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Abstract. Radiotherapy is an important therapeutic strategy 
for the treatment of numerous types of malignant tumors, 
including glioma. However, radioresistance and anti-apoptotic 
mechanisms decrease the efficacy of radiotherapy in many 
patients with glioma. BMI1 polycomb ring finger oncogene 
(Bmi-1) is an oncogene associated with radioresistance in 
tumor cells. MicroRNA (miRNA)-128a is a brain-specific 
miRNA, which suppresses Bmi-1 expression. The present 
study investigated the effects of various radiation intensi-
ties on U-87 MG glioma cells, as well as the role of reactive 
oxygen species (ROS), Bmi-1, and miRNA-128a in the cellular 
response to radiotherapy. The response of U-87 MG cells 
following exposure to X-ray radiation was assessed using 
a cell growth curve and inhibition ratio. Cell cycle distribu-
tion and the levels of intracellular ROS were evaluated by 
flow cytometry. The mRNA expression levels of Bmi‑1 and 
those of miRNA-128a in U-87 MG cells exposed to X-ray 
radiation were evaluated by reverse transcription-quantitative 
polymerase chain reaction. X-ray radiation did not decrease 
the number of U-87 MG cells; however, it did inhibit cellular 
growth in a dose-dependent manner. Following exposure to 
X-ray radiation for 24 h, cell cycle distribution was altered, 
with an increase in the number of cells in G0/G1 phase. The 
mRNA expression levels of Bmi-1 were downregulated in the 
1 and 2 Gy groups, and upregulated in the 6 and 8 Gy groups. 
The expression levels of miRNA-128a were upregulated 
in the 1 and 2 Gy groups, and downregulated in the 8 Gy 
group. The levels of ROS were increased following exposure 
to ≥2 Gy, and treatment with N-acetyl cysteine was able to 

induce radioresistance. These results suggested that U-87 MG 
cells exhibited radioresistance. High doses of X-ray radiation 
increased the expression levels of Bmi-1, which may be asso-
ciated with the evasion of cellular senescence. miRNA-128a 
and its downstream target gene Bmi-1 may have an important 
role in the radioresistance of U-87 MG glioma cells. In addi-
tion, ROS may be involved in the mechanisms underlying the 
inhibitory effects of X-ray radiation in U-87 MG cells, and the 
downregulation of ROS may induce radioresistance.

Introduction

Glioblastoma is the most aggressive type of malignant 
brain tumor (1). Therapeutic outcomes have improved with 
the development of comprehensive treatments, including 
surgery, radiation and chemotherapy; however, patients with 
glioblastoma grade IV have a poor long-term prognosis, with 
an overall survival rate of 1 year (2,3). Recent studies have 
extensively investigated the cellular and genetic mechanisms 
underlying glioblastoma progression (4,5). Although the 
molecular mechanisms underlying glioma radioresistance 
have yet to be elucidated, they are thought to involve dysreg-
ulated gene expression (6).

MicroRNAs (miRNAs) are 19-23 nucleotide RNA 
molecules, which bind the 3'-untranslated region (3'-UTR) 
of genes, and regulate gene expression by inhibiting protein 
translation (7). A previous study demonstrated that miRNAs 
exert post-transcriptional gene silencing effects (8). In 
addition, miRNAs mediate the degradation of RNA tran-
scripts (9). Due to the important role of miRNAs in the 
development, invasion, and metastasis of malignant tumors, 
previous studies have focused on the role of miRNAs in 
tumors (10,11). Numerous miRNAs are overexpressed in 
malignant tumors, as compared with normal tissues (12), 
and the dysregulation of miRNAs may result in increased 
tumorigenesis (13).

miRNAs have a significant role in glioma. miRNA‑21 
has been shown to be overexpressed in glioblastoma, and 
following the suppression of miRNA-21 expression, glioblas-
toma growth was inhibited (14). miRNA-184 regulates cell 
cycle-associated proteins, thereby regulating the proliferation 
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of glioma cells (15). Furthermore, miRNA-23a is upregulated 
in glioma and promotes the invasion of glioma cells (16).

Our previous study investigated the role of BMI1 polycomb 
ring finger oncogene (Bmi-1) in the response of U-87 MG 
cells to radiation exposure (17). The results indicated that 
miRNA-128a was able to bind to the 3'-UTR of Bmi-1 in order 
to suppress its expression. miRNA‑128a is a brain‑specific 
miRNA, which is significantly downregulated in glioma (18). 
It has previously been demonstrated that, as compared 
with normal adjacent brain tissue, the expression levels of 
miRNA-128a in glioblastoma tissue are decreased. The role 
of miRNA-128a may be associated with the proliferation and 
self-renewal of glioma stem cells (19). Although the role of 
miRNA-128a in glioma is well understood, its association with 
radioresistance in glioblastoma has yet to be elucidated. The 
present study aimed to investigate the role of miRNA-128a 
in the growth inhibition of U-87 MG cells exposed to X-ray 
radiation. The present study hypothesized that U-87 MG cell 
radioresistance results from suppression of the Bmi-1 onco-
gene by miRNA-128a. 

Materials and methods

Cell culture. The U-87 MG glioblastoma cell line was obtained 
from the Cell Bank of Type Culture Collection of Chinese 
Academy Sciences (Shanghai, China). The U-87 MG cells 
were cultured in Minimum Essential Medium (MEM; GE 
Healthcare Life Sciences, Logan, UT, USA) supplemented with 
10% fetal bovine serum (FBS; GE Healthcare Life Sciences) 
according to the manufacturer's instructions, and incubated in 
a humidified atmosphere containing 5% CO2 at 37˚C.

Radiation. The U-87 MG cells were exposed to X-ray radiation 
using a linear accelerator source (Elekta Synergy® Platform; 
Elekta, Stockholm, Sweden) at a dose rate of 300 Gy/min. 
Prior to radiation, a radiation plan was designed, and the accu-
racy of the X‑ray radiation doses were verified by a radiation 
therapy physicist using I'mRT MatriXX 2D-ion chamber array 
(IBA Dosimetry, Schwarzenbruck, Germany). 

To investigate the effect of radiation, the cells were exposed 
on day 0 to various doses of X-ray radiation, including 0 Gy 
(control group) and 1, 2, 4, 6 and 8 Gy. All groups of cells were 
continuously incubated following radiation until the experi-
ments were finished.

Following equivalent doses of radiation, different modes 
of fractionation may have different effects on tumor cells. 
To determine the effects of different modes of fractionation, 
three radiation groups with equivalent radiation doses were 
assessed in the present study, and compared with the control 
group, which was administered a 0 Gy dose: The conventional 
fractionation group was exposed to a 2 Gy X-ray dose daily 
from day 0 to day 4; the hypofractionation group was exposed 
to an 8 Gy X-ray dose on day 0; the hyperfractionation group 
was exposed at 1.1 Gy X-ray dose twice a day from day 0 to 
day 4, and the interval between the two treatments was >6 h.

Cell growth curve and inhibition ratio. The U-87 MG glio-
blastoma cells were harvested during the logarithmic growth 
phase and seeded into 24-well dishes at a density of 5x104/well 
in a final volume of 500 µl/well. The cells were subsequently 

exposed to various doses or fractions of X-ray radiation. Every 
24 h, the number of cells in three random wells was counted 
using a cell counter (Inno-Alliance Biotech, Inc., Wilmington, 
NC, USA), and the mean number of cells were calculated for 
each time point. A cell growth curve was generated with cell 
number on the x-axis and the various time points on the y-axis. 
The inhibition ratio was calculated from the number of radia-
tion group cells divided by the number of control group cells. 
The results were presented as the mean ± standard error of 
three independent experiments.

Cell cycle analysis. To detect the cell cycle phase of the cells 
following 24 h exposure to X-ray radiation, the U-87 MG cells 
were fixed with 70% ethanol for 30 min. Each sample of the 
U-87 MG cells was re-suspended in 1 ml phosphate-buffered 
saline (PBS) supplemented with 1% FBS, and treated with 
500 µl PBS containing with 100 µg/ml ribonuclease (Beyotime 
Institute of Biotechnology, Haimen, China) and 50 µg/ml 
propidium iodide (Sigma-Aldrich, St. Louis, MO, USA). The 
samples were subsequently analyzed by flow cytometry (FCM) 
using the LSR Fortessa Cell Analyzer (BD Biosciences, 
Franklin Lakes, NJ, USA). A cell cycle profile analysis of the 
DNA histograms of integrated red fluorescence was performed 
using Modfit I 2.0 for Windows (Verity Software House, Inc., 
Topsham, ME, USA).

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR) analysis. Total RNA was 
isolated using the Ultrapure RNA kit (CwBio, Inc., Beijing, 
China). RNA quality was assessed by 1% agarose gel electro-
phoresis (AGE). The RNA was reverse transcribed using the 
HiFi-MMLV cDNA kit (CwBio-Electron, Inc.). The cDNA 
was subsequently amplified using UltraSYBR Mixture (with 
ROX; CwBio, Inc.). β-actin (ACTB) mRNA expression levels 
were used as an internal control to normalize the data. The 
primers were purchased from CwBio, Inc. (cat. no. CW0900). 
The Bmi-1 primers used in the present study were as follows: 
Bmi-1, forward 5'-TCC ACC TCT TCT TGT TTG CCT-3', and 
reverse 5'-GAA GAA GTT GCT GAT GAC CCA-3'. All methods 
were conducted according to the manufacturer's instructions.

For miRNA-128a analysis, total RNA was isolated using 
the miRNApure Mini kit (CwBio, Inc.). RNA quality was 
assessed by AGE. The RNA was reverse transcribed using a 
miRNA cDNA kit (CwBio, Inc.). The cDNA was then amplified 
using a Real-Time PCR Assay kit (CwBio, Inc.). Small nuclear 
RNA U6 expression levels were used as an internal control to 
normalize the data. The primers were synthesized by CwBio, 
Inc. The sequences of the primers used were as follows: U6, 
forward 5'-GCT TCG GCA GCA CAT ATA CTA AAAT-3'; and 
miRNA-128a, forward 5'-CAC AGT GAA CCG GTC TCTTT-3'.

The mRNA and miRNA expression levels were measured 
by RT-qPCR using an LC-480II thermal cycler (Roche 
Diagnostics, Basel, Switzerland). The cycling conditions were 
as follows: 95˚C for 10 min, followed by 40 cycles of ampli-
fication at 95˚C for 15 sec and 60˚C for 60 sec. The relative 
miRNA and mRNA expression levels were calculated using 
the ΔΔCT method (20).

Analysis of the levels of intracellular reactive oxygen species 
(ROS). The fluorescent probe 2',7'‑dichlorodihydrofluorescein 
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diacetate (DCFH-DA; Sigma-Aldrich) is able to pass through 
the cytomembrane, and is cleaved by nonspecific intracellular 
esterases in order to form 2',7'‑dichlorodihydrofluorescein. 
DCFH‑DA is also oxidized by ROS to form highly fluorescent 
2',7'‑dichlorofluorescein (DCF). The fluorescence intensity 
of DCF is therefore proportional to the levels of ROS in the 
cells. The U-87 MG glioma cells were exposed to various 
doses of X-ray radiation. After 6 h, the cells were digested by 
0.25% trypsin (Sigma-Aldrich) and harvested. The cells were 
washed twice with PBS, and incubated with 10 µM DCFH‑DA 
for 20 min in the dark at 37˚C. During incubation, the cells 
were gently agitated every 3-5 min. The cells were then washed 
three times with MEM in the absence of FBS, prior to being 
resuspended in 1 ml PBS. The levels of ROS were assessed by 
FCM using an LSR Fortessa cell analyzer (BD Biosciences) at 
an excitation wavelength of 488 nm and emission wavelength 
of 530 nm. The DCF fluorescence intensity data were evalu-
ated by CellQuest-Pro 5.1™ (BD Biosciences) and presented 
as the mean fluorescence intensity.

NAC treatment. The U87-MG cells were divided into control 
group, 8 Gy group and 8 Gy group with NAC treatment. Prior 
to 1 h exposure to an 8 Gy dose of X-ray radiation, the culture 
medium in the groups subjected to NAC treatment was replaced 
with the MEM supplemented with 10% FBS and 1 mM NAC. 
The culture medium in the control group and 8 Gy group were 
changed with MEM with 10% FBS (without NAC). All groups 
were incubated until being exposed to radiation, Following 
a 12 h exposure to radiation, the medium in all groups was 
replaced by MEM supplemented with 10% FBS.

Statistical analysis. Each experiment was conducted in tripli-
cate. The results were presented as the mean ± standard error. 
Student's t-test (unpaired) was used to evaluate the statistically 
significant differences. Statistical analysis was performed 
using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Growth of U‑87 MG glioma cells following X‑ray exposure. 
In our previous study, the number of U-87 MG glioma cells 
did not decrease following exposure to various doses of X-ray 
radiation (17). To investigate whether various X-ray radiation 
fractions affected cellular growth, the U-87 MG cells were 
divided into three experimental groups: A conventional group, 
a hypofraction group, and a superfraction radiation group, 
which were exposed to X-ray radiation at 2 Gy qd for 5 days, 
1.1 bid Gy for 5 days and 8 Gy for 1 day, respectively (Fig. 1). 
Cell growth was significantly inhibited in the hypofraction 
radiation group. Cell growth of the conventional and super-
fraction radiation groups was not inhibited until day 5, and no 
significant difference was observed between the two groups. 
Cell numbers increased in a time-dependent manner in all 
radiation groups, which suggests that the U-87 MG glioma 
cells exhibit radioresistance.

Inhibition ratio in U‑87 MG glioma cells following X‑ray 
exposure. To further investigate the inhibitory effects of X-ray 

radiation on the U-87 MG cells, the cellular inhibition ratios 
were calculated following exposure to various radiation frac-
tions (Fig. 2A) and various X-ray radiation doses (Fig. 2B). A 
significant increase in cell growth was detected in both the 
conventional and superfraction groups between days 1 and 4, 
and the same effects were observed in the 1 and 2 Gy groups. 
In the radiation groups exposed to ≥4 Gy radiation doses, the 
inhibitory effects on cellular growth were significant, and 
occurred in a dose-dependent manner. These results suggest 
that X-ray radiation is able to suppress the growth of U-87 MG 
glioma cells. Our previous study demonstrated that the mecha-
nism underlying radiation inhibition was cellular senescence, 
as opposed to apoptosis (17). 

Cell cycle distribution of U‑87 MG glioma cells following 
X‑ray exposure. Our previous study investigated the cell 
cycle distribution of U-87 MG cells following 72 h exposure 
to X-ray radiation. The number of cells in G2/M phase was 
significantly increased, and the number of cells in G0/G1 phase 
were significantly decreased in the 6 and 8 Gy groups (17). Cell 
senescence is characterized by an irreversible cell cycle arrest 
in G0/G1 phase. In our previous study, in the 6 and 8 Gy groups 
following 72 h exposure to radiation, the number of senescent 
cells was markedly increased; however, the number of cells 
in G0/G1 phase was markedly decreased (17). These results 
suggest that U-87 MG glioma cells exhibit cellular senescence 
evasion. To investigate whether the evasion of senescence 
occurred at earlier time points, the cell cycle distribution of 
the U-87 MG cells was analyzed following a 24 h exposure to 
X-ray radiation (Fig. 3). The results indicate that the propor-
tion of cells in S phase was significantly increased in the 1 and 
2 Gy groups, and significantly decreased in the 6 and 8 Gy 
groups (P<0.05). The proportion of cells in G2/M phase was 
significantly decreased in all radiation groups. The proportion 
of cells in G0/G1 phase increased in a dose-dependent manner. 
These results suggest that evasion of senescence may not occur 
following 24 h exposure to X-ray radiation.

mRNA expression levels of Bmi‑1 in U‑87 MG glioma cells 
following exposure to X‑ray radiation. Our previous study 
determined that the protein expression levels of Bmi-1 were 
significantly increased in the 6 and 8 Gy groups following 
72 h exposure to X-ray radiation (17), which suggested that 
an increase in Bmi-1 expression may underlie evasion of 

Figure 1. Cell growth curves of U87 MG glioma cells exposed to various 
doses of X-ray radiation.
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Figure 2. Inhibition ratio of the U-87 MG glioma cells exposed to X-ray radiation. The cells were exposed to (A) various radiation fractions or (B) various 
doses of X-ray radiation. Every 24 h the number of cells in three random wells were counted using a cell counter, and the mean value of the inhibition ratio, as 
compared with the control group was calculated.

  A   B

Figure 3. Cell cycle profiles of the U87 MG glioma cells. (A) Following 24 h exposure to X‑ray radiation at various doses, the U‑87 MG glioma cells were 
stained with propidium iodide and analyzed in order to determine cell cycle distribution. (B) Cell cycle profiles of the U87 MG glioma cells following exposure 
to radiation. The means are representative of three independent experiments.

  A

  B
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senescence. To investigate whether the expression of Bmi-1 
was affected by X-ray radiation, the mRNA expression levels 
of Bmi-1 were detected in the U-87 MG cells following 72 h 

exposure to X-ray radiation by RT-qPCR (Fig. 4A). The mRNA 
expression levels of Bmi‑1 were significantly decreased in the 
1 and 2 Gy groups, and significantly increased in the 6 and 

Figure 4. Relative expression levels of BMI1 polycomb ring finger oncogene (Bmi‑1) mRNA and microRNA (miRNA)‑128a following exposure to X‑ray 
radiation. (A) mRNA expression levels of Bmi-1 and (B) expression levels of miRNA-128a in U-87 MG cells following 72 h exposure to various doses of 
X-ray radiation, as determined by reverse transcription-quantitative polymerase chain reaction. The data are presented as the mean ± standard error of three 
independent experiments. *P<0.05, vs. the control group (0 Gy).

  A   B

Figure 5. (A) Intracellular reactive oxygen species (ROS) levels in the U‑87 MG glioma cells following 6 h exposure to X‑ray radiation, as detected by flow 
cytometry. (B) The ROS levels are presented as units of mean fluorescence intensity, and were calculated as a percentage of the control. *P<0.05, vs. the control 
group.

  A

  B
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8 Gy groups. No significant difference was detected in the 
mRNA expression levels of Bmi-1 in the 4 Gy group.

miRNA‑128a expression in U‑87 MG glioma cells following 
exposure to X‑ray radiation. To investigate the hypothesis 
that Bmi-1 expression is regulated by miRNA-128a, the 
expression levels of miRNA-128a were detected in the 
U-87 MG glioma cells by RT-qPCR, following 72 h expo-
sure to X-ray radiation (Fig. 4B). The expression levels of 
miRNA-128a were significantly decreased in the 8Gy group, 
and increased in the 1 and 2 Gy groups. No significant differ-
ence was observed in the expression levels of miRNA-128a 
in the 4 and 6 Gy groups. These results indicate that the 
expression levels of miRNA-128a are negatively correlated 
with those of Bmi-1.

Effects of ROS on U‑87 MG glioma cells following exposure to 
X‑ray radiation. The intracellular levels of ROS in U-87 MG 
glioma cells were detected following 6 h exposure to X-ray 
radiation. The ROS levels in the 2, 4, 6 and 8 Gy groups were 
significantly increased, but no significant difference was iden-
tified in the 1 Gy group (Fig. 5).

N-acetyl cysteine (NAC) is an active oxygen scavenger, 
which was used in the present study to investigate whether the 
levels of ROS were associated with the anti-tumorigenic effects 
of X-ray radiation. Prior to 1 h exposure to 8 Gy dose X-ray 
radiation, NAC was added to the MEM at a final concentration 
of 1 mM. The cell growth curve indicates that NAC is able 
to promote proliferation of U-87 MG glioma cells following 
exposure to X-ray radiation, and the growth curve of the 

NAC group was similar to that of the control group (Fig. 6A). 
The inhibition ratio of the NAC + 8 Gy group was mark-
edly decreased, as compared with the 8 Gy group (Fig. 6B). 
These results suggest that ROS has a significant role on the 
anti-tumorigenic effects of X-ray radiation, and reducing the 
levels of ROS may result in radioresistance.

Discussion

Glioma is the most prevalent type of primary (21) and malig-
nant tumor (22) of the nervous system worldwide. Patients with 
glioblastoma grade Ⅳ have the shortest overall survival (23). 
Our previous study demonstrated that the U-87 MG human 
glioblastoma cell line is resistant to apoptosis and radia-
tion (17). Evasion of cellular senescence may be the primary 
mechanism underlying the radioresistance of U-87 MG cells 
following exposure to X-ray radiation. In addition, Bmi-1 may 
have an important role in the radioresistance of U-87 cells by 
promoting senescence evasion.

Radiotherapy is an important therapeutic strategy for the 
treatment of malignant tumors. Approximately 50% of patients 
with malignant tumors require radiotherapy at a certain stage 
of their treatment, and this proportion increases to 92% in 
patients with nervous malignant tumors (24). The radioresis-
tance of gliomas often decreases the efficacy of radiation (3); 
therefore, further research into increasing the radiosensitivity 
of gliomas may prove useful to prolong the overall survival 
time of patients with glioma.

Following exposure to various X-ray radiation fractions, 
the number of U-87 MG cells did not decrease in all experi-
mental groups, which indicated that the U-87 MG glioma 
cells exhibited radioresistance. Analysis of inhibition ratios 
following exposure to X‑ray radiation demonstrated a signifi-
cant inhibition of U-87 MG glioma cell growth at an X-ray 
radiation dose ≥4 Gy, indicating that the mechanism under-
lying cell growth inhibition was senescence, as opposed to 
apoptosis. At an X‑ray dose ≤2 Gy, the growth of U‑87 MG 
cells was markedly increased in the initial few days, and 
after 5 days inhibition of growth occurred in response to both 
single and constant doses of radiation. In clinical settings, 
X‑ray radiation doses ≤2 Gy are usually used to avoid normal 
brain tissue injury. Therefore, patients with glioma, specifi-
cally glioblastoma, may safely undergo constant radiation for 
five days.

Senescence is an irreversible cell cycle arrest characterized 
by anti-apoptotic gene expression (25). It is widely accepted 
that tumor cells are able to evade senescence in order to 
maintain their proliferative ability. Therefore, research into 
the stimulation of cellular senescence in tumor cells merits 
further study (26). The cell cycle usually arrests permanently 
at G0/G1 phase during senescence. The results of the present 
study indicated that the proportion of cells in G2/M phase 
decreased significantly in all radiation groups, and the 
proportion of cells in G0/G1 phase increased significantly in 
a dose-dependent manner, following 24 h exposure to X-ray 
radiation. These results were concordant with the changes 
observed in the cell cycle during senescence. The results of 
the present study determined that senescence evasion may not 
occur following 24 h exposure to X-ray radiation. However, 
following 72 h exposure to radiation, the proportion of cells in 

Figure 6. Effects of N-acetyl cysteine (NAC) on U-87 MG glioma cells 
following exposure to X-ray radiation. Prior to 1 h exposure to 8 Gy dose 
X‑ray radiation, NAC was added to the minimal essential medium at a final 
concentration of 1 mM. (A) Cell growth curve and (B) inhibition ratio curve.

  A

  B
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the G0/G1 phase was significantly decreased in the 6 and 8 Gy 
groups, whereas the protein expression levels of Bmi-1 were 
significantly increased (17). The occurrence of senescence 
may induce Bmi-1 expression resulting in senescence evasion.

Bmi-1 belongs to the polycomb group gene family, 
which regulates cellular proliferation. Bmi-1 acts on the 
Ink4a-Arf genetic locus, resulting in the downregula-
tion of p16Ink4a and p19Arf (p14Arf in human) (27). The 
P16/retinoblastoma (Rb)/E2F signaling pathway has an 
important role in tumor development, and promotes glioma 
progression. Bmi-1 is able to suppress p16Ink4a, thereby 
increasing the activity levels of E2F1 (28). P16Ink4a is a 
specific inhibitor of cyclin‑dependent kinase (CDK), which 
inhibits Rb via phosphorylation. CDK regulates passage from 
the G phase to the S phase of the cell cycle. A previous study 
demonstrated that when Rb expression is downregulated, 
the protein expression levels of E2F significantly increased 
resulting in abnormal cell proliferation (29). P16Ink4a 
expression is an indicator of cellular senescence (30). The 
P19Arf/mouse double minute 2 homolog (MDM2)/p53 is 
another significant signaling pathway responsible for tumor 
suppression. P19Arf is able to stabilize p53 by suppressing 
MDM2, and activating p53-dependent transcription, as a 
result, the cell cycle may be arrested in G1 or G2/M phases 
prior to apoptosis (31). Due to the fact that U-87 MG 
glioma cells did not undergo apoptosis following exposure 
to X-ray radiation, Bmi-1-induced senescence evasion may 
act via the P16/Rb/E2F signaling pathway, as opposed to the 
P19Arf/MDM2/P53 signaling pathway. Our previous study 
demonstrated that the expression levels of Bmi-1 were signif-
icantly increased following exposure to X-ray radiation in the 
6 and 8 Gy groups (17), and the present study demonstrated 
that the mRNA expression levels of Bmi‑1 also significantly 
increased, which indicated that the expression levels of 
Bmi-1 may be increased at the transcription level, as opposed 
to the translation level. Therefore, senescence evasion may 
be suppressed via the inhibition of Bmi-1 gene transcription. 
However, the mechanism underlying the upregulation of 
Bmi‑1 expression in U‑87 MG glioma cells following ≥6 Gy 
dose X-ray radiation remains to be fully elucidated.

miRNA-128a is able to suppress Bmi-1 expression. 
To investigate whether miRNA-128a was involved in the 
response of glioma cells following exposure to X-ray radia-
tion by targeting Bmi-1, the expression levels of miRNA-128a 
were evaluated by RT-qPCR. The results demonstrated that 
miRNA-128a expression was affected by X-ray radiation. The 
expression levels of miRNA‑128a were significantly increased 
in the 1 and 2 Gy groups, and significantly decreased in the 
8 Gy group. No significant difference was observed in the 
expression levels of miRNA-128a between the 4 and 6 Gy 
groups, and the control group; however, miRNA-128a expres-
sion was suppressed by X-ray radiation in a dose-dependent 
manner. Thus suggesting that miRNA-128a may participate in 
the regulation of Bmi-1 expression in U-87 MG cells following 
exposure to X-ray radiation. 

miRNA-128a was able to regulate the intracellular levels 
of ROS by targeting Bmi-1, thereby promoting senescence 
and inhibiting the growth of medulloblastoma cells (32). ROS 
are able to modulate various cellular functions, including 
tumor cell biology (33). Radiation stimulates the generation of 

ROS in tumor cells resulting in apoptosis, senescence, or cell 
death (34). The present study demonstrated that ROS levels 
in the U‑87 MG cells were significantly increased following 
≥2 Gy dose X‑ray radiation. Following treatment with the ROS 
scavenger NAC, the growth of the U-87 MG cells was mark-
edly increased, and the inhibitory effects of X-ray radiation 
were markedly decreased. Therefore, the decrease in the levels 
of ROS may induce radioresistance in U-87MG glioma cells. 
One of the possible mechanisms underlying the senescence 
evasion of U-87MG glioma cells is a decrease in miRNA-128a 
expression following exposure to X-ray radiation, which 
results in Bmi-1 gene transcription upregulation. This would 
then lead to reduced levels of intracellular ROS, resulting in 
senescence evasion.

The present study demonstrated the radioresistance of 
U-87 MG cells. Exposure to radiation was able to increase 
the mRNA expression levels of Bmi-1 resulting in senescence 
evasion, which may function via the p16/Rb/E2F signaling 
pathway. miRNA-128a and its downstream gene Bmi-1 may 
be important for the radioresistance of U-87 MG glioma cells. 
In addition, ROS may be important for the inhibitory effects 
induced by X-ray radiation in U-87 MG cells. However, the 
present study had the following limitations: (i) The study 
investigated U-87 MG glioma cells only, and therefore the 
conjectures obtained from the results may not be significant 
for other types of gliomas; (ii) the mechanism underlying 
the downregulated generation of ROS, which resulted in 
radioresistance remains to be elucidated; (iii) no conclusive 
association was observed between ROS levels and the expres-
sion levels of Bmi-1 and miRNA-128a; and (iv) although the 
expression levels of Bmi-1 and miRNA-128a were altered in 
the U-87 MG cells following exposure to X-ray radiation, 
whether radiosensitivity is increased if the expression levels 
of Bmi-1 or miRNA-128a are downregulated remains to be 
determined. Further research is required in order to elucidate 
these mechanisms.
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