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Abstract. – OBJECTIVE: Long non-coding 
RNA LINC00961 (LINC00961) has been report-
ed to play an important role in tumor develop-
ment and metastasis of lung cancer. However, 
the expression and role of LINC00961 in glioma 
remains unclear. The present study aimed to in-
vestigate the expression of LINC00961 in pa-
tients with glioma and to investigate its effect 
on glioma cells.

PATIENTS AND METHODS: Quantitative Re-
al-Time PCR (qRT-PCR) was performed to detect 
the expression of LINC00961 in glioma tissues 
and cell lines. Then, the association between 
LINC00961 expression and clinical pathological 
parameters and prognosis of glioma patients 
were further evaluated. Gain of function stud-
ies were performed to determine the effects of 
LINC00961 on proliferation and metastasis of 
glioma cells. Western blotting assay was used 
to explore the regulation mechanism.

RESULTS: We found that LINC00961 was sig-
nificantly downregulated in glioma tissues and 
cell lines compared with that of adjacent normal 
brain tissues and normal human astrocytes. 
Low expression of LINC00961 was significant-
ly correlated with WHO grade and KPS score. 
Clinical analysis indicated that patients with low 
LINC00961 expression had a shorter overall sur-
vival than those with high expression. Univariate 
and multivariable Cox regression analyses fur-
ther identified that down-regulated LINC00961 
might act as an independent prognostic factor 
for glioma patients. Functionally, overexpres-
sion of LINC00961 significantly suppressed gli-
oma cells proliferation, migration, and invasion. 
Mechanistically, we found that overexpression 
of LINC00961 inhibited glioma cell EMT.

CONCLUSIONS: LINC00961 might be consid-
ered as a novel molecule involved in glioma 
development, which provides an independent 
prognostic indicator and a potential therapeutic 
target for glioma patients.
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Introduction

Gliomas, are the most common primary brain 
tumors in adults, accounting for more than 50% 
of all primary brain tumors1. The glioma family 
includes well-differentiated low-grade astrocyto-
mas [World Health Organization (WHO) grade 
I-II], anaplastic astrocytomas (WHO grade III), 
and glioblastoma multiforme (GBM, WHO grade 
IV)2. Despite the continuous improvement in 
treatment approaches, with a combination of sur-
gery, radiotherapy, and chemotherapy, the medi-
an survival time of a patient with a glioblastoma 
multiform is only 12-15 months3,4. The obstacle 
for clinical therapy of glioma patients is due to 
both infiltrative metastasis and the resistance to-
ward chemoradiotherapy5,6. A better understand-
ing of the molecular mechanisms on glioma car-
cinogenesis and progression are urgently needed 
for the early detection, prognosis prediction, and 
therapy evaluation for glioma. 

Long noncoding RNAs (lncRNAs) are a class 
of noncoding RNAs with over 200 nucleotides 
in length that do not encode proteins7. LncRNAs 
may participate in various biological processes 
including differentiation, angiogenesis, immune 
responses, and apoptosis8,9. Also, growing re-
ports10,11 have shown that the deregulated ex-
pression of lncRNAs plays a functional role in 
a variety of disease states including malignancy. 
For instance, lncRNA DANCR, a well-studied 
lncRNA, has been reported to be up-regulated in 
osteosarcoma and promote tumor progression by 
upregulating AXL via miR-33a-5p inhibition12. 
LncRNA NEAT1, a tumor-related lncRNA, has 
been reported to be an oncogene which contrib-
utes to paclitaxel resistance of ovarian cancer 
cells by regulating ZEB1 expression via miR-
19413. Another lncRNA, lncRNA HOTAIR, was 
found to be highly expressed in glioma and its 
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knockdown exerted tumor-suppressive function 
in glioma cells via modulation of miR-32614. 
Although several lncRNAs have been identified 
to be oncogenes or tumor suppressor, many ln-
cRNAs have not been functionally characterized 
so far and the mechanisms underlying their bi-
ological function on the progression of glioma 
remain largely unclear.

LINC00961, located on chromosome 9, is a 
newly identified lncRNA. The previous study15 
identified LINC00961 as an aberrantly expressed 
lncRNA in lung squamous cell carcinoma which 
has high diagnostic value in distinguishing tu-
mors tissues from normal tissues. However, the 
detailed role of LINC00961 in other solid tumors 
remains largely unknown. The purpose of this 
study was to investigate the expression profile, 
clinical significance, and biological function of 
LINC00961 in glioma and thus be the first to 
unravel the critical role of LINC00961 in glioma.

Patients and Methods

Patients 
151 paired glioma tissues and normal brain 

tissues were obtained from patients with glioma 
who underwent surgery at the First Affiliated 
Hospital of Medical College from May 2010 to 
August 2013. According to the WHO categories, 
93 cases of grade I or grade II glioma, 58 cases 
of grade III or grade IV glioma. None of the pa-
tients had received chemotherapy or radiotherapy 
prior to surgery. The histologic diagnosis of these 
tissue samples was confirmed by a pathologist. 
Clinical data of all the patients was collected 
from hospitalization and subsequent records. De-
tailed information is listed in Table II. This study 
was approved by the Ethical Committee of The 
First Affiliated Hospital of Medical College. Ev-
ery patient signed the informed consent.

Cell Culture and Transfection
Glioma cell lines including U251, A172, 

U-118, U87. and normal human astrocyte cell 
line HEB were purchased from Shanghai Insti-
tute for Biological Sciences (Xuhui, Shanghai, 
China). Cells were all cultured in Roswell Park 
Memorial Institute-1640 (RPMI-1640, Thermo 
Fisher Scientific, Waltham, MA, USA) medium 
supplemented with 10% fetal bovine serum (FBS, 
Gibco BRL, Grand Island, USA). Cultures were 
maintained in a 5% CO2 humidified atmosphere 
at 37°C. The complementary DNA (cDNA) of 

LINC00961 was chemically synthesized by Wei-
fei Technology (Yuzhong, Chongqing, China) 
and cloned into the KpnI and BamHI sites of a 
pcDNA expression vector (Invitrogen, Carlsbad, 
CA, USA), namely, pcDNA-LINC00961. U87 and 
A172 cells were grown on 6-well plates to conflu-
ency and transfected using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. After transfection 
for 48 h, cells were collected for cell proliferation 
and migration assays, and lysed for quantitative 
PCR or Western Blot analysis.

RNA Extraction and qPCR Analyses
Total RNA was extracted from tissues or cul-

tured cells using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA), according to the manufacturer’s 
protocol. Reverse-transcription was performed us-
ing M-MLV and cDNA amplification was done 
using SYBR Green Master Mix kit (ThermoFisher 
Scientific, Waltham, MA, USA). qRT-PCR was 
performed on Applied Biosystems 7500 Real-Time 
PCR System (Applied Biosystems, Foster City, CA, 
USA) using SYBR® Premix Ex Taq™ II (TaKaRa, 
Otsu, Shiga, Japan). The conditions were as follows: 
95°C for 10 min; and 40 cycles (denaturation at 
95°C for 15 sec, annealing/extension temperature 
at 60°C for 1 min). Glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) was employed as reference 
genes to normalize the expression of LINC00961. 
Relative gene expression was normalized to GAP-
DH using the 2-ΔΔCT method. The primers were 
shown in Table I.

Cell Viability Assay
24 h after transfection, cells were plated into 96 

well plate at a density of 3000 cells/well and cul-
tured with 200 μl RPMI-1640 medium containing 
10% FBS at 37°C and 5% CO2. At each time point, 
cells were stained with 100 ml sterile 3-(4,5-Di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) dye (0.5 mg/ml, Sigma-Aldrich, St. 

Table I. PCR primer sequences.

Subject Primer sequence

LINC00961 5’-CTGTTCTGGATGGGAGCGAA-3’
 (Forward)
LINC00961 5’-ACAGTCACCACGAACAGCAC3’
 (Reverse) 
GAPDH 5’-GTCAACGGATTTGGTCTGTATT-3’
 (Forward) 
GAPDH 5’-AGTCTTCTGGGTGGCAGTGAT-3’
 (Reverse)
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Louis, MO, USA) for 4 h at 37°C, followed by 
removal of the culture medium and addition of 
100 ml of dimethyl sulphoxide (Sigma-Aldrich, St. 
Louis, MO, USA). The absorbance at 490 nm was 
measured using a microplate reader. Data came 
from three independent experiments.

Migration and Invasion Assays
The transwell migration and invasion assay 

were used to detected glioma cells invasion ca-
pability. For the migration assay, 4 × 104 cells 
were re-suspended in 100 μl of serum-free me-
dium and placed in the upper compartment of 
a transwell chamber. For the invasion assay, 1 
× 105 cells were plated in the top chamber with 
a Matrigel-coated membrane. Then, 1600 and 
600 μl media were added to the lower and upper 
chambers. After cultured for 24 h, non-migrat-
ing and non-invading U87 and A127 cells on 
the interior of the inserts were removed using 
a cotton-tipped swab, while cells that adhered 
to the lower surface of the inserts were stained 
with crystal violet of 0.1% for 20 min. Migration 
and invasion were quantified by taking mean and 
standard deviations of 5 non-biased image fields.

Western Blot
Cells were lysed in RIPA buffer with protease 

inhibitors and phosphatase inhibitors. Total pro-

teins were extracted using sodium dodecyl sulfate 
lysis buffer (Beyotime, Zhejiang, Jiangsu, China). 
Equal amounts of protein were separated by 
10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), transferred to poly-
vinylidene difluoride (PVDF, Millipore, Haidian, 
Beijing, China) membrane. After blocking with 
10% nonfat milk in phosphate-buffered saline, 
membranes were immunoblotted with antibodies 
as indicated, followed by HRP-linked secondary 
antibodies (Cell Signaling Technology, Danvers, 
MA, USA). Enhanced chemiluminescence (ECL) 
detection system (Merck Millipore, Billerica, 
MA, USA) was used for signal detection. All an-
tibodies were purchased from Abcam Company 
(Cambridge, MA, USA). β-actin was used as the 
endogenous control. 

Statistical Analysis
Data was analyzed using SPSS 13.0 (statisti-

cal package for the Social Sciences Version 13.0, 
SPSS Inc., Chicago, IL, USA). The differences 
between two groups were analyzed using the 
two-sided Student’s t-test. Association between 
LINC00961 and clinicopathological parameters 
was analyzed by the x2-test. Survival curves were 
plotted by using the Kaplan-Meier method and 
compared by using the log-rank test. The Cox 
proportional hazards regression model was em-

Table II. Correlation between LINC00961 expression and clinicopathological features in glioma patients.

Parameter No. of cases LINC00961 expression p-value

  Low High

Age    0.447
  < 50 68 31 37 
  ≥ 50 83 43 40 

Gender    0.723
  Male 96 46 50 
  Female 55 28 27 

Extent of resection    0.291
  < 98 % 43 24 19 
  ≥ 98 % 108 50 58 

Tumor size    0.303
  < 5 cm 94 43 51 
  ≥ 5 cm 57 31 26 

WHO grade    0.001
  I-II 93 36 57 
  III-IV 58 38 20 

KPS score    0.004
  < 80 87 40 24 
  ≥ 80 64 34 53 
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ployed for univariate and multivariate analyses 
to estimate the prognostic factors for survival 
prediction. A p-value of less than 0.05 was con-
sidered to be statistically significant.

Results

LINC00961 is Downregulated in Glioma 
Tissues and Cell Lines

To investigate the potential role of LINC00961, 
we performed Real-Time PCR to detect 
LINC00961 levels in 151 glioma tissues and 
their corresponding adjacent tissues. As shown 
in Figure 1A, we found that LINC00961 was sig-
nificantly downregulated in glioma tissues com-
pared with that of adjacent normal brain tissues 
(p<0.01). Furthermore, the expression levels of 
LINC00961 in tumors with high grades were 

significantly lower than those in those with low 
grades (WHO I and WHO II) (p<0.01, Figure 
1B). We also detected the expression levels of 
LINC00961 in glioma cell lines and found that 
LINC00961 were differentially decreased in four 
glioma cell lines compared with that in the nor-
mal human astrocyte cells (p<0.01, Figure 1C). 

Correlation Between LINC00961 
Expression and Clinical Features 
and Prognosis of Glioma Patients

For the clinicopathological correlation anal-
ysis, 151 glioma patients were divided into two 
groups: high LINC00961 group (n=77) and low 
LINC00961 group (n=74) via the median value 
of LINC00961 expression as a cut-off value. As 
shown in Table II, we observed that low expres-
sion of LINC00961 was significantly correlated 
with WHO grade (p=0.001) and Karnofski Per-

Figure 1. Relative expression of LINC00961 in glioma tissues and its clinical significance. A, qRT-PCR was performed to 
detect the relative LINC00961 expression in 151 pairs of glioma and corresponding non cancerous brain tissues. B, qRT-PCR 
was performed to detect the relative LINC00961 expression in low-grade glioma and high-grade glioma tissues. C, LINC00961 
expression was further examined in normal human astrocyte cells (HEB) and 4 human glioma cell lines. D, The overall sur-
vival rate of glioma patients with low LINC00961 was significantly shorter compared to those patients with high LINC00961 
(p=0.0059). *p<0.05, **p<0.01.

A

C

B

D



LncRNA LINC00961 suppresses glioma metastasis

4921

formance Score (KPS) (p=0.004). However, no 
significant difference in LINC00961 expression 
was observed with age, gender, extent of resec-
tion or tumor size (all p>0.05). Furthermore, 
using the Kaplan-Meier method and log-rank 
test, we found that the overall survival of patients 
with low LINC00961 expression was significant-
ly shorter than those with high LINC00961 ex-
pression (p=0.0059, Figure 1D). More important-
ly, multivariate Cox proportional hazards model 
showed that decreased expressions of LINC00961 
was an independent prognostic marker of overall 
survival of patients with glioma.

LINC00961 Overexpression Suppresses 
Cell Proliferation, Migration, 
and Invasion in Glioma Cells

Based on the significant association between 
low LINC00961 expression and advanced clinical 
progression, we hypothesized that LINC00961 
has a biological function in glioma. To explore the 
potential role of LINC00961 in the progression of 
glioma, U87 and A172 cell lines were transfected 
with pcDNA or pcDNA-LINC00961. The trans-
fection efficiency was validated by qRT-PCR 
(Figure 2A). Then, MTT assays revealed that ec-
topic expression of LINC00961 significantly sup-

Figure 2. LINC00961 inhibits U87 and A172 cells proliferation, migration and invasion. A, U87 and A172 cells were 
transduced with pcDNA or pcDNA-LINC00961. Seventy-two hours after transduction, the expression of LINC00961 was 
analyzed by qRT-PCR. MTT results indicate that U87 (B) and A172 (C) cells transfected with pcDNA-LINC00961 possess 
lower viability than pcDNA control. D-E, Transwell assay was performed to detect the ability of migration and invasion of 
pcDNA-LINC00961 transfected U87 and A172 cells and their negative control. *p<0.05, **p<0.01.
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pressed cell proliferation in U87 and A172 cells 
(Figure 2B and 2C). To further determine the 
effect of LINC00961 overexpression on glioma 
cell migration and invasion, transwell assay was 
performed. As shown in Figure 2D, our results 
showed that overexpression of LINC00961 pro-
moted cell migration in both U87 and A172 cells. 
Similarly, the invasion was significantly sup-
pressed in LINC00961 overexpression cells com-
pared with their control cells (Figure 2E). Taken 
together, our data indicated that LINC00961 can 
promote glioma cell proliferation, migration, and 
invasion in vitro.

LINC00961 Regulates Epithelial-
Mesenchymal Transition (EMT)

As EMT is a biological behavior during cancer 
progression and metastasis, Western blot analy-
sis was used to determine whether LINC00961 
promoted glioma cells migration and invasion by 
modulating EMT. As shown in Figure 3, we ob-
served that U87 and A172 cells with LINC00961 
overexpression had significantly increased expres-
sion of E-cadherin and decreased expression of 
N-cadherin and Vimentin. These data approved 
that increased expression of LINC0096 suppressed 
glioma cell metastasis by modulating EMT.

Discussion

Gliomas are the most common and lethal 
malignant tumors in the central nervous sys-
tem16. Unfortunately, the survival rates of glioma 

patients diagnosed at an advanced stage were 
almost not improved during the past decade17. To 
increase the survival rate of patients, early diag-
nosis, prognosis determination, and timely med-
ical intervention have been proposed18. Hence, 
identifying novel targets that may function as bio-
markers for early diagnosis and treatment of glio-
ma is urgent. In this study, our attention focused 
on LINC00961. The results of RT-PCR showed 
that LINC00961 expression was significantly 
down-regulated in glioma tissues. This result was 
in line with previous findings. Then, we analyzed 
the association between LINC00961 expression 
and clinicopathological characteristics and prog-
nosis of 151 glioma patients. We observed that 
low expression of LINC00961 was significantly 
correlated with WHO grade and KPS score, indi-
cating that low LINC00961 levels contributed to 
the clinical progression of glioma patients. Fur-
thermore, Kaplan-Meier survival curves revealed 
that patients with high LINC00961 expression 
had a more favorable clinical outcome. More 
importantly, multivariate Cox hazard regression 
analysis identified low LINC00961 expression 
as an independent indicator of unfavorable prog-
nosis. Our findings provided the first evidence 
that LINC00961 may influence the prognosis of 
glioma patients. 

Previous authors19,20 demonstrate that ln-
cRNAs play a critical role in tumor initiation, 
cancer cell growth, and metastasis. In addition, 
several lncRNAs have been identified and serve 
as oncogene or tumor suppressor in glioma21. 
For instance, Ren et al22 reported that high ln-
cRNA SNHG7 expression was associated with 
poor prognosis of glioma patients and promot-
ed glioma cells migration and invasion by via 
inhibition of miR-509. Wang et al23 found that 
lncRNA ENST00462717 suppressed the prolif-
eration, survival, and migration by inhibiting 
MDM2/MAPK pathway in glioma. Wu et al24 
indicated that lncRNA HOXA-AS3 knockdown 
suppressed glioma cells proliferation, migration, 
and invasion in vitro and in vivo. In addition, 
Jiang et al25 found that LINC00961 expression 
was down-regulated in non-small cell lung cancer 
and its overexpression inhibits cell invasion and 
metastasis in non-small cell lung cancer. Howev-
er, the expression pattern and biological function 
of LINC00961 in other tumors remain largely 
unknown. In this study, because LINC00961 
expression was down-regulated in both glioma 
tissues and cell lines, we overexpressed the lev-
els of LINC00961 to explore its effect on glio-

Figure 3. Overexpression of LINC00961 suppressed ep-
ithelial-mesenchymal transition (EMT) program. Western 
blotting images of N-cadherin, Vimentin, and E-cadherin 
expression in U87 and A172 cells 48 h after transfection of 
pcDNA-LINC00961. 
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ma behaviors. We found that overexpression of 
LINC00961 significantly suppressed glioma cells 
proliferation, migration, and invasion, suggesting 
that LINC00961 functioned as a tumor suppres-
sor in the development of glioma.

The EMT is an initial step toward cancer 
invasion and metastasis, and is also an identified 
phenotype of cancer invasion and metastasis in 
various human cancers26. In the EMT process, 
epithelial cells lose their features, gain mesen-
chymal properties, and become motile and inva-
sive27. The feature of EMT occurrence is that the 
epithelial marker E-cadherin is downregulated 
and mesenchymal marker, like N-cadherin, is 
upregulated. Furthermore, previous studies28,29 
showed that EMT can be modulated by lncRNAs. 
To explore the potential mechanism by which 
LINC00961 suppressed glioma migration and 
invasion, we performed Western blot to observe 
the effect of LINC00961 on EMT-related pro-
teins. As expected, overexpression of LINC00961 
could suppress EMT progression. Our findings 
imply that LINC00961 might be a good metasta-
sis suppressor in glioma.

Conclusions

We first report that LINC00961 was lowly 
expressed in glioma tissues and cell lines, and 
has the potential to suppress glioma cells prolif-
eration, migration, and invasion in vitro, possibly 
by inhibition of EMT. Our findings suggested that 
LINC00961 would be not only a novel prognostic 
marker but also a potential therapeutic target for 
glioma.
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