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Abstract: Growing evidence demonstrates that long non coding RNAs (lncRNAs) play an important role in cancer 
origination and progression. A novel lncRNA, TSLC1-AS1, is the antisense transcript of tumor suppressor TSLC1. 
The expression profile and function of TSLC1-AS1 in glioma were investigated using Real-Time Quantitative PCR and 
siRNA knockdown. The data showed that TSLC1-AS1 expression was down-regulated in tumor tissues compared 
with that in adjacent normal tissues, and negatively associated with the WHO criteria of the tumors. Overexpression 
of TSLC1-AS1 resulted in up-regulation of TSLC1 and significant inhibition of cell proliferation, migration and inva-
sion in U87 cells, while knockdown of TSLC1-AS1 in SNB-19 cells showed the opposite effect. The expression of 
TSLC1-AS1 was also positively correlated with other tumor suppressors NF1, VHL, PIK3R1 and negatively correlated 
with the oncogene BRAF. The results suggested that TSLC1-AS1 was a tumor suppressor of glioma and a mediator 
of TSLC1 expression. LncRNA TSLC1-AS1 may serve as a potential biomarker and therapeutic target for glioma.
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Introduction

Glioma is the most common malignant tumor in 

central nervous system [1]. And a complex gene 
interaction and molecular modulation network 
is involved in the development of glioma. 
Increasing number of researches is focused on 
exploring the molecular modulation network 
and finding reliable diagnostic markers and 
effective therapeutic targets [2]. Recent stud-
ies revealed that numerous long non coding 
RNAs (lncRNAs) had extensive regulating activi-
ties in different levels of gene expression and 
crucial biological roles in cellular development 
and metabolism. And some lncRNA has been 
functional linked with cancer origination and 
progression [3-6].

ENST00000546273/RP11-713B9.1, termed 
TSLC1-AS1, is a novel one of lncRNAs, which is 
the antisense transcript of a protein coding 
gene TSLC1. It was found at the location of 
chromosome 11q23.2, that is frequently delet-
ed in many malignant tumors [7]. Protein cod-

ing gene TSLC1 (also known as CADM1, IGSF4, 
SynCAM, SgIGSF and Necl-2) [8, 9] has been 
identified as the tumor suppressor gene which 
is often down-regulated by hypermethylation in 
many tumors, including glioma, lung cancer, 
neuroblastoma, nasopharyngeal cancer, malig-
nant melanoma, esophageal cancer, liver can-
cer, breast cancer, gastric cancer, pancreatic 
cancer, colorectal cancer, cervical cancer and 
prostate cancer [10-21].

This work aimed to determine the expression of 
TSLC1-AS1 in glioma, to explore its function and 
analyze the interaction of it and TSLC1.

Materials and methods

Patient samples

Patients with glioma (n = 46) who underwent 
initial surgery in Chinese PLA General Hospital 
from 2010 to 2012 were retrospectively select-
ed for this study. No patients had received ther-
apy before resection. Each patient participated 
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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 con-
sisted of 27 cases of low grade astrocytoma 
(WHO grade II), and 19 cases of high grade dis-
ease [10 cases of anaplastia astrocytoma 
(WHO grade III) and 9 cases of glioblastoma 
multiforme (WHO grade IV)].

Cancer cell lines

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

Real-time quantitative PCR

Total RNA was isolated from glioma tumor tis-
sue, adjacent normal tissue and glioma cell 
lines using the Trizol Total RNA Reagent 
(Invitrogen, Carlsbad CA). cDNA synthesis was 
performed with 2 μg total RNA using the 
RevertAidTM H Minus First Strand cDNA 
Synthesis Kit (Takara, Ohtsu, Japan). The prim-
ers were obtained from GenePharma (Shanghai, 
China) and the sequences were shown in Table 
1. Quantitative PCR was performed using the 
SYBR PrimeScript RT-PCR kit (Takara, Ohtsu, 
Japan) in an Applied Biosystems 7500 
Fluorescent Quantitative PCR System (Applied 
Biosystems, Foster City, CA). The reaction mix-
tures 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 

cells

Plasmid cDNA-TSLC1-AS1 was constructed by 
introducing aBamHI-EcoRI fragment containing 
the TSLC1-AS1 cDNA into the same site in 
pcDNA3.1. The TSLC1-AS1 low expressed U87 
cells were transfection with pcDNA-TSLC1-AS1 
using Lipofectamine 2000 (Invitrogen, US) 
according to the manufacturer’s instructions. 
Cells were collected after transfection for RNA 
isolation, MTS cell proliferation assay, scratch 
wound healing assay and matrigel invasion 
assay.

Transfection of TSLC1-AS1 siRNA in SNB-19 
cell line

For small interfering RNA (siRNA) analysis, 
siRNA for TSLC1-AS1 sequence and negative-
control (NC) siRNA were obtained from 
GenePharma (Shanghai, China). The target 
sequence of TSLC1-AS1 siRNA was shown in 
Table 2. Approximately 5% SNB-19 cells were 
plated to each well of 12-well plates at least 24 
h before transfection to achieve 30-50% con-
fluency. SiRNA transfection was done with 
X-tremeGENE transfection reagent (Roche) 
according to the manufacturer’s instructions. 
The TSLC1-AS1 high expressed cell line SNB-19 
were harvested or fixed 48 h after transfection 
for RNA isolation, MTS cell proliferation assay, 
scratch wound healing assay and matrigel inva-
sion assay.

Cell proliferation assay

After transfection, cell proliferation was ass- 
essed by MTS assay (Promega) according to 
the manufacturer’s protocol. SNB-19 cells 
(2,000 cells per well) in each group were plated 
in 96-well plates. 20 μl of the MTS reagent was 
added to each well containing 100 μl culture 
medium. The plate was incubated for 2 h at 

Table 1. Primers for real time PCR analysis
Gene name Forward Reverse
β-actin 5’-CCACTGGCATCGTGATGGA-3’ 5’-CGCTCGGTGAGGATCTTCAT-3’
TSLC1-AS1 5’-TGACAAAGGCAGGAGGTA-3’ 5’-GCACTATGGCTGAGGAAA-3’
TSLC1 5’-ATGGCGAGTGTAGTGCTGC-3’ 5’-GATCACTGTCACGTCTTTCGT-3’
NF1 5’-AGATGAAACGATGCTGGTCAAA-3’ 5’-CCTGTAACCTGGTAGAAATGCGA-3’
VHL 5’-GCAGGCGTCGAAGAGTACG-3’ 5’-CGGACTGCGATTGCAGAAGA-3’
PIK3R1 5’-ACCACTACCGGAATGAATCTCT-3’ 5’-GGGATGTGCGGGTATATTCTTC-3’
BRAF 5’-AATACACCAGCAAGCTAGATGC-3’ 5’-AATCAGTTCCGTTCCCCAGAG-3’

calculation with CT as 
the threshold cycle. 
The expression level 
of a target gene in a 
patient was calculat-
ed as the ratio: target 
in tumor tissue/target 
in nontumorous tis-
sue [R (T/N)].

Overexpression of 
TSLC1-AS1 in U87 
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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 SNB-19 epi-
thelial monolayers grown on plastic 6-well 
plates using a pipette tip before transfection. 
The initial gap length (0 h) and the residual gap 
length 24 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 membrane filter 
inserts with 8 mm pores in 24-well tissue cul-
ture plates (BD Biosciences, Bedfold, MA, USA). 
DMEM containing 10% fetal bovine serum in 
the lower chamber served as the chemo- 
attractant.

Statistical analysis

Differences between groups were analyzed 
using Student’s t test. Correlation between 
genes expression was studied by using 
Pearson’s correlation. Statistical analyses were 
performed using SPSS version 18.0 (SPSS, 
Chicago, IL). For all statistical analyses, P < 
0.05 was considered statistically significant.

Results

TSLC1-AS1 and TSLC1 were both down-regu-
lated in glioma tissue samples

The TSLC1-AS1 and TSLC1 expression levels 
were assessed in a panel paired specimen 
obtained from 46 patients with glioma. Both 
the expression levels of lncRNA TSLC1-AS1 and 
mRNA TSLC1 in glioma tumor tissues were sig-
nificantly down-regulated compared with in 
matched nontumorous tissues (Figure 1A, 1B). 
The expression levels of TSLC1-AS1 and TSLC1 

were significantly lower in tumors with higher 
WHO grades (III/IV) than that in tumors with 
lower WHO grades (II).

Expression of TSLC1-AS1 correlated with that 
of TSLC1 and other tumor related genes

To identify the relationship between TSLC1-AS1 
and TSLC1, we assessed the correlation of 
their expression levels using real time PCR. The 
result indicated that the TSLC1-AS1 expression 
was positively correlated with TSLC1 expres-
sion (R = 0.66, P < 0.01, Table 3).

Moreover, to test the potential association 
between TSLC1-AS1 and other cancer regulat-
ing genes in glioma, we assessed the expres-
sion correlation of TSLC1-AS1 with other three 
glioma suppressors NF1, VHL, PIK3R1 and an 
oncogene BRAF. In Table 3, the results showed 
remarkable positive correlations of TSLC1-AS1 
expression with three tumor suppressors, NF1 
(R = 0.61, P < 0.01), VHL (R = 0.52, P < 0.01) 
and PIK3R1 (R = 0.55, P < 0.01), respectively, 
and negative correlation with oncogene BRAF 
(R = -0.51, P < 0.01).

TSLC1 expression was co-regulated together 
with the TSLC1-AS1 overexpression or knock-
down in glioma cell lines

By real time PCR, we found that the expression 
of TSLC1-AS1 was the highest in SNB-19 and 
the lowest in U87 among the three human glio-
ma cell lines (Figure 2A).

In the overexpression experiment, TSLC1-AS1 
cDNA plasmid was constructed and stably 
transfected into U87 cells. TSLC1-AS1 expres-
sion was markedly elevated, and TSLC1 expres-
sion level was also evidently up-regulated by 
TSLC1-AS1 cDNA plasmid (Figure 2B).

In the knock-down experiment, TSLC1-AS1 siR-
NAs was transfected into SNB-19 cells. TSLC1-
AS1 expression was markedly decreased. 
Quantification analysis showed that TSLC1-AS1 

Table 2. SiRNA sequences for TSLC1-AS1
Name The sequences
T-AS1-si1 Sense strand 5’-rGrUrArCrCrUrCrCrUrGrCrCrUrUrUrGrUrCrArArGrCrCAA-3’

Antisense strand 5’-rUrUrGrGrCrUrUrGrArCrArArArGrGrCrArGrGrArGrGrUrArCrArA-3’
T-AS1-si2 Sense strand 5’-rGrArCrCrUrArUrCrGrArGrArArCrUrGrArGrArGrCrGrACA-3’

Antisense strand 5’-rUrGrUrCrGrCrUrCrUrCrArGrUrUrCrUrCrGrArUrArGrGrUrCrArG-3’
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expression level was knocked down nearly 90% 
in TSLC1-AS1 siRNA group and TSLC1 expres-
sion level was also down-regulated by TSLC1-
AS1 siRNA (Figure 2C). It suggested that TSLC1 
expression may be modulated by TSLC1-AS1. 
Since our TSLC1-AS1 siRNAs were double 
strands RNAs, the sense or antisense single 

strand of TSLC1-AS1 siRNAs were transfected 
respectively into the SNB-19 cells to exclude 
target effect of TSLC1-AS1 siRNA antisense 
strand to TSLC1. It was found that only the 
sense strand of TSLC1-AS1 siRNA successfully 
knocked down the expression of both TSLC1-
AS1 and TSLC1, while the antisense strand had 
no effect on the TSLC1 expression (Figure 2D).

U87 cell proliferation, migration and invasion 
were inhibited by TSLC1-AS1 overexpression

To further identify the role of TSLC1-AS1 in U87 
cells, functional assay was performed by trans-
fecting plasmid cDNA TSLC1-AS1 and negative 
control plasmid. The results showed that the 
U87 cells in pcDNA-TSLC1-AS1 group grew sig-
nificantly slower compared with the cells in the 
pcDNA control group (Figure 3A). The wound-
healing assay showed remarkable cell migra-
tion retardation in pcDNA-TSLC1-AS1 group 
compared with in the pcDNA control group 
(Figure 3B). The matrigel invasion assay also 

Figure 1. TSLC1-AS1 and TSLC1 expression levels were analyzed by real time PCR in 46 glioma tissue samples. A, 
B: Both of TSLC1-AS1 and TSLC1 expression levels were significantly lower in tumors tissues than that in normal 
tissues (*P < 0.05). C, D: TSLC1-AS1 and TSLC1 expression levels were significantly lower in tumors of higher WHO 
grades (III/IV) than those in tumors of lower WHO grades (II). (*P < 0.05).

Table 3. Correlations of TSLC1-AS1 with TSLC1 
and other tumor regulating genes in glioma
Gene name Correlation coefficients with TSLC1-AS1
TSLC1 R = 0.66, P < 0.01
NF1 R = 0.61, P < 0.01
VHL R = 0.52, P < 0.01
PIK3R1 R = 0.55, P < 0.01
BRAF R = -0.51, P < 0.01
The expression levels of TSLC1-AS1 and TSLC1 as well as 
three other cancer-related genes were analyzed by real time 
PCR in 46 glioma tissue samples. The expression of TSLC1-
AS1 was positively correlated with TSLC1, NF1, VHL, PIK3R1 
expression (P < 0.01), negatively correlated with BRAF 
expression (P < 0.01).
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showed significant cell invasion inhibition in the 
pcDNA-TSLC1-AS1 group compared with the 
pcDNA control group (Figure 3C).

SNB-19 cell proliferation, migration and inva-
sion were enhanced by TSLC1-AS1 knockdown

The results showed that the SNB-19 cells in 
TSLC1-AS1 siRNA transfected groups grew sig-
nificantly faster compared with the cells in the 
negative controls group (Figure 4A). The scratch 
wound healing assay and matrigel invasion 
assay were performed also using SNB-19 cells. 
The wound-healing assay showed remarkable 
cell migration elevation in TSLC1-AS1 siRNA 
group compared with in the NC group (Figure 
4B). The matrigel invasion assay also showed 
significant cell invasion elevation in the TSLC1-
AS1 siRNA groups compared with the NC group 
(Figure 4C).

Discussion

This study provides the first evidence linking 
the expression of a novel lncRNA TSLC1-AS1 
with the diagnosis, clinic-pathological charac-
teristics and in vitro cellular growth behaviors 
of glioma. More specifically, we found that 
TSLC1-AS1 expression was evidently decreased 
in glioma compared with normal tissues, and 
reversely linked with the WHO grade of the 
tumor. Through down-regulating the TSLC1-AS1 
expression in a high TSLC1-AS1 expressing cell 
line, the proliferation and invasion abilities of 
the glioma cells could be remarkably increased, 
while the overexpression of TSLC1-AS1 showed 
the opposite effect.

TSLC1 has been identified as a critical tumor 
suppressor in a variety of different cancers, 
including glioma, which is mainly controlled by 

Figure 2. TSLC1 expression was co-regulated together with the TSLC1-AS1 overexpression or knockdown in glioma 
cell lines. A: The expression of TSLC1-AS1 was detected be qPCR in three glioma cell lines. B: The expression of 
TSLC1-AS1 and TSLC1 were measured in U87 cell line after transfection by plasmid pcDNA-TSLC1-AS1. TSLC1-
AS1 lncRNA expression was markedly elevated by pcDNA-TSLC1-AS1, and TSLC1 mRNA expression level was also 
evidently up-regulated concomitantly (*P < 0.05). C: TSLC1 mRNA and TSLC1-AS1 lncRNA level knockdown were 
measured by real-time PCR in SNB-19 cells transfected with TSLC1-AS1 siRNA. Expression of TSLC1-AS1 and TSLC1 
were significantly reduced in TSLC1-AS1 siRNA groups compared with negative control group (*P < 0.05). D: Only 
the sense strand of TSLC1-AS1 siRNA successfully knocked down the expression of both TSLC1-AS1 and TSLC1 (*P 
< 0.05), while the antisense strand had no effect on the TSLC1 expression (P > 0.05).
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promoter hypermethylation [10-21]. TSLC1-
AS1, as a new found lncRNA, is the antisense 
partner of TSLC1. Nevertheless, to our knowl-
edge there are no studies on the literature 
regarding the expression profile and functional 
role of TSLC1-AS1.

Besides TSLC1, thousands of protein-coding 
genes in the human genome have their anti-
sense transcript partners, most of which are 
noncoding. This kind of sense-antisense RNA 
duplex formation can result in multiple out-
comes. And the antisense lncRNA can modu-
late the sense mRNA either in a discordant 
manner or a concordant manner [22-24]. For 
instance, HIF1α together with its antisense 
partner aHIF has been recognized as a concor-
dant sense-antisense RNA couple [25].

In the present study, we showed that the TSLC1-
AS1 was positively correlated with the TSLC1 
mRNA expression. And TSLC1-AS1 overexpres-
sion or knockdown resulted in concomitant 
TSLC1 sense-transcript increase or reduction. 
Since it has been proved that the regulation of 
TSLC1 mRNA expression can also be conduct-

ed without promoter hypermethylation [26], we 
speculated TSLC1-AS1 may be a new modula-
tor of TSLC1 mRNA expression. Our observa-
tions of elevated proliferation, migration and 
invasion abilities of the SNB-19 cells after 
TSLC1-AS1 siRNA transfection are consistent 
with reduced TSLC1 mRNA expression, allowing 
increased tumor progression. While overex-
pression of TSLC1-AS1 in U87 cells showed the 
opposite effect. These findings demonstrated 
that the TSLC1-AS1 functions as a tumor sup-
pressor in glioma.

Recent studies also reported some new genetic 
mutations that activate oncogenes, such as 
BRAF [27], and result in loss of function in 
tumor suppressors, such as NF1, VHL, PIK3R1 
in glioma [28-30]. Interestingly, we found that 
the expression of TSLC1-AS1 was also positive-
ly correlated with tumor suppressors NF1, VHL 
and PIK3R1, and negatively correlated with the 
oncogene BRAF.

A plausible explanation is that the TSLC1-AS1 
may be a pivotal modulating molecular in glio-
ma, communicating with many other cancer-

Figure 3. Cell growth, migration and inva-
sion were inhibited by pcDNA-TSLC1-AS1 
in U87 cells. A: Cell proliferation fold in-
crease was tested using MTS with 1 day 
intervals. PcDNA-TSLC1-AS1 group showed 
decreased growth rates compared with 
pcDNA control group in U87 cells (*P < 
0.05). B, C: Overexpression of TSLC1-AS1 
inhibited the cell migration and invasion. 
Scratch wound healing assay and matrigel 
invasion assay showed that the cell mi-
gration and invasion capacities in pcDNA-
TSLC1-AS1 group were remarkably inhib-
ited (*P < 0.05).
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related genes and regulating the expression of 
its sense partner TSLC1.

Future studies should clarify the exact modulat-
ing mechanism between TSLC1-AS1 and 
TSLC1, and seek additional pathways that may 
also contribute to this relationship.
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