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Abstract
Metastasis is the most challenging issue for gastric cancer, and identification of the molec-

ular mechanism and suitable targets for treatment is the major purpose of recent research.

In this study, we found the long non-coding RNA ANRIL was critical for the progression of

gastric cancer. Knockdown of ANRIL (also known as CDKN2B-AS) with shRNA increased

apoptosis, inhibited tumor growth, and suppressed migration of cancer cells. TET2 (Tet

Methylcytosine Dioxygenase 2), a methylcytosine dioxygenase suppressed ANRIL function

and prevented cancer progression. Patients with higher TET2 expression survived better,

while with higher ANRIL survived worse. Furthermore, expressions of TET2 and ANRIL were

negatively correlated in the patient samples. The mechanistic study suggested that ANRIL

promoted tumor progression mainly by enhancing NF-kB signaling.
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Introduction

Gastric cancer is a type of common cancer, and surgery is
the primary option for curing the disease at early stages.
Patients often have a poor quality of life with a shortage of
effective therapy when at later stages. Metastasis and resis-
tance of chemotherapy are the major challenging issues in
the treatment of gastric cancer,1 and the knowledge of the
properties and molecular details of gastric cancer was still
limited. Identification of the mechanisms of cancer progres-
sion and novel targets is urgently required.

Recent researches indicated that the long non-coding
RNA (lncRNA) was involved in cancer progress.2

The lncRNA ANRIL is 3.8 kb transcription3 and has proper-
ties related to cancer progression.4 ANRIL is implicated in
many cancers including lung cancer,5 liver cancer,6 breast
cancer,7 esophageal squamous cell carcinoma,8 colon
cancer,9 and gastric cancer.10 NF-kB signaling is well
known for regulating immune response to infection, and
incorrect regulation was reported widely linked to cancer
progression, especially for metastasis.11 Our previous
study indicated low expression of TET2 promoted gastric
cancer progress,12 here we further proved that TET2 inhib-
ited ANRIL to decrease cancer cell survival and suppress
metastasis, and ANRIL increases metastasis by enhancing
NF-kB signaling.

Impact statement
Gastric cancer is one of the leading causes

of cancer-related death. The lack of cura-

tive therapeutic options ascribes to the

complex genetic background and hetero-

geneity of gastric cancer. Understanding

the molecular details of the disease and

identifying the therapeutic targets would

offer additional treatment options. Long

non-coding RNA ANRIL was involved in the

progression of many cancers, including

gastric cancer, but the mechanism was

unknown. The current study indicated that

ANRIL supported tumor cell survival by

inhibiting apoptosis and promoted metas-

tasis by enhancing NF-kB signaling. NF-kB

signaling was critical in tumor progression,

and this study proved another long non-

coding RNA that could regulate NF-kB

signaling. ANRIL would be a potential bio-

marker and therapeutic target for gastric

cancer prognosis and treatment.
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Method

Patients

There are 192 gastric cancer patients with full case history
involved in this study. The patients were enrolled in the
Beijing Friendship Hospital from January 2009 to
December 2016. All patients and donors signed the
informed consent forms. The whole research was approved
by the Clinical Research Ethics Committee of Capital
Medical University.

Apoptosis assay

For apoptosis, cells were collected and stained with
Annexin V-FITC, according to the protocol of the
Apoptosis Detection Kit (Abcam).

Quantitative PCR

The RNAwas extracted with TRIZOL (Invitrogen) accord-
ing to the manufacturer’s protocol. The cDNAs were syn-
thesized with One-Step RT-PCR Kit (TAKARA). The
quantitative real-time PCR was conducted with the SYBR
Green master mix (TAKARA) according to the stan-
dard protocol.

Western blotting

Briefly, total protein was prepared with RIPA buffer con-
taining protease inhibitor mixture. Equal amounts of pro-
tein in SDS-PAGE loading buffer were loaded into each
well, and after electrophoresis, transfer the protein from
gel to PVDF membrane. The membrane was incubated
with primary antibodies overnight at 4 degrees celsius
after blocking and HRP-conjugated secondary antibodies
for 1 h at room temperature. Anti-p65 (Abcam) and anti-
beta-actin (Abcam) were used in the experiment.

Transwell migration

The upper chamber was seeded with 5 � 104 gastric cancer
cells in RPMI1640 without FBS, and the low chamber con-
tained RPMI1640 with 20% FBS. The cells on the mem-
branes after migration were counted under the
microscope after HE staining 24 h later. All of the experi-
ments were performed in triplicate.

Xenograft tumor mouse model

Gastric cancer cells, AGS, were cultured for three days
in vitro and harvested for subcutaneous transplantation
on the flank of nude mice. From six days after transplanta-
tion, the size of tumors was measured for every three
days. Pictures of the tumors were taken at the end of
the experiment.

In vivo metastasis mouse model

Female C57 BL/6J and NOD-SCID IL2Rc-null (NSG) mice
(aged 6–8 weeks) were purchased from Charles River
Laboratories in China (Beijing). Metastatic assays were per-
formed as reported.13 NSG mice were transplanted with
luciferase-labeled SGC-7901-Luc shRNA-transduced cells

(1 � 107 cells in 200 mL PBS) via their tail injection. The
metastasis was visualized six weeks after transplantation.
Animal experiments were approved by Capital Medical
University Animal Experiments and Experimental
Animals Management Committee.

Statistics

The differences between two groups were compared with
Student’s t-test. The overall survival of the patients with dif-
ferent TET2 or lncRNA-ANRIL expression was analyzed
with the log-rank test. The relationship between
lncRNA-ANRIL and TET2, p21, cIAP1, uPA, or MMP2
expression in patient samples was estimated with linear
regression analysis. The results were presented as mean �
SEM of no less than three independent experiments.

Results

TET2 promotes apoptosis and ANRIL suppresses
apoptosis in gastric cancer cell

Themethylcytosine dioxygenase TET2 and lncRNAANRIL
were knocked down with specific shRNA in gastric cancer
cells, and there were more cells in apoptosis with ANRIL
knockdown and fewer cells in apoptosis with TET2 knock-
down (Figure 1). However, in the absence of ANRIL, knock-
down of TET2 cannot result in a decrease of apoptosis
(Figure 1). These results suggested that TET2 decreased
gastric cancer cell survival and ANRIL enhanced cell sur-
vival, and the function of TET2 depended on ANRIL,
implying that ANRIL was a downstream target of TET2.

TET2 suppressed metastasis and ANRIL
enhances metastasis

Metastasis is critical in gastric cancer progression. For test-
ing the functions of TET2 and ANRIL in gastric cancer
metastasis, specific shRNAs were introduced into gastric
cancer cell MG803. Knockdown of TET2 significantly
enhanced migration of MG803 cells in transwell migration
assay, while knockdown of ANRIL decreased the migration
(Figure 2). However, in the absence of ANRIL, knockdown
of TET2 did not affect the migration of MG803 cells. To
confirm the functions of TET2 and ANRIL in vivo, gastric
cancer cell SGC-7901 stably expressing luciferase was
knocked down of TET2 or ANRIL with a specific shRNA.
The SGC-7901-luciferase cells were tail vein injected into
NSG mice. Three weeks later, SGC-7901-luciferase cells
were detected in vivo by injected luciferin. Knockdown of
TET2 significantly increased lung metastasis and knock-
down of ANRIL decreased lung metastasis (Figure 2).
The above results indicate that TET2 suppresses metastasis
and ANRIL promotes metastasis, and the suppression of
TET2 depends on the presence of ANRIL, suggesting that
ANRIL is a downstream target of TET2.

TET2 suppresses tumor growth and ANRIL
promotes tumor growth

The above results indicated that TET2 increased apoptosis
of gastric cancer cells and ANRIL inhibited apoptosis.
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Figure 2. Knockdown of TET2 increases metastasis and knockdown of ANRIL decreases metastasis of gastric cancer cell line. (a) Left panel is a representative result

of transwell migration assay of MG803 cell line, and right panel is the summary of the results (each group includes three experiments) and (b) in vivo metastasis

experiment with SGC-7901 cells stably expressing luciferase, the left panel is the image of NSGmice bearing gastric cancer cell line and the right panel is the summary

of the results. (A color version of this figure is available in the online journal.)

ANRIL: CDKN2B-AS; TET2: Tet Methylcytosine Dioxygenase 2.

Figure 1. Knockdown of TET2 inhibits apoptosis, and knockdown ANRIL increases apoptosis in gastric cancer cell line MG803. (a) Representative image and (b) the

summary of the results (each group includes three experiments). (A color version of this figure is available in the online journal.)

ANRIL: CDKN2B-AS; PI, Propidium Iodide; TET2: Tet Methylcytosine Dioxygenase 2.
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To confirm their functions for cell survival in vivo, AGS cells
stably expressing specific shRNA for TET2 or ANRIL were
subcutaneously injected into nude mice, and the tumor size
was monitored every three days (Figure 3). The tumor

expressing shRNA targeting TET2 grew faster than the con-
trol cells, and the tumor expressing shRNA targeting
ANRIL grew slower than the control. In addition, tumors
knocked downwith ANRIL and TET2 had the same growth

Figure 3. Knockdown of TET2 increases tumor growth and knockdown of ANRIL decreases tumor growth in vivo. (a) Image of tumors at the endpoint in the xenograft

model of AGS gastric cancer cells with nude mice and (b) the summary of the tumor growth curve. (A color version of this figure is available in the online journal.)

ANRIL: CDKN2B-AS; TET2: Tet Methylcytosine Dioxygenase 2.

Figure 4. ANRIL enhances migration of gastric cancer cells by increasing NF-kB signaling. (a) Knockdown of ANRIL decreases NF-kB signaling; (b) knockdown of

ANRIL inhibits migration of MG803 cells in transwell assay, and NF-kB signaling inhibitor sc75741 abolishes the effect; and (c) knockdown of ANRIL inhibits expression

of NF-kB target genes. ANRIL: CDKN2B-AS.
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rate with the cells knocked down with ANRIL alone, sug-
gesting suppression of tumor growth by TET2 depended
on ANRIL.

ANRIL promotes metastasis by activating
NF-kB signaling

TET2 suppressed tumor growth by regulating ANRIL, and
ANRIL supported tumor progress as indicated above, but
its mechanism was unclear. NF-kB signaling was critical in
cancer progression. To identify the relationship between
NF-kB and ANRIL, we evaluated p65 protein levels in the
nucleus of MG803 cells. Unlike the total protein level in the
whole cell, knockdown of ANRIL resulted in a decrease of
p65 protein in the nucleus (Figure 4(a)), suggesting that
ANRIL could promote p65 to enter nucleus from the cyto-
plasm. Furthermore, NF-kB inhibitor sc75741 could inhibit
migration of gastric cancer cells, and ANRIL could not
further suppress migration in the presence of sc75741

(Figure 4(b)). Real-time qPCR indicated knockdown of
ANRIL resulted in a decrease in the mRNA levels of NF-kB
target genes (Figure 4(c)). All the above results suggested that
the function of ANRIL depended on NF-kB signaling.

TET2 improves gastric cancer patient survival and
ANRIL decreases patient survival

To confirm the functions of TET2 and ANRIL in human
patients, 192 gastric cancer patients were followed up,
and the mRNA levels of TET2, ANRIL, and NF-kB target
genes in the tumor samples were evaluated with real-
time qPCR. There were 125 patients grouped to low TET2
expression and 67 patients arranged to high TET2
expression, and patients with high TET2 expression
had significantly longer survival time. For analysis of
the relationship between ANRIL and patient survival
(Figure 5(a)), 123 patients were grouped to low ANRIL
expression, and 69 patients were high ANRIL expression.

Figure 5. The relationship of TET2, ANRIL, and patient survival time in gastric cancer. (a) Patients have longer survival time with high TET2 expression or low ANRIL

expression (there are 192 patients analyzed, and the patient numbers classified with low or high expression are indicated), (b) the mRNA expression levels of TET2 and

ANRIL are negatively correlated, (c) the mRNA expression levels of p21 and ANRIL are positively correlated, (d) the mRNA expression levels of cIAP1 and ANRIL are

positively correlated, (e) the mRNA expression levels of uPA and ANRIL are positively correlated, and (f) the mRNA expression levels of MMP2 and ANRIL are positively

correlated. (A color version of this figure is available in the online journal.)

ANRIL: CDKN2B-AS; TET2: Tet Methylcytosine Dioxygenase 2.
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On the contrary, patients with low ANRIL had a longer
survival time (Figure 5(a)). In the tumor samples, expres-
sion of TET2 and ANRIL was negatively correlated
(Figure 5(b)), and ANRIL was expressed positively
related to NF-kB target genes p21, cIAP1, uPA, and
MMP2 (Figure 5(c) to (f)). These results further indicated
that ANRIL enhanced NF-kB signaling.

Discussion

Gastric cancer is one of the leading causes of cancer-related
death.14 This is mainly because of limited treatment options
for the later emergence of symptoms in the development of
the disease. The lack of curative therapeutic options was
ascribed to the complex genetic background and heteroge-
neity of gastric cancer.15 Understanding of the pathogenesis
of the disease and identifying potential therapeutic targets
would offer additional treatment options. Previously, we
have shown TET2 inhibits gastric cancer progression by
inhibiting cell proliferation and promoting apoptosis.12

Here, besides to promote apoptosis, in vitro and in vivo
experiments indicated that TET2 also suppressed metasta-
sis. Mechanistically, TET2 suppressed ANRIL and ANRIL
inhibited apoptosis and increased metastasis by enhancing
NF-kB signaling. Furthermore, analysis of gastric cancer
patient samples indicated that expression of TET2 and
ANRIL was negatively correlated, and ANRIL was posi-
tively associated with NF-kB target genes.

LncRNAs are involved in epigenetic modifications,
mRNA processing and translation, and protein activities.16

These non-coding RNAs previously thought non-
functional were recently reported to be involved in multi-
ple disease and cancers.16 Recent report targeting MALAT1
lncRNA with antisense oligonucleotides in breast cancer
provided lncRNA a possible therapeutic target in cancer
treatment.17,18 LncRNA-ANRIL is identified initially as a
genetic locus associated with intracranial aneurysm, type
2 diabetes, and coronary disease.4 Recent studies indicated
that ANRIL was involved in multiple cancers,4–10 including
gastric cancer.10 In the current research, the ANRIL expres-
sion was identified significantly negatively correlated with
the survival of gastric cancer patients (Figure 5(a)), suggest-
ing that ANRIL promoted gastric cancer progress and it
might be a potential target for cancer treatment.

NF-kB signaling is critical in immune response and is
widely proved to be important in cancer progression, espe-
cially for tumor cell proliferation, survival, and metasta-
sis.11 Multiple reports show that lncRNA regulated NF-kB
signaling.19–22 LncRNA NKILA formed a complex with
NF-kB/IkB to suppress NF-kB signaling in breast
cancer.20 LncRNA MIR31HG could bind to IkBa directly
and activated NF-kB signaling.21 In ovarian cancer, NF-kB
up-regulated lncRNA HOTAIR, and HOTAIR down-
regulated Ik-Ba expression and activated NF-kB
signaling.22 LncRNA BANCR increased gastric cancer cell
proliferation by up-regulating NF-kB1.19 ANRIL is regulat-
ed by NF-kB signaling and involved in the regulation of
NF-jB pathway in coronary artery disease.23 Our results
indicated that ANRIL could also enhance NF-kB signaling
by helping p65 enter the nucleus in gastric cancer cells

(Figure 4(a)), suggesting that positive feedback might
exist in gastric cancer, namely NF-kB activates ANRIL
expression and ANRIL enhances NF-kB signaling.

In conclusion, this study explores the function of ANRIL
in gastric cancer, identifying TET2 as an upstream factor for
suppressing its expression and NF-kB signaling as the
downstream target for enhancing gastric cancer progress.
ANRIL would be a potential biomarker and therapeutic
target for gastric cancer prognosis and treatment.
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