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Abstract Long non-coding RNAs (lncRNAs) are a family of
non-protein-coding RNAs with length more than 200 nucleo-
tides. LncRNAs played important roles in many biological pro-
cesses such as cell development, proliferation, invasion and mi-
gration. Deregulation of LncRNAswas found inmultiple tumors
where they can act as a tumor suppressor gene or oncogene.
LncRNA ANRIL was identified as an oncogene involved in a
number of tumors such as gastric cancer, lung cancer, hepatocel-
lular carcinoma, and esophageal squamous cell carcinoma. Inhi-
bition of ANRIL suppressed the cancer cell proliferation, migra-
tion and invasion. Increasing data has showed that ANRIL may
act as a diagnostic and prognostic biomarker for some tumors. In
our review, we summarize an overview of current knowledge
concerning the expression and role of ANRIL in various cancers.
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Introduction

Non-coding DNA accounts for approximately 98.5 % of the
total human genomic DNA [1, 2]. Increasing evidences have

demonstrated that transcription is also occurs in the non-
coding regions [3–5]. Recent studies have showed that non-
coding RNAs such as long non-coding RNA (lncRNA) and
microRNA play a pivotal role in tumor development and pro-
gression [6–12]. LncRNAs are a group of non-protein-coding
RNAs with more than 200 nucleotides in length [13, 14].
Accumulating studies have revealed that lncRNAs are in-
volved in various biological and pathological processes in-
cluding development, cell proliferation, metastasis, fate deci-
sion, invasion and migration [15–19]. Additionally, the dereg-
ulation of lncRNAs is identified in many cancers such as
gastric cancer, hepatocellular carcinoma, lung cancer, renal
cell carcinoma, and breast cancer [17, 20–23]. These lncRNAs
act as tumor suppressors or oncogenes in the development of
cancers [22, 24, 25].

ANRIL (CDKN2B antisense RNA 1) was originally iden-
tified in the familial melanoma patients [26]. Since its identi-
fication, accumulating studies have showed that ANRIL is
deregulated in a number of malignancies such as gastric,
breast, lung and bladder cancer [27–30]. In our review, we
comment the current studies about the expression and role of
lncRNA ANRIL in the development and progression of
cancers.

Structural characterization of ANRIL

ANRIL was originally identified from familial melanoma pa-
tients with a large of germline deletion in the INK4B-ARF-
INK4A gene cluster, which was located a 42-kb stretch on the
chromosome 9p21 [26, 31–33]. This gene locus is transcrip-
tionally silenced or homozygously deleted in a lot of tumors
with a frequency of about 40 % exhibiting one of the most
diversify genes in human tumors [31, 32]. The INK4B-ARF-
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INK4A locus is governed by PRCs and ANRIL is involved in
suppressing this locus [34, 35].

ANRIL spans a region of 126.3 kb and is transcribed as a
3.8-kb lncRNA in the opposite direction from the INK4B-
ARF-INK4A gene cluster [26]. ANRIL contains 19 exons
and two exons of INK4B are overlapped [36]. The first exon
of ANRIL is localized in the −300 bp upstream of ARF in the
transcription start site [26, 37]. There is a positive correlation
between the expression of ARF and ANRIL in cancers and
normal tissue [38–40].

ANRIL in human cancers

Gastric cancer

Zhang et al. [27] demonstrated that ANRIL was upregulated
in gastric cancer tissues. In addition, the expression level of
ANRIL was positively correlated with tumor size and a higher
TNM stage in a cohort of 120 GC patients. Multivariate anal-
yses showed that the expression of ANRIL acted as an inde-
pendent predictor for OS (overall survival). Moreover, inhibi-
tion of ANRIL suppressed GC cell proliferation both in vivo
and in vitro. Overexpression of E2F1 promoted ANRIL and
ANRIL-induce growth and was in part owing to epigenetic
suppression of miR-449a/miR-99a through binding to PRC2.
These data suggested that ANRIL acted as an oncogene in the
development of gastric cancer.

Lung cancer

Nie et al. [41] demonstrated that ANRIL was upregulated in
non-small cell lung cancer (NSCLC), and its expression status
was positively correlated with tumor size and tumor node
metastasis stages. In addition, patients with higher expression
level of ANRIL had a poor prognosis. Moreover, knockdown
of ANRIL suppressed NSCLC cell proliferation and promoted
cell apoptosis both in vivo and in vitro. They also showed that
overexpression of ANRIL could not suppress p15 expression
in PC9 cells, but inhibited P21 and KLF2 transcription. Their
data suggested that ANRIL played as an oncogene role in
development of NSCLC.

Further study also demonstrated that ANRIL played an
oncogenic role in NSCLC progression [42]. ANRIL was up-
regulated in NSCLC tissues and cells compared to the adja-
cent non-tumor tissues and normal bronchial epithelial cells.
The expression level of ANRILwas positively associatedwith
advanced lymph node metastasis and higher TNM stage.
Moreover, patients with high ANRIL expression had shorter
OS compared to low ANRIL patients. They also proved that
high expression of ANRIL was an independent poor prognos-
tic maker for patients with NSCLC. In addition, inhibition of

ANRIL suppressed ANRIL cell migration, proliferation and
invasion.

Another study demonstrated that ANRIL was upregulated
after phospholipase D (PLD) inhibition in lung cancer cells
[43]. Inhibition of ANRIL significantly inhibited PLD
suppression-induced apoptosis. These findings demonstrated
that ANRIL was responsible in anti-tumorigenesis induced by
PLD inhibition. Recent research also found that inhibition of
ANRIL could inhibit NSCLC proliferation [29].

Hepatocellular carcinoma

Huang et al. [44] demonstrated that ANRIL was upregulated
in hepatocellular carcinoma (HCC) tissues and the expression
level of ANRIL was positively associated with stage of Bar-
celona Clinic Liver Cancer (BCLC) and tumor size. They also
found that knockdown of ANRIL suppressed HCC cell inva-
sion and proliferation and induced cell apoptosis both in vivo
and vitro. ANRIL inhibited the KLF2 (Kruppel-like factor 2)
expression through binding with PRC2 and recruiting PRC2
to the promoter region of KLF2. They also showed that SP1
could regulate ANRIL expression.

Hua et al. [45] also found that the expression of ANRIL
was higher in HCC tissues than in the adjacent non-tumor
tissues. The expression of ANRIL was correlated with the
TNM stage and histologic grade of HCC patients. Moreover,
HCC patients with higher ANRIL expression had shorter OS.
Multivariate analysis demonstrated that high ANRIL expres-
sion acted as an independent predictor for poor prognosis.
Furthermore, they demonstrated that the downregulation of
ANRIL could inhibit HCC cell proliferation, invasion and
migration.

Esophageal squamous cell carcinoma

Chen et al. [46] found that ANRIL was upregulated in human
esophageal squamous cell carcinoma (ESCC) tissues com-
pared to adjacent non-tumor tissues. Moreover, downregula-
tion of ANRIL could suppress cell proliferation and promote
the expression of transforming growth factorβ1 (TGFβ1) and
p15 (INK4b) in ESCC cell. Another study genotyped the
ANRIL rs2151280 T/C in 380 ESCC patients and 380 con-
trols. They found that ANRIL rs2151280 T/C SNP was not
associated with risk of ESCC [47].

Cervical cancer

Naemura et al. [29] demonstrated that ANRIL was upregulat-
ed in cervical cancer cells. Depletion of ANRIL promoted p15
expression, with no effect on ARF (alternative reading frame)
or p16 expression. Depletion of ANRIL also induced cell-
cycle arrest at the G2/M phase, suppressing the cell prolifera-
tion of H1299 and cervical cancer cells.
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Melanoma

Pasmant et al. [26] demonstrated that there was deletion
the region that contained the entire p16/CDKN2A, p15/
CDKN2B and p14/ARF genes. Moreover, ANRIL was
proved to locate within the 403-kb germline deletion,
with a first exon located in the promoter of the p14/
ARF gene. ANRIL expression was mainly co-clustered
with p14/ARF both in physiologic and in pathologic
conditions.

Bladder cancer

Zhu et al. [30] showed that ANRIL was upregulated in the
bladder cancer tissues compared to adjacent non-tumor tis-
sues. Moreover, inhibition of ANRIL suppressed bladder can-
cer cell proliferation and promoted cell apoptosis. It also sup-
pressed Bcl-2 expression and induced expression of the cyto-
plasmic cytochrome c, Bax and Smac and caspase-3, cleaved
caspase-9, and PARP in bladder cancer cell. Furthermore, they
demonstrated that knockdown of ANRIL suppressed tumori-
genic ability of bladder cancer cell line EJ cell in nude mice.
This data proved ANRIL acted as an oncogene in bladder
cancer. Another study showed that ANRIL had no determin-
ing role in high-graded and recurrent tumors associated with
bad prognosis [48].

Ovarian cancer

Qiu et al. [49] demonstrated that ANRIL was upregulated in
serous ovarian cancer (SOC) tissues compared to normal tis-
sues. Moreover, the expression level of ANRILwas positively
associated with high histological grade, advanced FIGO stage,
poor prognosis and lymph node metastasis. More importantly,
multivariate analysis showed that the expression ANRIL was
an independent prognostic maker for predicting overall sur-
vival of SOC. They also showed that ANRIL was upregulated
in the highly metastatic sublines compared with parental cell
lines. Furthermore, inhibition of ANRIL suppressed SOC cell
invasion and migration. MMP3 and MET were identified as
the downstream genes of ANRIL.

Lymphoblastic leukemia

The rs564398 was mapped to the CDKN2BAS locus that
encoded ANRIL antisense non-coding RNA. Lacobucci et al.
[50] demonstrated that rs564398 showed a statistically correla-
tion with the ALL (acute lymphoblastic leukemia) phenotype.

Neurofibromatosis

Pasmant et al. [51] showed that 9p21.3 deletions (CDKN2A/
B-ANRIL locus) were the only recurrent somatic alterations in
the Neurofibromatosis type 1 (NF1)-associated plexiform

Table 1 Functional characterization of the ANRIL in tumors

Cancer types Expression Functional role Related gene Role Reference

Gastric cancer Up Proliferation miR-449a
miR-99a
E2F1
PRC2

Oncogene [27]

Lung cancer Up Proliferation apoptosis
migration
invasion

p15
P21
KLF2

Oncogene [29, 41–43]

Hepatocellular carcinoma Up Apoptosis KLF2
SP1

Oncogene [44, 45]
Proliferation invasion

Migration

Esophageal squamous
cell carcinoma

Up Proliferation TGFβ1 Oncogene [46, 47]
SNPs variants p15

Cervical Cancer Up Cell-cycle p15 Oncogene [29]
Proliferation

Melanoma deletion [26]

Bladder cancer Up Proliferation
apoptosis

Bcl-2
cytoplasmic cytochrome c, Bax
Smac caspase-3, cleaved

caspase-9 PARP

Oncogene [30, 48]

Ovarian cancer Up Invasion migration MMP3 Oncogene [49]
MET

Lymphoblastic leukemia SNPs variants [50]

Neurofibromatosis Deletions [51, 52]
SNPs variants
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neurofibromas (PNFs). SNP rs2151280 was coated in ANRIL
and was significantly correlated with the number of PNFs in
NF1 patients. In addition, allele T of rs2151280 was associat-
ed with reduced ANRIL transcript levels. Another study also
found that neither the PNF number nor PNF volume was
found to be correlated with the T-allele of rs2151280 in 29
microdeletion patients [52] (Table 1).

Concluding remarks and future perspectives

ANRIL, upregulated in a lot of human tumors, was relatively a
well-characterized oncogene. ANRIL can suppress cancer cell
proliferation, invasion andmigration and promoted cancer cell
apoptosis. However, the detail molecular mechanism of
ANRIL remains to be studied. It is hopeful that ANRIL will
achieve clinical utility at last with more study.
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