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Abstract. Helicobacter pylori (H.  pylori) infection plays 
an important role in the development of gastric carcinomas. 
Cancerous inhibitor of protein phosphatase 2A (CIP2A) is 
a novel human oncoprotein that functions as an important 
regulator of cell growth and malignant transformation. In 
the present study, we aimed to investigate the potential 
mechanisms by which H. pylori upregulates the expression 
of CIP2A and the functional impact of H. pylori-induced 
CIP2A in gastric cancer cells. We demonstrated that infec-
tion of MKN-45 cells with H. pylori led to a marked increase 
in the expression of CIP2A at the mRNA and protein levels. 
H. pylori-induced CIP2A was associated with increased cell 
proliferation. In addition, H. pylori was found to activate the 
JNK2 pathway. Importantly, both H. pylori-induced CIP2A 
production and cell proliferation were partially reversed 
by inhibition of JNK2 signaling. Similarly, the blockade of 
H. pylori-induced CIP2A expression by siRNA against CIP2A 
also inhibited cell proliferation. Thus, H. pylori appears to 

stimulate the expression of CIP2A and proliferation of gastric 
cancer cells via JNK2 signaling. These findings suggest that 
H. pylori-induced upregulation of CIP2A contributes to the 
development and progression of gastric cancer. Further in vivo 
studies are warranted to explore the biological role of CIP2A 
and its interaction with JNK2 signaling in gastric cancer.

Introduction

Gastric carcinoma remains one of the most common and lethal 
malignancies worldwide. With approximately one million 
cases diagnosed annually, gastric cancer is one of the leading 
causes of cancer-related mortality worldwide (1). Helicobacter 
pylori (H. pylori) has been defined as a class I carcinogen by 
the World Health Organization (2), and its persistent coloniza-
tion in the stomach significantly increases the risk of gastric 
adenocarcinoma (3). During the course of H. pylori infec-
tion, bacterial virulence factors, such as cytotoxin-associated 
gene A (CagA), interact with numerous signaling molecules 
and elicit a series of cellular events; one of which is the 
H.  pylori-induced activation of mitogen-activated protein 
kinases (MAPK) which has been implicated in the develop-
ment of gastric adenocarcinoma (4,5).

MAPK consists of a family of ubiquitously expressed 
proteins including extracellular signal-regulated kinases 1 
and 2 (ERK1/2), p38 and c-Jun/SAPK N-terminal kinases 
(JNK)  (6,7). In addition to activating MAPK, H.  pylori 
infection also induces the expression of other inflammatory 
responsive genes including nuclear factor-κB (NF-κB) (8), 
cyclooxygenase-2 (COX-2) (9) and aquaporin 3 (AQP3) (10). 
H. pylori has been reported to stimulate the proliferation of 
gastric epithelial cells both in vitro and in vivo (5,11,12) and 
to alter intercellular tight junctions (13), thus facilitating the 
malignant transformation of the gastric mucosa.

Protein phosphatase 2A (PP2A) facilitates the proteo-
lytic degradation of oncoprotein Myc and prevents 
malignant cell growth (14). Cancerous inhibitor of protein 
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phosphatase  2A  (CIP2A) is a recently identified human 
oncoprotein that stabilizes c-Myc protein by inhibiting its 
degradation. CIP2A has been reported to promote the prolifer-
ation of various types of cancer cells (15). Moreover, CIP2A is 
required for malignant cell growth and the malignant transfor-
mation of human cells (15). Overexpression of CIP2A has been 
observed in many types of solid tumors such as head and neck 
squamous cell carcinoma and gastric cancer (15,16). In human 
gastric cancer, a higher level of CIP2A was noted in cancerous 
tissues when compared to the level in non-cancerous mucosa, 
suggesting that CIP2A plays an oncogenic role in the develop-
ment of human gastric cancer (16,17). Previous research has 
shown that JNK2 is a key regulator of CIP2A expression (18).

Persistent H. pylori infection is a well-recognized condi-
tion that is closely linked to the development of gastric cancer. 
It has been shown that H. pylori infection upregulates the 
expression of CIP2A in gastric cancer cells (13). CagA, a major 
virulent factor of H. pylori, activates the JNK pathway and is 
thus involved in promoting gastric cancer progression (4,19). 
In addition, JNK2 was found to regulate CIP2A expression via 
activation of transcription factor 2 (ATF2) (18). However, it is 
not clear whether JNK2 is involved in the regulation of CIP2A 
expression following H. pylori infection.

In the present study, we aimed to examine the effect of 
H. pylori infection on JNK2 and CIP2A and the subsequent 
biological impact on gastric cancer cells. We found that 
H.  pylori increased CIP2A expression and promoted cell 
proliferation via the JNK2/ATF2 signaling pathway in 
MKN-45 cells. Possible implications of CIP2A and its interac-
tion with JNK signaling in gastric cancer are discussed.

Materials and methods

Cell culture, RNA interference (RNAi) and reagents. Human 
gastric cancer cell line MKN-45 (Chinese Academy of Sciences, 
Shanghai, China) was cultured in RPMI‑1640 (HyClone 
Laboratories, Inc., Logan, UT, USA) supplemented with 10% 
fetal bovine serum (FBS) (HyClone Laboratories, Inc.) and 
1% penicillin and streptomycin (North China Pharmaceutical 
Co., Inc., Shijiazhuang, China) in a humidified atmosphere 
containing 5%  CO2 at 37˚C. The specific siRNA against 
CIP2A and the scrambled control siRNA were purchased 
from Invitrogen (Carlsbad, CA, USA). The siRNA sequence 
for CIP2A was 5'-GACAACUGUCAAGUGUACCACU 
CUU‑3'  (16). Lipofectamine™ 2000 was used to transfect 
the siRNA sequences into MKN-45 cells according to the 
manufacturer's instructions (Invitrogen). SP600125, a JNK2 
inhibitor, was purchased from InvivoGen (San Diego, CA, 
USA).

H. pylori culture and co-culture with MKN-45 cells. The 
H. pylori strains used in this study were CagA and VacA 
positive standard strain (NCTC11637) (Institute of Pathogenic 
Biology, School of Basic Medical Science, Lanzhou University, 
Lanzhou, China). H. pylori were cultured on Columbia agar 
plates (Difco Laboratories, Detroit, MI, USA) containing 5% 
sheep blood at 37˚C for 72 h under microaerophilic conditions 
using an anaerobic box (Mitsubishi Gas Chemical Co., Inc., 
Tokyo, Japan). The bacteria were harvested and resuspended 
in antibiotic-free RPMI-1640 medium supplemented with 10% 

FBS. The density of the bacteria was adjusted by measuring 
the optical density (OD) at 600 nm, in which one unit of OD600 
corresponds to 1x108 colony-forming units (CFU)/ml. For the 
cell and bacterial co-culture, MKN-45 cells were cultured in 
RPMI-1640 medium in the presence of H. pylori at a cell-to-
bacterium ratio of 1:100.

Quantitative real-time reverse transcription-polymerase chain 
reaction (qRT-PCR) assay. Total RNA from the cells was 
prepared using RNAiso Plus reagent (Takara Biotechnology Co., 
Dalian, China) under an RNase-free condition, and cDNA was 
synthesized using the Primescript™ Reverse Transcription 
(RT) Master Mix (Takara Biotechnology Co.) according to the 
manufacturer's protocols. Reverse transcription reaction was 
performed at 37˚C for 15 min followed by 85˚C for 5 sec. 
qRT-PCR amplifications were performed with the Applied 
Biosystems 7500/7500 Fast Real-Time PCR Software (Applied 
Biosystems) using the SYBR® Premix Ex Taq™ Ⅱ (Takara 
Biotechnology Co.). Reactions were carried out in a 20-µl reac-
tion volume following the manufacturer's instructions. The 
thermal cycle conditions were as follows: 95˚C for 30 sec, 
followed by 40 cycles of 95˚C for 5 sec and 60˚C for 34 sec. 
GAPDH was used as an internal control. The primer sequences 
were: CIP2A sense, 5'-GGCACTTGGAGGTAATTTCT-3' 
and antisense, 5'-CTGGTTTCAATGTCTACTGCTAG-3' 
(GenBank accession no. NM020890); GAPDH sense, 5'-AAG 
GCTGGGGCTCATTTG-3' and antisense, 5'-AGGAGGCA 
TTGCTGATGATC-3' (GenBank accession no. NM002046). 
All primers were synthesized by Takara Biotechnology Co. 
The mRNA expression level was expressed as relative expres-
sion to the basal level without H. pylori stimulation. Data were 
analyzed according to the comparative Ct method.

Western blot assay. Treated cells were washed with ice-cold 
phosphate-buffered saline (PBS) and then lysed using RIPA 
lysis buffer (Beyotime Biotechnology, Haimen, China) 
supplemented with 1 mmol/l phenylmethanesulfonyl fluo-
ride (PMSF). After centrifugation at 12,000 rpm for 15 min 
at 4˚C, the supernatant was collected and the protein concen-
tration was measured by the BCA protein assay (Beyotime 
Biotechnology). An equal amount of protein (50 µg) from each 
sample was separated on a 10% SDS polyacrylamide gel and 
transferred onto polyvinylidene fluoride (PVDF) membranes. 
The membranes were blocked with 5% nonfat dry milk in 
Tris‑buffered saline containing 0.1% Tween-20 (TBST) for 2 h 
at room temperature and incubated with the respective primary 
antibodies overnight at 4˚C. The following primary antibodies 
were used for the procedure (all diluted at 1:1,000 in TBST): 
anti-CIP2A (2G10-3B5) (Santa Cruz Biotechnology,  Inc., 
Santa Cruz, CA, USA), anti-phospho-ATF2 and anti-ATF2 
(Cell Signaling Technology, Inc., Danvers, MA, USA), anti-
phospho-JNK2 (G-7) and anti-JNK2 (G-7) (Santa Cruz 
Biotechnology, Inc.) and anti-β-actin (Zhongshan Golden 
Bridge Biotech, Beijing, China). β-actin was used as a loading 
control. After overnight incubation, the membranes were 
washed three times with TBST, and then incubated with the 
horseradish peroxidase-conjugated secondary antibodies 
(Zhongshan Golden Bridge Biotech) (1:10,000) at room 
temperature for 1  h. The signals were detected using the 
SuperSignal West Pico Chemiluminescent Substrate (Thermo 
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Fisher Scientific, Inc., Rockford, IL, USA) and imaged using 
a VersaDoc Imaging System (Bio-Rad Laboratories Co., Ltd. 
Hercules, CA, USA). Data obtained from the western blot-
ting experiments were analyzed by Bio-Rad Quantity One 
Software v4.62 (Bio-Rad Laboratories Co., Ltd.).

MTT assay. Cell proliferation was measured using the 
dimethylthiazolyl-2,5-diphenyltetrazolium bromide (MTT) 
assay. Cells were plated at a density of 5,000 cells/well in 
96-well plates in 200 µl antibiotic-free culture medium and 
cultured for 12  h. After the appropriate treatment, MTT 
reagent was added (20 µl/well of 5 g/l solution in PBS) into 
each well. Subsequently, incubation was carried out at 37˚C 

for 4 h and then washing with PBS. Next, 200 µl dimethyl 
sulfoxide (DMSO) was added to each well. The absorbance 
was measured at 490 nm. All samples were assayed repeatedly 
in 6 wells. The cell proliferation rate was quantified as the 
fraction of cells surviving relative to the untreated controls.

Colony formation assay. Anchorage-independent growth was 
measured by colony formation assay. MKN-45 cells were 
transfected with siRNA against CIP2A or scrambled siRNA 
for 72 h. The transfected cells were infected with or without 
H. pylori for 3 h and planted into 6-well plates at low density 
(300 cells/well). After 14 days, cells were fixed and stained 
with crystal violet. Foci and colonies containing >50 cells 
were counted using a microscope.

Statistical analysis. All experiments were repeated three times, 
and data are expressed as mean ± standard deviation (SD). 
Statistical significance was determined with one-way ANOVA 
followed by the Bonferroni correction. All statistical analyses 
were performed using SPSS 19.0 (IBM, Armonk, NY, USA), 
and data values were displayed using SigmaPlot 10.0 (Systat 
Software Inc., Chicago, IL, USA). A P-value of <0.05 was 
considered to indicate a statistically significant result.

Results

H. pylori upregulates CIP2A expression in MKN-45 cells. To 
investigate the effects of H. pylori infection on CIP2A expres-
sion in human gastric carcinoma cells, confluent MKN-45 
cells were incubated with H. pylori at a density of 100 bacteria 
per cell for 0, 3, 6, 12, 24 and 48 h. qRT-PCR assays were 
performed to examine the mRNA transcript levels of CIP2A 
in the MKN-45 cells. Treatment of the MKN-45 cells with 
H. pylori led to a significantly elevated expression of CIP2A 
at the mRNA level which peaked at 6 h of incubation and 
declined thereafter while still maintaining an elevated level 
(Fig. 1A). Increased expression of CIP2A was also confirmed 
at the protein level by western blot analysis (Fig. 1B and C), 
and this level peaked at 24 h following bacterial infection.

The JNK2 signaling pathway is involved in H.  pylori-
regulated CIP2A expression in MKN-45 cells. To ascertain 
whether JNK2 signaling is involved in the H. pylori-induced 
expression of CIP2A, the expression of phosphorylated JNK2 
(p-JNK2) in response to H. pylori infection was evaluated 
by western blot analysis using a phospho-specific antibody 
against JNK2. Approximately 20 min after MKN-45 cells 
were challenged with H.  pylori, a steady increase in the 
expression of p-JNK2 was noted, which exhibited an approxi-
mate time-dependent manner, whereas total JNK2 remained 
unchanged (Fig. 2A and C). To further confirm the H. pylori-
induced activation of the JNK2 pathway in MKN-45 cells, 
we evaluated the expression of phospho-ATF2 (p-ATF2), a 
substrate for p-JNK2. Activation of the JNK2 pathway was 
followed by a transient increase in the expression of p-ATF2 
in the H. pylori-treated MKN-45 cells (Fig. 2A, B, D and E).

Inhibition of JNK2 attenuates H. pylori-stimulated CIP2A 
expression in MKN-45 cells. To further ascertain whether the 
H. pylori-induced upregulation of CIP2A is mediated through 

Figure 1. Effect of H. pylori on the expression of CIP2A in MKN-45 cells. 
(A) Infection of cells by H. pylori led to an upregulation of CIP2A at the 
mRNA level, which peaked at 6 h following bacterial infection and then 
gradually declined while still maintaining an elevated level until 48 h. 
(B) Increased CIP2A expression was also confirmed at the protein level. 
The CIP2A protein expression was analyzed by western blotting using 
the whole cell lysate harvested following H. pylori infection at different 
time-points, and (C) the results were normalized and quantified against the 
expression of β-actin, which peaked at 24 h following bacterial infection. The 
results represent the mean ± standard deviation (SD) of three independent 
experiments. **P<0.01, compared with the untreated (control) group.
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the JNK2 pathway, MKN-45 cells were pretreated with 20 µM 
of the JNK2 inhibitor SP600125 for 2 h followed by treatment 
with H. pylori. Inhibition of JNK2 signaling by SP600125 led 
to a significant but transient reduction in CIP2A mRNA in 
response to H. pylori infection (Fig. 3A). These changes were 
also reflected at the protein level (Fig. 3B and C).

H. pylori induces proliferation of MKN-45 cells via CIP2A. In 
order to examine the functional impact of H. pylori-induced 
upregulation of CIP2A in gastric cancer cells, we utilized 
siRNA techniques to modulate the expression of CIP2A 
and examined the effect on cell proliferation. MKN-45 cells 
were transfected with siRNA against CIP2A or scrambled 
siRNA, and the effect on the proliferation of MKN-45 cells 
was examined by MTT assay. As expected, siRNA against 
CIP2A not only significantly knocked down the basal level 
of CIP2A expression at the mRNA (by 90%) (Fig. 4A) and 
protein (by 82%) (Fig. 4B and C) levels, as determined by 
qRT-PCR and western blot analysis, respectively, but also the 
H. pylori-induced upregulation of CIP2A at the protein level 
(Fig. 4D and E). Parallel to these changes, H. pylori-induced 
proliferation (Fig. 5A) and colony formation (Fig. 5B and C) 
of the MKN-45 cells were significantly attenuated by CIP2A 

knockdown. These data suggest that CIP2A is involved in 
H. pylori-induced proliferation of MKN-45 cells.

H.  pylori induces the proliferation of MKN-45 cells via 
JNK2 signaling. The results as reported above showed that 
H. pylori-induced upregulation of CIP2A in MKN45 cells 
was regulated via JNK2 signaling, and that H. pylori-induced 
proliferation of MKN45 cells was mediated by CIP2A. Here, 
we further investigated whether JNK2 signaling is involved 
in H. pylori-induced proliferation of MKN-45 cells. MKN-45 
cells were treated with the JNK2 inhibitor SP600125 for 2 h 
prior to H. pylori infection. Cell proliferation was examined 
by the MTT assay. Treatment of MKN-45 cells with SP600125 
attenuated the H. pylori-stimulated cell proliferation (Fig. 6). 
These data indicate that H. pylori-induced proliferation of 
MKN-45 cells is dependent upon JNK2 signaling.

Discussion

H. pylori infection is the major risk factor for gastric cancer, 
which is the second leading cause of cancer-related mortality 
worldwide (20). The prevalence of H. pylori infection varies 
according to geographical region, race, age and socioeconomic 

Figure 2. Effect of H. pylori infection on JNK2 signaling in MKN-45 cells. MKN-45 cells were cultured in the presence of H. pylori at a density of 1:100. 
(A) The expression level of phosphorylated JNK2 (p-JNK2) was detected by western blot analysis, and (C) the results were quantitatively analyzed by 
densitometry. (A and B) Activation of ATF2, a downstream target of the JNK2 pathway, was also examined by western blot analysis using its specific phospho-
antibody, and (D and E) the results were quantitatively analyzed by densitometry. Blots shown are representative of three separate experiments with similar 
results. **P<0.01.
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Figure 3. Effect of the JNK2 inhibitor on H. pylori-induced CIP2A expression in MKN-45 cells. Cultured MKN-45 cells were pretreated with the JNK2 
inhibitor SP600125 (20 µM) for 2 h, followed by incubation with H. pylori as described in Materials and methods. (A) The expression of CIP2A mRNA 
was detected by quantitative real-time reverse transcription-polymerase chain reaction (qRT-PCR) at 6 h following addition of H. pylori. Inhibition of JNK2 
signaling almost abolished H. pylori-induced upregulation of CIP2A. (B) This finding was further verified at the protein level by western blot analysis, and 
(C) the results were analyzed quantitatively at 24 h after addition of H. pylori. The results represent the mean ± standard deviation (SD) of three independent 
experiments. Representative blots are shown. **P<0.01.

Figure 4. siRNA against CIP2A successfully knocked down the expression of CIP2A in MKN-45 cells. MKN-45 cells were treated with scrambled siRNA 
or CIP2A-specific siRNA for 48 h. The expression of CIP2A was examined by (A) quantitative real-time reverse transcription-polymerase chain reaction 
(qRT-PCR)  and (B) verified at the protein level by western blotting and (C) the results were quantified by densitometry. Furthermore, knockdown of CIP2A by 
its specific siRNA was able to reverse the H. pylori-stimulated upregulation of CIP2A, as demonstrated by (D) western blot analysis, and (E) the results were 
quantitatively analyzed by densitometry. The data are expressed as the mean ± standard deviation (SD) of three independent experiments. **P<0.01.
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status (21). A high prevalence of H. pylori infection is present 
in several regions of China such as Hexi Corridor where the 

incidence of gastric cancer is high (22). Clinical epidemio-
logical data has clearly shown a strong association between 
H. pylori infection and gastric carcinogenesis (23-25), and 
eradication of H. pylori was found to reduce the incidence of 
gastric cancer (26,27).

CIP2A was reported to promote cell proliferation and 
tumor formation by stabilizing the oncogene c-Myc (15‑17). 
Overexpression of CIP2A has been shown in human gastric 
carcinoma tissues (16,17). A recent study revealed an associa-
tion between H. pylori infection and CIP2A expression (13); 
yet, the biological impact of H. pylori-induced CIP2A expres-
sion and its underlying molecular mechanisms are not clearly 
defined.

It has been reported that H.  pylori infection activates 
the three major components of MAPK signaling in gastric 
epithelial cells, namely ERK1/2, p38 and JNK (4,28,29). The 
MAPK pathway plays a crucial role in mediating a number 
of events in host cell physiology, including gene transcription, 
mitosis, motility, adhesion, metabolism and apoptosis (6,7). 
The JNK-mediated cascade is the basic signal transduction 
pathway that regulates essential cellular processes (30,31). It 
has been established that H. pylori induces gene expression 
in human gastric epithelial cells by activating JNK signaling 
pathways (29,32-34). Among the JNK family, JNK2 is essential 
for Ras signaling-induced cellular transformation of human 
epithelial cells (35,36).

Previous studies have shown that JNK2 is essential for the 
expression of CIP2A, and JNK2 regulates CIP2A transcription 
via ATF2 (18). In the present study, we further demonstrated 
that H. pylori infection significantly increased the expression 
of CIP2A in MKN-45 cells, both at the mRNA and protein 

Figure 5. Knockdown of CIP2A by siRNA effectively inhibits the H. pylori-
induced proliferation and colony formation of MKN-45 cells. MKN-45 
cells were transfected with scrambled siRNA or CIP2A siRNA for 48 h in 
the presence or absence of H. pylori for 24 h, as described in Materials and 
methods. (A) As measured by MTT assay, knockdown of CIP2A successfully 
blocked the H. pylori-induced cell proliferation. (B) In addition, knockdown 
of CIP2A led to a marked reduction in the colony forming units (CFU), and 
(C) the results are quantitatively presented. The data are expressed as the 
mean ± standard deviation (SD) of three independent experiments. *P<0.05; 
**P<0.01.

Figure 6. H. pylori-induced proliferation of MKN-45 cells is dependent on 
JNK2 signaling. Cells were treated with SP600125 (20 µM) for 2 h, followed 
by H. pylori infection for 24 h, as described in Materials and methods, and 
the cell proliferation was determined using the MTT assay. Inhibition of 
JNK2 signaling markedly reduced basal and H. pylori-induced cell prolifera-
tion. The data are expressed as the mean ± standard deviation (SD) of three 
independent experiments. *P<0.05; **P<0.01. 
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levels. In addition, H. pylori-induced CIP2A required func-
tional JNK2, as inhibition of JNK2 by its inhibitor SP600125 
significantly decreased the expression of CIP2A in response 
to H. pylori. Thus, JNK2 signaling plays an essential role in 
H. pylori-induced CIP2A expression in gastric cancer cells.

Perhaps the most important implication of these finding is 
the functional impact of CIP2A and JNK2 on gastric epithelial 
cells during H. pylori infection. It is known that both CIP2A 
and H. pylori infection enhance cell proliferation (15,16,37-
39). In the present study, blocking of CIP2A by its specific 
siRNA significantly attenuated H. pylori-induced cell prolif-
eration, suggesting that H. pylori induced the proliferation 
of gastric epithelial cells through upregulation of CIP2A. 
This mechanism warrants further investigation to ascertain 
whether CIP2A is suitable for use as a therapeutic target for 
gastric cancer. As our study was conducted using a single 
cell line, further studies using multiple cell lines, particularly 
using normal gastric mucosa cells are needed, and appropriate 
in vivo studies must be performed to further verify the findings 
reported in the present study.

In conclusion, our results demonstrated that H.  pylori 
infection promotes MKN-45 gastric epithelial cell prolifera-
tion through upregulation of CIP2A expression, and this was 
likely mediated via the JNK2 signaling pathway. The data 
presented here suggest that CIP2A plays a critical role in the 
development of human gastric carcinoma, elucidating another 
mechanism of H.  pylori-induced carcinogenesis. Further 
studies, particularly in vivo studies using appropriate animal 
models, are needed to verify whether the interaction between 
CIP2A and JNK2 signaling is indeed essential for the devel-
opment of H. pylori-induced gastric cancer formation, and 
if so, what the potential is for possible gene therapy for this 
malignancy.
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