
RESEARCH PAPER

LncRNA NNT-AS1 promote glioma cell proliferation and metastases through
miR-494-3p/PRMT1 axis
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ABSTRACT
Long noncoding RNAs (lncRNAs) are key players in cancer progression. However, the function of
lncRNA NNT-AS1 on glioma is unclear. In the present study, a total of 73 tumor tissues and
matched adjacent non-tumor tissues were collected, and glioma cell lines were cultured in vitro.
mRNA expression was tested using RT-qPCR. The protein expression level was determined using
the western blot assay, cell proliferation was measured using the CCK-8 and BrdU proliferation
assay, and the cell cycle, cell migration and invasion were determined using flow cytometry
analysis, the wound healing assay and transwell, respectively. The results showed that lncNNT-AS1
is significantly up-regulated during the early stages of glioma. In particular, high levels of NNT-AS1
are observed in glioma cell lines compared to human astrocyte (HA) cells. Furthermore, the
inhibition of lnc-NNT-AS1 by siRNA interfere attenuates the cell viability, proliferation, migration
and invasion of glioma cell lines. Mechanistically, the inhibition of NNT-AS1 directly interacted
with miRNA-494-3p, and positively regulated the downstream target PRMT1 in vitro. Further study
proved that the overexpression of miRNA-494-3p and the inhibition of PRMT1 could attenuate
both glioma cell proliferation and metastases. Collectively, our results indicated that the miR-494-
3p-PRMT1 axis is involved the tumor-suppressive effects of NNT-AS1 inhibition, which sheds new
light on lncRNA-directed diagnostics and the therapeutics of glioma.
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Introduction

Glioma is the leading cause of brain cancer
related-deaths in the world [1]. Gliomas with
extended life expectancy showed differences in
cell types, location, and severity, such as astrocy-
toma, brain stem glioma, ependymoma, oligoden-
droglioma, mixed glioma and optic nerve glioma.
Although great achievements have been made in
the diagnosis and targeted therapy of glioma, the
prognosis of patients is still poor [2–5]. Therefore,
it is crucial to explore the relative molecular
mechanism involved in the cell proliferation and
metastasis of gliomas.

Long non-coding RNAs (lncRNAs) are unable
to encode proteins, but are longer than 200
nucleotides. Studies have reported that lncRNAs
are associated with tumorigenesis, including cell
proliferation, and migration. For instance, the
lncRNA NNT-AS1 (transcribed in the opposite
direction to nicotinamide nucleotide transhydro-
genase) was found to exert an oncogenic role in

gastric cancer, breast cancer, ovarian cancer, small
cell lung cancer and glioma [6–9]. Recently,
miRNAs have been widely reported to interact
with lncRNAs, forming the ceRNA pathway [5].
Zheng et al. found that the lncRNA AGAP2-AS1
could promote cell proliferation by sponging miR-
15a/b-5p and activating Wnt/β-catenin [10]. This
suggests that lncRNA interacts with miRNA to
regulate cell proliferation and invasion in glioblas-
toma. However, although NNT-AS1 was predicted
to be strongly expressed in glioma tissue, its role in
glioma cell proliferation still remains unknown.

In the present study, we showed that NNT-AS1
expression was up-regulated in human glioma tis-
sues and different glioma cells lines. Correlation
analysis revealed that the expression of NNT-AS1
was correlated with early tumor stage. NNT-AS1
knock-down could significantly attenuate glioma
cell proliferation and invasion ability. Furthermore,
bioinformatics analysis and mechanism experiments
were used to detect miRNAs which interact with
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NNT-AS1 in glioma. In the mechanism study, our
data indicated that NNT-AS1 could act as a sponge
of miR-494-3p/arginine N-methyltransferase 1
(PRMT1) protein during glioma progression.

Materials and methods

Sample collection

A total of 73 tumor tissues and matched adjacent
non-tumor tissues were collected from patients
who were diagnosed with glioma at Shunde
Hospital, Southern Medical University (The First
People’s Hospital of Shunde Foshan). Consecutive
enrollment samples were all collected in 2018. The
diagnosis was confirmed by pathology, and
according to the WHO grade. Patients were
divided into two groups: I+II (n = 41) and III
+IV (n = 32) [11]. The last group was the most
aggressive and the fastest-growing glioma type.
Patients did not receive radiation or chemotherapy
before surgery. Tissues were immediately frozen in
liquid nitrogen and kept at −80°C before use.
Tissues were used for qRT-PCR analysis. This
study was approved by the Ethics Committees of
Shunde Hospital. All patients gave their written
informed consent to participate in this study, and
the data did not contain any information which
could identify the patients.

Cell culture

The glioma cell lines A172, LN229, and U251
(Shanghai Institute of Life Sciences Cell Resource
Center, Shanghai, China) were grown in DMEM
media (Hyclone), with 10% fetal calf serum,
100 U/mL penicillin, and 0.1 mg/mL streptomycin,
at 37°C in a humidified CO2 incubator (95% air,
5% CO2) [12,13].

The miR-494-3p mimics were purchased from
RiboBio (Guangzhou, China) [14]. Cell transfec-
tions were performed by lipofectamine 2000
(Invitrogen) [15]. Briefly, cells were plated in
6-well plates to 80% confluence. Small interfering
RNA (siRNA) sequences for NNT-AS1(si-NNT-
AS1) or its negative control (si-NC), miR-494-3p
or miRNA mimic negative control, miR-494-3p
inhibitor or inhibitor negative control, PRMT1
expression vector (PRMT1 onexpre) or the empty

pcDNA3.1, were added to 50 μl OptiMEM med-
ium, and 4 μL Lipofectamine 2000 in 50 μl Opti-
MEM medium, and then the siRNAs were mixed
with Lipofectamine 2000 for 20 min at room tem-
perature. The mixture was added to 2 mL cell
culture medium and cells were incubated for 6 h
before replacing the medium. Total RNA for qRT-
PCR and protein samples for western blot analysis
were prepared 48 h after transfection. All experi-
mental procedures were performed according to
the manufacturer’s instructions.

RNA extraction and reverse transcription and
quantitative real-time PCR (qRT-PCR)

Total RNA from tissues and cells was isolated using
TRIZOL (Invitrogen) in accordance with the manu-
facturer’s instructions [16]. mRNA and miRNA were
initially reverse-transcribed to cDNA using the Revert
Aid First Strand cDNA Synthesis Kit (Thermo, USA).
Then, the cDNA was amplified using iQ SYBR Green
(Bio-Rad, USA), and β-actin was used as a control.
The xonditions used in qRT-PCR were as follows: 30
cycles consisting of denaturation at 95°C for 30 s,
annealing at 56°C for 30 s, and extension at 72°C for
30 s. Lastly, relative fold expressions were calculated
using the 2-ddCt method. In addition, the miR-494-
3p expression was obtained by TaqManmiRNA-assay
kit (Applied Biosystems, USA). Experiments were all
performed 3 times.

siRNA and primer sequences are listed as follows:
PRMT1 siRNA: 5ʹ-CCA UCG ACC UGG ACUUC
AATT-3ʹ, 5ʹ-UUGAAGUCCAGGUCGAUGGTT-3ʹ;
PRMT1 primer: Forward 5ʹ-TTGACTCCTATGCCC
ACT-3ʹ, Reverse: 5ʹ-CCACATCCAGCACCACC-3ʹ;
siNNT-AS1: 5ʹ-GAAAAGAAAAAGAAGCUUATT
-3ʹ; NNT-AS1 primer: Forward: 5ʹ-CTGGAATCCC
TGCTACTCAGGA-3ʹ, Reverse: 5ʹ-GCCATGTG
ATATGCCTGCTC-3ʹ; miR-494-3p mimic primer:
5ʹ-UGAAACAUACACGGGAAACCUC-3ʹ and 5ʹ-
GGUUUCCCGUGUAUGU UUCAUU-3ʹ and anti-
miR-494-3p 5ʹ-GAGGUUUCCCGUGUAUGUUU
CA-3ʹ.

Luciferase activity assay

Cells were co-transfected with miR-494-3p inhibi-
tors or control and the pGL3/Luc-PRMT1 3ʹUTR
or the mutant 3ʹUTR-PRMT1, together with the
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controls. 48 h after transfection, the cells were
lysed using RIPA buffer, and luciferase intensity
was measured using a fluorescence spectrophot-
ometer. The 3ʹ UTR of PRMT1 and the mutant
3ʹUTR of PRMT1 was amplified using the pGL3/
Luc-PRMT1, and then cloned downstream of the
pGL3/Luc vector.

CCK-8 assay

Cells were selected in the logarithmic growth
phase and seeded in 96-well plates at 1 × 103

cells/well for 1d, 2d, 3d, 4d and 5d. Ten μL
CCK8 solution (Dojindo, Japan) was added and
the plate was incubated at 37°C for 1 h in the dark.
The absorbance was read at 450 nm using a micro-
plate reader (Bio-Rad Laboratories, USA) [17].

BrdU proliferation assay

BrdU (10 μg/mL) was added 2 h before section
fixation. Sections were first treated with 2 N HCl at
37°C for 30 min to denature the DNA and then
neutralized in 0.1 M borate buffer (pH = 8.5) for
10 min. Sections were then incubated for 1 h at
room temperature in 5% (w/v) BSA, and 0.3%
Triton X-100. After blocking, the sections were
treated with a primary anti-mouse BrdU mono-
clonal antibody (1:400, overnight, 4°C, Sigma
Aldrich Canada). After that, sections were then
incubated with an FITC-labeled secondary anti-
body. Finally, the cell nucleus was counterstained
with PI (Millipore, USA) for 10 min. The number
of proliferative cells (BrdU-positive) was counted
in three random fields/slides [18].

Western blotting`

Proteins were extracted using RIPA buffer for
reaction on ice for 30 min (Invitrogen, USA).
Supernatant was collected and protein concentra-
tion was determined using a BCA assay kit
(Takara, Japan). Ten μg/well of protein was then
separated by 10% SDS-PAGE and transferred to
PVDF membranes (Roche, USA). After blocking
with 5% milk, the membranes were subsequently
incubated with primary antibodies for PRMT1
(Abcam, USA), β-actin (Proteintech, USA), and
Vimentin (Abcam, USA) at 4°C overnight. The

blots were then treated by Horseradish peroxi-
dase-conjugated secondary antibodies at room
temperature for 2 h. Finally, the blots were visua-
lized by using the ECL detection reagent
(Millipore, USA) and an automated chemilumi-
nescence image analysis system (Biogene, UK).
Densitometric analysis was performed using the
Image J software.

Flow cytometry analysis for cell cycle and
apoptosis

Annexin V and propidium iodide (PI) double
staining was used for cellular apoptosis. For cell
cycle detection, the glioma cells were treated with
siNNT-AS1 for 6 h, and then the medium was
changed to DMEM medium (Hyclone), contain-
ing 10% fetal calf serum. Three days after siRNA
treatment, cell proliferation were detected using
flow cytometry analysis. Cells were collected,
rinsed with PBS and fixed with 75% pre-cold
ethanol at −20°C for 24 h. Cells were then
washed with PBS twice and stained with propi-
dium iodide (PI) by the cycle test plus DNA
reagent kit (BD, USA) at room temperature for
1 min. The proportion of cells in S phase was
determined by flow cytometry (Becton
Dickinson, USA) using the Cell Quest Modfit
software [19].

Wound healing assay

Cell migration was determined by using the
wound healing assay. In brief, U251 cells were
cultured in 24-well plates. Six hours after siRNA
transfection, DM4 (M01781-NPG, inhibits cell
cycle) was used to inhibit cell division. Then,
a wound was scratched with a 200 μL pipette tip.
The detached cells were removed before incubat-
ing in DMEM with 10% serum. The image of the
scratch was photographed after wounding 0 and
72 h later. Lastly, the healing rate was calculated as
a percentage of healing area relative to the initial
wound area [20].

Invasion assay by transwell

Cells were seeded in the upper chamber of the
0.6 μM polycarbonate membrane-coated Matrigel

CELL CYCLE 1623



(Corning, USA) in serum-free DMEM medium
and incubated overnight at 37°C. Medium con-
taining DMEM, and DMEM with 10% FBS,
were then added to the lower chamber. Cells
were incubated under normal conditions for
24 h. Non-invaded cells on the upper surface of
the polycarbonate membrane were removed. Cells
at the low-side of the membrane were fixed,
stained, washed, and then counted under an opti-
cal microscope [21].

Dual luciferase activity assay

All cells were seeded in 24-well plates. For the
NNT-AS1 miR-494-3p interaction, cells were co-
transfected with wild type (wt), and miR-494-3p
mimics, or miR-negative control (miR-NC).
Luciferase assays were performed using the Dual
Luciferase Reporter Assay System (Promega, USA)
24 h after transfection [22].

Statistical analysis

For the correlation test, the relevance between
miR-494-3p and NNT-AS1 was detected using
the Pearson correlation coefficient method.
Experiments were repeated three times. The dif-
ference between two groups was compared by the
two-tailed unpaired student’s t test. Moreover, the
significance test of the mean difference between 3
or more groups was analyzed by one-way
ANOVA, followed by the Bonferroni test.
Differences were considered to be statistically sig-
nificant when P < 0.05.

Results

NNT-AS1 was found to be up-regulated in glioma
tissues and glioma cell lines

To detect the expression of NNT-AS1 in glioma,
the NNT-AS1 expression levels were determined in
73 pairs of glioma tissue samples and adjacent non-
tumor tissues. NNT-AS1 expression was higher
(P < 0.01) in 70% (51/73) of glioma tissues com-
pared with normal tissues (Figure 1(a)). NNT-AS1
expression levels in glioma are significantly related
to grade I and II levels of glioma (Figure 1(b)).
Moreover, high levels of NNT-AS1 were detected
in U87, LN229, and U251 (Figure 1(c)) compared
with normal HA cells. Collectively, our results
proved that NNT-AS1 is overexpressed in glioma
tissues and glioma cell lines. However, whether the
inhibition of NNT-AS1 could affect glioma cell
biologic activity needs further investigation.

Inhibition of NNT-AS1 suppressed glioma cell
proliferation, migration, invasion and apoptosis

The siRNA of NNT-AS1 was used to knockdown
the expression of NNT-AS1. Cell viability was sig-
nificantly decreased in the NNT-AS1 siRNA-treated
groups compared to the NNT-AS1-siRNA negative
control groups (Figure 2(a)). The cell cycle and cell
proliferation assay demonstrated that NNT-AS1
knockdown decreased the ratio of cells in S-Phase
in U251 and LN229 cells (Figure 2(b-e)). In addi-
tion, cells transfected with NNT-AS1 siRNA
showed a lower migratory ability than the NNT-
AS1 siRNA negative control group in U251 and

Figure 1. NNT-AS1 expression in glioma patients and glioma cell lines.
(a) Relative expression of NNT-AS1 in glioma tumor tissues and adjacent tissues through RT-PCR analysis, ***P < 0.01 versus adjacent
tissues. (b) The expression level of NNT-AS1 in different stages of glioma diagnosis, *P < 0.05 versus stage I and II glioma. (c) The
expression of NNT-AS1 in human astrocyte cells (HA) compared to glioma cell lines including U87, LN229 and U251. *P < 0.05 versus
HA cells. All the data are presented as the mean ± SD.
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Figure 2. The inhibition of NNT-AS1 suppressed glioma cell proliferation, migration and invasion.
(a) To determine the role of NNT-AS1 siRNA on glioma cell viability, the cell viability of U87, LN229, U251 in NNT-AS1 siRNA-treated
groups and NNT-AS1 negative control groups was detected using the CCK-8 assay. *P < 0.05 versus the NNT-AS1 negative control
groups. (b,c) The cell cycle ratio of cells in S-Phase in U251 and LN229 cells was detected using Flow Cytometer. *P < 0.05 versus
NNT-AS1 negative control groups. (d, e) The cell proliferation of cells in NNT-AS1 siRNA was detected using the BrdU assay. The BrdU
(in green) and PI (red) positive U351 and LN229 cells were marked using immunofluorescence staining.
*P < 0.05 versus the NNT-AS1 negative control groups. (f, g) The wound-healing assay was used to detect the efficiency of the
closing of scratch wounds in U251 and LN229 cells transfected with NNT-AS1 siRNA. *P < 0.05 versus the NNT-AS1 negative control
groups. (h) The effect of NNT-AS1 siRNA on U251 and LN229 cell invasion was detected using the Matrigel. All of the data are
presented as the mean ± SD. *P < 0.05 versus the NNT-AS1 negative control groups. (i) The effect of NNT-AS1 siRNA on U251 and
LN229 cell apoptosis was detected using the Flow Cytometer. All of the data are presented as the mean ± SD. *P < 0.05 versus NNT-
AS1 negative control groups. Scale bar = 20 μM.
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LN229 cells (Figure 2(f,g)). Furthermore, the inva-
sion of U251 and LN229 cells was significantly
inhibited by NNT-AS1 siRNA (Figure 2(h)).
Lastly, cell apoptosis was also detected, and the
NNT-AS1 siRNA significantly inhibited cell apop-
tosis in U251 and LN229 cell lines (Figure 2(i)).

NNT-AS1 directly interacts with miRNA-494-3p

It was largely reported that lncRNAs could regulate
post-transcription, interfere with miRNA and func-
tion as miRNA sponges to reduce the binding of
miRNA to target genes; thus, the CLIP-seq data and
miRanda program were used to predict potentially
related miRNAs. The results showed that HAS-miR
-494-3p interacts with NNT-AS1 (Figure 3(a)), and
the Pan-Cancer analysis of HAS-miR-494-3p and
NNT-AS1 in 525 samples proved that the miR-494-
3p was strongly co-expressed with NNT-AS1 (http://
starbase.sysu.edu.cn). The results of dual luciferase
activity assay showed that the luciferase activity was
reduced by miR-494-3p mimic transfection in the
NNT-AS1-wt group (Figure 3(b)), but there was no
significant change in the NNT-AS1-mut group

(Figure 3(b)). Moreover, the miR-494-3p level was
significantly higher in the NNT-AS1 siRNA group
compared to the NNT-AS1 negative control groups
in LN229 and U251 cell lines (Figure 3(c)).
Furthermore, the miR-494-3p expression was signifi-
cantly decreased and correlated with NNT-AS1
expression in glioma tissues (Figure 3(d,e)). The rela-
tive expression of NNT-AS1 with miR-494-3p was
also analyzed. The results indicated that miR-494-3p
and NNT-AS1 expression in 41 glioma patients was
positively correlated (figure 3(f)).

PRMT1 is decreased by NNT-AS1 inhibition

We explored the role of the target gene of miR-494-
3p, PRMT1, in glioma. The results of the CLIP-seq
data and miRanda program predicted that HAS-
miR-494-3p interacts with the PRMT1 gene
(Figure 4(a)). Using the dual luciferase activity kit,
we found that the miR-494-3p could significantly
increase the luciferase activity in the PRMT1-
Mutant (PRMT1-Mut) group (Figure 4(b)).
Results from qRT-PCR and western blotting
showed that the PRMT1 mRNA and protein

Figure 3. The interaction of NNT-AS1 with miRNA-494-3p in glioma.
(a) HAS-miR-494-3p interaction sites with NNT-AS1 was predicted using the miRanda program. (b) The dual luciferase activity assay
was used to explore whether miR-494-3p binds to the 3ʹ-UTR of NNT-AS1 in HEK293T cells. Cells were co-transfected with miR-494-
3p mimics and NNT-AS1-WT/NNT-AS1-mutant (mut). *P < 0.05 versus NNT-AS1 miR-NC, and NNT-AS1-mut groups. (c) The miR-494-
3p levels in LN229 and U251 cells transfected with NNT-AS1 siRNA/NC were detected using qRT-PCR. *P < 0.05 versus NNT-AS1 si-NC
groups in LN229 and U251 cell lines. (d) The miR-494-3p and NNT-AS1 expression was detected in glioma tissues, *P < 0.05 versus
adjacent tissues. (e) Relative expression of NNT-AS1 and miR-494-3p was measured in tissues from tumor stage I and II. (f) The
correlation between NNT-AS1 and miR-494-3p was calculated in tissues from tumor stages I and II (P < 0.0001). All of the data are
presented as the mean ± SD.
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expression levels were significantly decreased in the
miR-494-3p treated group, and increased in the
miR-494-3p inhibitor group (Figure 4(c-e)).
Moreover, si-NNT-AS1 remarkably down-
regulated the protein expression level of PRMT1;
this effect was attenuated by the miR-494-3p inhi-
bitor (Figure 4(c-e)). The relative expression of
PRMT1 was correlated with NNT-AS1 expression
(figure 4(f)). These results suggest that NNT-AS1
can regulate PRMT1 expression through miR-
494-3p.

The miR-494-3p-PRMT1 axis is involved the
tumor-suppressive effects of NNT-AS1 inhibition

To explore the involvement of the miR-494-3p/
PRMT1 axis in the NNT-AS-regulated tumor pro-
liferation and invasion, the CCK8 assay was used to
detect the role of miR-494-3p/PRMT1 in U251 cell
viability. Our results showed that the reduced cell
viability induced by siNNT-AS1 could be rescued
by the miR-494-3p inhibitor. Nevertheless, the cell
viability in the siNNT-AS1+PRMT1 overexpression

group was also increased compared with the
siNNT-AS1 group (Figure 5(a)). More importantly,
the invaded cell number was increased in the NNT-
AS1 siRNA+miR-494-3p inhibitor group and the
siNNT-AS1+PRMT1 overexpression group com-
pared to the siNNT-AS1 group (Figure 5(b)). The
BrdU assay showed that the inhibition of cell pro-
liferation by siNNT-AS1 could be rescued by the
miR-494-3p inhibitor. Moreover, the overexpres-
sion of PRMT1 could increase cell proliferation in
NNT-AS1 siRNA-treated groups (Figure 5(c-d)).
Western blotting was used to detect EMT-related
factors, E-cadherin, N-cadherin, and vimentin in
control, siNNT-AS1, siNNT-AS1+PRMT1 overex-
pressing, and si-NNT-AS1+miR494-3p inhibitor
groups in U251 cells. Our results indicated that
siNNT-AS1 could attenuate the EMT level in
U251 cells, which could be rescued by the miR-
494-3p inhibitor or PRMT1 overexpression
(Figure 5(e-h)). Results from the cell migration
assay confirmed that siNNT-AS1 could attenuate
the cell migration level in U251 cells, and that the
cell migration level is up-regulated in the siNNT-

Figure 4. PRMT1 act as an downstream target in NNT-AS1/miR494-3p axis.(a) The interaction sites of HAS-miR-494-3p and the
PRMT1 promoter was predicted. (b) By using the dual luciferase activity kit, the interaction of miR-494-3p and the PRMT1 promoter
was illustrated. *P < 0.05 versus PRMT1-Wt. (c) U251 cells were treated with NNT-AS1-siRNA (si-NNT-AS1) or miR-494-3p, miR-494-3p
inhibitor, and si-NNT-AS1+miR-494-3p inhibitors. The expression of PRMT1 mRNA was detected using qRT-PCR. *P < 0.05 versus
control, #P < 0.05 versus si-NNT-AS1. (d-e) U251 cells were treated with NNT-AS1-siRNA (si-NNT-AS1) or miR-494-3p, miR-494-3p
inhibitor, and si-NNT-AS1+miR-494-3p inhibitors. The protein expression of PRMT1 was detected using Western blotting. *P < 0.05
versus the control, #P < 0.05 versus the si-NNT-AS1. (f) The correlation of NNT-AS1 and PRMT1 mRNA was calculated in tissues from
tumor stages I and II (P < 0.0001). All of the data are presented as the mean ± SD. All of the data are presented as the mean ± SD.
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Figure 5. The role of the miR-494-3p/PRMT1 axis in the tumor-suppressive effects of NNT-AS1 inhibition.
(a) The cell viability in control, siNNT-AS1, siNNT-AS1+PRMT1 overexpressed, and si-NNT-AS1+miR494-3p inhibitor groups was detected using
the CCK-8 assay. (b) The cell invasion in the control, siNNT-AS1, si-NNT-AS1+miR494-3p inhibitor, and siNNT-AS1+PRMT1 overexpressing
groups was detected using the transwell. *P < 0.05 versus the control, #P < 0.05 versus si-NNT-AS1. (c-d) The BrdU assay was used for cell
proliferation in the control, si-NNT-AS1, siNNT-AS1+miR494-3p-inhibitor, and siNNT-AS1+PRMT1 overexpression groups in U251 cells.
*P < 0.05 versus control, #P < 0.05 versus si-NNT-AS1. (e-h) The EMT-related factors E-cadherin, N-cadherin, and vimentin were determined
by Western blotting in the control, siNNT-AS1, siNNT-AS1+PRMT1 overexpressing, and si-NNT-AS1+miR494-3p inhibitor groups in U251 cells.
*P< 0.05 versus the control, siNNT-AS1+PRMT1 overexpressing, and si-NNT-AS1+miR494-3p inhibitor groups. (i-g) Cell migration levels in the
control, siNNT-AS1, siNNT-AS1+PRMT1 overexpressing, and si-NNT-AS1+miR494-3p inhibitor groups was detected using the wound healing
essay. *P < 0.05 versus the control, siNNT-AS1+PRMT1 overexpressing, and si-NNT-AS1+miR494-3p inhibitor groups. (k) Cell apoptosis in the
control, siNNT-AS1, siNNT-AS1+PRMT1 overexpressing, and si-NNT-AS1+miR494-3p inhibitor groups was detected using a Flow Cytometer.
*P < 0.05 versus the control, siNNT-AS1+PRMT1 overexpressing and si-NNT-AS1+miR494-3p inhibitor groups. All of the data are presented as
the mean ± SD. Scale bar = 20 μM.
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AS1+miR-494-3p inhibitor or siNNT-AS1+PRMT1
groups (Figure 5(i-g)). Lastly, the results from the
cell apoptosis assay illustrated that siNNT-AS1
could attenuate the cell apoptosis level in U251
cells, and that cell apoptosis is up-regulated in the
siNNT-AS1+miR-494-3p inhibitor and siNNT-AS1
+PRMT1 groups.

Discussion

LncRNAs have been found to be pervasively tran-
scribed in the genome. They are often associated
with human disease, especially cancer [23]. The
lncRNA NNT-AS1 is transcribed in the opposite
direction to nicotinamide nucleotide transhydro-
genase. Recent studies have revealed that NNT-
AS1 plays a crucial role in cancers, such as lung
cancer [9,24], human ovarian cancer [8], gastric
cancer [25], cervical cancer [26], and colorectal
cancer [27].

Glioma is a kind of aggressive malignancy in
the central nervous system; half of all primary
brain tumors worldwide are glioma [28].
Although advances have been made in glioma
treatment, the prognosis of patients still
remains poor [29–31]. Therefore, this study
aimed to explore the novel molecular mechan-
isms underlying the progression of glioma. Due
to the dysregulation of lncRNAs, they have
been reported in human malignant tumors
[32]. We proved that NNT-AS1 was highly
expressed in the tumor tissue of glioma
patients. In addition, in this study, we revealed
that miR-494-3p, which is down-regulated by
NNT-AS1, is important in lncRNA NNT-AS1-
promoted cell proliferation and metastases.
Suppressing NNT-AS1 could attenuate the pro-
liferations of glioma cell lines, and miRNA129p
has been shown to be the downstream target of
NNT-AS125. Moreover, we demonstrated that
NNT-AS1 overexpression is more significant in
grade I and II glioma. This suggests that not
only is NNT-AS1 a tumor promoter in glioma,
but it may contribute to the diagnosis in the
early stages of glioma. We found that NNT-AS1
could promote proliferation and cell viability in
glioma cell lines. Moreover, NNT-AS1 siRNA
could decrease the cells in S-Phase, and pre-
sented the slower closing of scratch wounds,

with inhibited invasion ability. However, the
mechanisms of NNT-AS1 in the promotion of
glioma still remains little known.

Emerging evidence has indicated that lncRNAs
act as a sponge for miRNAs, which could regulate
the functions of miRNAs [33–36]. Previously, it
was reported that NNT-AS1 presented as
a miRNA sponge in different kinds of cancers.
For instance, NNT-AS1 promoted gastric cancer
tissue growth and metastasis by miRNA-424 [27].
To determine the regulatory pattern of NNT-AS1
in glioma, we identified miRNA-494-3p as
a potential target of NNT-AS1 by DIANA tools
and the luciferase reporter assay. In this study, our
qRT-PCR results showed that miRNA-494-3p
expression was significantly decreased in glioma
cell lines and glioma tissues. Moreover, it was
correlated with NNT-AS1 expression in glioma
tissues. si-NNT-AS1 could significantly increase
the miRNA-494-3p expression in glioma cell lines.

miRNA-494-3p has been found to suppress the
proliferation, invasion, and migration of prostate
cancer [37], suggesting the tumor suppressive
effect of miRNA-494-3p. In addition, the down-
stream target of miRNA-494-3p is rarely reported.
Therefore, the miRanda program predicted the
interaction sites of miRNA-494-3p and PRMT1.
PRMT1 is a major type of protein arginine methyl-
transferase and is also the most studied PRMT.
PRMT1-dependent methylation of Arg3 on H4
tail peptides was studied in vitro. Importantly,
PRMT1 null mice die at an early stage, indicating
its essential role in embryonic development.
However, the role of PRMT1 in glioma has not
been studied. Our result further confirmed that the
inhibition of NNT-AS1 in glioma cell lines
increased miRNA-494-3p expression, but in return
attenuated the expression of PRMT1. Interfering
with the expression of PRMT1 revealed the same
results for the inhibition of NNT-AS1; this can
both decrease cell viability and invasion cell num-
ber. Western blotting showed that the NNT-AS1
siRNA could significantly decrease PRMT1 expres-
sion. However, the expression of PRMT1 could be
rescued by the overexpression of miR-494-3p in
the NNT-AS1 siRNA-treated group. This suggests
that the miRNA-494-3p-PRMT1 axis is involved
in the tumor-suppressive effects of NNT-AS12
inhibition.
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Collectively, our research indicated that NNT-
AS1 was ectopically expressed in glioma tissues
and cell lines. It acted as an oncogene in glioma
progression. The inhibition of NNT-AS1 sup-
pressed the proliferation and invasion ability
in vitro of tumor growth via the miR-494-3p/
PRMT1 axis. Therefore, inhibiting NNT-AS1
might be a promising therapy target for the treat-
ment of glioma in the early stages in glioma
patients.
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