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Abstract. Emerging evidence has shown that microRNA 
(miR)‑497 serves pivotal roles in tumorigenesis, cancer 
progression, metastasis and chemotherapy resistance in 
several types of cancer. In the present study, the expression 
and biological functions of miR‑497 host gene (MIR497HG) 
were investigated in glioma tissue. The expression levels of 
miR‑497 and MIR497HG were measured in glioma, adjacent 
non‑cancerous and normal brain tissue and their association 
with the prognosis of patients with glioma were analyzed. The 
biological roles of miR‑497 and MIR497HG were investigated 
in glioma cell lines. In addition, bioinformatics analysis, 
luciferase reporter assay and functional experiments were 
performed to identify and validate the downstream targets of 
miR‑497 or MIR497HG. The expression levels of miR‑497 
and MIR497HG were downregulated in glioma tissue and 
cell lines compared with those in adjacent non‑cancerous and 
normal brain tissue and normal human cortical neuron cell 
line. Patients with low miR‑497 or MIR497HG expression 
levels exhibited a poor prognostic outcome. In addition, 
forced overexpression of miR‑497 or MIR497HG significantly 
inhibited the proliferation and cell cycle progression of 
glioma cell lines. Furthermore, the results indicated that 
miR‑497 and MIR497HG exerted their biological functions 
by direct targeting of cyclin E1 and miR‑588/tumor suppressor 

candidate 1. In summary, the data indicated that miR‑497 and 
MIR497HG served as tumor suppressors and may be used 
as potential therapeutic targets and prognostic biomarkers in 
glioma.

Introduction

Neoplasms in the brain and other parts of the nervous system 
are the leading cause of cancer‑associated mortality among 
men aged <40 years and women aged <20 years (1). These 
tumor types were estimated to cause 17,760 deaths in the US 
in 2019 (1). Gliomas account for >70% of all primary brain 
tumors in adults and the majority of patients with glioma 
will not survive beyond the first 2  years from diagnosis 
even following aggressive chemotherapy or radiotherapy (2). 
Therefore, it is urgent to identify novel therapeutic methods 
to treat this disease. Although the molecular mechanisms 
that contribute to tumorigenesis of glioma have been recently 
identified (3), their exact association with the development of 
this disease has not been fully clarified. 

MicroRNAs (miRs) are small, non‑coding (nc), 
single‑stranded RNAs that are 20‑23 nucleotides in length 
and act by suppressing gene expression in a variety of 
eukaryotic organisms via targeting specific mRNAs  (4). 
miRs suppress gene expression via complementary binding 
between their seed region and the 3'‑untranslated region 
(UTR) of the target mRNA  (4). Through this regulation, 
miRs serve a pivotal role in several cellular processes, 
including proliferation, cell cycle control, programmed 
cell death, differentiation, invasiveness and tissue specific 
functions, such as immune response, hormone secretion and 
angiogenesis, which are implicated in the development and 
progression of hepatocellular carcinoma (5), glioma (6) and 
lung cancer (7). miRs can be used as diagnostic and prognostic 
markers (8) in cancer as they are regulatory molecules with 
both oncogene and suppressor gene functions and constitute 
major components of intercellular communication  (9). It 
has been shown that miRs are involved in several biological 
processes in glioma, such as cell proliferation, invasion, 
angiogenesis and therapeutic resistance  (10). Significantly 
decreased expression of miR‑49(6)7 has been observed in 
numerous types of cancer type, including cutaneous squamous 
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cell carcinoma  (11), breast  (12), gastric  (13), thyroid  (14), 
colorectal (15), hepatocellular carcinoma (16), pancreatic (17), 
adrenocortical carcinoma (18), bladder (19), non‑small cell 
lung  (20) and cervical cancer  (21) as  well  as other solid 
tumors. However, several studies have shown that miR‑497 
expression is upregulated in other types of cancer, including 
chronic lymphocytic leukemia  (22), diffuse large B‑cell 
lymphoma (23) and renal cell carcinoma (24). With regards 
to glioma, the expression and biological functions of miR‑497 
remain controversial and require further analysis. miR‑497 
is located at the intron of miR‑497 host gene (MIR497HG), 
which has been demonstrated to be a tumor suppressor gene 
that suppresses tumor progression (25,26). However, it remains 
controversial whether the long (l)nc RNA MIR497HG is the 
actual host gene of miR‑497. In the present study, the expression 
and functions of miR‑497 and its host gene MIR497HG were 
investigated in glioma tissue. 

Materials and methods

Sample collection and ethics statement. All human tissue 
was obtained from patients undergoing surgery for glioma 
in the Department of Neurosurgery, Xijing Hospital, Fourth 
Military Medical University (Xi'an, China). A total of 
13 male  and  17  female glioma patients aged 40‑60  years 
were recruited between January  2018 and January  2020. 
The glioma samples were histologically classified based on 
the diagnosis of clinical and pathological grading according 
to the World Health Organization guidelines  (27). Among 
these samples, 22 contained both adjacent and glioma tissues, 
while 8 samples only contained glioma tissue. Therefore, the 
number of glioma tissues was 30 and the number of adjacent 
tumor tissues was 22. The normal brain tissue was collected as 
negative controls from patients with cerebral trauma. Written 
informed consent conforming to the tenets of the Declaration 
of Helsinki was obtained from each participant and the study 
procedures were approved by the institutional review board 
of Xijing Hospital, Fourth Military Medical University. 
Expression levels of CCNE1 and TUSC1 correlated with 
overall survival time were analyzed using 667 patients derived 
from The Cancer Genome Atlas (TCGA) database (28).

Plasmid construction, cell culture and transfection. The 
fragments of wild‑type (WT) and mutated (Mut) 3'‑UTRs 
of CCNE1 and TUSC1 were amplified via PCR from the 
human cDNA library isolated from human peripheral blood 
and inserted into the pGL3‑promoter vector (Promega 
Corporation). The PCR thermocycling conditions were as 
follows: Initial denaturation at 95˚C for 5 min, 35 cycles of 
denaturation at 95˚C for 30 sec, annealing at 58˚C for 30 sec, 
elongation at 72˚C for 2 min sec and final extension at 72˚C 
for 5 min. The coding regions of CCNE1 were also generated 
using PCR amplification and cloned into the expression vector 
pCMV‑Flag (Invitrogen; Thermo Fisher Scientific, Inc.). The 
human cortical neuronal cell line HCN‑2 and the glioma cell 
lines U251, LN229 and LN18, were cultured for 24 h in DMEM 
supplemented with 10% FBS and 2 mM glutamine (Thermo 
Fisher Scientific, Inc.). The passaged cells were seeded 
into 6‑ or 12‑well plates for overnight culture followed by 
transfection with plasmids (2 µg) using Lipofectamine® 2000 

(5 µl) (Invitrogen; Thermo Fisher Scientific, Inc.) for 25 min 
at room temperature. The subsequent experiments were 
performed 48 h later. In the in vitro functional experiments, 
the oligonucleotides were chemically synthesized and 
transfected at a final concentration of 50 nmol/l according 
to the manufacturer's instructions (Guangzhou RiboBio Co., 
Ltd.). Following transfection with oligonucleotides, the cells 
were cultured in complete DMEM and subsequently harvested 
for further experiments. All cells were incubated at 37˚C in an 
atmosphere of 5% CO2.

Intracranial glioma model. Nude mice (male BALB/cA‑nu; 
age, 8 weeks) were purchased from the Shanghai Experimental 
Animal Center (Chinese Academy of Sciences) and maintained 
under specific pathogen‑free conditions. The animals were 
housed at 22±2˚C, humidity of 55±10%, 12/12‑h light/dark 
cycle and ad libitum access to water and food. At the start of 
the experiments, animals weighed 22±2 g. A total of 15 mice 
were randomly divided into three groups (Scramble, miR‑497 
and MIR497HG; n=5 each). Luciferase modified‑glioma cells 
were established to overexpress miR‑497 or MIR497HG 
via lentivirus (Shanhai GeneChem Co., Ltd.) and injected 
intracranially into each mouse at a density of 1x106 cells. At 
14 days after inoculation, the tumor‑bearing mice were infected 
with luciferin (Shanghai Yeasen Biotechnology Co., Ltd.) and 
the glioma growth was evaluated via bioluminescence imaging. 
The mice were sacrificed by cervical dislocation under 
pentobarbital sodium intraperitoneal anesthesia (60 mg/kg) to 
minimize discomfort. The body weight of experimental mice 
was not significantly different compared with that before tumor 
cell inoculation. All animal experiments were approved by the 
Animal Experiment Administration Committee of The Fourth 
Military Medical University. All experiments were performed 
in accordance with the recommendations of the Guide for the 
Care and Use of Laboratory Animals prepared by the National 
Academy of Sciences and published by the National Institutes 
of Health (29).

RNA extraction and quantification assay. Total RNA was 
extracted from glioma cell line U251, LN229 and LN18 using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. cDNA was gener‑
ated using TaqMan MicroRNA Reverse Transcription (Thermo 
Fisher Scientific, Inc.) or PrimerScript RT Reagent kit (Takara 
Bio, Inc.) according to the manufacturer's instructions. Reverse 
transcription‑quantitative (RT‑q)PCR was performed using 
a CFX96™ Real‑Time PCR system (Bio‑Rad Laboratories, 
Inc.) with SYBR-Green reagents (cat. no. DRR041A; Takara 
Bio, Inc.) according to the manufacturer's instructions as 
previously described (30). The primers were synthesized by 
Takara Bio, Inc., as follows: MIR497HG forward, 5'‑GAG​
ATC​TCT​TGT​GGG​GGT​GC‑3' and reverse, 5'‑ACG​TAG​
CAG​GGT​GTT​TCA​GG‑3'; CCNE1 forward, 5'‑AAG​GAG​
CGG​GAC​ACC​ATG​A‑3' and reverse, 5'‑ACG​GTC​ACG​TTT​
GCC​TTC​C‑3'; TUSC1 forward, 5'‑GCC​TCT​TCC​GTC​AGG​
CTT​T‑3' and reverse, 5'‑CGG​AGT​CGG​GTT​CCT​GTA​GA‑3' 
and GAPDH forward, 5'‑CTT​CAA​CGA​CCA​CTT​TGT​‑3' 
and reverse, 5'‑TGG​TCC​AGG​GGT​CTT​ACT​‑3'. To analyze 
miR‑497 and miR‑588 expression levels, Bulge‑Loop™ miR 
RT‑qPCR primer kit (Guangzhou RiboBio Co., Ltd.) was used 
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according to the manufacturer's instructions. The RNA input 
was normalized to the level of human U6 small nuclear RNA 
(forward, 5'‑GTG​CTC​GCT​TCG​GCA​GCA​‑3' and reverse, 
5'‑CAA​AAT​ATG​GAA​CGC​TTC​‑3'). The quantification was 
performed via the 2‑ΔΔCq method (31).

Western blot analysis. Western blot analysis was performed 
following harvesting of glioma cell LN229 cells and lysis on 
ice for 30 min using RIPA buffer supplemented with protease 
inhibitors (100 mM Tris‑HCl, pH 7.4; 150 mM NaCl; 5 mM 
EDTA; 1% Triton X‑100; 1% deoxycholate acid; 0.1% SDS, 
2 mM phenylmethylsulfonyl fluoride; 1 mM sodium orthovan‑
adate; 2 mM dithiothreitol; 2 mM leupeptin; 2 mM pepstatin). 
The cell lysate was centrifuged at 10,000 x g for 15 min (4˚C) and 
the supernatant was collected to extract the total protein. The 
concentration levels of the protein samples were determined 
using the BCA method (Beyotime Institute of Biotechnology) 
and an 20 µl sample was separated via SDS‑PAGE (12%) and 
transferred onto PVDF membranes. The membranes were 
blocked at RT with 5% non‑fat dried milk solution for 2 h and 
incubated with primary antibodies against CCNE1 (Abcam) 
and β‑actin (1:2,000; cat.  no.  EK1002; Boster Biological 
Technology). Following washing of the membranes three 
times with PBS‑Tween‑20 (0.1%), membranes were incubated 
with horseradish peroxidase‑conjugated secondary antibody 
(1:5,000; cat. no. BA1056; Boster Biological Technology) for 
2 h at room temperature and visualized with an ECL detec‑
tion system [Multi Science (Lianke) Biotech Co., Ltd.]. The 
protein expression was measured using ImageJ software 
(version ImageJ 2X; National Institutes of Health).

Immunofluorescence staining. The slices of normal, adjacent 
and glioma tissue derived from patients were examined 
using in situ hybridization for miR‑497 detection (Wuhan 
Servicebio Technology Co., Ltd.) and counterstained 
with DAPI. The clinical samples were observed using a 
laser scanning confocal microscope (FV‑1000; Olympus 
Corporation). Briefly, the tissues were fixed in DEPC for 12 h 
at room temperature, followed by dehydration by gradient 
alcohol, paraffin embedding and sectioning (8 µm). The 
slices were boiled in the retrieval solution for 10‑15 min and 
tissue was marked with liquid blocker pen. Proteinase K 
(20 µg/ml; Wuhan Servicebio Technology Co., Ltd.) working 
solution was added to cover objectives and incubated at 37˚C 
for 30 min. Sections were washed in pure water, then washed 
three times in PBS (pH 7.4) on a Rocker device for 5 min 
each. Then, pre‑hybridization solution was added to each 
section and incubated for 1 h at 37˚C. After removing the 
pre‑hybridization solution, miR‑497 probe hybridization 
solution [1  µM Carboxyf luorescein (FAM)]‑labelled 
miR‑497 probe (5'‑aca​aac​cac​agt​gtg​ctg​ctg​‑3') 
was added overnight at  42˚C. Then, the hybridization 
solution was removed and the sections were washed in 2x 
SSC for 10 min at 37˚C, in 1x SSC twice for 5 min each 
at 37˚C and in 0.5x SSC for 10 min at room temperature. 
The cell nuclei was stained with DAPI for 8 min in the dark 
at room temperature. Finally, microscopic examination 
was performed to take photos under a positive fluorescence 
microscope. DAPI glows blue by UV excitation wavelength 
330‑380 nm and emission wavelength 420 nm; FAM glows 

green by excitation wavelength 465‑495 nm and emission 
wavelength 515‑555 nm.

Luciferase reporter assay. The target genes of miRNAs were 
predicted by bioinformatics analysis via TargetScan  (32) 
and miRanda online tools (33). U251 cells (1x105 cells) were 
seeded into a 96‑well plate and luciferase reporter plasmids 
(Invitrogen; Thermo Fisher Scientific, Inc.) bearing WT 
or Mut 3'‑UTR of CCNE1 were transfected with miR‑497 
oligonucleotides (Guangzhou RiboBio Co., Ltd.) and pRL‑TK 
vector by Lipofectamine (Invitrogen; Thermo Fisher Scientific, 
Inc.). The 3'‑UTRs of TUSC1 were transfected with miR‑588 
oligonucleotides (Guangzhou RiboBio Co., Ltd.) and pRL‑TK 
vector. The cells were harvested and lysed with lysis buffer at 24 h 
post‑transfection (Promega Corporation). The relative luciferase 
activity was measured using a Dual Luciferase Reporter Assay 
system (Promega Corporation) and normalized to the relative 
activity of Renilla. Each experiment was performed at least five 
times and the data were analyzed via paired Student's t‑test.

Proliferat ion assay. The prol i ferat ion of gl ioma 
cells was analyzed via MTT assay. The miR‑497‑ or 
MIR497HG‑overexpressing glioma cells (1x105 cells) were 
seeded into 96‑well plates and cell proliferation was evaluated 
at  24, 48,  72  and  96  h using MTT reagent (5.0  mg/ml in 
PBS). CCNE1 or miR‑588 were overexpressed for rescue 
experiments. Following incubation for 4  h at  37˚C, the 
supernatant was removed and the precipitate was dissolved in 
DMSO (Sigma‑Aldrich; Merck KGaA). Spectrophotometric 
absorbance was measured at 570 nm using a microplate reader 
(BioTek Instruments Inc.).

Cell cycle assay. The cell cycle distribution was deter‑
mined using a BD Accuri™ C6 Plus Flow Cytometer (BD 
Biosciences). Briefly, U251 cells were collected and fixed in 
ice‑cold ethanol (70% in PBS) overnight at 4˚C. The cells 
were treated with 20 g/ml RNase A (Sigma‑Aldrich; Merck 
KGaA) for 1 h at 37˚C to degrade the RNA, then incubated 
with 50 µg/ml PI (Sigma‑Aldrich; Merck KGaA) in the dark 
for 30 min at 4˚C. The DNA content was analyzed via flow 
cytometry (Accuri™ C6 Plus, BD Biosciences) and all phases 
of the cell cycle were analyzed by appropriate gating on the 
distribution plot and analyzed by FlowJo (Flowjo, LLC; V10). 

Statistical analysis. The data were analyzed using 
SPSS  12.0  software (SPSS, Inc.). Comparisons between 
groups were performed with an unpaired Student's t‑test or 
one‑way ANOVA followed by Student‑Newman‑Keuls test 
using GraphPad Prism software (GraphPad Software, Inc.; 
version 5.0). The correlation was evaluated using Pearson's 
correlation. Survival analysis was evaluated using the 
Kaplan‑Meier method and assessed using the log‑rank test. Data 
are presented as the mean ± SEM. The number of independent 
experimental repeats was described in figure legends. P<0.05 
was considered to indicate a statistically significant difference.

Results

Decreased expression levels of miR‑497 and MIR497HG 
predict poor prognosis of patients with glioma. To investigate 
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the expression profile of miR‑497 in glioma, in situ hybridization 
staining was used to analyze the expression levels of this miR in 
27 pairs of glioma and corresponding adjacent paracancerous, 
as well as normal brain tissue. The results indicated that the 
number of miR‑497‑positive cells was significantly decreased 
in glioma compared with adjacent non‑neoplastic and normal 
brain tissue (Fig. 1A and B). miR‑497 is located at the intron 
of its host gene, MIR497HG (26). The present study verified 
the expression levels of these miRs in patient tissue samples 
using RT‑qPCR. The data suggested that expression levels 
of miR‑497 and MIR497HG were lower in glioma than in 
non‑neoplastic and normal brain tissue (Fig. 1C and D). In 
addition, miR‑497 expression was highly correlated with 
that of its host gene MIR497HG (Fig. 1E). Expression levels 
of miR‑497 and MIR497HG decreased as the pathological 
grade of glioma tumor increased (Fig. 1F and G). Subsequent 
analysis indicated that higher expression levels of miR‑497 and 
MIR497HG were associated with better prognosis and longer 
survival time of patients with glioma (Fig. 1H and I). These 
data indicated that miR‑497 and its host gene MIR497HG 
were associated with glioma progression and predicted better 
prognosis of patients with glioma.

Induced overexpression of miR‑497 or MIR497HG inhibits 
proliferation and cell cycle progression in glioma cells. To 
validate the effects of miR‑497 and MIR497HG on glioma, 
the expression levels of these two targets were determined in 
glioma (U251, LN229 and LN18) and normal human cortical 
neuron cell line (HCN‑2). The results indicated that the expres‑
sion levels of miR‑497 and MIR497HG were suppressed 
in the three glioma cell lines compared with HCN‑2 cells 
(Fig. 2A and B). To assess the biological functions of miR‑497 
and MIR497HG in glioma, these were overexpressed in U251 
and LN229 cells. Subsequently, cell proliferation and cell 
cycle progression were evaluated using MTT and flow cytom‑
etry. The data indicated that overexpression of either miR‑497 
or MIR497HG markedly inhibited proliferation in both cell 
lines compared with scramble control groups (Fig. 2C and D). 
Similarly, miR‑497 and MIR497HG arrested glioma cells at 
the G0/G1 phase (Fig. 2E‑H). The luciferase‑modified glioma 
cells were transfected with sequences overexpressing miR‑497 
or MIR497HG and injected intracranially into nude mice. After 
3 weeks, glioma growth was evaluated via bioluminescence 
imaging and tumor weight measurement, which indicated 
that miR‑497 or MIR497HG overexpression suppressed 
glioma progression (Fig. 2I‑K). These results indicated that 
the miR‑497/MIR497HG axis significantly suppressed glioma 
cell proliferation both in vitro and in vivo.

CCNE1 is a direct target gene of miR‑497 in glioma cells. 
The in  vitro experiments demonstrated that miR‑497 and 
MIR497HG blocked glioma cell cycle progression. To deter‑
mine the mechanism underlying inhibition of cell proliferation 
and cell cycle arrest induced by miR‑497, bioinformatics 
analysis (TargetScan and miRanda) was performed to predict 
the potential targets of miR‑497. Although several potential 
targets that may participate in the proliferation of tumor cells 
have been identified (34‑38), CCNE1 directly regulates the 
cell cycle of different types of cell and was therefore selected 
as a putative target of miR‑497 (39‑42). It was predicted that 

miR‑497 binds to the 3'‑UTR of CCNE1 based on a sequence 
at 485‑492 bp (Fig. 3A). To assess whether miR‑497 targets 
CCNE1 by binding to its 3'‑UTR region, U251 cells were 
co‑transfected with WT or Mut 3'‑UTR luciferase reporter 
plasmid and miR‑497 mimic or scramble control. Luciferase 
activity was decreased in cells co‑transfected with WT 3'‑UTR 
reporter plasmid and miR‑497 mimic, whereas this effect was 
not noted in cells co‑transfected with Mut 3'‑UTR reporter 
plasmid and miR‑497 mimic (Fig. 3B). Moreover, overex‑
pression of miR‑497 decreased CCNE1 mRNA and protein 
expression levels (Fig. 3C and D). These data indicated that 
CCNE1 was a direct target gene of miR‑497 in glioma cells.

miR‑497 targets CCNE1 inhibition of glioma cell proliferation 
and CCNE1 predicts poor prognosis of patients with glioma. 
CCNE1 mRNA expression levels were measured in glioma 
tissue via RT‑qPCR analysis. The results indicated that CCNE1 
mRNA expression levels were increased in glioma compared 
with adjacent non‑neoplastic and normal brain tissue (Fig. 3E). 
Subsequently, the correlation between CCNE1 mRNA and 
miR‑497 expression levels was determined in glioma tissue. 
The expression levels of CCNE1 mRNA were inversely 
correlated with miR‑497 expression (Fig. 3F). Patients with 
high CCNE1 expression demonstrated a shorter overall 
survival period as determined by analysis of samples derived 
from The Cancer Genome Atlas (TCGA) database and tissue 
from patients with glioma (Fig. 3G and H). In addition, CCNE1 
mRNA expression levels were higher in glioma cell lines than 
in HCN‑2 cells (Fig. 3I). Restoration of CCNE1 expression 
reversed the inhibition of proliferation and induction of cell 
cycle arrest caused by miR‑497 overexpression in U251 cells 
(Fig. 3J‑L). The data suggested that miR‑497 targeted CCNE1 
inhibition of glioma cell proliferation and CCNE1 predicted 
poor prognosis of patients with glioma.

MIR497HG regulates glioma cell proliferation via the 
miR‑588/TUSC1 axis. Bioinformatics analysis was used to 
identify target miRs of MIR497HG. miR‑588 was predicted to 
interact with MIR497HG and this was verified by the suppres‑
sion of miR‑588 levels in MIR497HG‑overexpressing glioma 
cells (Fig. 4A and B). The data further indicated that miR‑588 
specifically bound to the 3'‑UTR of TUSC1 via complemen‑
tary interactions, suggesting that TUSC1 expression could be 
suppressed by miR‑588 (Fig. 4C). This finding was confirmed 
via RT‑qPCR analysis, which indicated significantly decreased 
TUSC1 mRNA expression in miR‑588‑overexpressing glioma 
cells (Fig. 4D). In addition, luciferase reporter assay indicated 
that miR‑588 decreased TUSC1 3'‑UTR activity in glioma 
cells (Fig. 4E). The expression levels of miR‑588 increased, 
while those of TUSC1 decreased in glioma compared with 
paracancerous and normal tissue (Fig. 4F and G). 

The expression levels of miR‑588 exhibited an inverse 
correlation with those of MIR497HG in glioma tissue 
(Fig. 4H). High levels of miR‑588 predicted poor patient 
prognosis, whereas high levels of TUSC1 indicated longer 
survival time of patients with primary glioma (Fig. 4I and J). 
TCGA database indicated decreased expression levels of 
TUSC1 in glioma compared with non‑tumor tissue. However, 
the expression levels of TUSC1 were not associated with the 
prognosis of patients with glioblastoma (GBM), which did 
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not distinguish between patients with primary and recurrent 
glioma (Fig. S1). 

U251 cells were transfected with MIR497HG or 
MIR497HG + miR‑588‑expressing plasmids to assess whether 

TUSC1 was a downstream target of MIR497HG and miR‑588. 
Elevated MIR497HG expression induced upregulation of TUSC1 
mRNA expression and inhibited cell proliferation, while overex‑
pression of miR‑588 abrogated these effects (Fig. 4K and L). These 

Figure 1. Decreased expression levels of miR‑497/MIR497HG predict poor prognosis of patients with glioma. (A) Fluorescent in situ hybridization assay was 
performed to evaluate the expression levels of miR‑497 in N (n=12), A (n=22) and G (n=30). The magnification of the enlarged area is x40. (B) Positive miR‑497 
staining in clinical tissue samples was measured and quantified. mRNA expression levels of (C) miR‑497 and (D) MIR497HG were detected in tissue using 
reverse transcription‑quantitative PCR analysis. (E) Correlation between miR‑497 and MIR497HG expression levels in tissue (R2=0.4908; n=64). Expression 
levels of (F) miR‑497 and (G) MIR497HG in tissue with different pathological grades. Correlation between expression levels of (H) miR497 or (I) MIR497HG 
and the survival time of patients (n=60). Data are presented as the mean ± SEM. *P<0.05, **P<0.01, ***P<0.001. miR, microRNA; MIR497HG, miR‑497 host 
gene; N, normal; A, adjacent; G, glioma. 
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results demonstrated a novel signaling pathway that regulates 
glioma cell proliferation via the MIR497HG/miR‑588/TUSC1 
axis. 

Discussion

Accumulating evidence has indicated that abnormal miR‑497 
expression contributes to carcinogenesis and progression 
of multiple types of cancer, including glioma (43‑45). In the 
present study, expression levels of miR‑497 and its host gene 
MIR497HG were significantly downregulated in human glioma 
tissue, as well as in glioma cell lines. The expression levels of 
miR‑497 or MIR497HG were inversely correlated with tumor 
grade. Lower miR‑497 and MIR497HG expression levels were 
correlated with poor prognosis of patients with glioma. These 
results indicated that miR‑497 and MIR497HG expression 
levels correlated with pathological features and prognosis of 
these patients. It has been previously reported that the lncRNA 
MIR497HG may be the actual host gene of miR‑497 (26). 
However, the present study indicated that miR‑497 and 
lncRNA MIR497HG shared similar expression profiles in both 
clinical glioma tissue and glioma cell lines. In addition, histone 
H3K27me3 modification is the hallmark event of promoter 
methylation. Chromatin immunoprecipitation‑sequencing 

data derived from glioma cells from the Cistrome Project 
(cistrome.org/) exhibit only one unique peak corresponding to 
a strong signal of H3K4me3 near the region of MIR497HG 
and miR‑497 (Gene Expression Omnibus ID: GSM2288202; 
CistromeDB ID: 82969) (46). This indicates that MIR497HG 
and miR‑497 are simultaneously transcribed in glioma 
cells. Considering that the histone modifications include 
heterogeneity and plasticity, the transcriptional levels of 
MIR497HG and miR‑497 may be different in different types 
of cell or tissue.

The present study is not the first to analyze miR‑497 expres‑
sion and its correlation with patient prognosis. Lu et al (45) 
demonstrated that miR‑497 expression levels are downregulated 
in glioma tissue and associated with poor disease progression 
and decreased overall survival, suggesting a tumor suppressor 
function and a potential therapeutic application of miR‑497 in 
glioma. Regazzo et al (47) indicated that patients with GBM, 
which is considered the most common and malignant subtype 
of glioma, are more likely to exhibit downregulated expression 
levels of miR‑497 compared with patients those with lower 
tumor grades. This suggests that serum miR‑497 levels may 
be a novel diagnostic marker for clinical application in patients 
with glioma (47). Feng et al (48) revealed that miR‑497 expres‑
sion is suppressed in human glioma tissue and associated with 

Figure 2. miR‑497 and MIR497HG suppress glioma cell proliferation and cell cycle arrest. Expression levels of (A) miR‑497 and (B) MIR497HG were 
determined in glioma and normal human cortical neuron cell lines (HCN‑2) via reverse transcription‑quantitative PCR analysis. MTT assay was performed to 
evaluate the proliferation of glioma cells transfected with (C) miR‑497 or (D) MIR497HG plasmids. (E and F) miR‑497 overexpression was induced in glioma 
cells and the cell cycle was examined via flow cytometry. (G and H) MIR497HG overexpression was induced in glioma cells and the cell cycle was examined 
via flow cytometry. (I and J) Luciferase‑modified glioma cells overexpressing miR‑497 or MIR497HG were injected intracranially into nude mice. Glioma 
development was evaluated using bioluminescence imaging following 3 weeks of tumor growth. (K) Tumors were excised, and weight was measured following 
animal sacrifice. Data are presented as the mean ± SEM (n=5). *P<0.05, **P<0.01, ***P<0.001 vs. control. miR, microRNA; MIR497HG, miR‑497 host gene.
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Figure 4. MIR497HG regulates cell proliferation and cell cycle via the miR‑588/TUSC1 signaling axis. (A) Bioinformatic analysis indicated that miR‑588 may 
be a specific downstream miRNA of MIR497HG. (B) Glioma cells overexpressing MIR497HG were established and mRNA levels of miR‑588 were detected 
(n=5). (C) Bioinformatics analysis indicated that TUSC1 may be a specific downstream target of miR‑588. (D) Glioma cells overexpressing miR‑588 were 
established and mRNA expression levels of TUSC1 were detected (n=5). (E) Relative luciferase activity was determined in U251 cells following co‑transfection 
of miR‑588 plasmid with luciferase reporter plasmid containing TUSC1 3'‑UTR. mRNA expression levels of (F) miR‑588 and (G) TUSC1 were detected in N 
(n=12), A (n=22) and G (n=30) using reverse transcription‑quantitative PCR analysis. (H) Correlation between miR‑588 and MIR497HG. Correlation between 
the expression levels of (I) miR‑588 or (J) TUSC1 and survival time of patients (n=60) was analyzed. (K) Effect of miR‑588 was evaluated on the increase in 
TUSC1 expression levels induced by MIR497HG. (L) MTT assay indicated that miR‑588 abrogated the inhibition of cell proliferation induced by MIR497HG. 
Data are presented as the mean ± SEM. *P<0.05, ** or ##P<0.01, ***P<0.001. MIR497HG, miR‑497 host gene; miR, microRNA; TUSC1, tumor suppressor 
candidate 1; UTR, untranslated region; RT‑qPCR, reverse transcription‑quantitative; N, normal; A, adjacent; G, glioma; Ctrl, control. 

Figure 3. CCNE1 is a direct functional downstream target of miR‑497. (A) WT and Mut binding sites of miR‑497 in the 3'‑UTR of CCNE1. (B) Relative luciferase 
activity was determined in U251 cells following co‑transfection of miR‑497 and luciferase reporter plasmid with WT or Mut CCNE1 3'‑UTR (n=5). Glioma 
cells were transfected with miR‑497 and (C) mRNA and (D) protein levels of CCNE1 were detected (n=5). (E) mRNA levels of CCNE1 were determined using 
RT‑qPCR in N (n=12), A (n=22) and G (n=30). (F) Correlation between CCNE1 and miR‑497 (R2=0.4625). (G) Expression levels of CCNE1 correlated with 
overall survival time of 667 patients derived from The Cancer Genome Atlas database. (H) Correlation between expression levels of CCNE1 and the survival time 
of patients (n=60). (I) RT‑qPCR analysis was performed to detect CCNE1 mRNA expression in glioma and HCN‑2 cells (n=5). (J) MTT assay demonstrated the 
effects of CCNE1 overexpression on inhibition of cell proliferation induced by miR‑497 (n=6). (K and L) Flow cytometry analysis indicated the effects of CCNE1 
overexpression on cell cycle arrest induced by miR‑497 (n=6). Data are presented as the mean ± SEM. *P<0.05, ** or ##P<0.01, *** or ###P<0.001. CCNE1, cyclin E1; 
miR, microRNA; WT, wild‑type; Mut, mutant; UTR, untranslated region; RT‑q, reverse transcription‑quantitative; N, normal; A, adjacent; G, glioma; Ctrl, control. 
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higher degree of angiogenesis and poor prognosis. In addition, 
a genome‑wide miRNA sequence survey was performed and 
Yang et al (49) reported that the expression levels of miR‑497 
are significantly decreased in serum samples of patients with 
astrocytoma compared with those of normal control subjects. 
The present study verified the aforementioned findings, 
suggesting that miR‑497 and MIR497HG are tumor suppres‑
sors and can be used as prognostic biomarkers in glioma. The 
findings of the present study suggested that the combination 
of miR‑497 and its host gene MIR497HG can target glioma 
progression. However, contradictory findings have also 
been reported (50,51). Based on an online dataset analysis, 
Lan et al (50) demonstrated that miR‑497 is upregulated in 
glioma tissue and that hypoxia induces expression levels of 
miR‑497 and its transcriptional levels by binding to the hypoxia 
response element and promoting chemoresistance in glioma 
cells via programmed cell death. Zhu et al (51) revealed that 
miR‑497 expression levels are upregulated in glioma cell lines 
and that this conferred resistance to temozolomide in these cells 
by targeting the mTOR/Bcl‑2 pathway. However, the aforemen‑
tioned study did not investigate the expression profile of miR‑497 
in glioma tissue samples (51). The exact causes of the different 
expressions of miR‑497 in glioma remain unclear and require 

further investigation. Therefore, uniform and globally standard‑
ized experimental protocols have to be developed in specimen 
collection, storage, miR extraction, purification, profiling and 
analytical methods. Additional multi‑center studies and cohorts 
are required to achieve consistent and robust results that can be 
applied for clinical use. 

In cancer progression, miRs function as regulatory 
molecules and downregulate the expression levels of down‑
stream target genes, which are involved in cell differentiation, 
proliferation, angiogenesis and other biological processes (52). 
Here, induced overexpression of miR‑497 or MIR497HG 
inhibited cell proliferation and cell cycle arrest in vitro. CCNE1 
is an important cell cycle regulator that is required for G1/S 
transition (53). Bioinformatics analysis and luciferase assay 
indicated that CCNE1 was a direct target that was suppressed by 
miR‑497. Rescue experiments indicated that overexpression of 
CCNE1 abrogated inhibition of cell proliferation and cell cycle 
arrest caused by miR‑497, which was consistent with a previous 
study (54). The expression levels and function of miR‑588 have 
been investigated in gastric  (55) and liver cancer  (56); this 
miR functions either as a tumor suppressor or as an oncogenic 
molecule (54,57‑59). TUSC1 is a putative tumor suppressor gene 
that has been shown to serve a role in different types of cancer, 
including GBM (60,61). In the present study, miR‑588/TUSC1 
was identified as the downstream signaling axis of MIR497HG, 
which participated in the regulation of glioma cell proliferation 
and cell cycle progression. High levels of TUSC1 indicated 
longer survival time of patients with primary glioma. However, 
the TCGA database indicated that TUSC1 expression was not 
associated with the prognosis of patients with glioblastoma. 
Considering that the TCGA database did not distinguish between 
patients with primary and recurrent glioma, this inconsistent 
conclusion may be explained due to the differences between 
primary and recurrent gliomas. To the best of our knowledge, 
the present study is the first to demonstrate the importance of 
the MIR497HG/miR‑588/TUSC1 signaling pathway in glioma 
progression (Fig. 5).

In conclusion, the present study indicated that miR‑497 
and MIR497HG expression levels were downregulated in 
glioma tissue and associated with poor disease prognosis. 
Overexpression of miR‑497 or MIR497HG inhibited 
proliferation and cell cycle progression in glioma cells via 
downregulation of CCNE1 expression and inhibition of the 
miR‑588/TUSC1 signaling pathway. The present study may 
provide new insight into the molecular mechanism of glioma 
progression and aid the development of potential therapeutic 
targets and prognostic biomarkers for this cancer.
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