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Long non-coding RNA ANRIL promotes tumorigenesis
in glioma via MAPK signaling pathways
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Abstract: Long non-coding RNA has been proven to be involved in many biological processes in cancer tumorigen-
esis and progression. LncRNA ANRIL has various expression patterns in diverse human cancers. However, its clinical
significance and function in glioma has not yet been elucidated. In the present study, we explored the expression
of ANRIL in 33 paired glioma tissues and adjacent non-tumor tissues. We found that the expression of ANRIL was
obviously upregulated in glioma tissue compared to adjacent non-tumor tissues and the detected level of ANRIL
was associated with tumor grade. In addition, Kaplan-Meier analysis showed that high expression of ANRIL clearly
predicted poorer overall survival (OS) in glioma patients. To explore the functional role of ANRIL, siRNA ANRIL and
negative control siRNA were transfected into glioma cells. We found that decreased expression of ANRIL signifi-
cantly inhibited cell proliferation in vitro. Further studies indicated that inhibition of ANRIL induced cell cycle arrest
at the G1/S transition, and enhanced apoptosis of glioma cells. Finally, Western blot showed that ANRIL may exert
its function by targeting the MAPK signaling pathways. In conclusion, our study suggested that ANRIL might act as
an oncogenic IncRNA that promotes proliferation of glioma cells and could be regarded as a therapeutic target in
human glioma.
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Introduction

Glioma is one of the most common types of
malignant tumor in central nervous system [1].
Despite recent advances in treatment of sur-
gery, radiotherapy and chemotherapy, the prog-
nosis of these patients is still poor [2]. There-
fore, it is extremely vital for us to elucidate new
mechanisms associated with glioma progres-
sion and establish potential therapeutic targets
for the treatment of glioma.

In the light of recent transcriptomic studies, it
has become apparent that the majority of the
transcribed genome is non-coding [3]. Among
these, there is a kind of non-coding RNA called
long non-coding RNA (IncRNA >200 bp in
length), which have been proven to regulate
many biological processes from nuclear organi-
zation to epigenetic modification of post-tran-
scriptional regulation and RNA splicing, espe-
cially in cancers [4, 5]. In previous studies,
many IncRNAs have been reported to play cru-
cial roles in glioma. For example, Hu et al sh-

owed that upregulation of IncRNA AB073614
predicted a poor prognosis in patients with glio-
ma [6]. Liu et al suggested that knockdown of
IncRNA SPRY4-IT1 suppressed glioma cell pro-
liferation, metastasis and epithelial-mesenchy-
mal transition [7]. Ke et al showed that knock-
down of IncRNA HOTAIR inhibited malignant
biological behaviors of human glioma cells via
modulation of miR-326 [8]. However, there are
little studies about the role of IncRNA ANRIL in
glioma.

IncRNA ANRIL (CDKN2B antisense RNA 1) is a
3.8 kb IncRNA transcribed from the INK4B-ARF-
INK4A gene cluster in the opposite direction [9].
Previous studies showed that ANRIL play impor-
tant roles in tumor progression and develop-
ment. For example, Lin et al found that
increased expression of the IncRNA ANRIL pro-
moted lung cancer cell metastasis and corre-
lates with poor prognosis [10]. Zhang et al
showed that IncRNA ANRIL indicated a poor
prognosis of gastric cancer and promotes tumor
growth by epigenetically silencing of miR-99a/
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miR-449a [11]. Chen et al suggested that
IncRNA ANRIL inhibited p15 INK4b through the
TGFB1 signaling pathway in human esophageal
squamous cell carcinoma [12]. However, the
relationship between IncRNA ANRIL and glioma
is still largely unknown. The objective of our
study was to detect the biological behaviors
and molecular mechanisms of IncRNA ANRIL in
glioma in order to seek a potential therapeutic
target for glioma patients.

Materials and methods
Tissue samples

Atotal of 33 glioma tissues were collected from
surgical resections in Zhumadian Central
Hospital. The adjacent non-tumor tissues,
which are defined as normal in the results,
were obtained 2 cm away from the glioma tis-
sue. 3 patients had grade | (pilocytic astrocyto-
ma), 8 patients had grade Il (diffuse astrocyto-
ma), 13 patients had grade Il (anaplastic astro-
cytoma) and 9 patients had grade IV (primary
brain glioblastoma), according to the 2007
World Health Organization’s classification sys-
tem. None of the patients received chemother-
apy or radiotherapy before surgery. Tumor
samples and normal tissues were rapidly
frozen in liquid nitrogen and kept at -80°C
until used. The study was approved by the
Research Ethics Committee of Zhumadian
Central Hospital, and written informed consent
was obtained from all patients.

Cell lines

Human glioma cell lines (U87 and U251) were
purchased from ATCC. All glioma cells were cul-
tured at 37°C in a CO, incubator in Dulbecco’s
modified Eagle’s media (DMEM) (Invitrogen)
supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin. Cells
were used when they were in the logarithmic
growth phase.

RNA isolation and quantitative gRT-PCR

Total RNA was extracted from tissues and cell
lines using Trizol reagent (Invitrogen) according
to the manufacturer’s instructions. The expres-
sion levels of ANRIL were determined by quanti-
tative real-time polymerase chain reaction
(qRT-PCR) using the SYBR® Green master mix
(TaKaRa). The primers are as follows: Inc-
RNA ANRIL 5-GGGGTACCATGTCCGCTGCACT-
TT-3" and 5-GCAAAGCTTACCCAACCTGGTAAG-
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TGG-3'; GAPDH 5-CGCTCTCTGCTCCTCCTGT-
TC-3" and 5-ATCCGTTGACTCCGACCTTCAC-3..
The expression of IncRNA was normalized to
GAPDH and calculated using the 2-22¢t method.

Small interfering RNA transfection

Small interfering RNAs (siRNAs) specifically tar-
geting ANRIL (si-ANRIL) and a scrambled nega-
tive control (si-NC) were provided by Gene-
Pharma. The sequences of si-ANRIL were as fol-
lows: si-ANRIL-1: 5-GCAAGAAACATTGCTGCTA-
GC-3’; si-ANRIL-2: 5-GCCCAATTATGCTGTGGT-
AAC-3'. Transfections were performed using
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s protocol. The transfected
cells were harvested 48 h after transfection.

Cell proliferation assay

24 after transfection, cells were seeded in
96-well plates at 8000 cells per well. The MTT
assay was used to determine cell viability at the
point of 24, 48 and 72 h after seeding. The
absorbance at 570 nm was measured using a
Quant Universal Microplate Spectrophotometer
(BioTek).

Colony formation assay

Cells were seeded in 6-well plates at a density
of 100 cells/well. After incubation for 14 days,
cells were washed twice with PBS, fixed with
methanol and stained with crystal violet. The
number of colonies containing >50 cells was
counted under a microscope.

Cell cycle and apoptosis assays

For cell cycle analysis, transfected cells were
cultured for 24 h and then treated with
nocodazole (100 ng/ml) for 16-20 h, at last
cells were collected and were fixed into 70%
ethanol at 20°C for 24 h, stained with 50 ug/mi
propidium iodide (Kaiji).

For apoptosis assay, cells were stained with 50
pg/ml propidium iodide and Annexin V-fluo-
rescein isothiocyanate (Kaiji) and following the
manufacturer’s instructions. The results were
analyzed using ModFit software (BD Bio-
science).

Western blot assay

Western blot assay were performed using the
following primary antibodies: p38, p-p38, JNK,
p-JNK, ERK1/2, p-ERK1/2 and GAPDH (Abcam).
Stimulated cells were lysed with RIPA buffer
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containing 1% protease inhibitors (PMSF); cell
protein lysates were separated on 10% SDS
PAGE gels and transferred to PVYDF membranes.
The membranes were incubated with specific
antibodies. Finally, ECL chromogenic sub-
strates used in our experiment were quantified
by densitometry.

Statistical analysis

All statistical analyses in our experiment were
performed using SPSS 18.0 software. Data are
shown as the mean + SD. The differences
between groups were analyzed by the Student’s
t-test, Wilcoxon test, or x? test. The Kaplan-
Meier method was performed for patients’
overall survival analysis. All experiments were
run in triplicate. P<0.05 was considered statis-
tically significant difference.

Results
LncRNA ANRIL is up-regulated in glioma

To explore whether IncRNA ANRIL is dysregu-
lated in glioma, gRT-PCR was used to deter-
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Figure 1. LncRNA ANRIL was upregulated in gli-
oma. A: Relative ANRIL expression was upregu-
lated in glioma tissues compared to adjacent
non-tumor tissues. B: The upregulation of ANRIL
was significantly correlated with advanced tumor
stage (stage IlI/IV vs. stage I/ll). C: Kaplan-Meier
curves showed that high expression of ANRIL
predicted a shorter overall survival in glioma pa-
tients. P<0.05.

mine the expression level of ANRIL. Among the
33 pairs of glioma tissues, the expression of
ANRIL was significantly up-regulated in glioma
tissues compared to the adjacent non-tumor
tissues (Figure 1A, P<0.05). In addition, ANRIL
overexpression was closely correlated with
advanced tumor stage (llI+1V vs. I+ll, Figure 1B,
P<0.05). We further determined whether ANRIL
expression level was associated with the out-
come of glioma patients. Kaplan-Meier curve
indicated that high level of ANRIL was signifi-
cantly associated with poor overall survival in
glioma patients (Figure 1C, P<0.05). These
results suggested that ANRIL might play a criti-
cal role in glioma progression.

Knockdown of IncRNA ANRIL inhibits glioma
cell proliferation

To explore the functional role of IncRNA ANRIL
in glioma, the si-ANRIL was transfected into
glioma cell lines. gRT-PCR assay revealed that
ANRIL expression was significantly reduced in
si-ANRIL transfected glioma cells (Figure 2A,
P<0.05). In order to examine the proliferative
ability of ANRIL, MTT assay was performed. As
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Figure 2. Inhibition of IncRNA ANRIL inhibits glioma cells pro-
liferation in vitro. (A) si-ANRIL significantly downregulated the
expression of ANRIL at mRNA levels in glioma cells. (B, C) De-
creased expression of ANRIL in glioma cells significantly re-
duced their proliferative capacities as determined by MTT assay
U251 .
(B) and colony formation assay (C). P<0.05.
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Figure 3. Inhibition of IncRNA ANRIL induces glioma cells cycle arrest and apoptosis. A: Cell cycle analysis showed
that inhibition of ANRIL increased the percentage of GO/G1 phase cells and decreased the percentage of S phase
cells. B: Cell apoptosis assay showed that inhibition of the ANRIL promoted glioma cells apoptosis. *P<0.05.

shown in Figure 2B, decreased expression of was performed, and the result similarly indicat-
ANRIL significantly suppressed cell prolifera- ed that clonogenic survival was significantly
tion in glioma cells compared to the control decreased in si-ANRIL transfected cells com-
group. Furthermore, colony formation assay pared to the control group (Figure 2C, P<0.05).
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Figure 4. Inhibition of IncRNA ANRIL inactivates
MAPK signaling pathways. The levels of ERK1/2,
p-ERK1/2, p38, p-p38, JNK and p-JNK were exam-
ined by western blot analysis in si-ANRIL transfected
glioma cells.

Knockdown of IncRNA ANRIL induces glioma
cell G1 phase arrest and apoptosis

To explore the potential mechanisms underly-
ing cell growth, flow cytometry was used. Cell
cycle distribution analysis revealed that inhibi-
tion of ANRIL resulted in a significant increased
in the cellular population in GO/G1 phase but a
sharp decrease in S phase (Figure 3A, P<0.05).
Apoptosis analysis showed that silencing of
ANRIL induced glioma cell apoptosis compared
with control group (Figure 3B, P<0.05). These
findings suggested that ANRIL promoted glio-
ma cells proliferation by promoting cell cycle
progression and inhibiting cell apoptosis.

IncRNA ANRIL activate MAPK signaling path-
ways in glioma cells

To further define the underlying molecular
mechanism modulated by ANRIL in the growth
of glioma cells, we focused on the Mitogen-
activated protein kinase (MAPK) pathway,
which including extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK) and
p38, are crucial molecules involved in path-
ways associated with cancer pathogenesis
[13]. Western blot analysis was used to detect
the activation of MAPK signaling pathways in si-
ANRIL transfected glioma cells. Our data
showed that inhibition of ANRIL in glioma cells
strongly reduced the levels of p-ERK1/2, p-p38
and p-JNK MAPK (Figure 4). Thus, we suggest-
ed that IncRNA ANRIL might promote glioma
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cell proliferation by regulating MAPK signaling
pathway.

Discussion

The sequencing of the human genome revealed
that the coding portion of the genome repre-
sents less than 2% of the genome. The remain-
ing 98% of transcription products of the
genome consists of non-coding RNA sequenc-
es, including microRNAs and IncRNAs [14].
Recently, numerous pieces of evidence showed
that dysregulation in IncRNAs are proved to
contribute in tumor development in many can-
cer types and can be used to develop as bio-
markers and therapy target [15]. For example,
Li et al showed that increased expression of
IncRNA H19 promotes gastric cancer cell pro-
gression and correlated with poor prognosis
[16]. Yang et al suggested that IncRNA HULC
promoted colorectal carcinoma progression
through epigenetically repressing NKD2 expres-
sion [17]. Li et al showed that overexpression of
IncRNA HOTTIP increased chemoresistance of
osteosarcoma cell by activating the Wnt/(-
catenin pathway [18].

In the present study, we found that the expres-
sion of ANRIL was obviously upregulated in glio-
ma tissue and the detected levels of ANRIL
were associated with tumor grade. Kaplan-
Meier analysis suggested that high expression
of ANRIL clearly predicted poorer overall sur-
vival in glioma. In function assays, we found
that inhibition of ANRIL significantly suppress-
ed cell proliferation in vitro. Further studies
revealed that inhibition of ANRIL induced cell
cycle arrest at the G1/S transition, and en-
hanced apoptosis of glioma cells. These find-
ings demonstrated that ANRIL might act as a
tumor oncogene in glioma progression.

ERK/p38/JNK MAPK signaling pathways have
been demonstrated to regulate a variety of cel-
lular activities, including proliferation, differen-
tiation, survival and death [19]. Recent studies
suggested that MAPK signaling activation were
involved in various human cancers. For exam-
ple, Peng et al showed that IncRNA CCHE1 indi-
cated a poor prognosis of hepatocellular carci-
noma and promoted carcinogenesis via activa-
tion of the ERK/MAPK pathway [20]. Wu et al
found that IncRNA MALAT1 promoted the prolif-
eration and metastasis of gallbladder cancer
cells by activating the ERK/MAPK pathway [21].
In this study, we showed that inhibition of ANRIL
significantly suppressed p-ERK1/2, p-p38 and

Int J Clin Exp Pathol 2016;9(10):10803-10809
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p-JNK MAPK expression in glioma cells. These
data indicated that tumor oncogenic effect of
ANRIL was at least partly mediated by MAPK
pathway in glioma cells, which expanded the
function of MAPK signaling pathway in glioma
progression.

In conclusion, the present study suggested that
IncRNA ANRIL promoted cell proliferation via
MAPK signaling in glioma. Our findings demon-
strated that IncRNA ANRIL may become a prom-
ising new candidate for glioma prognosis and
therapy.
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