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Abstract. Glioma is one of the most common types of malig-
nant cancer and the significance of microRNAs (miRNAs) in
cancer therapy has been demonstrated. In the current study,
miR-490-3p expression was significantly downregulated in
glioma tissue and cell lines. Overexpression of miR-490-3p
inhibited glioma cell proliferation and migration in vitro. In
addition, the high-mobility group AT-hook 2 (HMGA?2) was
identified as a candidate target gene of miR-490-3p. The
current study demonstrated that miR-490-3p mimic could
inhibit HMGAZ2 protein expression in glioma cells. In addi-
tion, correlation analysis demonstrated that miR-490-3p and
HMGA?2 expression was inversely correlated in glioma tissues.
Furthermore, the inhibitory effect of miR-490-3p mimic on
cell proliferation and migration was partially reversed by
the overexpression of HMGAZ2. Taken together, these results
suggest that miR-490-3p may have a tumor suppressive role in
glioma and therefore miR-490-3p may be a new target for the
treatment of glioma.

Introduction

Approximately 250,000 novel central nervous system (CNS)
tumors are reported to occur each year in Europe (1). Glioma
is one of the most common types of malignant cancer and
accounts for the majority of CNS tumor-related mortality (2).
Due to the limited treatment strategies available, the overall
5-year survival rate for patients with glioma remains poor (3).
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Therefore, considerable efforts are required in order to investi-
gate the underlying mechanisms of glioma progression in order
to facilitate the development of novel therapeutic approaches
in malignant glioma.

microRNAs (miRNAs) are endogenous RNAs that can
bind to the 3'-untranslated region (3'-UTR) of target genes (4).
Emerging evidence suggests that miRNAs may serve vital roles
in regulating cellular behavior (5,6). Human cancer progres-
sion is often associated with abnormal cellular behavior,
which includes cell proliferation, apoptosis, migration and
invasion (7). Therefore, it may be important to investigate the
roles of miRNAs in several types of human cancer, including
glioma (8,9). miR-490-3p, a newly identified miRNA, has been
previously shown to function as a tumor suppressor in several
types of cancer (10-13). Liu ef al (10) revealed that miR-490-3p
regulates colorectal cancer cell proliferation, metastasis and
apoptosis by targeting the voltage dependent anion channel 1.
Tian et al (11) observed that miR-490-3p regulates the sensi-
tivity of ovarian cancer cells to cisplatin by directly targeting
ABCC2. Previous studies also demonstrated that miR-490-3p
may be a potential therapeutic target for osteosarcoma (12,13).
However, the clinical significance of miR-490-3p in glioma
remains unknown.

High-mobility group AT-hook 2 (HMGA2) belongs
to the high-motility group (HMG) protein family and is
reported to function as an oncogene in several types of human
cancer (14-16). A previous study demonstrated that HMGA2
overexpression was correlated with poor prognosis in patients
with lung cancer (15). In addition, HMGA?2 overexpression
was revealed to be closely associated with aggressive cell
behaviors of glioma (16). Furthermore, HMGA?2 is inversely
regulated by miRNAs in several types of human cancer
including squamous cell lung carcinoma and clear cell renal
carcinoma (17,18). However, whether miRNAs regulate
HMGA? expression in glioma remains unknown.

In the current study, miR-490-3p expression was
significantly downregulated in glioma tissues and cell lines.
Subsequently, the current study demonstrated that miR-490-3p
may regulate glioma cell proliferation and migration in vitro.
HMGA?2 was identified as a target gene of miR-490-3p in
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glioma. Furthermore, the inhibitory effect of miR-490-3p on
glioma cell proliferation and migration may be partially regu-
lated by HMGA?2 expression. Therefore miR-490-3p may be a
potential novel target for the treatment of glioma.

Materials and methods

Clinical samples. Glioma tissue and adjacent noncancerous
tissue samples (>3 cm from cancer tissues) were collected from
24 patients (12 male and 12 female; average age, 59.1+6.3 years;
age range, 42-79 years) with glioma at The First Affiliated
Hospital of Guangzhou University of Traditional Chinese
Medicine between April 2014 and May 2016. Tumor stage was
classified based on the World Health Organization (WHO)
stage and grading system (19). The Karnofsky performance
scale (KPS) ranking runs from 100 to 0, where 100 is ‘perfect
health’ and O is death. Its purpose is to evaluate a patient's
ability to survive chemotherapy treatment (20). All patients
involved in the current study did no receive anti-cancer treat-
ment prior to the surgery. All tissue samples were stored at
-80°C for further analyses. The study protocol was approved
by the Ethics Committee of The First Affiliated Hospital
of Guangzhou University of Traditional Chinese Medicine
(Guangzhou, China). Written informed consent was obtained
from all patients prior to the study.

Cell culture. Human glioma cell lines A172, T98 and U87-MG
(cat. no. TCHul38, glioblastoma of unknown origin) were
purchased from Cell Bank of the Chinese Academy of
Science (Shanghai, China) and cultured in Dulbecco's modi-
fied Eagle's medium (DMEM; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (Thermo Fisher Scientific, Inc.).
Normal human astrocytes (NHAs) were purchased from
Lonza Group, Ltd. and cultured in AGM™ Astrocyte Growth
Medium (Lonza Group, Ltd.) supplemented with 10% FBS
(Thermo Fisher Scientific, Inc.). Cells were maintained at 37°C
in a humidified atmosphere containing 5% of CO,.

Cell transfection. miR-490-3p mimic (5'-CAACCUGGAGGA
CUCCAUGCUG-3"), inhibitor (5'-CAGCAUGGAGUCCUC
CAGGUUG-3") and negative control miRNA (NC-miRNA;
5'-ACCGCUAAUCAUACGAAUACAC-3") were purchased
from Guangzhou RiboBio Co., Ltd. HMGA?2 overexpression
vector based on pcDNA3.1 and NC plasmid (pcDNA3.1) was
purchased from GenScript Co., Ltd. (Nanjing, China). Cells
(U87-MG and T98) were seeded into 6-well plates at the
density of 5x10° cells/well. Synthetic miRNAs (100 pmol) or
HMGA?2 plasmid (2 ug) were mixed with Lipofectamine® 2000
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol and used to transfect cells for 48 h.

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was extracted from tissue samples and cells (U87-MG, A172
and T98) using TRIzol® reagent (Thermo Fisher Scientific,
Inc.). Total RNA was reverse transcribed into first-strand
cDNA using the PrimeScript™ RT Reagent kit (Takara
Biotechnology Co., Ltd.), according to the manufacturer's
protocol. qPCR was subsequently performed using an ABI7500
CPR machine (Applied Biosystems; Thermo Fisher Scientific,
Inc.) and SYBR Premix Ex Taq II (Takara Biotechnology
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Co., Ltd.). The following primer pairs were used for the
gPCR: miR-490-3p, forward, 5"TGCGGTTCAAGTAATTCA
GGA-3' and reverse, 5-CCAGTGCAGGGTCCGAGGT-3"
and U6 small nuclear (sn)RNA, forward, 5-TGCGGGTGC
TCGCTTCGGCAGC-3' and reverse, 5'-CCAGTGCAGGGT
CCGAGGT-3". The following thermocycling conditions were
used: 10 min at 95°C; 40 cycles of 1 min at 95°C; 2 min at 63°C;
and 1 min at 72°C. Relative miR-490-3p levels were quantified
using the 2224 method and normalized to U6 snRNA, the
internal control (21).

Western blotting. Total protein was extracted from tissue
samples and cells (U87-MG and T98) using radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology)
and quantified using bicinchoninic acid kit (Beyotime Institute
of Biotechnology). Total protein (50 pg per lane) was sepa-
rated by SDS-PAGE on a 12% gel. The separated proteins
were subsequently transferred onto polyvinylidene difluoride
membranes (Thermo Fisher Scientific, Inc.) and blocked
with 5% fat-free milk at 4°C for 3 h. The membranes were
incubated with primary antibodies against HMGA?2 (1:1,000;
ab109329), matrix metallopeptidase-9 (MMP-9; 1:1,000;
ab73734) and GAPDH (ab181602; 1:1,000; all Abcam) at
4°C for overnight. Membranes were washed three times with
Tris-buffered saline and Polysorbate 20 (TBST). Following
primary incubation, membranes were incubated with horse-
radish peroxidase-conjugated goat anti-rabbit secondary
antibody (1:5,000; ab97051; Abcam) at room temperature for
4 h. Protein bands were visualized using an BeyoEnhanced
Chemiluminescence kit (Beyotime Institute of Biotechnology)
and protein expression was quantified using ImageJ 1.48 soft-
ware (National Institutes of Health).

Cell proliferation assay. Cell proliferation rate was analyzed
using the cell counting kit-8 (CCK-8; Beyotime Institute of
Biotechnology). Cells (U87-MG and T98) were seeded into
96-well plates at the density of 5x10° cells/well and incubated
for 0, 24, 48 and 72 h prior at 37°C to the addition of 10 ml
CCK-8 reagent. Cells were incubated at 37°C for a further 2 h.
Optical density was measured at a wavelength of 450 nm using
microplate reader (Bio-Rad Laboratories, Inc.). Each sample
was performed in triplicate.

Cell invasion assay. Cell invasion was examined using a
Transwell invasion assay. A total of 1x10° cells (U87-MG
and T98) were plated in the upper chamber (8 mm; Corning
Inc.) that pre-coated with Matrigel at 37°C for 30 min
(BD Biosciences, San Jose, CA, USA) in DMEM. DMEM
supplemented with 10% FBS (Thermo Fisher Scientific, Inc.)
was plated in the lower chambers. Following incubation for
24 h, migratory cells in the lower membrane were fixed with
methanol and stained with 0.5% crystal violet solution at 37°C
for 4 h. Stained cells were counted from five independent
fields using an inverted fluorescent microscope (magnification,
x200; Olympus IX53; Olympus Corporation).

Dual-luciferase assay. Bioinformatic analysis was performed
using TargetScan (www.targetscan.org/vert_72) to predict
potential targets of miR-490-3p. The wild-type (wt) 3'-UTR of
HMGA?2 was cloned using the following primers: HMGA2-wt
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Figure 1. miR-490-3p expression is significantly downregulated in glioma. (A) The relative expression level of miR-490-3p was determined by RT-qPCR
in glioma cell lines, U87-MG, A172, and T98 as well as in normal human astrocytes. (B) The relative expression level of miR-490-3p was determined by
RT-gPCR in glioma tissue and adjacent noncancerous tissue samples. “P<0.01; ““P<0.001 vs. NHAs; “4¢P<0.001 vs. noncancerous tissues. miR-490-3p,
microRNA-490-3p; RT-qPCR, quantitative real-time PCR; NHAs, normal human astrocytes.

forward, 5'-CCGTCTAGACGGGGGGCGCCAACGTTC
GATTTCT-3' and reverse, 5-CTGTTTTGACCAAACTTT
ATTAATAGTTTAAGATCTATTCTTAT-3". The cloned
3'-UTR fragment of HMGA1 was subsequently inserted into
the Xbal/Xbal sites of pGL3 vector (Promega Corporation). A
site-directed mutagenesis kit (Takara Biotechnology Co., Ltd.)
was used to construct the mutant (mut) 3'-UTR of HMGA?2
using the following primers: HMGA2-mut forward, 5-AAA
AAAGGGGGGGGCAATCTCTCGGTCCAATTTCTCTCT
CTCTCTTCCTC-3' and reverse, 5-GAGGAAGAGAGA
GAGAGAAATTGGACCGAGAGATTGCCCCCCCCTTTT
TT-3'. For luciferase activity assays, cells (U87-MG and T98)
were co-transfected with wt or mut 3'-UTR HMGA?2 and
miR-490-3p mimic or NC-miRNA using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Luciferase activity
was measured 48 h post-transfection using a Dual-Luciferase®
(DLR™) Reporter Assay System (Promega Corporation) with
Renilla luciferase activity as the internal control.

Statistical analysis. Data were analyzed with SPSS 19.0
(IBM Corp.) and presented as the mean + standard deviation.
Differences between groups were analyzed using Wilcoxon
signed-rank test or one-way analysis of variance followed
by Tukey's post hoc test. Association between miR-490-3p
expression and clinicopathological parameters was analyzed
by 5 test. Correlation between miR-490-3p and HMGA?2 was
conducted using Pearson's correlation co-efficient. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-490-3p expression is downregulated in glioma tissues
and cell lines. The relative miR-490-3p expression level was
significantly downregulated in all glioma cell lines, U87-MG,
A172 and T98, compared with the NHAs (P<0.01 and
P<0.001; Fig. 1A). In addition, the U87-MG and T98 cells lines
demonstrated the greatest decrease and therefore the U87-MG
and T98 cells lines were selected for subsequent experimenta-
tion. Furthermore, the relative miR-490-3p expression level
was significantly downregulated in glioma tissue compared
with adjacent noncancerous tissue samples (P<0.001; Fig. 1B).

Patients with glioma were classified into a high (n=9) or low
(n=15) miR-490-3p expression group based on the relative
miR-490-3p levels (cut-off value: 0.27). The current study
demonstrated that low miR-490-3p expression was closely
associated with WHO grade (P=0.031) and KPS (P=0.014) in
patients with glioma, however, there was no significant asso-
ciation observed between miR-490-3p expression with age or
sex (Table I).

miR-490-3p directly regulates of HMGA2 expression.
Bioinformatics analysis was performed to predict target
genes of miR-490-3p. HMGA?2 was identified as a puta-
tive target gene of miR-490-3p and bioinformatics analysis
was used to predict the miR-490-3p target sequence in the
3'-UTR of HMGAZ2 (Fig. 2A). Luciferase reporter assays
demonstrated that miR-490-3p overexpression significantly
reduced wt HMGAZ?2 luciferase activity compared with mut
HMGA?2 3'-UTR (P<0.001), which did not affect luciferase
activity (Fig. 2B). Furthermore, HMGA?2 protein expression
was analyzed in cells following transfection with miR-490-3p
mimic or NC-miRNA. The relative HMGA?2 protein expres-
sion level was markedly reduced in cells following transfection
with miR-490-3p mimic compared with NC-miRNA (Fig. 2C).
Furthermore, correlation analysis demonstrated that there was
a negative correlation between miR-490-3p and HMGA?2
expression in glioma tissues (Fig. 2D).

miR-490-3p suppresses glioma cell proliferation and inva-
sion. To investigate the role of miR-490-3p in glioma, CCK-8
and Transwell invasion assays were used to examine the effect
of miR-490-3p on glioma cell proliferation and invasion
following transfection with miR-490-3p mimic, NC-miRNA
or miR-490-3p inhibitor. The relative miR-490-3p expres-
sion level was significantly increased in glioma cell lines
following transfection with miR-490-3p mimic compared
with NC-miRNA (P<0.001; Fig. 3A). By contrast, the rela-
tive miR-490-3p expression level was significantly decreased
in glioma cell lines following transfection with miR-490-3p
inhibitor (P<0.001; Fig. 3A). Cell proliferation and invasion
were significantly decreased in glioma cells following trans-
fection with miR-490-3p mimic compared with NC-miRNA
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Table I. Association between miR-490-3p expression and clinicopathological features of patients with glioma.

miR-490-3p expression

Clinicopathological features No. of cases Low (n=15) High (n=9) P-value
Age, years
>60 12 9 3 0.083
<60 12 6 6
Sex
Male 12 8 4 0.558
Female 12 7 5
KPS
>90 7 5 2 0.014
<90 17 10 7
WHO grade
I-11 8 4 4 0.031
111 16 11 5

miR-490-3p, microRNA-490-3p; KPS, Karnofsky performance scale; WHO, world health organization.
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Figure 2. HMGAZ? is a direct target gene of miR-490-3p in glioma. (A) Bioinformatics analysis was used to predict the miR-490-3p target sequence in the
3'-UTR of HMGAZ2. (B) Luciferase reporter assays were performed in cells following co-transfection with wt or mut 3'-UTR HMGA?2 and miR-490-3p mimic
or NC-miRNA. (C) The relative HMGA?2 protein expression was determined by western blot analysis in cells following transfection with miR-490-3p mimic or
NC-miRNA. (D) Correlation analysis of miR-490-3p and HMGA?2 in glioma. ““P<0.001 vs. NC-miRNA. ns, not significant; miR-490-3p, microRNA-490-3p;
wt, wild-type; mut, mutant; NC, negative control; UTR, untranslated region; HMGA?2, high-mobility group AT-hook 2.

(P<0.001; Fig. 3B and C). Furthermore, the expression level  cell lines following transfection with miR-490-3p mimic,
of MMP-9, an invasion marker (22), was examined in glioma NC-miRNA or miR-490-3p inhibitor. The relative protein
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Figure 3. miR-490-3p overexpression suppresses in vitro cell proliferation and invasion. (A) The relative expression level of miR-490-3p expression, (B) cell
proliferation and (C) cell invasion was determined in cells following transfection with miR-490-3p mimic, miR-490-3p inhibitor or NC-miRNA. (D) The
relative MMP-9 protein expression was determined by western blot analysis in cells following transfection with miR-490-3p mimic, miR-490-3p inhibitor or
NC-miRNA. ""P<0.001 vs. NC-miRNA. miR-490-3p, microRNA-490-3p; miRNA, microRNA; NC, negative control; MMP-9, matrix metallopeptidase-9.

expression level of MMP-9 was markedly decreased following
transfection with miR-490-3p mimic, while relative protein
expression level of MMP-9 was markedly increased following
transfection with miR-490-3p inhibitor compared with
NC-miRNA (Fig. 3D).

Overexpression of HMGA2 partially reverses the inhibi-
tory effect of miR-490-3p on glioma cell proliferation and
invasion. To investigate whether HMGA?2 was an effector
for miR-490-3p, glioma cell lines were co-transfected with
the HMGA?2 expression plasmid and miR-490-3p mimic.
The results demonstrated that overexpression of HMGA?2
partially reversed the inhibitory effect of miR-490-3p on the
HMGAZ2 protein expression level in glioma cells (Fig. 4A).
In addition, overexpression of HMGA?2 partially reversed
the inhibitory effect of miR-490-3p on glioma cell prolif-
eration and invasion (Fig. 4B and C). Furthermore, the
protein expression level of MMP-9 was increased following
co-transfection with the HMGA?2 expression plasmid and
miR-490-3p mimic compared with the miR-490-3p mimic
alone (Fig. 4D).

Discussion

Approximately 60% of human genes are thought to be
regulated by miRNAs, which suggests that miRNAs may
be involved in multiple cellular processes (23). Numerous
miRNAs have been identified to be critical players in the
progression of glioma (9,24,25). For example, miR-30b-5p
overexpression significantly inhibited glioma cell proliferation
in vitro by downregulating the expression of metadherin (24).
Ding et al (25) demonstrated that miR-122 expression was
downregulated in glioma tissues. In addition, miR-122 may

function as tumor suppressor through targeting runt-related
transcription factors (25).

The current study demonstrated that miR-490-3p expression
was significantly downregulated in glioma tissue compared
with adjacent noncancerous tissue samples. Furthermore, the
current study demonstrated that low miR-490-3p expression
was closely associated with advanced tumor grade and high
KPS scores in patients with glioma. Taken together, these
results suggest that miR-490-3p may act as a tumor suppressor
in glioma and decreased miR-490-3p expression may be asso-
ciated with tumor progression.

In the current study, the biological role of miR-490-3p in
glioma was further investigated. The results demonstrated
that ectopic expression of miR-490-3p suppresses glioma cell
proliferation and invasion in vitro, while the opposite effects
were observed following downregulation of miR-490-3p.
Furthermore, the protein expression level of MMP-9 in
glioma cell lines was increased following transfection with
miR-490-3p inhibitor, while the protein expression level of
MMP-9 in glioma cell lines was decreased following transfec-
tion with miR-490-3p mimic. Previous studies demonstrated
that miR-490-3p has different targets in several types of
cancer (10,11).

To examine the underlying mechanism of miR-490-3p
in glioma cell proliferation and invasion, bioinformatics
analysis was used to identify target genes of miR-490-3p. In
the current study, luciferase reporter assays and western blot
analysis confirmed HMGA?2 as a direct target of miR-490-3p
in glioma. HMGA?2 was previously reported to be involved in
the regulation of cellular behavior in several types of human
cancer (15-18). In addition, HMGA?2 was recently identified
to be dispensable for pancreatic cancer progression, metas-
tasis and therapy resistance (26). Hawsawi et al (27) revealed
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Figure 4. HMGAZ2 is a functional target of miR-490-3p in glioma. (A) The relative HMGAZ2 protein expression, (B) cell proliferation and (C) cell invasion
was determined in cells following transfection with HMGA?2 expression plasmid and/or miR-490-3p mimic. (D) The relative MMP-9 protein expression
was determined in cells following transfection with HMGA?2 expression plasmid and/or miR-490-3p mimic. ‘P<0.05; “P<0.01; ““P<0.001 vs. NC plasmid.
miR-490-3p, microRNA-490-3p; NC, negative control; MMP-9, matrix metallopeptidase-9; HMGA?2, high-mobility group AT-hook 2.

that HMGA?2 may promote epithelial-mesenchymal transi-
tion of prostate cancer via the mitogen-activated protein
kinase pathway. In the current study, functional assays
demonstrated that HMGA?2 overexpression partially reversed
the inhibitory effect of miR-490-3p on the malignant
phenotype of glioma cells, which suggests that miR-490-3p
may function as a tumor suppressor in glioma by targeting
HMGAZ2. Several studies demonstrated that HMGA?2 over-
expression promotes stemness, invasion and tumorigenicity
in glioma (16,28). A previous study revealed that the miRNA
let-7a may target HMGA?2 expression to regulate glioma cell
proliferation, invasion and metastasis via the transforming
growth factor-ff/Smad3 signaling pathway (29). Furthermore,
the expression levels of let-7a and HMGA?2 were correlated
with glioma grades (29). These results suggest that targeting
HMGA?2 may have therapeutic benefits in glioma therapy.
A previous study revealed an inverse correlation between

miR-490-3p and HMGA?2 expression and miR-490-3p
may regulate cell proliferation and apoptosis in osteo-
sarcoma (13). In the current study, an inverse correlation
between miR-490-3p and HMGA?2 expression was observed
in glioma, which confirmed the results from previous studies.
Furthermore, the current study revealed the inhibitory effect
of miR-490-3p on cell proliferation and invasion. Taken
together, these results demonstrate the importance of the
miR-490-3p/HMGA?2 axis, which may be valuable in under-
standing the roles of miR-490-3p and HMGA?2 in different
types of human cancer.

In conclusion, the current study demonstrated that
miR-490-3p serves an important role in regulating glioma cell
proliferation and invasion. In addition, a correlation between
miR-490-3p and HMGA?2 expression in glioma was identi-
fied, which may be valuable in understanding the underlying
mechanisms of glioma progression. Taken together, these



results suggest that the miR-490-3p/HMGA?2 axis may be a
potential therapeutic target for glioma.
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