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Abstract. microRNA (miR)‑590 has been found to serve 
potential roles in cancer development; however, the expres-
sion and function of miR‑590 in human gliomas remains 
to be elucidated. The present study aimed to investigate the 
expression of miR‑590 in human glioma tissues and radiore-
sistant human glioblastoma cells (U251R), and to determine 
the effect and related molecular mechanism of miR‑590‑3p on 
the radiosensitivity of U251R cells in vitro. The results from 
reverse transcription‑quantitative polymerase chain reaction 
indicated that miR‑590‑3p was upregulated in human glioma 
tissues and radioresistant human glioblastoma cells, and 
that miR‑590‑3p expression was higher in high grade than 
in low grade gliomas. In vitro experiments revealed that the 
miR‑590‑3p inhibitor enhanced the radiosensitivity of U251R 
cells by suppressing cell viability, decreasing colony formation 
capacity and increasing cell apoptosis rate, as demonstrated by 
MTT, colony formation and flow cytometry analyses. A lucif-
erase reporter assay demonstrated that leucine‑rich repeats and 
immunoglobulin‑like domains protein 1 (LRIG1) was a direct 
target of miR‑590‑3p. Furthermore, it was demonstrated that 
the effect of miR‑590‑3p suppression on cell viability, colony 
formation capacity and cell apoptosis rate was attenuated by 
the knockdown of LRIG1 in the U251R cells. In conclusion, 
the present study revealed that miR‑590‑3p was upregulated in 
human glioma tissues and radioresistant human glioblastoma 
cells, and miR‑590‑3p contributes to the radioresistance of 
human glioblastoma cells by directly targeting LRIG1. These 
findings may provide potential therapeutic strategies to prevent 
radioresistance in human gliomas.

Introduction

Gliomas account for approximately 30% of all brain and 
central nervous system tumors (1), and glioblastoma is the 
most common and malignant glioma (2). Despite advances in 
surgical resection, radiotherapy, chemotherapy and other ther-
apeutic approaches, including immune and gene therapy, the 
prognosis for patients with glioblastoma remains poor (3‑7). 
A previous study demonstrated that the median survival 
time of patients with glioblastoma was 4.9 months following 
diagnosis (8). Resistance of glioblastoma cells to irradiation 
therapy is a major obstacle in the treatment of human glioblas-
toma (9). Therefore, it is important to elucidate the mechanisms 
underlying this resistance to irradiation therapy and identify 
efficient radiosensitizers.

MicroRNAs (miRNAs or miRs) are a class of small, 
functional and non‑coding RNAs that regulate the expression 
of target mRNAs at the post‑transcriptional level (10,11). The 
altered expression of specific miRNAs has been implicated 
to serve important roles in the initiation and progression of 
tumors, including tumor radiation resistance (12,13).

The human miR‑590 family has two mature members, 
miR‑590‑3p and miR‑590‑5p. It has been demonstrated that 
miR‑590 is associated with the development of various types of 
cancer, including breast cancer (14), cervical cancer (15), clear 
cell renal carcinoma (16) and hepatocellular carcinoma (17). 
To the best of our knowledge, the present study is the first to 
investigate the expression and function of miR‑590 in human 
gliomas.

Leucine‑rich repeats and immunoglobulin‑like domains 
protein 1 (LRIG1) is considered to be a tumor suppressor in 
various types of cancer and is frequently downregulated in 
gliomas (18‑21). Therefore, the present study elucidated whether 
LRIG1 is a novel direct target by which miR‑590‑3p exerts its 
effect on radiosensitivity, as LRIG1 is predicted to be a target 
of miR‑590‑3p (http://www.microrna.org/microrna/home.do) 
and the expression of LRIG1 is associated with radiosensi-
tivity in human glioblastoma (22). Furthermore, the levels 
of miR‑590‑3p and miR‑590‑5p expression in human glioma 
tissues and radioresistant human glioblastoma cells (U251R) 
were evaluated and the effect of miR‑590‑3p on the radiosen-
sitivity of U251R cells in vitro was investigated.
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Materials and methods

Tissue collection. The collection of tissue samples was 
approved by the Ethics Committee of The First Affiliated 
Hospital of Soochow University (Suzhou, China). All partici-
pants provided written informed consent prior to enrollment. 
Glioma tissue and matched adjacent normal tissue were 
collected from 35  patients with glioma who underwent 
surgery at The First Affiliated Hospital of Soochow University 
between May 2013 and March 2015, including 5 patients with 
grade I, 12 patients with grade II, 6 patients with grade III 
and 12 patients with grade IV. The grades of gliomas were 
determined according to WHO criteria (23). None of these 
patients had received radiotherapy or chemotherapy prior to 
surgery.

Cell culture and irradiation treatment. U251 and HEK293 
cells were purchased from the cell bank of the Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China), and were cultured in Dulbecco's modified Eagle's 
medium (DMEM) with 10% fetal bovine serum and 2 mM 
L‑glutamine (all Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). Cells were maintained at 37˚C in an 
atmosphere containing 5% CO2. The U251 cells were then 
exposed to a series of increasing X‑ray doses from 1‑10 Gy 
at a dose rate of 1 Gy/min for ten repeats, and the surviving 
cells were harvested, cultured in DMEM supplemented with 
10% fetal bovine serum and 2 mM L‑glutamine at 37˚C and 
designated as the radioresistant subline (U251R). U251 and 
U251R cells were treated with 6 Gy X‑ray radiation 24 h prior 
to MTT assay and flow cytometry. For colony formation assay, 
the U251 and the U251R cells were exposed to 0‑8 Gy X‑ray 
radiation.

Cell transfection. Cells were seeded onto six‑well plates at 
5x104 cells/well at 37˚C overnight until 50% confluence was 
reached. A total of 5 µl Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), 10 nM miR‑590‑3p mimic, 
10 nM miR‑590‑3p inhibitor and 10 nM LRIG1 short inter-
fering (si)RNA (forward, 5'‑CCG​GUU​CUA​UUU​CAG​CUA​
ATT‑3' and reverse, 5'‑UUA​GCU​GAA​AUA​GAA​CCG​GTT‑3'; 
all from Shanghai GenePharma Co., Ltd., Shanghai, China) 
were diluted in 250  µl Opti‑MEM I (Invitrogen; Thermo 
Fisher Scientific, Inc.) separately and incubated at room 
temperature for 5 min. The mimic/inhibitor or siRNA was 
subsequently mixed gently with Lipofectamine® 2000 and 
incubated at room temperature for 20 min to form complexes. 
The complexes were added to each well and plates were incu-
bated at 37˚C for 6 h. The medium was subsequently replaced 
with fresh medium.

Luciferase assay. The wild type or mutant LRIG1 3' untrans-
lated region (UTR; Shenzhen Lvshiyuan Biotechnology 
Co., Ltd., Shenzhen, China) was cloned into the pmirGLO 
luciferase reporter vector (Promega Corporation, Madison, 
WI, USA), and co‑transfected with the miR‑590‑3p mimic 
or the miR‑negative control (NC) (Shanghai GenePharma 
Co., Ltd., Shanghai, China) into the HEK293 cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). The pRL‑TK Renilla luciferase reporter vector (Promega 

Corporation) was transfected into cells as an internal control. 
At 24  h following transfection, luciferase activity was 
measured using a Dual‑Luciferase Reporter Assay System 
(Promega Corporation) following cells lysis with Passive Lysis 
Buffer included in the Reporter Assay System. Relative lucif-
erase activity was calculated as the ratio of firefly luciferase 
activity to Renilla luciferase activity.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). miRNAs were isolated from the 
harvested tissues and cultured cells using the miRNeasy 
Mini kit (Qiagen GmbH, Hilden, Germany) according to the 
manufacturer's protocols. A total of 1 µg RNA was reverse 
transcribed to cDNA using the First Strand cDNA Synthesis 
kit (Fermentas, Vilnius, Lithuania). Specific primers for 
miR‑590‑3p (forward, 5'‑TAA​TTT​TAT​GTA​TAA​GCT​
AGT‑3' and reverse, 5'‑TGG​TGT​CGT​GGA​GTCG‑3') and 
miR‑590‑5p (forward, 5'‑TAA​TTT​TAT​GTA​TAA​GCT​AGT‑3' 
and reverse, 5'‑TGG​TGT​CGT​GGA​GTCG‑3') were obtained 
from Sangon Biotech Co., Ltd. (Shanghai, China). qPCR 
was performed using the SYBR‑Green PCR kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) in an ABI Prism 
7900HT Sequence Detection System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The PCR reaction conditions 
were as follows: 40 cycles at 95˚C for 30 sec, 1 cycle at 59˚C 
for 30 sec and 1 cycle at 72˚C for 30 sec. All reactions were 
repeated three times. The U6 gene was used for the internal 
control. miR‑590‑3p and miR‑590‑5p levels were quantified 
using the 2‑ΔΔCq method (24).

Western blot analysis. Total protein was extracted from the 
cultured cells using a Total Protein Extraction kit (Nanjing 
KeyGen Biotech Co., Ltd., Nanjing, China) and centrifuged at 
1,000 x g at room temperature for 10 min. A 10% SDS‑PAGE 
gel was used to separate total proteins (20 µg/lane), which was 
subsequently transferred onto nitrocellulose membranes (EMD 
Millipore, Billerica, MA, USA) via electroblotting. Following 
blocking with non‑fat milk at 4˚C overnight, membranes were 
incubated with the primary rabbit polyclonal LRIG1 antibody 
(1:400; cat. no. ab36707) and rabbit polyclonal GAPDH anti-
body (1:1,000; cat. no. ab37168; Abcam, Cambridge, MA, 
USA) at 37˚C for 1 h, respectively, followed by incubation with 
the mouse monoclonal anti‑rabbit immunoglobulin horse-
radish peroxidase‑conjugated secondary antibody (1:2,000; 
cat. no. ab99702; Abcam) at 37˚C for 1 h. GAPDH antibody 
was used as a loading control. The signals were detected using 
a Pierce™ Fast Western Blot kit with ECL Substrate (Pierce; 
Thermo Fisher Scientific, Inc.). Band density was quantified 
using ImageJ 1.48 software (National Institutes of Health, 
Bethesda, MD, USA). Experiments were repeated three times.

MTT assay. Cells were incubated in 96‑well plates at a density 
of 5x104 cells/ml and allowed to grow at 37˚C for 24, 48, 
72 and 96 h. A total of 10 µl MTT (0.5 mg/ml; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) was added to each well 
and cells were incubated at 37˚C for another 4 h. Culture 
medium was subsequently discarded, and 150 µl dimethylsulf-
oxide (Sigma‑Aldrich; Merck KGaA) was added to each well 
to dissolve the formazan crystals. Absorbance was measured 
at 570 nm using a microplate reader.
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Flow cytometry. Cell apoptosis rate was determined using the 
Annexin V‑fluorescein isothiocyanate and propidium iodide 
(PI) Apoptosis assay kit (Nianjin KeyGen Biotech Co., Ltd.) 
and flow cytometry. A total of 5x105 cells/well were seeded 
into six‑well plates and were cultured in DMEM supple-
mented with 10% fetal bovine serum and 2 mM L‑glutamine. 
Cells were treated with 6  Gy radiation. Following 24  h, 
cells were subsequently harvested, washed 3  times with 
phosphate‑buffered saline, and dual‑stained with PI and 
Alexa Fluor 488‑Annexin V. The stained cells were analyzed 
via flow cytometry on a BD Accuri C6 flow cytometer and 
CFlow Plus software, v1.0.172.9 (BD Biosciences, Franklin 
Lakes, NJ, USA).

Colony formation assay. Cells were plated in six‑well plates at 
densities of 100, 400, 600, 800 and 1,000 cells/well and were 
exposed to 0, 2, 4, 6 and 8 Gy radiation, respectively. Following 
incubation at 37˚C for 14 days, the cells were fixed with 4% 
paraformaldehyde at room temperature for 15 min and then 
stained with 0.5% crystal violet. Colonies with >50 cells were 
counted under a light microscope.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation. SPSS 19.0 software (IBM SPSS, Armonk, NY, 
USA) was used for statistical analysis. Comparison of data 
between two groups was performed using the Student's t‑test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of miR‑590 in human glioma tissues. The 
expression of miR‑590‑3p and miR‑590‑5p in human 
glioma tissues was examined using RT‑qPCR. As shown 
in Fig. 1, the mRNA level of miR‑590‑3p was significantly 
upregulated in the grades  I‑II and  III‑IV glioma tissues 
compared with the normal brain tissues (P<0.05 and P<0.01, 
respectively). Furthermore, it was found that miR‑590‑3p 
expression levels were significantly higher in the high grade 
gliomas (grades III and IV) than in the low grade gliomas 
(grades  I  and  II; P<0.05). However, the mRNA level of 
miR‑590‑5p did not show any significant difference between 
the normal and glioma tissues (Fig. 1).

Establishment of U251R glioblastoma cell. As shown in Fig. 2A, 
the U251R cells exhibited higher cell viability compared 
with the U251 cells. The results from colony formation assay 
demonstrated that U251R cells exhibited significantly higher 
colony formation capacity following irradiation than U251 cells 

Figure 2. The radiosensitivity of U251 and U251R cells. (A) Cell viability 
of U251 and U251R cells. (B) Survival fraction of U251 and U251R cells. 
(C) Cell apoptosis rate of U251 and U251R cells. *P<0.05, #P<0.01 vs. U251 
cells. U251R, radioresistant U251.

Figure 1. Expression of miR‑590 in human glioma tissues. *P<0.05, #P<0.01 vs. the normal group; &P<0.05 vs. grade I‑II gliomas. miR, microRNA.
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(Fig. 2B; P<0.05 at 2 Gy; P<0.01 at 4, 6 and 8 Gy). In addition, 
U251R cells had a significantly lower cell apoptosis rate than 
U251 cells following irradiation (Fig. 2C; P<0.01).

Expression of miR‑590 and LRIG1 in U251R cells. The 
expression of miR‑590‑3p, miR‑590‑5p and LRIG1 in the 
radioresistant cells U251R was evaluated using RT‑qPCR and 
western blot analysis. The results from RT‑qPCR analysis 
showed that, compared with U251 cells, the expression level 
of miR‑590‑3p was significantly increased in the U251R cells 
(P<0.01); however, the expression level of miR‑590‑5p was 
not significantly different between U251 and U251R cells 
(Fig. 3A). The results from western blot analysis demonstrated 
that the expression of LRIG1 protein was significantly down-
regulated in U251R cells compared with U251 cells (Fig. 3B; 
P<0.05).

Effect of miR‑590‑3p on the radiosensitivity of U251R cells. 
To investigate the effect of miR‑590‑3p on the radiosensitivity 
of U251R cells, the miR‑590‑3p inhibitor was transfected into 
the U251R cells, and the cells were exposed to 6 Gy radiation 
for 24 h. As shown in Fig. 4A, the mRNA level of miR‑590‑3p 
in cells transfected with the miR‑590‑3p inhibitor signifi-
cantly decreased to 15% of the control (P<0.01). The results 
from MTT assay revealed that the cells transfected with the 
miR‑590‑3p inhibitor exhibited markedly decreased cell 
viability compared with the control (Fig. 4B). Colony forma-
tion capacity was also significantly decreased in the cells 
transfected with the miR‑590‑3p inhibitor following irradia-
tion, compared with controls (Fig. 4C; P<0.05 at 2 Gy; P<0.01 
at 4, 6 and 8 Gy). Furthermore, flow cytometry demonstrated 
that transfection with the miR‑590‑3p inhibitor significantly 
increased the cell apoptosis rate (Fig. 4D; P<0.05).

Figure 3. Expression of miR‑590 and LRIG1 in U251 and U251R cells. (A) Relative mRNA level of miR‑590‑3p and miR‑590‑5p in U251 and U251R 
cells. (B) Relative protein level of LRIG1 in U251 and U251R cells. *P<0.05, #P<0.01 vs. U251 cells. miR, microRNA; LRIG1, leucine‑rich repeats and 
immunoglobulin‑like domains protein 1; U251R, radioresistant U251.

Figure 4. Effect of miR‑590‑3p on the radiosensitivity of U251R cells. U251R cells were exposed to radiation following transfection with the miR‑590‑3p 
inhibitor. (A) Relative mRNA level of miR‑590‑3p in U251R cells following transfection with the miR‑590‑3p inhibitor. (B) Cell viability of U251R cells 
following transfection with the miR‑590‑3p inhibitor. (C) Survival fraction of U251R cells following transfection with the miR‑590‑3p inhibitor. (D) Cell 
apoptosis rate of U251R cells following transfection with the miR‑590‑3p inhibitor. *P<0.05, #P<0.01 vs. NC. miR, microRNA; U251R, radioresistant U251; 
NC, negative control.
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LRIG1 is a direct target of miR‑590‑3p. To elucidate the 
association between miR‑590‑3p and LRIG1, the LRIG1 
3'UTR containing the wild type or mutant potential target site 
of miR‑590‑3p was constructed, and co‑transfected with the 
miR‑590‑3p mimic into HEK293 cells. The results from the 
luciferase reporter assay demonstrated that the miR‑590‑3p 
mimic significantly decreased the luciferase activity of wild 

type LRIG1 3'UTR (P<0.01), whereas the luciferase activity 
of mutant LRIG1 3'UTR was not significantly affected by the 
miR‑590‑3p mimic (Fig. 5).

LRIG1 mediates the effect of miR‑590‑3p on the radiosensi‑
tivity of U251R cells. To identify whether LRIG1 mediates the 
effect of miR‑590‑3p on the radiosensitivity of U251R cells, 

Figure 5. Relative luciferase activity of wt or mut LRIG1 3'UTR in HEK293 cells following co‑transfection with the NC or miR‑590‑3p mimic. #P<0.01 vs. NC. 
wt, wild type; mut, mutant; LRIG1, leucine‑rich repeats and immunoglobulin‑like domains protein 1; UTR, untranslated region; NC, negative control; miR, 
microRNA.

Figure 6. LRIG1 reversed the effect of miR‑590‑3p on the radiosensitivity of U251R cells. U251R cells were exposed to radiation following transfection. 
(A) Relative protein level of LRIG1 in U251R cells following transfection with the miR‑590‑3p inhibitor and LRIG1 siRNA. Lane 1, NC + scr si; lane 2, 
inhibitor + scr si; lane 3, inhibitor + LRIG1 si. (B) Cell viability of U251R cells following transfection with the miR‑590‑3p inhibitor and LRIG1 siRNA. 
(C) Survival fraction of U251R cells following transfection with the miR‑590‑3p inhibitor and LRIG1 siRNA. (D) Cell apoptosis rate of U251R cells following 
transfection with the miR‑590‑3p inhibitor and LRIG1 siRNA. *P<0.05, #P<0.01 vs. NC + scr si; &P<0.05, $P<0.01 vs. inhibitor + scr si. LRIG1, leucine‑rich 
repeats and immunoglobulin‑like domains protein 1; miR, microRNA; U251R, radioresistant U251; si, short interfering; NC, negative control; scr, scramble.
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LRIG1 siRNA was transfected into U251R cells to knockdown 
LRIG1, and the cells were exposed to 6 Gy radiation for 24 h. As 
shown in Fig. 6A, miR‑590‑3p inhibitor significantly increased 
the expression of LRIG1 protein in U251R cells compared 
with controls (P<0.01); however, this increased LRIG1 expres-
sion was abolished by the transfection of LRIG1 siRNA. The 
effect of miR‑590‑3p on the radiosensitivity of U251R cells 
was significantly attenuated by LRIG1 (P<0.01). As demon-
strated in Fig. 6B, suppression of miR‑590‑3p by treatment 
with miR‑590‑3p inhibitor resulted in markedly decreased 
cell viability; however, these effects were reversed by the 
transfection of LRIG1 siRNA. Colony formation capacity was 
also significantly decreased in the cells transfected with the 
miR‑590‑3p inhibitor + scramble siRNA following irradiation, 
compared with controls (Fig. 6C; P<0.05 at 2 Gy; P<0.01 at 4, 
6 and 8 Gy). These effects were significantly reversed in the 
miR‑590‑3p inhibitor + LRIG1 siRNA group (Fig. 6C; P<0.05 
at 2 Gy; P<0.01 at 4, 6 and 8 Gy). The cell apoptosis rate were 
significantly different between the miR‑590‑3p inhibitor + 
scramble siRNA group and the miR‑590‑3p inhibitor + LRIG1 
siRNA group (Fig. 6D; P<0.01).

Discussion

In the present study, it was initially demonstrated that 
miR‑590‑3p was upregulated in the human glioma tissues, 
and its expression level was higher in high grade than in 
low grade gliomas. These data suggested that miR‑590‑3p 
may contribute to the initiation and development of human 
gliomas.

Radiotherapy is essential for the treatment of >30% of 
newly diagnosed cancer patients (25). Various miRNAs have 
been demonstrated to be associated with the radiosensitivity 
of human glioma cells, such as miR‑181a, miR‑124 and 
miR‑26a (26‑30). The present results indicate that the expres-
sion level of miR‑590‑3p was higher in the radioresistant 
human glioblastoma cells than that in the parental glioblas-
toma cells. In vitro experiments were subsequently performed 
to elucidate the role of miR‑590‑3p in the radiosensitivity of 
glioblastoma cells. It was demonstrated that downregulation 
of miR‑590‑3p enhanced the radiosensitivity of the radiore-
sistant human glioblastoma cells U251R, as demonstrated by 
suppressed cell viability, decreased colony formation capacity, 
and increased cell apoptosis rate. These results indicated that 
miR‑590‑3p decreases radiation sensitivity of glioblastoma 
cells.

LRIG1 is a transmembrane protein that functions as a tumor 
suppressor in various human cancer cell types (18‑20). LRIG1 
downregulation has been implicated to be associated with a 
poor prognosis of patients with renal cell carcinoma or ocular 
surface squamous neoplasia  (31,32). Previous studies have 
indicated that LRIG1 was frequently decreased in gliomas (21), 
and the expression level of LRIG1 is significantly correlated 
with the malignancy of glioma (21,33). It has also been reported 
that upregulation of LRIG1 expression suppresses malignant 
glioma cell growth and induces cell apoptosis  (21,34‑36), 
whereas downregulation of LRIG1 expression promotes the 
proliferation and aggressive properties of glioma cells (37,38). 
Furthermore, previous studies have suggested that LRIG1 is 
associated with the regulation of chemosensitivity of human 

cancer cells (39,40). It has been elucidated that LRIG1 sensi-
tizes glioma cells to cisplatin and temozolomide (22,41‑43). 
Recently, Yang et al (22) reported that LRIG1 expression was 
associated with the radiosensitivity of human glioblastoma 
cells, and LRIG1 overexpression enhances the radiosensitivity 
of radioresistant human glioblastoma U251 cells. Consistent 
with these findings, the present study demonstrated that LRIG1 
was downregulated in radioresistant human glioblastoma 
cells. Furthermore, the luciferase reporter assay demonstrated 
that LRIG1 was a direct target of miR‑590‑3p. The effect of 
miR‑590‑3p suppression on cell viability, colony formation 
capacity and cell apoptosis rate was attenuated by the knock-
down of LRIG1 in U251R cells. These results suggested that 
LRIG1 is able to mediate the effect of miR‑590‑3p on the 
radiosensitivity of human glioblastoma cells.

In conclusion, the present study identified miR‑590‑3p as 
a potential target of radioresistance in human gliomas, and 
demonstrated that LRIG1 was associated with mediating the 
effect of miR‑590‑3p on the radiosensitivity of human glio-
blastoma cells. These findings may improve the understanding 
of the association between miRNAs and radiosensitivity in 
gliomas, and may provide potential therapeutic strategies to 
prevent radioresistance.
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