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Abstract. Temozolomide (TMZ) is widely used as a chemo-
therapeutic agent in the treatment of glioma; however, the 
development of drug resistance remains a major obstacle in 
the effective treatment of glioblastoma. Increasing evidence 
has indicated that microRNAs (miRs) are involved in the 
drug resistance of glioma; however, the role of miR‑186‑5p 
in the TMZ resistance of glioblastoma remains unknown. In 
the present study, the role of miR‑186‑5p in the resistance of 
glioblastoma to TMZ was investigated. mRNA and protein 
expression levels were detected via reverse transcription‑quan-
titative PCR and western blot analysis, respectively. It was 
determined that miR‑186‑5p was significantly downregu-
lated in glioblastoma tissues and cell lines. Additionally, the 
expression of miR‑186‑5p was decreased, whereas that of 
Twist1 was upregulated during the development of drug 
resistance in glioma cells. The introduction of miR‑186 into 
glioblastoma cells via transfection decreased the proliferation 
and TMZ resistance of glioblastoma cells, as determined via 
5‑ethynyl‑2'‑deoxyuridine and Cell Counting Kit‑8 assays, 
whereas the inhibition of miR‑186‑5p induced opposing effects. 
Furthermore, luciferase reporter and expression rescue assays 
revealed that miR‑186‑5p bound to the 3'‑untranslated region 
of Twist‑related protein 1 (Twist1). In conclusion, the present 
study demonstrated that downregulation of miR‑186‑5p may 
contribute to the proliferation and drug resistance of glio-
blastoma cells via the regulation of Twist1 expression. These 
results suggested that miR‑186‑5p may be a novel therapeutic 
target in the treatment of glioblastoma.

Introduction

Glioblastoma multiforme (GBM) is one of the most common 
malignant primary brain tumours in adults (1). Technological 
advances in surgery, radiotherapy and chemotherapy have 
been made in previous decades; however, the average overall 
survival time of patients with GBM is 14.6 months (2). As 
a result of the invasive growth of tumour cells, challenges 
include complete resection and low sensitivity to standard 
therapy (3,4). Temozolomide (TMZ) is the standard first‑line 
chemotherapeutic treatment for glioma; however, the overall 
clinical prognosis remains unsatisfactory due to the resistance 
of glioma cells to TMZ (5). Therefore, determination of the 
mechanisms underlying drug resistance is important for 
improving chemotherapeutic efficacy in GBM.

MicroRNAs (miRNAs/miRs) are a class of small noncoding 
RNAs, 20‑22 nucleotides in length, which negatively regulate 
their target genes by binding to the 3'‑untranslated region 
(3'UTR) of mRNA (6). miRNAs possess important roles in 
tumourigenesis, such as in the invasion and drug resistance 
of tumour cells  (7,8). miR‑186 has been reported to affect 
the proliferation, infiltration, metastasis and drug resistance 
of various types of cancer, including ovarian, prostate and 
lung cancer (9‑11). Downregulation of miR‑186 results in the 
increased invasion and proliferation of non‑small cell lung 
cancer (NSCLC) cells, and is associated with poor patient 
prognosis (11). Decreased miR‑186 expression has also been 
detected in cisplatin‑resistant ovarian cancer tissues and cell 
lines, and may act as a potent epithelial‑mesenchymal transi-
tion (EMT) regulator that is involved in the drug resistance of 
ovarian cancer cells (9). however, the role of miR‑186 in the 
chemoresistance of glioma cells remains unknown.

The highly conserved basic helix‑loop‑helix transcription 
factor Twist‑related protein 1 (Twist1) has been proposed to 
act as an oncogenic transcription factor; increased expression 
of Twist proteins promotes tumour initiation, progression, 
metastasis, EMT, and protection from chemotherapy‑induced 
apoptosis and senescence  (12‑15). Evidence has also 
suggested that Twist1 is upregulated in malignant glioma and 
promotes glioma cell invasion via the induction of mesen-
chymal molecular and cellular alterations (15). However, the 
role of Twist1 in the drug resistance of human glioma cells 
to TMZ is unclear.
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In the present study, it was reported that the expres-
sion levels of miR‑186‑5p were decreased, whereas Twist1 
expression was upregulated during the development of drug 
resistance in glioma cells. Furthermore, it was revealed 
that decreased expression of miR‑186‑5p contributed to the 
proliferation and drug resistance of glioma cells via the direct 
targeting of Twist1. The results provided novel insight into the 
role of miR‑186‑5p and its downstream target, Twist1, in the 
drug resistance of glioma.

Materials and methods

Cell lines and tissue samples. Human U87 (U87 MG HTB‑14, 
likely glioblastoma of unknown origin) and T98G glioblastoma 
cell lines were purchased from the American Type Culture 
Collection (ATCC). The human normal glial cell line HEB 
(ATCC0459) and 293T cells were purchased from Shanghai 
Beinuo Biotechnology Co., Ltd. Cells were cultured in DMEM 
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% 
foetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 
100 mg/ml streptomycin and 100 IU/ml penicillin (Thermo 
Fisher Scientific, Inc.). Cells were maintained at 37˚C in a 
5% CO2 humidified atmosphere. Human GBM (n=11) and normal 
brain specimens (n=20) used in the present study were obtained 
from patients operated for glioma and epilepsy, respectively. The 
samples were collected from the Department of Neurosurgery, 
The First Affiliated Hospital of Nanchang University between 
January 2011 and December 2017. Patients with primary 
tumours that had not received radiotherapy or chemotherapy 
prior to surgery were included in the study. Detailed clinical data 
and surgical records were available. The age and sex distribu-
tions of patients are presented in Table I. Diagnosis of GBM 
was confirmed by histopathological examination. This study 
was approved by the Ethics Committee of The First Affiliated 
Hospital of Nanchang University and protocols were conducted 
according to the principles of the Declaration of Helsinki. Written 
informed consent was obtained from all patients in the study.

Reverse transcription‑quantitative PCR (RT‑qPCR). 
Cells were treated with TMZ (0, 50, 100 and 200  µM; 
Sigma‑Aldrich; Merck KGaA) for 24  h at 37˚C. Twist1 
expression was determined via RT‑qPCR analysis. Total 
RNA was extracted from cell lines and tissues using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA 
was synthesised from total RNA using the PrimeScript® RT 
reagent kit (Takara Biotechnology Co., Ltd.), according to 
the manufacturer's protocol. PCR reactions were performed 
using the SYBR® Premix Dimer Eraser kit (Takara 
Biotechnology Co., Ltd.) with the ABI Prism 7500 system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.), under 
the following conditions: 4 min at 94˚C, then 40 cycles of 
94˚C for 30 sec, 60˚C for 30 sec and 72˚C for 60 sec. The 
expression of Twist1 was normalized to the expression of 
β‑actin. For analysis of the expression of miR‑186‑5p, the 
TaqMan MicroRNA Assay kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) was used, and qPCR was conducted as 
follows: 4 min at 94˚C, then 40 cycles of 94˚C for 30 sec, 60˚C 
for 30 sec and 72˚C for 60 sec. U6 was used as an endogenous 
control. The primers used were as follows: Twist1, forward 
5'‑AGC​TAC​GCC​TTC​TCC​GTC​T‑3', reverse, 5'‑TCC​TTC​

TCT​GGA​AAC​AAT​GAC​A‑3'; β‑actin, forward 5'‑GGC​GGC​
ACC​ACC​ATG​TAC​CCT‑3', reverse, 5'‑AGG​GGC​CGG​ACT​
CGT​CAT​ACT‑3'; U6, forward 5'‑CTC​GCT​TCG​GCAG​C 
AC​A‑3', reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; and 
miR‑186‑5p, forward 5'‑GCG​GCG​CAA​AGA​ATT​CTC​CT‑3' 
and reverse, 5'‑GTG​CAG​GGT​CCG​AGG​T‑3'. The 2ΔΔCq 
method  (16) was used to quantify the relative expression 
levels of Twist1 and miR‑186‑5p.

Cell transfection. miR‑186‑5p mimic (5'‑CAA​AGA​AUU​
CUC​CUU​UUG​GGC​U‑3', 5'‑CCC​AAA​AGG​AGA​AUU​CUU​
UGU​U‑3'), inhibitor (5'‑AGC​CCA​AAA​GGA​GAA​UUC​UUU​
G‑3'), mimic negative control (NC; 5'‑UUC​UCC​GAA​CGU​
GUC​ACG​UTT‑3', 5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3') 
and inhibitor NC (5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3') 
were synthesised by Guangzhou RiboBio Co., Ltd. The cell 
lines (U87, T98G) were seeded in 6‑well plates at a density 
of 2x105 cells/ml, and then maintained for 24 h at 37˚C in a 
5% CO2 humidified atmosphere. Cells were transfected with 
miR‑186‑5p mimics, miR‑186‑5p inhibitors, mimic NC or inhib-
itor NC using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.), at a final concentration of 100 nM for 24 or 
48 h at 37˚C. Twist1 small interfering RNA [siRNA (siTwist1‑1: 
5'‑CCT​CTG​CAT​TCT​GAT​AGA​A‑3'; siTwist1‑2: 5'‑TGA​GCA​
ACA​GCG​AGG​AAG​A‑3')] and siRNA NC (5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3') were obtained from Guangzhou 
RiboBio Co., Ltd. siTwist1‑2 (20 nM) induced notably increased 
effects on Twist1 expression compared with siTwist1‑1 (20 nM), 
and was therefore selected for use as the si‑Twist1 presented 
in this study (data not shown). The Twist1 expression vector 
(pcDNA3.1‑Twist1) was constructed by Shanghai GenePharma 
Co., Ltd. The pcDNA3.1‑Twist1 vector (2 µg/ml) and empty 
vector control were transfected into cells using Lipofectamine 
2000, according to the manufacturer's protocols. At 24  h 
following transfection, RT‑qPCR was performed. At 48  h 
following transfection, western blot, 5‑ethynyl‑2'‑deoxyuridine 
(EdU) and flow cytometry assays were performed.

Western blot analysis. Western blot analysis was performed 
as previously described (17). Cells or tissues were harvested in 
lysis buffer (10 mM Tris‑HCl pH 7.5, 150 mM NaCl, 1% Triton 
X‑100) containing protease and phosphatase inhibitors (Roche 
Applied Science). The protein concentration was determined 
using a BCA kit (Pierce; Thermo Fisher Scientific, Inc.). Then, 
proteins (20 µg/lane) were separated by 10% SDS‑PAGE 
and transferred onto polyvinylidene difluoride membranes 
(EMD Millipore). Membranes were incubated for 1 h at room 
temperature in PBS‑0.1% Tween‑20 and 5% non‑fat skim 
milk, and then probed at 37˚C for 1 h with antibodies against 
Twist1 (1:500; cat. no. ab50581; Abcam) and β‑actin (1:2,000; 
cat. no. ab8227; Abcam). After washing, the blots were incu-
bated at 37˚C for 1 h with horseradish peroxidase‑conjugated 
secondary antibodies (1:30,000; cat. no. A P187P; EMD 
Millipore), and the signals were visualised using enhanced 
chemiluminescence substrate (Bio‑Rad Laboratories, Inc.) by 
a luminescent image analyser (Fujifilm).

Luciferase reporter assays. To identify putative targets involved in 
the effects of miR‑186 on the proliferation and drug resistance of 
glioblastoma cells, bioinformatics was employed using miRanda 
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version 3.3a (http://www.microrna.org/microrna/home.do). The 
wild‑type (WT) 3'‑UTR of Twist1 that contains the predicted 
miR‑186‑5p target sequence was amplified using Pyrobest DNA 
polymerase (Fermentas; Thermo Fisher Scientific, Inc.) and 
cloned into the miRNA Expression Reporter Vector (pGL3 vector; 
Promega Corporation) at the XbaI site. A mutation from GTA to 
CAT was introduced in the potential miR‑186‑5p binding sites 
(named pGL3‑Twist1‑Mut) by using the QuickChange Stratagene 
method. 293T cells were seeded in a 24‑well plate 24 h prior to 
transfection at a density of 2.5x104 cells/well, and co‑transfected 
with 0.15 µg of pGL3‑Twist1‑WT or pGL3‑Twist1‑Mut, 0.05 µg 
of the control vector containing Renilla luciferase (pRL‑TK; 
Promega Corporation) and 40 pmol of miR‑186‑5p mimics or 
NC using Lipofectamine® 2000. At 24 h following transfection, 
firefly and Renilla luciferase activity were measured using the 
Dual‑Luciferase Reporter Assay system (Promega Corporation), 
and firefly luciferase activity was normalized to Renilla lucif-
erase activity.

Evaluation of apoptosis. Post‑transfection, cells were treated 
with TMZ (100 µM) for 24 h at 37˚C. Cell death was detected 
using an Annexin V‑phycoerythrin/7‑aminoactinomycin D 
(7‑AAD) apoptosis kit (BD Biosciences), according to the 
manufacturer's protocol. Cells were resuspended in 1X binding 
buffer (BD Biosciences) at a concentration of 1x106 cells/ml. 
Then, 5 µl PE‑Annexin V and 5 µl 7‑AAD were added. Cells 
were incubated for 15 min at room temperature in the dark. 
Then, 400 µl of 1X binding buffer was added to each tube, and 
samples were analysed using a flow cytometer (BD Biosciences). 
The data were analysed using FlowJo version 10 (FlowJo LLC).

5‑ethynyl‑2'‑deoxyuridine (EdU) assay. Cells were seeded at 
a density of 2.5x104 cells/well in a 24‑well plate 24 h prior to 
transfection. Subsequently, cells were transfected with mimics, 
mimic NC, inhibitors and inhibitor NC as previously described. 
At 48 h following transfection, the cells were then fixed with 4% 
formaldehyde for 15 min at room temperature, and stained with 

an EdU DNA Proliferation In vitro Detection kit (Guangzhou 
RiboBio Co., Ltd.), according to the manufacturer's protocols. 
Images of three randomly selected fields were acquired to 
visualise the number of EdU‑stained cells using a fluorescence 
microscope (Nikon Corporation), and the data were analysed 
using ImageJ version 1 (National Institutes of Health).

Analysis of cell proliferation and IC50. A Cell Counting Kit‑8 
(CCK‑8) Assay kit (Sigma‑Aldrich; Merck KGaA) was used 
to measure cell proliferation and drug resistance. Cells were 
seeded in 96‑well plates at a density of 5,000 cells/well and 
incubated for 24 h. Then, the cells were treated with various 
concentrations (0, 5, 10, 20, 40, 80, 160 and 320 µM) of TMZ 
and incubated for 24, 48 and 72 h in 37˚C. CCK‑8 solution 
(10 µl) was added to each well and cells were incubated for 
2 h at 37˚C. The absorbance was detected at 450 nm using 
a Multi‑mode Plate Reader (BioTek Instruments, Inc.). IC50 
values were calculated from dose‑response curves generated 
using a polynomial dose‑response approximation using SPSS 
version 17.0 software (SPSS, Inc.).

Statistical analysis. Statistical analysis was performed using 
SPSS version  13.0 software (SPSS, Inc.). All results are 
expressed as the means ± standard deviation of three indepen-
dent experiments. Comparison of means between two groups 
was performed using Student's t‑test. Comparisons of means 
between multiple groups were conducted using one‑way anal-
yses of variance followed by post hoc pairwise comparisons 
using Tukey's test. Differences in miRNA expression levels 
between normal and GBM brain tissues were evaluated using 
Mann‑Whitney U tests. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑186‑5p is downregulated in glioblastoma and contributes 
to the proliferation of glioblastoma cells. To determine whether 

Table I. Comparison of clinicopathological features between the control and glioma groups.

Clinicopathological features	 Control group (n=11)	 Glioma group (n=20)	 P‑value

Sex			   0.76
  Male	 6	 11
  Female	 5	 9
Age (years) 	 46 (30‑65)	 48 (32‑68)	 0.86
Tumour site
  Frontal lobe 	‑	  4
  Temporal lobe	‑	  4
  Parietal lobe	‑	  2
  Occipital lobe	‑	  3
  Insular lobe 	‑	  2
  Multiple lobes	‑	  5
Infiltration depth
  T1+T2	‑	  4
  T3+T4	‑	  16
Tumour diameter (cm)	‑	  3.18±0.45
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miR‑186‑5p is involved in human glioblastoma, the expression 
levels of miR‑186‑5p were detected in human glioblastoma 
tissues and two human glioblastoma cell lines [U87 (likely 
glioblastoma of unknown origin) and T98G] via RT‑qPCR 
analysis. The results revealed that miR‑186‑5p levels in human 
glioblastoma tissues were significantly reduced compared with 
in normal brain tissues (Fig. 1A). It was also demonstrated 
that miR‑186‑5p was significantly downregulated in U87 and 
T98G cells compared with in the human normal glial cell 
line, HEB (Fig. 1B). To investigate the effects of miR‑186‑5p 
on the proliferation of glioblastoma cells, proliferation was 
measured using CCK‑8 and EdU assays 24 h post‑transfection 
of U87 and T98G cells with miR‑186‑5p mimics, mimic NC, 
miR‑186‑5p inhibitors and inhibitor NC. It was revealed that 
upregulated miR‑186‑5p expression significantly decreased 

the proliferation of U87 and T98G cells compared with the 
NC, whereas inhibition of miR‑186‑5p significantly increased 
the proliferation of U87 and T98G cells (Fig. 1C‑H). These 
results indicated that miR‑186‑5p was downregulated in GBM 
tissues and cells and suppressed the proliferation of glioblas-
toma cells.

miR‑186‑5p decreases TMZ resistance in glioblastoma cells. 
TMZ has been widely used as a treatment for glioblastoma. 
U87 and T98G cells were treated with TMZ (50, 100 and 
200 µM) for 24 h; it was demonstrated that miR‑186‑5p was 
significantly downregulated in U87 and T98G cells treated 
with TMZ (Fig. 2A and B). Subsequently, the IC50 values of 
TMZ in U87 and T98G cells transfected with miR‑186‑5p 
mimics or NC were investigated, and the results revealed that 

Figure 1. miR‑186‑5p is downregulated in glioblastoma. (A) Expression of miR‑186‑5p in GBM and normal non‑neoplastic tissues, as determined by 
RT‑qPCR analysis. (B) Expression of miR‑186‑5p in HEB, T98G and U87 cells, as determined by RT‑qPCR analysis. miR‑186‑5p expression in T98G and 
U87 cells transfected with (C) miR‑186‑5p inhibitors or inhibitor NC, and (D) miR‑186‑5p mimics or mimic NC. Proliferation of (E) T98G and (F) U87 
cells transfected with miR‑186‑5p inhibitors, mimics or their NC, as determined via a Cell Counting kit‑8 assay. Proliferation of (G) T98G and (H) U87 
cells transfected with miR‑186‑5p inhibitors, mimics or their NC, as determined by an EdU assay (scale bar=100 µm). All data are presented as the means 
± standard deviation. *P<0.05, **P<0.01. EdU, 5‑ethynyl‑2'‑deoxyuridine; GBM, glioblastoma multiforme; miR‑186‑5p, microRNA‑186‑5p; NC, negative 
control; RT‑qPCR, reverse transcription‑quantitative PCR.
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miR‑186‑5p significantly decreased the IC50 values of TMZ in 
glioblastoma cells (Fig. 2C and D). Furthermore, the apoptosis 

of U87 and T98G cells was measured following treatment with 
100 µM TMZ via flow cytometry, and it was observed that 

Figure 3. Twist1 is associated with the TMZ resistance of glioblastoma cells. (A) Twist1 mRNA and (B) protein levels in HEB, T98G and U87 cells, as 
determined by RT‑qPCR and western blot analysis, respectively. (C and D) Twist1 mRNA and (E and F) protein levels in (C and E) T98G and (D and F) U87 
cells treated with TMZ (0, 50, 100, and 200 µM) for 24 h, as determined by RT‑qPCR and western blot analysis, respectively. Expression of Twist1 mRNA in 
U87 and T98G cells transfected with (G) si‑Twist1 or siRNA NC, and (H) Twist1 vector or empty vector. Flow cytometric analysis of the apoptosis of (I) T98G 
and (J) U87 cells transfected with si‑Twist1, Twist1 vector or NC, and treated with 100 µM TMZ for 24 h. All data are presented as the means ± standard 
deviation. *P<0.05, **P<0.01. 7‑AAD, 7‑aminoactinomycin; PE, phycoerythrin; miR‑186‑5p, microRNA‑186‑5p; NC, negative control; RT‑qPCR, reverse 
transcription‑quantitative PCR; si/siRNA, small interfering RNA; TMZ, temozolomide; Twist1, Twist‑related protein 1.

Figure 2. miR‑186‑5p reduces the TMZ resistance of glioblastoma cells. Reverse transcription‑quantitative PCR analysis of the relative expression levels of 
miR‑186‑5p in (A) T98G and (B) U87 cells treated with TMZ (0, 50, 100 and 200 µM) for 24 h. IC50 values of TMZ in (C) T98G and (D) U87 cells transfected 
with miR‑186‑5p mimics, mimic NC or blank control, as determined via a Cell Counting Kit‑8 assay. Flow cytometric analysis of the apoptosis of (E) T98G and 
(F) U87 cells transfected with miR‑186‑5p inhibitors, mimics or their NC and treated with 100 µM TMZ for 24 h. All data are presented as the means ± standard 
deviation. *P<0.05, **P<0.01. 7‑AAD, 7‑aminoactinomycin; PE, phycoerythrin; miR‑186‑5p, microRNA‑186‑5p; NC, negative control; TMZ, temozolomide.
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miR‑186‑5p overexpression significantly increased the number 
of apoptotic cells, whereas miR‑186‑5p inhibition reduced 
the number of apoptotic cells (Fig. 2E and F). The results 
suggested that downregulation of miR‑186‑5p contributed to 
the development of TMZ resistance in glioblastoma cells.

Twist1 is associated with the drug resistance of glioblastoma 
cells. It has been reported that Twist1 is upregulated in glio-
blastoma and promotes the invasion of glioblastoma cells (15). 
In the present study, it was observed that the expression levels 
of Twist1 were significantly higher in U87 and T98G cell lines 
compared with in HEB cells (Fig. 3A and B). In addition, it 
was demonstrated that Twist mRNA and protein levels were 
increased in U87 and T98G cells treated with TMZ compared 
with the control (Fig. 3C‑F). To investigate whether Twist1 
was involved in the drug resistance of glioblastoma cells, U87 
and T98G cells were transfected with si‑Twist1 or Twist1 over-
expression vector. Si‑Twist1 significantly downregulated the 
expression of Twist1 in U87 and T98G cells, whereas Twist1 
vector upregulated the expression of Twist1 (Fig. 3G and H). 

Subsequently, transfected T98G and U87 cells were treated 
with 100 µM TMZ; it was observed that the overexpression of 
Twist1 decreased TMZ‑induced apoptosis, whereas the inhibi-
tion of Twist1 increased the number of apoptotic T98G and 
U87 cells (Fig. 3I and J). Twist1 overexpression and knock-
down most notably affected the number of early apoptotic 
U87 cells (Fig. 3I and J). These data suggested that Twist1 was 
involved in the drug resistance of glioblastoma cells, and that 
Twist1 may primarily affect the early apoptosis of U87 cells. 
In addition, it was observed that when cells were treated with 
100 µM TMZ (>IC50; Fig. 2B), the percentage of apoptotic 
cells was <50% (Fig. 3J); it may be that the percentage of dead 
cells was >50% cells, but that these dead cells presented as cell 
debris that were not detected as apoptotic cells.

miR‑186‑5p contributes to the proliferation and drug 
resistance of glioblastoma cells by targeting Twist1. It was 
predicted that Twist1 was a potential target of miR‑186‑5p. 
The binding sites of miR‑186‑5p and Twist1 are presented 
in (Fig.  4A). To verify that Twist1 was a direct target of 

Figure 4. miR‑186‑5p contributes to the proliferation and drug resistance of glioblastoma cells by targeting Twist1. (A) Potential binding sites of miR‑186‑5p in 
the 3'UTR of Twist1. (B) 293T cells were co‑transfected with miR‑186‑5p and reporter plasmids containing the WT or MUT 3'UTR of Twist1. Expression of 
Twist1 mRNA in (C) T98G and (D) U87 cells transfected with miR‑186‑5p mimic with or without Twist1 vector, as determined via reverse transcription‑quan-
titative PCR. Expression of Twist1 protein in (E) T98G and (F) U87 cells transfected with miR‑186‑5p mimic with or without Twist1 vector, as determined 
by western blot analysis. Proliferation of (G) T98G and (H) U87 cells transfected with miR‑186‑5p mimic with or without Twist1 vector, as determined via a 
CCK‑8 assay. IC50 values of TMZ in (I) T98G and (J) U87 cells transfected with miR‑186‑5p mimic with or without Twist1 vector as determined via a CCK‑8 
assay. All data are presented as the means ± standard deviation. *P<0.05, **P<0.01. CCK‑8, Cell Counting kit‑8; miR‑186‑5p, microRNA‑186‑5p; MUT, mutant; 
NC, negative control; Twist1, Twist‑related protein 1; 3'‑UTR, 3'‑untranslated region; WT, wild‑type.
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miR‑186‑5p, luciferase reporter assays were conducted, and it 
was revealed that miR‑186‑5p significantly inhibited the lucif-
erase activity of reporters containing the WT, but not the MUT 
3'UTR of Twist1 (Fig. 4B). To determine whether miR‑186‑5p 
regulates the expression of Twist1, glioblastoma cells were 
transfected with miR‑186‑5p mimics with or without Twist1 
vector. The results demonstrated that miR‑186‑5p transfec-
tion significantly suppressed the expression of Twist1 mRNA 
and protein, whereas overexpression of Twist1 significantly 
reversed the effects of miR‑186‑5p mimic (Fig. 4C‑F). To 
investigate whether miR‑186‑5p affected the proliferation 
and drug resistance of glioblastoma cells by targeting Twist1, 
the IC50 of TMZ in, and proliferation of U87 and T98G 
cells following transfection with miR‑186‑5p mimics with 
or without Twist vector was determined. Overexpression of 
miR‑186‑5p significantly decreased cell proliferation and the 
IC50 of TMZ, whereas the overexpression of Twist1 reversed 
the effects of miR‑186‑5p on cell proliferation and the IC50 of 
TMZ in glioblastoma cells (Fig. 4G‑J). The results indicated 
that Twist1 may be a functional target of miR‑186‑5p.

Discussion

In the present study, it was demonstrated that miR‑186‑5p was 
downregulated in glioblastoma cell lines and tissues. Silencing of 
miR‑186‑5p increased the proliferation and decreased the apop-
tosis of glioblastoma cells, whereas ectopic overexpression of 
miR‑186‑5p induced opposing effects. Recently, Jiang et al (18) 
also reported that miR‑186 is downregulated in glioblastoma 
tissue, and that upregulation of miR‑186 decreases cell prolif-
eration. In addition, it was demonstrated that miR‑186‑5p may 
be involved in the TMZ resistance of glioblastoma cells. The 
present findings indicated that miR‑186‑5p served a role in 
the proliferation and TMZ resistance of glioma cells via the 
direct targeting of Twist1. Conversely, Jiang et al (18) reported 
insulin‑like growth factor 1 receptor to be a target of miR‑186; 
therefore, Twist1 may not be the only functionally relevant 
target of miR‑186‑5p in glioblastoma.

miR‑186 has previously been investigated in various 
tumours. In NSCLC, miR‑186 expression is downregulated 
compared with in normal lung tissues or epithelial cell lines, 
and it is associated with patient survival (11). Further studies 
have indicated that overexpression of miR‑186 in NSCLC 
cells inhibits proliferation by inducing G1/S checkpoint 
arrest (11). Conversely, it has been reported that miR‑186 is a 
tumour‑promoting miRNA in endometrial cancer and hepatic 
carcinoma by targeting the tumour suppressors forkhead 
box protein O1 and A‑kinase anchoring protein 12, respec-
tively (19,20). The present study suggested that miR‑186‑5p 
acts as a tumour suppressor in glioblastoma, and that Twist1 
was the functional target of miR‑186‑5p.

Drug resistance is the main reason for the failure of 
chemotherapeutic treatment of glioma. Numerous studies have 
reported that certain miRNAs, including miR‑634, miR‑205 
and miR‑497, contribute to drug resistance in glioma (17,21,22). 
For example, miR‑497 is upregulated in glioma and hypoxia 
induces the expression of miR‑497. Ectopic overexpression of 
miR‑497 decreases the sensitivity of glioma cells to TMZ by 
targeting programmed cell death protein 4 (17). To the best of 
our knowledge, the present study was the first to report that 

downregulation of miR‑186‑5p in GBM promoted the prolif-
eration and drug resistance of glioma cells.

It has been demonstrated that miR‑186 serves a role in cell 
biological processes by inhibiting the expression of its down-
stream targets, including β‑secretase 1, collagen type V α1, 
casein kinase 2α and Twist1 (9,23‑25). In the present study, 
Twist1 was identified as a direct downstream target of 
miR‑186‑5p. It was demonstrated that miR‑186‑5p overexpres-
sion downregulated the expression of Twist1 in glioma cells. 
Ectopic expression of miR‑186‑5p in glioma cells reduced cell 
proliferation, and the IC50 of TMZ and the levels of Twist1 
in U87 and T98G cells. Conversely, overexpression of Twist1 
rescued the miR‑186‑5p‑induced decrease in cell proliferation 
and the IC50 of TMZ. These data suggested that miR‑186‑5p 
participated in the proliferation and drug resistance of glioblas-
toma cells by targeting Twist1. The results further indicated 
that Twist1 may primarily affect the early apoptosis of U87 
cells; however, it was observed that miR‑186‑5p inhibition or 
overexpression notably affected the number of early and late 
apoptotic U87 cells. This may be due to miR‑186‑5p influ-
encing the apoptosis of U87 cells by regulating the expression 
of other genes aside from Twist1.

It has been reported that Twist1, a basic‑helix‑loop‑helix 
transcription factor, serves a role in the regulation of EMT, 
cell proliferation, cell migration, stem cell self‑renewal, 
tumour initiation, senescence and drug resistance (12,26,27). 
Twist1 is overexpressed in various types of tumour, including 
glioma, skin tumours, breast and ovarian cancer, and mela-
noma (15,28,29). Mechanistically, Twist1 has been revealed to 
prevent apoptosis or senescence by inhibiting key regulators 
of the p16 and/or p53 pathways (14,26); however, in the study, 
the mechanisms by which Twist1 regulated apoptosis and 
proliferation were not investigated.

In conclusion, the findings of the present study revealed 
that miR‑186‑5p was downregulated in glioblastoma cells and 
tissues, and functioned as a tumour suppressor. Biological 
or pharmacological intervention based on miR‑186‑5p may 
have therapeutic potential in reversing drug resistance and 
improving chemotherapeutic efficacy in human glioblastoma.
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