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A new tumor suppressor LncRNA ADAMTS9-AS2 is regulated
by DNMT1 and inhibits migration of glioma cells
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Abstract Growing number of long noncoding RNAs
(lncRNAs) are emerging as new modulators in cancer origi-
nation and progression. A lncRNA, ADAM metallopeptidase
with thrombospondin type 1 motif, 9 (ADAMTS9) antisense
RNA 2 (ADAMTS9-AS2), with unknown function, is the
antisense transcript of tumor suppressor ADAMTS9. In the
present study, we investigated the expression pattern and
functional role of ADAMTS9-AS2 in glioma by using real-
time PCR and gain-/loss-of-function studies. The results
showed that the ADAMTS9-AS2 expression was significant-
ly downregulated in tumor tissues compared with normal
tissues and reversely associated with tumor grade and prog-
nosis. Multivariate analysis of the prognosis factors showed

that low ADAMTS9-AS2 expression was a significant inde-
pendent predictor of poor survival in glioma. Overexpression
of ADAMTS9-AS2 resulted in significant inhibition of cell
migration in glioma, whereas knockdown of ADAMTS9-AS2
showed the opposite effect. We also found that ADAMTS9-
AS2 expression was negatively correlated with DNA
methyltransferase-1 (DNMT1). In addition, DNMT1 knock-
down led to remarkable enhancement of ADAMTS9-AS2
expression. By 5-aza-dC treatment, the ADAMTS9-AS2 ex-
pression was also reactivated. The results suggested that
ADAMTS9-AS2 is a novel tumor suppressor modulated by
DNMT1 in glioma. LncRNAADAMTS9-AS2may serve as a
potential biomarker and therapeutic target for glioma.
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Introduction

Glioma is the most common malignant tumor in the central
nervous system [1]. The development of glioma is a complex
process with multigene interaction and multimolecular mod-
ulation [2]. It has been proved that a large portion of human
genome is transcribed into noncoding RNAs (ncRNAs). Long
noncoding RNAs (lncRNAs) are those ncRNA transcripts
larger than 200 bases in length [3]. Distinct from miRNAs
and other smaller noncoding RNAs, lncRNAs can modulate
the downstream target genes by multiple means via cis- and
trans-regulatory effects, in both transcriptional and posttran-
scriptional levels [4, 5]. Although many lncRNAs have been
demonstrated to exert crucial regulating activities in extensive
cellular processes in human diseases, the function of most
lncRNAs is still unknown. Recently, a growing number of
lncRNAs have been found linked with various types of
cancer [6-8]. Among them, a common type of cancer-related
lncRNAs is an antisense partner of a protein coding gene.
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Examples include ANRIL (CDKN2B-AS1) [9, 10], CTBP1-
AS [11], HNF1A-AS1 [12], and GAS6-AS1 [13].

By our previous bioinformatics analysis of the lncRNA-
messenger RNA (mRNA) targeting relationships in lung,
colon, gastric, and liver cancers (data not published), we
noticed that a lncRNA ADAM metallopeptidase with
thrombospondin type 1 motif, 9 (ADAMTS9) antisense
RNA 2 (ADAMTS9-AS2; Ensembl, ENSG00000241684)
may be closely related with some important cancer-related
genes. LncRNA ADAMTS9-AS2 is an antisense transcript
of protein coding gene ADAMTS9. In addition, transcript
factors chip-seq data from encode/analysis (http://genome.
ucsc.edu/) also showed that many cancer-related transcript
factors interact with the ADAMTS9-AS2 locus, especially at
the promoter region, which ADAMTS9-AS2 shares with its
mRNA partner ADAMTS9. This lncRNA/mRNA gene pair is
located at chromosome 3p14.1, a region known to be lost in
hereditary renal cancers [14]. ADAMTS9 is an important anti-
angiogenesis factor, which can inhibit tumor progression and
metastasis by regulating fibroblast growth factor (FGF) and
vascular endothelial growth factor (VEGF) [15]. ADAMTS9
has already been identified as a tumor suppressor in esopha-
geal, gastric, breast, and nasopharyngeal cancers, the expres-
sion is mainly regulated by DNA hypermethylation [16-20],
and in gliomas, inhibition of specific ADAMTS targets could
slow glioma invasion [21]. However, whether the lncRNA
ADAMTS9-AS2 is associated with cancer is still unknown,
which prompted us to conduct the current study.

In this study, we first investigated the ADAMTS9-AS2
expression profile and its relationship with clinical patholog-
ical features in glioma patients. Moreover, we also evaluated
its functional role in glioma cell migration and the possible
modulating mechanism.

Materials and methods

Patient samples

Patients with glioma (n=70) who underwent initial surgery in
Chinese PLAGeneral Hospital from 2005 to 2007were selected
for this study. Clinical pathology information was available for
all samples (Table 1). No patients had received therapy before
resection. Each patient participated after providing informed
consent, and the use of the tumor samples for research was
approved by the ethical committee of Chinese PLA General
Hospital. All tumors were classified on the basis of the WHO
criteria for tumors of the central nervous system and quick
frozen at the time of resection until analysis. The series consisted
of 46 cases of low-grade astrocytoma (17 cases ofWHO grade I
and 29 cases of WHO grade /II) and 24 cases of high-grade
disease (14 cases of anaplastia astrocytoma (WHO grade III)
and 10 cases of glioblastoma multiforme (WHO grade IV)).

Cancer cell lines

The human glioma cell lines T98G, A172, SNB-19, U87, and
U251 were purchased from American Type Culture
Collection (Manassas, VA, USA). The cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) medium
(Gibco, Carlsbad, CA, USA) containing 10 % fetal bovine
serum (Invitrogen, Carlsbad, CA, USA) at 37 °C with 5 %
CO2.

Real-time quantitative PCR

Total RNA was isolated from glioma tumor tissue, adjacent
normal tissue, and glioma cell lines using the Trizol Total
RNA Reagent (Invitrogen). Complementary DNA (cDNA)
synthesis was performed with 2 μg total RNA using the
RevertAidTM H Minus First Strand cDNA Synthesis Kit
(Takara, Otsu, Japan). The primers were obtained from
GenePharma (Shanghai, China), and the sequences were
shown in Table 2. Quantitative PCR was performed using
the SYBR PrimeScript RT-PCR kit (Takara) in an Applied
Biosystems 7500 Fluorescent Quantitative PCR System
(Applied Biosystems, Foster City, CA, USA). The reaction
mixtures were incubated at 95 °C for 30 s, followed by 40
amplification cycles of 95 °C for 5 s and 60 °C for 34 s. The
quantification of gene expression was performed by using the
ΔΔCT calculation with CT as the threshold cycle. The
expression level of a target gene in a patient was calculated
as the ratio: target in tumor tissue/target in nontumorous
tissue (R (T/N)).

Table 1 Association of ADAMTS9-AS2 expression in human glioma
tissues with different clinicopathological features

Clinicopathological
features

No. of cases ADAMTS9-AS2
expression

P value

High (n) Low (n)

WHO grade

I/II 46 29 17 0.003
III/IV 24 6 18

Age

<50 44 23 21 0.62
≥50 26 12 14

Gender

Male 37 19 18 0.81
Female 33 16 17

Tumor size

≥6 cm 45 21 24 0.45
<6 cm 25 14 11

KPS

<90 49 24 25 0.79
≥90 21 11 10

Statistical analyses were performed by the Chi-square test
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Western blot analysis

Cells were washed twice with ice-cold PBS and cell lysates
were harvested by the addition of lysis buffer (40 nM Tris
(pH 7.4), 150 mM NaCl, 10 mM ethylene diamine tetraccetic
acid, 10 % glycerol, 1 % Triton X-100, 10 mM glycerophos-
phate, 1 mM Na3VO4, and 1 mM phenylmethylsulfonyl fluo-
ride) supplemented with protease inhibitor (Roche). Thirty
micrograms of protein lysates were separated on a NuPAGE
4–12 % Bis-Tris Gel (Invitrogen), and the separated proteins
were transferred onto a polyvinylidene difluoride membrane
(Invitrogen). After blocking for 60 min with 5 % nonfat dry
milk, membranes were incubated with the primary antibody
overnight at 4 °C followed by incubation with corresponding
secondary antibody for 60 min at room temperature. The
membranes were developed using enhance chemiluminescence
solutions (Thermo Fisher Scientific).

Overexpression of ADAMTS9-AS2 in glioma cells

Plasmid cDNA-ADAMTS9-AS2 was constructed by intro-
ducing aBamHI-EcoRI fragment containing the ADAMTS9-
AS2 cDNA into the same site in pcDNA3.1. The ADAMTS9-
AS2 low-expressed T98G cells were transfected with pcDNA-
ADAMTS9-AS2 using Lipofectamine 2000 (Invitrogen) ac-
cording to themanufacturer's instructions. Cells were collected
after transfection for RNA isolation, scratch wound-healing
assay, and Matrigel invasion assay.

Transfection of siRNAs in glioma cells

Small interfering RNA (siRNA) sequences for target genes
and negative-control (NC) siRNA were obtained from
GenePharma (Shanghai, China). The sequences were shown
in Table 3 [22, 23]. For ADAMTS9-AS2 siRNA transfection,
ADAMTS9-AS2 high-expressed U87 was selected, for DNA
methyltransferases (DNMTs) siRNA transfection, both T98G
and U87 cells were selected. In brief, approximately 5 % cells
were plated to each well of 12-well plates at least 24 h before
transfection to achieve 30–50 % confluency. SiRNA transfec-
tion was done with X-tremeGENE transfection sreagent
(Roche) according to the manufacturer's instructions. Forty-

eight hours after transfection, RNA isolation, scratch wound-
healing assay, and Matrigel invasion assay were performed.

Treatment of T98G and U87 cells with 5-aza-dC

T98G and U87 cells were planted into plastic 6-well plates on
day 0 and exposed to 5 μM 5-aza-dC (Sigma, St. Louis, MO,
USA) for 3 days. The cells treated with 5-aza-dC were col-
lected for RNA isolation and detection of ADAMTS9-AS2
expression.

Cell proliferation assay

After transfection, cell proliferation was assessed by MTS
assay (Promega) according to the manufacturer’s protocol.
T98G or U87 cells (2,000 cells per well) in each group were
plated in 96-well plates. Twenty microliters of the MTS re-
agent was added to each well containing 100 μl culture
medium. The plate was incubated for 2 h at 37 °C in a
humidified, 5 % CO2 atmosphere. The plate was then read at
490 nm using a plate reader.

Scratch wound-healing assay

Uniform wounds were scraped in T98G and U87 cells grown
on plastic 6-well plates using a pipette tip before transfection.
The initial gap length (0 h) and the residual gap length 48 h
after wounding were calculated from photomicrographs.

Matrigel invasion assays

A cell invasion assay was carried out using modified Boyden
Chambers consisting of transwell-precoated Matrigel mem-
brane filter inserts with 8-mm pores in 24-well tissue culture
plates (BD Biosciences, Bedford, MA, USA). DMEM con-
taining 10 % fetal bovine serum in the lower chamber served
as the chemoattractant. Cells that had migrated through the
filter were stained and counted. The average migration rate
was calculated as the increasing radius of the entire cell
population over time.

Table 2 Primers for real-time
PCR analysis Gene name Forward Reverse

β-actin 5′-CCACTGGCATCGTGATGGA-3′ 5′-CGCTCGGTGAGGATCTTCAT-3′

ADAMTS9-
AS2

5′-TCTGTTGCCCATTTCCTACC-3′ 5′-CCCTTCCATCCTGTCTACTCTA-3′

ADAMTS9 5′-TTCGGCCAGCAGTTTCTATTT-3′ 5′-AACAGTGCTTGAGTTCCGCTT-3′

DNMT1 5′-AGAACGGTGCTCATGCTTACA-3′ 5′-CTCTACGGGCTTCACTTCTTG-3′

DNMT3A 5′-TATTGATGAGCGCACAAGAGAGC-3′ [22] 5′-GGGTGTTCCAGGGTAACATTGAG-3′ [22]

DNMT3B 5′-AGGGAAGACTCGATCCTCGTC-3′ 5′-GTGTGTAGCTTAGCAGACTGG-3′
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Statistical analysis

Differences between groups were analyzed using Student's t
test or Chi-square test. Correlation between genes expression
was studied by using Pearson's correlation. Survival analysis
was performed using the Kaplan–Meier method, and the log-
rank test was used to compare the differences between patient
groups. Statistical analyses were performed using SPSS ver-
sion 18.0 (SPSS, Chicago, IL). For all statistical analyses,
P<0.05 was considered statistically significant.

Results

ADAMTS9-AS2 was downregulated in glioma tissue
samples and associated with prognosis

The ADAMTS9-AS2 expression levels were assessed in a
panel-paired specimen obtained from 70 patients with glioma.
ADAMTS9 expression in glioma tumor tissues was signifi-
cantly downregulated compared with matched nontumorous
tissues (Fig. 1a, b). The expression level of ADAMTS9-AS2
was significantly lower in tumors with higher WHO grade
(III/IV) than that in tumors with lower WHO grade (I/II).

Kaplan–Meier survival analysis and log-rank tests were
performed to assess the association between ADAMTS9-
AS2 expression and glioma patient prognosis. According to
the mean ratio of relative ADAMTS9-AS2 expression (medi-
an ration of 0.315-fold) in glioma tissue specimens, the 53
glioma cancer patients were divided into two groups: relative-
ly high-ADAMTS9-AS2 group (n=35, ADAMTS9-AS2 ex-
pression ratio≧median ratio) and relatively low-ADAMTS9-
AS2 group (n=35, ADAMTS9-AS2 expression ratio≦medi-
an ratio). We found the overall survival of the high-
ADAMTS9-AS2 group was significantly higher than that of
the low-ADAMTS9-AS2 group (P=0.0326). The results sug-
gested that the downregulation of ADAMTS9-AS2 might
have a critical role in the origination and progression of
glioma. Univariate analysis identified five prognostic factors:
WHO grade (I/II or III/IV), KPS (<80 or≧80), TNM stage (I/II
or III/IV), tumor size (<5 or ≧5 cm), and ADAMTS9-AS2
expression. The other clinicopathological characteristics, such
as age, gender, tumor size, extent of resection, whether or not

accepted radiotherapy, and chemotherapy, were not statistical-
ly significant prognosis factors. Multivariate analysis of the
prognosis factors confirmed that low-ADAMTS9-AS2 ex-
pression was a significant independent predictor of poor
survival in glioma (P=0.013), in addition to WHO grade
(P=0.021), KPS (P=0.002), and tumor size (P=0.045)
(Table 4).

Expression of ADAMTS9-AS2 correlated with expression
of ADAMTS9 and DNMT1

To identify the relationship between ADAMTS9-AS2 and
ADAMTS9, we assessed the correlation of their expression
levels using real-time PCR. The result indicated that the
ADAMTS9-AS2 expression was positively correlated with
ADAMTS9 expression (R=0.49, P<0.01; Table 5).

By reviewing the UCSC data, we noticed that extensive
DNA methylation and histone modification can be found at
the promoter region of ADAMTS9-AS2 and ADAMTS9
(http://genome.ucsc.edu/). To test the potential association
between ADAMTS9-AS2 and DNA methylation-related
genes in glioma, we assessed the expression correlation of
ADAMTS9-AS2 with three DNMTs, DNMT1, DNMT3A,
and DNMT3B. In Table 3, the results showed a positive
correlations of ADAMTS9-AS2 expression with DNMT3A
(R=0.44, P=0.004; Table 5) and a negative correlation with
DNMT1 (R=−0.45, P=0.004; Table 5).

ADAMTS9 expression was coregulated together
with the ADAMTS9-AS2 overexpression or knockdown
in glioma cell lines

By real-time PCR, we found that the expression of
ADAMTS9-AS2 was the highest in U87 and the lowest in
T98G among the 5 human glioma cell lines (Fig. 2a).

In the overexpression experiment, ADAMTS9-AS2 cDNA
plasmid was constructed and stably transfected into T98G
cells. By real-time PCR, we found the lncRNA ADAMTS9-
AS2 expression was markedly elevated, and the ADAMTS9
mRNA expression level was also evidently upregulated by
ADAMTS9-AS2 cDNA plasmid (Fig. 2b, c). By Western
blot, we found that the ADAMTS9 expression was also mark-
edly elevated in protein level.

Table 3 Sequences for small interfering RNA analysis

Gene name Sense (5′–3′) Antisense (5′–3′)

A-AS2-si1 AACGAAUGCUGUCGACUGCCUAGUU AACUAGGCAGUCGACAGCAUUCGUU

A-AS2-si2 AACUAUUAAUCACCAUGCCAUACUU CCCTTCCATCCTGTCTACTCTA

DNMT1-si TCTGTCCGTTCACATGTGTTTCCTGTCTC [23] ACACATGTGAACGGACAGATTCCTGTCTC [23]

DNMT3A-si AAGCTTTCCACCGGGGGGTGCCCTGTCTC [23] 5′-AAGCACCCCCCGGTGGAAAGCCCTGTCTC [23]

DNMT3B-si AGATGACGGATGCCTAGAGTTCCTGTCTC [23] 5′-CTCTAGGCATCCGTCATCTTTCCTGTCTC [23]
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In the knockdown experiment, ADAMTS9-AS2 siRNAs
was transfected into U87 cells. Quantification PCR and

Western blot analysis showed that ADAMTS9-AS2 expres-
sion level was significantly knocked down in ADAMTS9-
AS2 siRNA group and ADAMTS9 expression level was also
downregulated by ADAMTS9-AS2 siRNA, both in mRNA
level and protein level (Fig. 2d, e). The results indicated that
the ADAMTS9 expression may be modulated by lncRNA
ADAMTS9-AS2.

Fig. 1 Relative ADAMTS9-AS2
expression in 70 glioma tissue
samples was examined by real-
time PCR and normalized to
GAPDH expression. Data were
presented as fold change in tumor
tissues relative to normal tissues.
a ADAMTS9-AS2 expression
level was significantly lower in
tumor tissues than that in normal
tissues (*P<0.05). bADAMTS9-
AS2 expression level was
significantly lower in tumors of
higher WHO grade (III/IV) than
those in tumors of lower WHO
grade (I/II) (*P<0.05). c Kaplan–
Meier overall survival curves
according to ADAMTS9-AS2
expression level. The overall
survival of the high-ADAMTS9-
AS2 group (n=35, ADAMTS9-
AS2 expression ratio≥median
ratio) was significantly higher
than that of the low-ADAMTS9-
AS2 group (n=35, ADAMTS9-
AS2 expression ratio ≤ median
ratio; P=0.0326, log-rank test)

Table 4 Univariate and multivariate analysis for overall survival by Cox
regression model

Variables Univariate
analysis

Multivariable
analysis

Hazard ratio P Hazard ratio P

Age (years) 2.863 0.053 1.364 0.065

Gender (male vs. female) 1.032 0.086 2.365 0.127

WHO grade
(I/II vs. III/IV)

1.528 <0.001 2.482 0.021

KPS (<80 vs. ≧80) 3.223 0.037 1.375 0.002

Tumor size
(<5 vs. ≧5 cm)

3.756 0.024 2.341 0.045

Extent of resection
(<98 vs. ≧98 %)

1.459 0.113 1.536 0.984

Radiotherapy 2.361 0.094 1.867 0.103

Chemotherapy 5.312 0.105 3.256 0.968

ADAMTS9-AS2 expression
(High vs. low)

2.358 0.004 1.542 0.013

KPS Karnofsky Performance Scale, WHO World Health Organization

Table 5 Correlations of ADAMTS9-AS2 with ADAMTS9 and other
tumor regulating genes in glioma

Gene name Correlation coefficients
with ADAMTS9-AS2

ADAMTS9 R=0.49, P=0.005

DNMT1 R=-0.45, P=0.004

DNMT3A R=0.44, P=0.004

DNMT3B R=0.02, P=0.901

The expression levels of ADAMTS9-AS2 and ADAMTS9 as well as
three DNA methyltransferases (DMNTs) were analyzed by real-time
PCR in 70 glioma tissue samples. The expression of ADAMTS9-AS2
was positively correlated with ADAMTS9, DNMT3A expression
(P<0.01), negatively correlated with DNMT1 expression (P<0.01)
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ADAMTS9-AS2 expression was restored by 5-aza-dC
treatment or DNMT1 siRNA in glioma cell lines

UCSC data suggests the hypermethylation of the ADAMTS9-
AS2 promoter region (http://genome.ucsc.edu/). To evaluated
the role of DNA methylation in ADAMTS9-AS2 lncRNA
inactivation in glioma. We assessed the impact of DNA
demethylating agent (5-aza-dC) on ADAMTS9-AS2 expres-
sion. In both U87 and T98G cells, we found that ADAMTS9-
AS2 expression levels were evidently increased in 5-aza-dC
groups compared with control groups (Fig. 3b).

Subsequently, we investigated whether DNMTsmight con-
tribute to ADAMTS9-AS2 downregulation. By siRNA trans-
fection of three target DNA methyltransferases genes
(DNMT1, DNMT3A, and DNMT3B), we found that the
DNMT1 siRNA let to remarkably elevation ofADAMTS9-AS2.

It suggested that the silencing of ADAMTS9-AS2 in glio-
ma might partly resulted by hypermethylation of the
ADAMTS9-AS2 promoter region. In addition, a DNA
methyltransferases DNMT1 may play an important role in
ADAMTS9-AS2 regulation.

T98G cell migration and invasion were inhibited
by ADAMTS9-AS2 overexpression

To further identify the role of ADAMTS9-AS2 in T98G cells,
functional assay was performed by transfecting plasmid
cDNA ADAMTS9-AS2 and negative control plasmid. The
results showed that the cells growth in pcDNA-ADAMTS9-
AS2 group was not significantly altered compared with the
cells in the pcDNA control group (Fig. 4a). The wound-
healing assay showed remarkable cell migration retardation

Fig. 2 ADAMTS9 mRNA expression level was coregulated together
with the ADAMTS9-AS2 lncRNA overexpression or knockdown in
glioma cell lines. a The expression of ADAMTS9-AS2 was tested in five
human glioma cell lines by real-time PCR. b, c ADAMTS9 mRNA and
ADAMTS9-AS2 lncRNA level were measured by real-time PCR in
T98G cells transfected with plasmid pcDNA-ADAMTS9-AS2.
ADAMTS9-AS2 lncRNA expression was markedly elevated by
pcDNA-ADAMTS9-AS2 (*P<0.05), and ADAMTS9 mRNA

expression level was also evidently upregulated concomitantly
(*P<0.05). Western blot showed that the ADAMTS9 protein expression
was also markedly elevated. d, e ADAMTS9 mRNA and ADAMTS9-
AS2 lncRNA level knockdown were measured by real-time PCR in U87
cells transfected with ADAMTS9-AS2 siRNA. Expression of
ADAMTS9-AS2 and ADAMTS9 were significantly reduced in
ADAMTS9-AS2 siRNA groups compared with negative control group
(*P<0.05)
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in pcDNA-ADAMTS9-AS2 group compared with in the
pcDNA control group (Fig. 4b). The Matrigel invasion assay
also showed significant cell invasion inhibition in the pcDNA-
ADAMTS9-AS2 group compared with the pcDNA control
group (Fig. 4c).

U87 cell migration and invasion were enhanced
by ADAMTS9-AS2 knockdown

The results showed that the growth rates of U87 cells in
ADAMTS9-AS2 siRNA-transfected groups were not signifi-
cantly different from the negative controls group (Fig. 5a).
The scratch wound-healing assay and Matrigel invasion assay
were performed also using U87 cells. The wound-healing
assay showed remarkable cell migration elevation in
ADAMTS9-AS2 siRNA group compared with in the NC
group (Fig. 5b). The Matrigel invasion assay also showed
significant cell invasion elevation in the ADAMTS9-AS2
siRNA groups compared with the NC group (Fig. 5c).

Discussion

Recently, more and more studies have proved that the
lncRNAs can play pivotal role in cancer development.
LncRNAs has been regarded as the new frontier of transla-
tional research in cancer diagnosis and treatment [6-8].
There are a few prior microarray data on the association
between glioma and lncRNAs [24-27]. In addition, it
has been demonstrated that some well-known cancer-
related lncRNAs, such as HOTAIR, H19, and MEG3, are
also involved in the tumor progression of glioma [28-30]. The
emerging role of lncRNAs in glioma prompted us to conduct
the current study.

LncRNA ADAMTS9-AS2 is the antisense partner of pro-
tein coding gene ADAMTS9. ADAMTS9 has been recog-
nized as an important tumor suppressor in various human
malignancies, the expression is mainly controlled by promoter
hypermethylation [10-21].

In the present study, we demonstrated the deregulation of
lncRNAADAMTS9-AS2was linkedwith the tumor occurrence
in glioma, and lower expression of ADAMTS9-AS2 was asso-
ciated with higher WHO grades. Multivariate analyses showed
that ADAMTS9-AS2 expression was an independent predictor
for overall survival of the patients. Moreover, the results also
showed that overexpression of ADAMTS9-AS2 inhibited mi-
gration and invasion abilities of the T98G cells allowing in-
creased tumor progression. While knockdown of ADAMTS9-
AS2 in U87 cells showed the opposite effect. To our knowledge,
this maybe the first study about the expression pattern and
functional role of lncRNA ADAMTS9-AS2 in cancer.

In other recent studies, some lncRNAs, like HOTAIR and
H19, have also been linked with glioma cell invasion [28, 29],
and HOTAIR has also been identified as a strong prognostic
predictor in mesenchymal glioma [29]. In addition, our data
may provide the first evidence that lncRNA ADAMTS9-AS2
might reversely correlate with the tumor progression and
inhibit the cell invasion in glioma.

It has been proved that the antisense lncRNAs may often
modulate their sense mRNA partners, either in discordant or
concordant manner [31-33]. Thus far, multiple antisense
lncRNA have been found to be associated with various ma-
lignant tumors [9-12]. Among them, some modulate their
sense partners mainly by epigenetic regulation at the promoter
regions, for example , ANRIL (CDKN2B-AS1) [9, 10], some
exert their functions by regulating the sense transcripts by
other methods, such as CTBP1-AS [11] and GAS6-AS1
[13], whereas some others exert their function without regu-
lating their sense partner like HNF1A-AS1 [12].

Fig. 3 ADAMTS9-AS2
expression in glioma cells with
5-aza-dC treatment or DNMTs
siRNA. a Real-time PCR analysis
of ADAMTS9-AS2 expression
following treatment with 5 μM of
5-aza-dC in U87 and T98G cells
(*P<0.05). b Real-time PCR
analysis of ADAMTS9-AS2
expression following transfection
of siRNA of three target DNA
methyltransferases genes
(DNMT1, DNMT3A, and
DNMT3B) in U87 and T98G
cells (*P<0.05)
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Our results showed that the expression of ADAMTS9-AS2
was positively correlated with its sense partner, ADAMTS9.
Then, to further assess the regulating role of lncRNA
ADAMTS9-AS2 to the protein coding gene ADAMTS9,
overexpression and knockdown experiments was per-
formed. The results showed that the ADAMTS9 expres-
sion was altered concomitantly with the ADAMTS9-
AS2 up- and downregulation in glioma cells. Based on
these results, we speculated that lncRNA ADAMTS9-
AS2 may fulfill its tumor suppressing function partly by
modulating the ADAMTS9 expression.

In previous studies, many cancer-related lncRNAs have
been revealed to be involved in epigenetic regulating network
[6, 7]. According to the UCSC data, extensive DNA methyl-
ation and histone modification markers can be found at the
promoter of ADAMTS9-AS2 and ADAMTS9 (http://
genome.ucsc.edu/). Here, we showed that the DNA
methylation may contribute to the ADAMTS9-AS2 lncRNA
inactivation in glioma. By using DNA demethylating agent
(5-aza-dC), we found the ADAMTS9-AS2 expression was
evidently reactivated. In addition, by knocking down three
DNA methyltransferases genes (DNMT1, DNMT3A, and

Fig. 4 Cell migration and invasion were inhibited by pcDNA-
ADAMTS9-AS2 in T98G cells. a Cell proliferation fold increase was
tested using MTS with 1-day intervals. PcDNA-ADAMTS9-AS2 group
did not show significant different growth rate compared with pcDNA
control group in T98G cells (*P<0.05). b, c Overexpression of

ADAMTS9-AS2 inhibited the cell migration and invasion. Scratch
wound healing assay and Matrigel invasion assay showed that the cell
migration and invasion capacities in pcDNA-ADAMTS9-AS2 group
were remarkably inhibited (*P<0.05)
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DNMT3B), we found that the DNMT1 knockdown signifi-
cantly restored the ADAMTS9-AS2 expression.

Taken together, this study provides the first evidence
that the decrease of lncRNA ADAMTS9-AS2 expres-
sion is associated with the diagnosis, clinicopathological
characteristics, and prognosis of glioma, and the func-
tion of ADAMTS9-AS2 is involved in suppressing the

cell migration ability, partly by regulating the protein
coding gene ADAMTS9. Our data also indicates that
the expression of ADAMTS9-AS2 may be modulated
by DNA methylation through the methyltransferases
DNMT1. Tumor suppressor lncRNA ADAMTS9-AS2 may
serve as a novel biomarker and therapeutic target for glioma in
future cancer clinic.

Fig. 5 Cell migration and invasion were elevated by ADAMTS9-AS2
siRNA in U87 cells. a Cell proliferation fold increase was tested using
MTS with 1-day intervals. ADAMTS9-AS2 siRNA groups showed
elevated growth rates compared with negative control groups in U87

cells (*P<0.05). b, c Knockdown of ADAMTS9-AS2 enhanced the cell
migration and invasion. Scratch wound healing assay and Matrigel inva-
sion assay showed that the cell migration and invasion capacities in
ADAMTS9-AS2 siRNA group were remarkably elevated (*P<0.05)
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