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ABSTRACT
Gastric epithelial cell malignant transformation induced by Helicobactor Pylori
contributes to tumor development, but the underlying mechanisms for this remain
unclear. Here we demonstrate that RBP2, a newly identified histone demethylase, can
be induced by CagA via PI3K/AKT-Sp1 pathway depending on AKT phosphorylation.
Sp1 directly binds to RBP2 promoter and enhances its expression then the upregulated
RBP2 significantly increases Cyclin D1 transcription, which contributes to gastric
epithelial cell malignant transformation. Further data indicate that knockdown of
endogenous RBP2 dominantly inhibits gastric cancer (GC) development both in vitro
and in vivo. In conclusion, this CagA- PI3K/AKT-Sp1-RBP2-Cyclin D1 pathway may
serve as a novel mechanism for gastric epithelial cell malignant transformation and
then gastric cancer (GC). Therefore, RBP2 may link chronic inflammation to tumor
development and its inhibition may have potential therapeutic advantages.

INTRODUCTION

malignant transformation is characterized by uncontrolled
epithelial cell proliferation, which is one of the major
hallmarks of cancer [5]. Some canonical signaling
pathways are involved in this process, including NF-κB
and AKT/PI3K pathways. For instance, Helicobacter
pylori CagA activates NF-κB by targeting TAK1 for
TRAF6-mediated Lys 63 ubiquitination [6]; CagA(+)
H. pylori induces Akt1 phosphorylation and inhibits
transcription of p21(WAF1/CIP1) and p27(KIP1) via
PI3K/Akt1 pathway [7]. However, the specific mechanism
through which Helicobactor Pylori infection leads to
tumor has not been fully elucidated.
Mounting data indicate that epigenetic molecules
participate in the development of cancer, acting as
oncogenes or tumor suppressors [8-10]. It was reported
that epigenetic silencing through DNA and histone
methylation of fibroblast growth factor receptor 2 exists

There are 1,000,000 new gastric cancer (GC)
patients per year in the world and GC ranks third among
different kinds of tumors in China. Thus, it poses a great
thread to the health of people worldwide and it is urgent
to decrease its morbidity. Many factors, either chemical
or infectious ones, contribute to the development of GC
[1, 2]. It is well recognized that Helicobactor Pylori is the
Class A oncogenic factor of GC [3]. Helicobactor Pylori
infection causes chronic inflammation of gastric mucosa
and if left uncontrolled, it will progress to dysplasia,
which is a kind of stage of precancerous lesion [4].
And then the gastric epithelial cells in this stage will
subject to malignant transformation, which results in
the development of gastric cancer (GC). This kind of
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in neoplastic pituitary cells [11]; MicroRNA-antagonism
regulates breast cancer stemness and metastasis via TETfamily-dependent chromatin remodeling [12]. In our
previous work, we found the high expression of RBP2 in
gastric cancer (GC) as well as in hepatocellular carcinoma
(HCC) [13-15], and its inhibition can trigger cell
senescence. Others found that loss of the retinoblastoma
binding protein 2 (RBP2) histone demethylase suppresses
tumorigenesis in mice lacking Rb1 or Men1 and Sharma
SV published data illustrating a chromatin-mediated
reversible drug-tolerant state in cancer cell subpopulations
[16, 17]. Thus, we aim to investigate whether there is any
relation between Helicobactor Pylori infection and RBP2
expression during the process of gastric epithelial cell
malignant transformation which is closely connected with
GC development.
In the present work, we find that RBP2 can
be induced by Helicobactor Pylori virulence factor
CagA, which is PI3K/AKT-Sp1 pathway dependent.
The activated AKT by CagA enhances the expression
of Sp1 and the latter binds to the promoter of RBP2 to
simulate its expression. In addition, the upregulated RBP2
significantly contributes to the transcription of Cyclin

D1, which eventually promotes gastric epithelial cell
malignant transformation. Knockdown of endogenous
RBP2 with specific small interference RNA dominantly
inhibits GC cell proliferation in vitro and tumor
development in vivo. RBP2 serves as an important bridge
that links infection (inflammation) to cancer development,
which, at least in part, delineates the mechanism for GC
development induced by Helicobactor Pylori. Therefore,
RBP2 inhibition may be a new strategy for the prevention
of GC development.

RESULTS:
RBP2 is overexpressed in GC cell lines and its
inhibition suppressed cell proliferation in vitro
and tumor development in vivo
First, using GES-1 cell line, the immortal epithelial
cells, as a control, we found the high expression of RBP2
in GC cell lines, especially in SGC-7901 and BGC-823
cells (Figure 1A, Figure S1A). Combing with the fact that

Figure1: RBP2 is overexpressed in GC cell lines and its inhibition suppressed cell proliferation in vitro and tumor
development in vivo. (A) RBP2 mRNA expression in GC cell lines using Semi-quantitative PCR. (B) and (C) RBP2 protein expression
and foci formation in RBP2 siRNA and the matched control siRNA treated GC cell lines respectively. Representative images are shown
here from three independent biological replicates. (D) RBP2 protein expression in RBP2 shRNA and the matched control shRNA BGC
cells. (E) Tumors formed in con shRNA and RBP2 shRNA group were harvested and photographed. (F) Tumor index in con shRNA and
RBP2 shRNA group.
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Helicobactor Pylori CagA can stimulate RBP2
expression and depletion of RBP2 attenuates cell
proliferation induced by CagA

RBP2 was overexpressed in GC tissues [13], we want to
know whether it was involved in GC development. For
this purpose, we decreased RBP2 expression by siRNA in
SGC-7901 and BGC-823 cells and cell proliferation was
significantly inhibited with RBP2 suppression (Figure 1B
and 1C). Next, we constructed the BGC-823 cell line that
can stably express RBP2 shRNA which inhibited RBP2
expression and the matched control cell line (Figure 1D),
and then the above cells were injected subcutaneously
into nude mice (2×105/mouse). Half a month later, we
harvested the formed tumors and photographed them. As
can be seen in Figure 1E, tumors formed in RBP2 shRNA
group were obviously smaller than that in control group.
Furthermore, tumor index (tumor weight/mice weight)
in RBP2 shRNA group was significantly lower than that
in its control group (Figure 1F). These data strongly
supported that RBP2 was critical for cell proliferation and
tumor development in vitro and in vivo respectively, but
the reason for the overexpressed RBP2 in GC tissues and
GC cell lines was not understood.

Helicobactor Pylori infection can cause chronic
inflammation of gastric mucosa and this can progress to
dysplasia stage without Helicobactor Pylori eradication.
Injected by type Ⅳ secretory system into host cells, CagA
is the main virulence factor of Helicobactor Pylori [18].
Thus, we aim to identify whether there is any relationship
between CagA injection and RBP2 expression during GC
development. It can be seen from Figure 2A and 2B that
CagA significantly enhanced RBP2 expression at both the
mRNA and protein level. In addition, we inhibited RBP2
expression with RBP2 siRNA first and then transfected
CagA into BGC-823 and SGC-7901 cells. Expectedly,
RBP2 siRNA treatment relieved RBP2 upregulation
induced by CagA at both mRNA and protein level(Figure
2C and 2D). Interestingly, depletion of RBP2 attenuated
cell proliferation of GC cells induced by CagA (Figure
2E), which indicated that RBP2 was crucial, at least in

Figure 2: Helicobactor Pylori CagA can stimulate RBP2 expression and depletion of RBP2 abrogates cell proliferation
induced by CagA. (A) and (B) RBP2 expression at RNA and protein level with CagA transfection respectively. (C) and (D) Gene
expression in RBP2 siRNA and CagA treatment solely or jointly GC cells at RNA level and protein level respectively. (E) Foci formation
in RBP2 siRNA and CagA treatment solely or jointly GC cells. Representative images are shown here from three independent biological
replicates.
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part, for the pathogenicity conferred by Helicobactor
Pylori.

published data that Sp1 can be activated by Helicobactor
Pylori infection [20], we next focused our investigation on
regulation of RBP2 by Sp1. First, we transfected CagA
into SGC-7901 and BGC-823 cells and RBP2, coupled
with Sp1, was significantly induced at mRNA and protein
level (Figure 3A and 3B). In addition, knockdown of Sp1
in GC cells dominantly reduced RBP2 expression (Figure
3C). Furthermore, depletion of Sp1 expression abrogated
the induction of RBP2 by CagA in GC cells and the proproliferation effect of CagA was also relieved with Sp1
suppression (Figure 3D, 3E and 3F and Figure S1B).
These data indicated that RBP2 induction by Helicobactor
Pylori CagA was Sp1 dependent. To further testify if Sp1
directly acted on RBP2 promoter, we constructed RBP2
promoter plasmid (pRBP2-promoter) that contained
GGCGGG element which can be bound by Sp1. As we
can see from Figure 3G, co-transfection of CagA and

RBP2 expression induced by CagA is Sp1
dependent
RBP2 can be induced by CagA, but one problem
existed. That is CagA is within the cytoplasm while RBP2
is mainly in the nucleus, so how can CagA has regulatory
effect on RBP2? To tackle with this problem, we should
find a molecule that can link CagA to RBP2. Hence,
we analyzed RBP2 promoter to find some conservative
elements that can be bound by common transcriptional
factors. Fortunately, we found that the classical elements
GGCGGG (Figure S1C) that can be recognized by Sp1
existed in RBP2 promoter [19]. Combining with the

Figure 3: RBP2 expression induced by CagA is Sp1 dependent. (A) and (B) RBP2 and Sp1 changes at RNA level and protein

level with CagA transfection in GC cells was determined by QRT-PCR and western blot respectively. Data are mean±SD of 3 biological
replicates, * : P <0.05 compared with negative control. (C) RBP2 and Sp1 protein changes with Sp1 siRNA treatment in GC cells. (D), (E)
and (F) RBP2 and Sp1 changes at RNA level and protein level and foci formation with Sp1 siRNA and CagA treatment solely or jointly in
GC cells. Data are mean±SD of 3 biological replicates, * : P <0.05 compared with negative control. (G) RBP2 promoter activity changes
with CagA transfection in GC cells. Data are mean±SD of 3 biological replicates, * : P <0.05 compared with control. (H) RBP2 promoter
activity changes with Sp1 siRNA and CagA treatment solely or jointly in GC cells. Data are mean±SD of 3 biological replicates, * : P <0.05
compared with control. (I) EMSA assay for the binding of Sp1 to RBP2 promoter. (J) ChIP assay for the binding of Sp1 to RBP2 promoter
in GC cells.
www.impactjournals.com/oncotarget

5801

Oncotarget

Cyclin D1 is a downstream target of RBP2 and
it confers the pro-proliferation effect on GC cells

pRBP2-promoter increased luciferase activity in GC
cells and depletion of Sp1 expression relieved luciferase
activity increase in these cells (Figure 3H). Furthermore,
we performed EMSA experiment to confirm the binding
of Sp1 protein to GGCGGG element within RBP2
promoter. The result indicated that Sp1 can specifically
bind to GGCGGG element due to the fact that 200 times
cold unlabeled probes competed with the labeled probes’
binding (Figure 3I). In addition, super-shift band in the
fourth lane verified the success of this experiment. At
last, to make sure whether Sp1 directly binds to RBP2
promoter, ChIP was performed and we got the positive
results (Figure 3J).

RBP2 belongs to the regulatory molecules family
which have downstream targets, so we need to find an
effective molecule downstream RBP2. This molecule
should be associated with cell cycle since tumorigenesis
is closely related with uncontrolled cell proliferation.
Published data showed that Cyclin D1 was a downstream
target of RBP2 in lung cancer [23], so we tried to testify
this in GC. As can be seen in Figure 5A and 5B, when
RBP2 was inhibited in BGC-823 cells, Cyclin D1
expression decreased both at mRNA and protein level,
which was in line with the finding in lung cancer. CagA
stimulated RBP2 expression and the latter enhanced
Cyclin D1 transcription, which contributed to the switch
from inflammation to cancer development. To further
confirm the regulation of Cyclin D1 by RBP2 in vivo, we
performed western blot for them from tissues of tumors
formed in RBP2 shRNA group and the matched control
group as previously described. Notably, RBP2, as well
as Cyclin D1 expression was decreased in RBP2 shRNA
group compared with control group (Figure 5C), which
implicated RBP2 may regulate Cyclin D1 expression in
vivo.

PI3K/AKT participates in RBP2 induction by
CagA through Sp1
We know that Helicobactor Pylori CagA can activate
many canonical signaling pathways, but which one is
involved in RBP2 induction via Sp1? Published data
reported that Sp1 was closely associated with PI3K/AKT
pathway and this pathway can also be activated by CagA
[21, 22], so we wanted to link them together. In SGC7901 cells, RBP2 and Sp1 induction at mRNA and protein
level by CagA can be relieved when pretreating with AKT
inhibitor (LY294002) (Figure 4A and 4B). In addition,
RBP2 promoter luciferase activity was reduced by AKT
inhibitor treatment in SGC-7901 cells (Figure 4C). GC
cell proliferation stimulated by CagA was also relieved
by AKT inhibitor (Figure 4D). These results demonstrated
that PI3K/AKT pathway was critical for the link between
CagA and Sp1 and then RBP2.

Co-expression of RBP2 and Sp1 in clinical
samples from chronic inflammation to dysplasia
We collected 36 clinical samples of superficial
inflammation, atrophic inflammation with metaplasia and

Figure 4: PI3K/AKT participates in RBP2 induction by CagA through Sp1. (A) and (B) RBP2 and Sp1 changes at RNA level

and protein level with AKTi and CagA treatment solely or jointly in GC cells respectively. Data are mean±SD of 3 biological replicates,
* : P <0.05 compared with control. (C) RBP2 promoter activity changes with AKTi treatment in SGC-7901 cells. Data are mean±SD of 3
biological replicates, * : P <0.05 compared with negative control. (D)Foci formation in GC cells with AKTi and CagA treatment solely or
jointly. Representative images are shown here from three independent biological replicates.
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dysplasia respectively. IHC staining for RBP2 and Sp1
in serial sections indicated their co-expression in clinical
samples and their expression gradually increased with
progression of disease (Figure 6A, 6B and 6C). Thereby
RBP2 and Sp1 were positively related during the process
of gastric epithelial cell malignant transformation, which
confirmed our previous results in vitro.

for the reason that its infection gives rise to chronic
inflammation of gastric epithelium if left uncontrolled.
Increasing data are focusing on the switch from chronic
inflammation to tumor and this kind of inflammation is
defined as nonresolving inflammation which is universal
in the precancerous lesion stage of many tumors, including
GC, HCC, clonal carcinoma and so on [28, 29]. What
we need to know are the factors that promote epithelial
malignant transformation and much attention is paid to
the investigation of traditional transcriptional factors and
canonical signaling pathways. However, accumulating
data indicated that epigenetic modification which imposed
regulation effects on significant biological processes, either
physiological or pathogenic ones, is of equal importance.
More often than not, epigenetic modification includes

DISCUSSION
It is a complicated process from inflammation to
tumor development, which involves many canonical
signaling pathways [24-26], as well as epigenetic
modification [27]. Here, we present data that RBP2 can
be induced by Helicobactor Pylori CagA through AKTSp1 pathway and Sp1 directly binds to RBP2 promoter,
contributing to its induction during infection. The
upregulated RBP2 then stimulates Cyclin D1 transcription,
which promotes malignant transformation of gastric
epithelial cells. This CagA-PI3K/AKT-Sp1-RBP2-Cyclin
D1 pathway may be a novel mechanism for the switch
from inflammation to GC development and the key
bridge molecule RBP2 may have potential therapeutic
advantages.
It is well established that chronic inflammation
of gastric epithelium contributes, in most cases, to
tumor development, during which gastric epithelial
cells undergo malignant transformation characterized
by sustained cell proliferation. Therefore, Helicobactor
Pylori is thought as a Class A oncogenic factor of GC

Figure 6: Co-expression of RBP2 and Sp1 expression
in clinical samples from chronic inflammation to
dysplasia. (A) RBP2 and Sp1 expression in serial sections from

Figure 5: Cyclin D1 is a downstream target of RBP2
and it imposes the pro-proliferation effect. (A) and (B)

tissues of clinical samples (chronic inflammation to dysplasia).
Representative images are shown here. Original magnification,
×10. (B) and (C) A summary of RBP2 and Sp1 expression in the
above tissues. (D) An outline of the main pathways illustrated
in our work.

Cyclin D1 changes at RNA level and protein level with RBP2
siRNA treatment in BGC-823 cells respectively. (C) Western blot
shows RBP2 and Cyclin D1 protein expression in tissues from
nude mice in con shRNA and RBP2 shRNA group respectively.
www.impactjournals.com/oncotarget
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Plasmid transfection and Luciferase reporter gene
assay

DNA methylation, histone modification, chromatin
remodeling and non-coding RNAs’ regulation. In the
present work, we are focusing on RBP2, a newly identified
H3K4 demethylase [30-32], since it is closely associated
with tumor development, but the role RBP2 plays in the
the switch from chronic inflammation to tumor remains
unclear. From the results we got, we find the novel CagAPI3K/AKT-Sp1-RBP2-Cyclin D1 pathway that links
chronic inflammation to tumor during GC development.
As an epigenetic molecule, RBP2 can be induced by CagA
and is involved in the canonical PI3K/AKT signaling
pathway. In addition, we previously reported that some
CDKIs (cyclin dependent kinase inhibitors, such as
p16ink4a, p21CIP2and p27kip1) were negatively regulated by
RBP2 [13], thus, it was conceivable that the upregulated
RBP2 by CagA suppressed CDKIs expression, facilitating
bypass of cell senescence and contributing to uncontrolled
cell proliferation. Interestingly, our data also indicated
that RBP2 appeared to have feedback regulation on AKT,
so we will focus on this investigation in the following
projects. In addition, apart from RBP2, other key
epigenetic molecules also appear to have an impact on
the regulation of this kind of switch. Herein more work
needs to be done to elucidate the underlying mechanisms
to enrich the understanding of tumor development.
In summary, for the first time, we discovered the
CagA-PI3K/AKT-Sp1-RBP2-Cyclin D1 pathway that
contributed to the switch from chronic inflammation
to tumor in GC development. RBP2 acted as a bridge
that linked infection (nonresolving inflammation)
of Helicobactor Pylori to epithelial cell malignant
transformation, which finally led to tumor (uncontrolled
cell proliferation). RBP2 may have potential therapeutic
advantages for the prevention of tumor development.

Wild-type (WT) cagA/pcDNA3.1(+) plasmid (WTcagA) was kindly provided by Zhu Yongliang (Zhejiang
University, China) and this plasmid was described
previously. CagA plasmid and its control plasmid which
was purchased from Invitrogen were transfected with
Roche Transfection Reagent (Roche, USA) according to
the protocol. PGL- RBP2 promoter plasmid and PGLTK were co-transfected into GC cells. The cells were
lysed 48 hours later, mixed with the dual luciferase assay
reagent (Promega, USA). Relative luciferase activity was
calculated by normalizing the firefly luminescence as to
the renilla luminescence.

RNA extraction, RT-PCR and real-time PCR
Total RNA from cells were extracted with Trizol
Reagent according to the protocol. The extracted RNA was
then reverse-transcribed with RevertAid First Strand DNA
Synthesis (RT) kit (Fermentas, life science, Canada). The
cDNAs were used as the templates to amplify products
using PCR method. The primers used were shown in table
1.

Protein extraction and Western blot
Cells were lysed in protein lysis buffer and the
proteins were subjected to quantity determination. Then
the proteins were resolved on SDS-PAGE. The proteins
in denaturing acrylamide gels were transferred to PVDF
membrane and non-specific antigens were blocked by
5% nonfat milk. Primary antibodies for RBP2 (Abcam
USA), β-actin (Sigma, USA), Sp1 (Cell Signaling, USA),
CagA (Abcam USA), Cyclin D1 (Bioss, China), AKT
(Bioss, China) and p-AKT (Bioss, China) were used to
incubate overnight at 4°C and then immunoblot detection
was performed with chemiluminescence (Millipore, USA)
according to the protocol.

METHODS
Cell culture and siRNA interference
BGC-823 and SGC-7901 cells were cultured
with RPMI-1640 medium (Gibco, USA) supplemented
with 10% fetal bovine serum (Gibco, USA) in 5% CO2
atmosphere at 37°C. Sp1 siRNA was purchased from
Sigma Company and the catalog number is EHU018231.
Chemical modified StealthTM RBP2 siRNA was got from
invitrogen and all the siRNAs were transfected with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the protocol. The sequences for RBP2 and its
control siRNA were 5’- CCA GCA CCA CCU CCU UCC
UUC AUA A -3’ and5’- CCU ACA UCC CGA UCG AUG
AUG UUG A -3’ respectively.

www.impactjournals.com/oncotarget

Clinical specimen
36 samples of SG, AG with metaplasia and
dysplasia respectively were obtained from Bengbu
Medical University, Anhui province. The specimen were
collected immediately after surgery and stored at formalin.
The diagnosis of disease for all patients was confirmed
by histological examination. General characteristics of
patients were shown in table 2.
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Table 1: primers for PCR
Genes
Primers
5-GCTGCTGCAGCCAAAGTTG-3
(forward)
RBP2
5-AGCATCTGCTAACTGGTC-3
(reverse)
5-ATGGAACACCAGCTCCTGTG-3 (forward)
Cyclin D1
5-ACCTCCAGCATCCAGGTGGC-3 (reverse)
5-GGCGAGAGGCCATTTATGTGT-3 (forward)
Sp1
5-TGCATGACGTTGATGCCACT-3
(reverse)
5-AGCGACGTGGCTATTGTGAA-3 (forward)
AKT1
5-ACAGTCTGGATGGCGGTTG-3
(reverse)
5’-AGTTGCGTTACACCCTTTCTTG-3 (forward)
β-actin
5’-CACCTTCACCGTTCCAGTTTT-3 (reverse)
Table 2: Summary of characteristics of the patients
Case
Superficial gastritis
Atrophic gastritis
dysplasia

Total samples
36
36
36

Male
22
26
26

IHC

Age (range)
21-72
43-80
21-78

Age (median)
51
57
60

specific, 4 ul binding buffer, 1ul poly [d(I-C)] [1μg/μl], 1ul
poly L-lysine[0.1 μg/μl] were added into nuclear extracts
from GC cells and then were incubated with DIG-labeled
probes in a 20ul reaction volume. The nuclear extracts
were incubated with 400ng of antibody for super shift
assay. 6% polyacrylamide gel was used to electrophorese
the samples and then they were transferred onto a
nylon membrane and ultraviolet-crosslinked. The DIGlabeled probe was detected with CSPD (Roche, USA)
chemiluminescence reaction.

Sections from patients or mice were subjected to
deparaffinating and dehydration. After antigen retrieve,
H2O2 treatment and non-specific antigens blocking, the
slides were incubated with monoclonal rabbit anti-human
RBP2 (Sigma, USA; 1:150) or monoclonal rabbit antihuman Sp1 (Cell Signaling, USA) or rabbit anti-human
Cyclin D1 (Bioss, China) overnight at 4°C. Secondary
antibodies were used to incubate the slides and the
avidin-biotin-peroxidase method was used to detect the
antibody binding with DAB staining (Vector Laboratories,
Burlingame, CA, USA).

ChIP
For ChIP assay, the kit (millipore, USA) was
used to treat the prepared GC cells according to the
protocol provided. The consequent precipitated DNA
samples were detected with PCR method. The primes
used in this experiment were the following: RBP2
promoters5’- GTGTAAAAGGAAAAGCAATTCATGG3’(Forward);5’-AGGGTCCCTTTCCCTTTTGTG-3’
(Reverse).

Construction of lentiviral vectors
BGC-823 cells with stable knockdown were
generated using short hairpin RNAs (shRNA) directed
against human RBP2 gene constructed in pLV3 vector got
from GenePharma (Shanghai, China). Control cells were
created by using a plasmid carrying nontargeting control
sequence.

Clone formation

EMSA

After cells were subjected to the corresponding
treatments, they were seeded in 6-well plates (300 cells/
well), incubating for 15 days. Thereafter, 6-well plates
were fixed with methanol and then were stained with
Giemsa for 10 minutes and the number of colonies with
more than 50 cells was counted for following analysis.

DIG Gel Shift Kit (Roche, USA) was
used to label the following RBP2 promoter
sequence:
5-AGAGGCGGGTAAGAGGCGG
GTAAGAGGCGGGTA-3 and the experiment was
performed according to the protocol provided. To be
www.impactjournals.com/oncotarget

Female
14
10
10
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Animal experiments

TAK1 for TRAF6-mediated Lys 63 ubiquitination. EMBO
Rep.2009;10:1242-1249.

20 male nude mice were purchased from QING
ZI LAN Animal Company (Nanjing, China) and divided
into 2 groups. The mice were 7 weeks old and were
subcutaneously injected with BGC-823 cells, 2×105
cells/mouse. One group were injected into RBP2 shRNA
stable-transduction cells and the other group were injected
into the matched control cells. The tumors formed were
measured every 3 days and all the mice were sacrificed
15 days later. Subcutaneous tumors were harvested,
photographed and weighed, then the tumor index can be
calculated.

Statistical analysis

This work was supported by the National
Basic Research Program of China (973 Program, No.
2012CB911202), the National Natural Science Foundation
of China (Nos. 81371781, 30972775, 81171536,
81272654, 81372680, 81170514 and Independent
Innovation Foundation of Shandong University, IIFSDU).

Chaturvedi R, Asim M, Romero-Gallo J, Barry DP, Hoge
S, de Sablet T, Delgado AG, Wroblewski LE, Piazuelo MB,
Yan F, Israel DA, Casero RA Jr,Correa P, Gobert AP, Polk
DB, Peek RM Jr, Wilson KT. Spermine oxidase mediates
the gastric cancer risk associated with Helicobacter pylori
CagA.Gastroenterology. 2011 ;141:1696-1708.

3.

Hatakeyama M. Deregulation of SHP-2 tyrosine
phosphatase by the Helicobacter pylori virulence factor
CagA. Keio J Med. 2002;51 Suppl 2:26-32.

4.

Wang F, Meng W, Wang B, Qiao L. Helicobacter pyloriinduced gastric inflammation and gastric cancer. Cancer
Lett. 2014;345(2):196-202.

5.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next
generation. Cell. 2011;144:646-674.

6.

Lamb A, Yang XD, Tsang YH, Li JD, Higashi H,
Hatakeyama M, Peek RM,Blanke SR, Chen LF.
Helicobacter pylori CagA activates NF-kappaB by targeting

www.impactjournals.com/oncotarget

Li Y, Meeran SM, Patel SN, Chen H, Hardy TM, Tollefsbol
TO. Epigenetic reactivation of estrogen receptor-α (ERα)
by genistein enhances hormonal therapy sensitivity in ERαnegative breast cancer. Mol Cancer. 2013;12:9.

9.

Silva M, Azenha D, Pereira C, Almeida A, Balseiro S,
Sampaio AM, Santos P, Carvalho L. Gastric carcinoma
and chronic gastritis: epigenetic regulation of CDH1
(E-Cadherin), CDKN2A (p16INK4A), PTGS2 (COX-2)
and EGFR genes through methylation. Acta Med Port.
2010;23:5-14.

12. Song SJ, Poliseno L, Song MS, Ala U, Webster K, Ng C,
Beringer G, Brikbak NJ, Yuan X, Cantley LC, Richardson
AL, Pandolfi PP. MicroRNA-antagonism regulates breast
cancer stemness and metastasis via TET-family-dependent
chromatin remodeling. Cell. 2013;154:311-324.
13. Zeng J, Ge Z, Wang L, Li Q, Wang N, Björkholm M, Jia
J, Xu D. The histone demethylase RBP2 Is overexpressed
in gastric cancer and its inhibition triggers senescence of
cancer cells. Gastroenterology. 2010;138:981-992.

REFERENCES

2.

8.

11. Zhu X, Lee K, Asa SL, Ezzat S. Epigenetic silencing
through DNA and histone methylation of fibroblast growth
factor receptor 2 in neoplastic pituitary cells. Am J Pathol.
2007;170:1618-1628

ACKNOWLEGEMENTS

Ngoan le T, Thu NT, Lua NT, Hang LT, Bich NN, Hieu
NV, Quyet HV, Tai le T,Van do D, KhanNC, Mai le B,
Tokudome S, Yoshimura T. Cooking temperature, heatgenerated carcinogens, and the risk of stomach and
colorectal cancers. Asian Pac J Cancer Prev. 2009;10:83-86.

Li SP, Chen XJ, Sun AH, Zhao JF, Yan J. CagA(+) H. pylori
induces Akt1 phosphorylation and inhibits transcription of
p21(WAF1/CIP1) and p27(KIP1) via PI3K/Akt1 pathway.
Biomed Environ Sci. 2010;23:273-278.

10. Abad M, Moreno A, Palacios A, Narita M, Blanco F,
Moreno-Bueno G, Narita M, Palmero I. The tumor
suppressor ING1 contributes to epigenetic control of
cellular senescence. Aging Cell. 2011;10:158-171.

Data we got from biological replicates were
presented as means (±SD or SEM). Student’s t test was
used to analyze the differences between different groups.
P < 0.05 was considered to be significant.

1.

7.

14. Liang X, Zeng J, Wang L, Fang M, Wang Q, Zhao
M, Xu X, Liu Z, Li W, Liu S, Yu H, Jia J, Chen C.
Histone demethylase retinoblastoma binding protein 2 is
overexpressed in hepatocellular carcinoma and negatively
regulated by hsa-miR-212. PLoS One. 2013;8(7):e69784.
15. Jiping Z, Ming F, Lixiang W, Xiuming L, Yuqun S, Han
Y, Zhifang L,Yundong S, Shili L, Chunyan C, Jihui J.
MicroRNA-212 inhibits proliferation of gastric cancer by
directly repressing retinoblastoma binding protein 2. J Cell
Biochem. 2013;114:2666-2672.
16. Lin W, Cao J, Liu J, Beshiri ML, Fujiwara Y, Francis
J, Cherniack AD, Geisen C, Blair LP, Zou MR, Shen
X, Kawamori D, Liu Z, Grisanzio C, Watanabe H,
Minamishima YA, Zhang Q, Kulkarni RN, Signoretti
S, Rodig SJ, Bronson RT, Orkin SH, Tuck DP,
Benevolenskaya EV, Meyerson M, Kaelin WG Jr, Yan Q.
Loss of the retinoblastoma binding protein 2 (RBP2) histone
demethylase suppresses tumorigenesis in mice lacking Rb1
or Men1. Proc Natl Acad Sci U S A. 2011;108:1337913386.
17. Sharma SV, Lee DY, Li B, Quinlan MP, Takahashi F,

5806

Oncotarget

Maheswaran S, McDermott U, Azizian N, Zou L, Fischbach
MA, Wong KK, Brandstetter K, Wittner B, Ramaswamy S,
Classon M, Settleman J. A chromatin-mediated reversible
drug-tolerant state in cancer cell subpopulations. Cell.
2010;141:69-80.

HNF4α-miRNA inflammatory feedback circuit regulates
hepatocellular oncogenesis. Cell. 2011;147:1233-1247.
28. Rajakariar R, Newson J, Jackson EK, Sawmynaden P, Smith
A, Rahman F, Yaqoob MM, Gilroy DW. Nonresolving
inflammation in gp91phox-/- mice, a model of human
chronic granulomatous disease, has lower adenosine
and cyclic adenosine 5’-monophosphate. J Immunol.
2009;182:3262-3269.

18. Maeda S, Ogura K, Yoshida H, Kanai F, Ikenoue T, Kato
N, Shiratori Y, Omata M. Major virulence factors, VacA
and CagA, are commonly positive in Helicobacter pylori
isolates in Japan. Gut. 1998;42:338-343

29. Liao Q, Zeng Z, Guo X, Li X, Wei F, Zhang W, Li
X, Chen P, Liang F, Xiang B, Ma J, Wu M, Tang H,
Deng M, Zeng X, Tang K, Xiong W, Li G. LPLUNC1
suppresses IL-6-induced nasopharyngeal carcinoma cell
proliferation via inhibiting the Stat3 activation. Oncogene.
2014;33(16):2098-2109.

19. Huang PH, Chen CH, Chou CC, Sargeant AM, Kulp
SK, Teng CM, Byrd JC, Chen CS.Histone deacetylase
inhibitors stimulate histone H3 lysine 4 methylation in
part via transcriptional repression of histone H3 lysine 4
demethylases. Mol Pharmacol. 2011;79:197-206.
20. Strowski MZ, Cramer T, Schäfer G, Jüttner S, Walduck A,
Schipani E, Kemmner W, Wessler S, Wunder C, Weber M,
Meyer TF, Wiedenmann B,Jöns T, Naumann M, Höcker
M. Helicobacter pylori stimulates host vascular endothelial
growth factor-A (vegf-A) gene expression via MEK/
ERK-dependent activation of Sp1 and Sp3. FASEB J.
2004;18:218-220.

30. Klose RJ, Yan Q, Tothova Z, Yamane K, ErdjumentBromage H, Tempst P, Gilliland DG, Zhang Y, Kaelin WG
Jr. The retinoblastoma binding protein RBP2 is an H3K4
demethylase. Cell. 2007;128:889-900.
31. Christensen J, Agger K, Cloos PA, Pasini D, Rose S,
Sennels L, Rappsilber J, Hansen KH, Salcini AE, Helin
K. RBP2 belongs to a family of demethylases, specific
for tri-and dimethylated lysine 4 on histone 3. Cell.
2007;128:1063-1076.

21. Chuang CW, Pan MR, Hou MF, Hung WC.
Cyclooxygenase-2 up-regulates CCR7 expression via AKTmediated phosphorylation and activation of Sp1 in breast
cancer cells. J Cell Physiol. 2013;228:341-348.

32. Hayakawa T, Ohtani Y, Hayakawa N,, Shinmyozu K, Saito
M, Ishikawa F, Nakayama J. RBP2 is an MRG15 complex
component and down-regulates intragenic histone H3 lysine
4 methylation. Genes Cells 2007;12:811-826.

22. Sze KM, Wong KL, Chu GK, Lee JM, Yau TO, Ng IO. Loss
of phosphatase and tensin homolog enhances cell invasion
and migration through AKT/Sp-1 transcription factor/matrix
metalloproteinase 2 activation in hepatocellular carcinoma
and has clinicopathologic significance. Hepatology.
2011;53:1558-1569.
23. Teng YC, Lee CF, Li YS, Chen YR, Hsiao PW, Chan MY,
Lin FM, Huang HD, Chen YT, Jeng YM, Hsu CH, Yan Q,
Tsai MD, Juan LJ. Histone demethylase RBP2 promotes
lung tumorigenesis and cancer metastasis. Cancer Res.
2013;73:4711-4721.
24. Lee DF, Kuo HP, Chen CT, Hsu JM, Chou CK, Wei Y,
Sun HL, Li LY, Ping B, Huang WC, He X, Hung JY, Lai
CC, Ding Q, Su JL, Yang JY, Sahin AA, Hortobagyi GN,
Tsai FJ, Tsai CH, Hung MC.IKK beta suppression of TSC1
links inflammation and tumor angiogenesis via the mTOR
pathway. Cell. 2007;130:440-455.
25. Hannigan A, Qureshi AM, Nixon C, Tsimbouri PM, Jones
S, Philbey AW, Wilso JB. Lymphocyte deficiency limits
Epstein-Barr virus latent membrane protein 1 induced
chronic inflammation and carcinogenic pathology in vivo.
Mol Cancer. 2011;10:11.
26. Pikarsky E, Porat RM, Stein I, Abramovitch R, Amit S,
Kasem S, Gutkovich-Pyest E, Urieli-Shoval S, Galun E,
Ben-Neriah Y. NF-kappaB functions as a tumour promoter
in inflammation-associated cancer. Nature. 2004;431:461466.
27. Hatziapostolou M, Polytarchou C, Aggelidou E, Drakaki
A, Poultsides GA, Jaeger SA, Ogata H, Karin M,
Struhl K, Hadzopoulou-Cladaras M, Iliopoulos D. An
www.impactjournals.com/oncotarget

5807

Oncotarget

