized by Shanghai GenePharma Co., 
Ltd. The MYB‑WT or MYB‑MUT recombinant construct 
plasmids and hsa‑miR‑495 mimics or negative control 
mimics were co‑transfected into A172 and U87 cells using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
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Inc.). Firefly and Renilla luciferase activities were measured 
24  h post‑transfection using the Dual Luciferase Assay 
(Promega Corporation) according to the manufacturer's 
protocol. All luciferase assays were carried out in triplicate.
Luciferase activity was detected using the Modulus™ Single 
Tube Multimode Reader (Bio‑Systems International, Beloit, 
WI, USA).

Western blot analysis. Cells were lysed in ice‑cold cell lysis 
buffer [50 mM Tris, pH 8.0; 120 mM NaCl; 0.5% NP‑40; 
50 mM NaF; 1 mM phenylmethylsulphonyl fluoride; 20 µM 
sodium orthovanadate; 1X protease inhibitors (Invitrogen; 
Thermo Fisher Scientific, Inc.); 1X phosphatase inhibitors 
(Invitrogen; Thermo Fisher Scientific, Inc.)], and protein 
concentration was measured using a bicinchoninic acid protein 
assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA). 
Proteins were separated by 12% sodium dodecyl sulfate‑poly-
acrylamide gel electrophoresis and were electrotransferred 
onto polyvinylidene fluoride membranes (EMD Millipore, 
Billerica, MA, USA). The membranes were blocked with 5% 
non‑fat dried milk for 2 h at 37˚C, and were then incubated 
with mouse anti‑MYB (1:500; ab17851; Abcam, Cambridge, 
UK) and mouse anti‑GAPDH (1:5,000; ab8245; Abcam) 
antibodies overnight at 4˚C. Subsequently, the membranes 
were incubated with a horseradish peroxidase‑labeled rabbit 
anti‑mouse immunoglobulin G secondary antibody (1:10,000; 
ab6728; Abcam) for 1 h at room temperature. Positive bands 
were detected using an enhanced chemiluminescence kit 
(Thermo Fisher Scientific, Inc.).

Statistical analysis. All experiments were repeated at 
least three times. Statistical analysis was performed using 
SPSS  17.0 (SPSS Inc., Chicago, IL, USA). Differences 
were assessed using Student's two‑tailed t‑test, while the 
CCK‑8 data were examined by analysis of variance. Data 
are presented as the mean ± standard deviation. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Hsa‑miR‑495 is downregulated in glioma tissues and cell 
lines. In order to assess the expression levels of hsa‑miR‑495 

in glioma tissues, qPCR was performed on 32 pairs of glioma 
tissues and matched normal brain tissues. As presented in 
Fig. 1A, the expression levels of hsa‑miR‑495 were downregu-
lated in glioma tissues compared with in the matched normal 
brain tissues. Furthermore, hsa‑miR‑495 expression levels were 
downregulated in the glioma cell lines (A172, U251, U373, 
and U87) compared with in the normal neuronal cell (PHFG) 
(Fig. 1B). These results indicate that hsa‑miR‑495 may have a 
role as a tumor suppressor gene in glioma. Each experiment was 
performed in triplicate.

Hsa‑miR‑495 inhibits glioma cell proliferation and invasion 
in vitro. Subsequently, the functional roles of hsa‑miR‑495 in 
A172 and U87 cells were explored. qPCR was performed to 
confirm that hsa‑miR‑495 expression was restored in A172 
and U87 cells post‑transfection with hsa‑miR‑495 mimics 
(Fig. 2). CCK‑8 and Transwell assays indicated that increased 
expression levels of hsa‑miR‑495 markedly inhibited cell 
proliferation and invasion in A172 and U87 cells compared 

Figure 2. Restoration of hsa‑miR‑495 expression in A172 and U87 cells. 
Transfection efficiency of the hsa‑miR‑495 mimics and negative control 
mimics was detected in A172 and U87 cells by quantitative polymerase 
chain reaction. Data are presented as the mean ± standard deviation (n=3). 
The experiments were performed in duplicate and were repeated three times. 
*P<0.005. miR, microRNA.

Figure 1. Hsa‑miR‑495 was downregulated in glioma tissues and cell lines. (A) qPCR analysis of hsa‑miR‑495 expression in glioma tissues and matched 
normal brain tissues. *P<0.005, vs. N. (B) qPCR analysis of hsa‑miR‑495 expression in normal neuronal cells (PHFG) and various glioma cell lines (A172, 
U251, U373 and U87). Data are presented as the mean ± standard deviation (n=3). Each experiment was performed in triplicate. *P<0.005, vs. PHFG. N, 
matched normal brain tissues; G, glioma tissues; miR, microRNA; qPCR, quantitative polymerase chain reaction; PHFG, primary human fetal glial cells.
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with in the control group (Fig. 3). These results suggest that 
hsa‑miR‑495 may function as a tumor suppressor by inhibiting 
cell proliferation and invasion in glioma.

Hsa‑miR‑495 exerts its effects via negative regulation of MYB 
in glioma. To explore the downstream targets of hsa‑miR‑495, 

bioinformatic analysis was performed to identify potential targets. 
MYB was one of the putative genes identified by bioinformatics 
prediction, its mRNA 3'‑UTR contains a complementary site for 
the seed region of hsa‑miR‑495 (Fig. 4A). Furthermore, MYB 
has been identified as an oncogene, which is associated with 
progression and development of various types of cancer (11‑14).

Figure 4. Hsa‑miR‑495 exerts its effects via negative regulation of MYB in glioma. (A) MYB mRNA 3'‑UTR contains target binding sites for hsa‑miR‑495. 
(B) A luciferase activity assay was conducted on A172 and U87 cells, following co‑transfection with WT or MUT 3'‑UTR MYB constructs and hsa‑miR‑495 
mimics or negative control mimics. (C) Quantitative polymerase chain reaction and western blotting were performed to determine MYB expression in A172 
and U87 cells 48 h post‑transfection with hsa‑miR‑495 mimics or negative control mimics. Data represent the fold change in expression, and are presented as 
the mean ±  standard deviation of three replicates. miR, microRNA; MYB, v‑myb avian myeloblastosis viral oncogene homolog; WT, wild type; MUT, mutant; 
UTR, untranslated region; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase. *P<0.005.

Figure 3. Hsa‑miR‑495 inhibits glioma cell proliferation and invasion in vitro. (A) Hsa‑miR‑495 mimics or negative control mimics‑transfected A172 and U87 
cells were subjected to Cell Counting kit‑8 assays. (B) Hsa‑miR‑495 mimics or negative control mimics‑transfected A172 and U87 cells were subjected to a 
Transwell invasion assay (magnification, x200). Data are presented as the mean ± standard deviation (n=3). All experiments were performed three times, and 
representative images are presented. *P<0.05. miR, microRNA; OD, optical density.
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In order to determine whether MYB was directly regulated by 
hsa‑miR‑495, the 3'‑UTR fragment of MYB, containing a putative 
or mutant binding site, was cloned into psiCHECK‑2 to construct 
recombinant plasmids (psiCHECK‑2‑HMGB1‑WT‑3'‑UTR 
and psiCHECK‑2‑HMGB1‑MUT‑3'‑UTR). Subsequently, 
a luciferase reporter assay was performed on A172 and U87 
cells. As presented in Fig. 4B, relative luciferase activity in 
the psiCHECK‑2‑HMGB1‑WT‑3'‑UTR group was signifi-
cantly decreased post‑transfection of A172 and U87 cells with 
hsa‑miR‑495 mimics (P<0.05), whereas no notable reduction 
was detected in the psiCHECK‑2‑HMGB1‑MUT‑3'‑UTR 
group. qPCR and western blot analysis were performed to 
examine the inhibitory effects of hsa‑miR‑495 on endog-
enous MYB expression in glioma cells. As shown in Fig. 4C, 
increased hsa‑miR‑495 expression markedly inhibited the 
expression of MYB in A172 and U87 cells. These data suggest 
that hsa‑miR‑495 can inhibit MYB expression by directly 
targeting its mRNA 3'‑UTR in glioma.

Knockdown of MYB inhibits cell proliferation and 
invasion in glioma. To confirm the functional roles of 
MYB in glioma cells, MYB expression was knocked 
down in A172 and U87 cells by MYB‑specific siRNA 
(5'‑CAGAUGACUGGAAAGUUAUUGCCAA‑3' was 
selected as the optimum MYB‑specific siRNA, thus was used 
for further experiments). The knockdown was confirmed by 
qPCR and western blotting (Fig. 5A). CCK‑8 and Transwell 
assays indicated that knockdown of MYB expression in A172 

and U87 cells was able to significantly inhibit cell proliferation 
and invasion compared with the control group (Fig. 5B and C), 
which was similar to the effects of hsa‑miR‑495 overexpres-
sion. These results strongly indicate that hsa‑miR‑495 acts as 
a tumor suppressor gene in glioma via the negative regulation 
of MYB.

Discussion

Glioma is one of the most devastating types of cancer, 
since it often exhibits aggressive behavior and cannot be 
cured by current therapeutic strategies (15). Glioma often 
develops as a result of genetic alterations that accumulate 
throughout tumor progression (16). Therefore, elucidation of 
the molecular mechanisms underlying glioma progression, 
in particular those associated with cellular proliferation and 
invasion, is essential to improve understanding regarding the 
prevention and treatment of glioma (17).

It has previously been reported that miRNAs have an 
important role in the proliferation and invasion of glioma. 
For example, hsa‑miR‑25 inhibits glioma cell proliferation 
by targeting cyclin‑dependent kinase inhibitor  1C  (18); 
hsa‑miR‑383 regulates proliferation, migration, invasion and 
apoptosis in human glioma (19); and hsa‑miR‑320 inhibits 
cell proliferation by targeting E2F transcription factor 1 
in glioma  (20). Previous studies have demonstrated that 
hsa‑miR‑495 expression is often downregulated in several 
types of human cancer, including non‑small cell lung cancer, 

Figure 5. Knockdown of MYB inhibits cell proliferation and invasion in glioma. (A) Quantitative polymerase chain reaction and western blotting were per-
formed to determine the expression levels of MYB in A172 and U87 cells transfected with si‑MYB or negative control siRNA. (B) Si‑MYB or negative control 
siRNA‑transfected A172 and U87 cells were subjected to CCK‑8 assays. *P<0.05. (C) Si‑MYB or negative control siRNA‑transfected A172 and U87 cells were 
subjected to a Transwell invasion assay (magnification, x200). *P<0.005. Data are presented as the mean ± standard deviation (n=3). Each experiment was 
repeated three times. miR, microRNA; si, small interfering RNA; OD, optical density; MYB, v‑myb avian myeloblastosis viral oncogene homolog; GAPDH, 
glyceraldehyde 3‑phosphate dehydrogenase.
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gastric cancer, and acute myeloid leukemia, thus indicating 
that hsa‑miR‑495 may function as a tumor suppressor 
gene (7‑9).

The present study demonstrated that hsa‑miR‑495 
expression was downregulated in glioma tissues and cell 
lines. Consistent with previous reports, these data suggested 
that hsa‑miR‑495 may function as a tumor suppressor gene 
in glioma by inhibiting cell growth and invasion in A172 
and U87 cells. Furthermore, bioinformatics and a luciferase 
reporter assay revealed that hsa‑miR‑495 could directly 
target MYB and negatively regulate its expression.

MYB is a well‑acknowledged oncogene in several types 
of human cancer. Knockdown of MYB contributes to inhibit 
malignant transformation by regulating genes that participate 
in numerous aspects of tumorigenesis, including cell growth 
arrest, invasion inhibition and apoptosis induction (21‑24). 
In the present study, knockdown of MYB expression signifi-
cantly decreased the proliferation and invasion of A172 and 
U87 cells, which was similar to the effects of hsa‑miR‑495 
overexpression. These data revealed that hsa‑miR‑495 
suppressed glioma development by targeting MYB, thus 
providing a potential mechanism underlying post‑transcrip-
tional control of glioma.

In conclusion, hsa‑miR‑495 was downregulated in glioma 
tissues and cell lines, and acts as a tumor suppressor gene 
in glioma via the negative regulation of MYB. Therefore, 
hsa‑miR‑495 may be considered a potential therapeutic 
biomarker for the future treatment of glioma.
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