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Abstract: Colon cancer (CRC) is one of the most prevalent gastrointestinal malignancies and the fourth leading 
cause of cancer death in the world. Helicobacter pylori (H. pylori) infection is prevalent in the population and is 
associated with kinds of digestive system diseases. In this study, we aimed to investigate the effect of H. pylori 
infection on the survival of colon cancer in vitro. Firstly, the expression of autophagy related protein-beclin1 was 
found aberrantly overexpressed in the tissue sample from colon cancer patients compared with the healthy control. 
Further research showed that cell apoptosis rate in SW480 cells was suppressed by H. pylori infection in a dose 
dependent manner. Western blot analysis showed that the expression of beclin1 was increased by H. pylori infec-
tion in dose dependent manner and the microtubule-associated protein 1 light chain 3 (LC3)-II/I ratio was obviously 
increased and the level of autophagy specific degradation protein p62 was decreased by H. pylori infection at 100 
MOI. Moreover, high level of H. pylori infection promoted cell viability and suppressed cell apoptosis in SW480 cells. 
The expression of proliferation marker (Ki67) and apoptosis suppressing protein Bcl-2 was both up-regulated and 
the rate of cleaved-caspase-3/caspase-3 and the level of apoptosis promoting protein Bax was both suppressed in 
H. pylori infected SW480 cells compared with the control group. Moreover, autophagy inhibitor 3-MA counteracted 
the effect of H. pylori infection on cell viability. Taken together, we revealed that high level of H. pylori infection con-
tributes to the survival of colon cancer in vitro. In consideration of the aberrant expression of beclin1, we speculated 
that beclin1 mediated the tumor-promoting activity of H. pylori infection.
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Introduction

Colon cancer (as named as colorectal cancer, 
CRC) is the third most prevalent gastrointesti-
nal malignancy worldwide and the fourth lead-
ing cause of cancer death in the world, marked 
by highly metastatic and highly recurrent [1, 2]. 
As Doll and Peto suggested, as many as 90%  
of stomach and large bowel cancer-related 
deaths could be attributed to dietary factors 
[3]. Besides that, the metabolism of intestinal 
microflora is associated with colon cancer by 
activation of procarcinogens in the intestinal 
cavity [4]. Here, we aimed to investigate the 
effect of Helicobacter pylori (H. pylori) infection 
on the progression of colon cancer.

H. pylori is a spiral gram-negative, microaerobic 
bacterium and was first isolated from the gas-

tric mucosa of gastritis patients by Marshall 
and Warren in 1983 [5]. H. pylori infection is 
prevalent in the population and is associated 
with kinds of digestive system diseases such as 
chronic gastritis (CG) [6], peptic ulcer (PU) [7] 
and gastric cancer [8]. H. pylori was classified 
as a group I carcinogen by the World Health 
Organization (WHO) in 1994 [9] and was etio-
logically responsible for over 50% of gastric 
cancer [10]. Neu B et al. reported that H. pylori 
infection induced the apoptosis of rat gastric 
parietal cells through the activation of NF-kappa 
B and induction of nitric oxide [11]. According to 
another research, the complex mechanisms of 
H. pylori-induced gastric carcinogenesis includ-
ed disruption of the balance between cell prolif-
eration and apoptosis, change in cell invasion 
and migration ability, induction of cell autopha-

http://www.ijcem.com


High level of H. pylori infection promotes CRC

11902 Int J Clin Exp Med 2018;11(11):11901-11910

gy [12]. In addition, recent studies have demon-
strated the relationship between H. pylori infec-
tion and the risk of colon cancer [13]. However, 
the specific mechanisms of H. pylori infection 
in the development of colon cancer are still 
elusive. 

Autophagy is an evolutionarily highly conserved 
process in eukaryotes, which plays a funda-
mental role in protein and organelle degrada-
tion and is closely involved in human disease 
and physiology [14]. Autophagy acts as a tumor 
suppressor or tumor promoter to regulate can-
cer cell proliferation or tumorigenesis in differ-
ent model systems, indicating an important 
role of in cancers [15, 16]. Previous studies 
have also demonstrated the interrelation of 
autophagy with the progression of colon cancer 
[17, 18]. Beclin1 is highly homologous to the 
yeast autophagy gene Atg6/Vps30 and it is 
located at chromosomal 17q21 [19]. Beclin1 
plays an essential role in the regulation of 
autophagosome formation and maturation 
[20]. Besides that, beclin1 plays a mediating 
effect on the information of autophagy and 
tumor development. According to the research 
of Wei et al, the up-regulated expression of 
phosphorylated beclin1 mutant leaded to 
reduced autophagy, thus promoting tumor 
growth and dedifferentiation in non-small cell 
lung carcinoma (NSCLC) [20]. Moreover, higher 
expression of beclin1 was found in CRC tissues 
compared with normal tissues and beclin1 
served as a favorable prognostic marker in CRC 
diagnosis [21]. But till now, the effect of beclin1 
on the survival of colon cancer has not been 
validated.

In this study, we aimed to investigate the effect 
of H. pylori infection on the survival of colon 
cancer in vitro. We hypothesized that high level 
of H. pylori infection contributes to the survival 
of CRC cells via up-regulating beclin1. Our 
results may provide a better understanding for 
the underlying pathological mechanism of CRC.

Materials and methods

Samples collection

The study was performed in accordance with 
the Helsinki Declaration and was approved by 
the ethics committee on human studies of 
Sichuan Provincial People’s Hospital. Forty 
pairs of human colon cancer tissues and adja-

cent normal tissues were obtained from 
patients who underwent surgical resection in 
Sichuan Provincial People’s Hospital. The 
patient was informed and the consents of the 
patients were obtained before the experiment. 
The tissues were frozen in liquid nitrogen and 
stored at -80°C until use. 

RT-PCR

Total RNA was extracted from tumor tissues 
and using Trizol reagents (Invitrogen, USA) 
according to the manufacturer’s instructions. 
Equal amounts of RNA were reversely tran-
scribed to cDNA with HiScript Reverse Trans- 
criptase Kit (Vazyme, China). PCR was perfor- 
med with the following primers and standard 
profiles: Beclin1 (forward: 5’-GAACCGCAAGATA- 
GTGGC-3’; reverse: 5’-CAGAGCATGGAGCAGC- 
AA-3’). The annealing temperature and the  
thermal cycles for beclin1 were 54°C and 35 
cycles, respectively. RT-PCR products were 
analyzed on 1% agarose gel and the intensity of 
each band was quantified by Image J software. 
The level of GAPDH was used as an internal 
standard. 

Western blot analysis

The proteins extracted from tissues and cul-
tured cells were separated on a 12% polyacryl-
amide gel and then transferred onto polyvinyli-
dene fluoride (PVDF) membranes (Millipore, 
Massachusetts, USA). The membranes were 
blocked in 1 × phosphate-buffered saline (PBS) 
containing 0.1% Tween 20 and 5% nonfat milk 
for 2 h at room temperature, and then were 
incubated with the primary antibodies: anti-
beclin1, anti-microtubule-associated protein 1 
light chain 3 (LC3)-I, anti-LC3-II, anti-p62, anti-
Bcl-2, anti-Ki67, anti-caspase-3, anti-cleaved-
caspase-3, anti-Bax, anti-GAPDH and corre-
sponding HRP-conjugated secondary antibod-
ies (Abcam, Cambridge, UK). Membranes were 
extensively washed 3-5 times with PBST. 
Proteins were detected using a ChemiDoc XRS 
imaging system and Quantity One analysis soft-
ware (Bio-Rad, San Francisco, California, USA). 
GAPDH (Abcam) was used as an endogenous 
reference.

Cell culture

The human colon cancer cell line SW480  
was purchased from American Type Culture 
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Collection (Manassas, VA). The cell line was 
maintained routinely in RPMI Media 1640 
(Gibco, Cat#:11875-093) supplemented with 
10% fetal bovine serum (Life Technologies, Inc., 
Grand Island, New York) and grown at 37°C in 
humidified air containing 5% CO2.

H. pylori strains culture and infection model

H. pylori strain SS1 (obtained from Chinese 
Centre for Disease Control and Prevention) was 
grown on brain-heart infusion plates containing 
10% rabbit blood at 37°C under microaerophil-
ic conditions (5% O2, 10% CO2, 85% N2). H. pylo-
ri was washed from the culture plates with ster-
ile phosphate-buffered saline (PBS) and was 
centrifuged at 2500 × g for 5 min, then was 
resuspended in RPMI 1640 medium without 
antibiotics. The amount of bacteria was deter-
mined by measuring optical density at 600 nm 
(1 OD600 = 1 × 109 CFU/ml). RPMI 1640 medi-
um alone served as a blank control. 

Drug 

3-MA was purchased from Sigma (St. Louis, 
MO, USA) and was dissolved in sterile PBS to 
prepare 200 mM stock solution and aliquots 
were kept at -20°C. 

Cell viability analysis 

Cell viability was assessed using methylthiazo-
letetrazolium (MTT) assay. SW480 cells were 
seeded in 96-well plates (3 × 103 cells per well). 
Cells were incubated with 20 μl of MTT solution 
(5 mg/mL; Sigma) and 150 μl of Dimethyl sulf-

oxide (DMSO) for 4 hours at 37°C. OD value 
was determined with a microplate spectropho-
tometer (ELx800; Bio-TEK, Win ooski, Vermont) 
at the indicated time points after treatment at 
490 nm wavelengths. 

Flow cytometric analysis of cell apoptosis

For the apoptosis analysis, cells were collected, 
washed twice with cold PBS, re-suspended and 
fixed, then were stained using the Annexin 
V-fluorescein isothiocyanate (FITC) and PI apop-
tosis detection kits (Annexin V-FITC Apoptosis 
Detection Kit, eBioscience). The cells were 
examined by the FACS Caliber II sorter and Cell 
Quest FACS system (BD Bio-sciences, San 
Jose, CA, USA) according to the manufacturer’s 
protocols. 

Statistical analysis

Results are expressed as mean ± standard 
deviation (SD). Statistical analysis was per-
formed using GraphPad Prism 6.0 software 
(San Diego, CA, USA). Unpaired Student’s t test 
was used to compare two groups, and one-way 
ANOVA was used to compare three or more 
groups. P < 0.05 deemed as statistically signi- 
ficant.

Results

Expression of beclin1 was up-regulated in CRC

Autophagy related gene beclin1 is usually found 
down-regulated in cancers but it has also been 
reported that the expression of beclin1 is aber-

Figure 1. The expression of beclin1 was up-regulated in CRC. A. Relative mRNA level of beclin1 in CRC tissues and 
adjacent healthy tissues were detected through RT-PCR. B. Relative protein level of beclin1 in CRC tissues and 
adjacent healthy tissues was detected through western blotting. GAPDH was used as an endogenous reference. C. 
Histogram represents the statistical analysis of western blotting. The bars showed means ± SD of three indepen-
dent experiments. *P < 0.05 versus healthy control group.
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rant in CRC [22]. So the expression of beclin1 in 
serum sample from CRC patients and healthy 
control was detected through RT-PCR and west-
ern blotting, respectively. As shown in Figure 
1A, relative mRNA level of beclin1 was signifi-
cantly higher in CRC group than the healthy 
control group. Western blot analysis further 
showed that relative protein level of beclin1 
was also up-regulated in CRC group compared 
with the healthy control group (*P < 0.05, Figure 
1B, 1C). These results suggested that the 
expression of beclin1 was aberrantly up-regu-
lated in CRC.

Cell apoptosis rate in SW480 cell line was sup-
pressed by H. pylori infection in a dose depen-
dent manner

SW480 cells were infected with H. pylori at dif-
ferent multiplicity of infection (MOI). As shown 
in Figure 2A-E, cell apoptosis rate tended to 
decrease with the gradually increased MOI 

from 1 to 100. Statistical results of apoptosis 
rate in SW480 cells at different MOI was pre-
sented in the form of histogram (*P < 0.05, 
Figure 2F). These results above suggested that 
cell apoptosis rate in SW480 cells was sup-
pressed by H. pylori infection in a dose depen-
dent manner.

H. pylori infection induced autophagy in CRC

Having known that H. pylori infection and 
beclin1 were both involved in the progression 
of CRC, the underlying correlation between the 
two was further investigated. The expression of 
autophagy related proteins beclin1, LC3-I, LC3-
II, p62 in pre-treated SW480 cells was detect-
ed through western blotting. As shown in Figure 
3A, 3B, the expression of beclin1 was increased 
by H. pylori infection in dose dependent man-
ner. Further investigation found that  LC3-II/I 
ratio was also increased by H. pylori infection. 
At the same time, the expression level of 

Figure 2. Cell apoptosis rate in SW480 cell line was suppressed by H. pylori infection in a dose dependent manner. 
A-E. SW480 cells were infected with H. pylori at different MOI range from 1 to 100, respectively. Flow cytometry 
was performed to determine the percentages of apoptosis in SW480 cells. F. Histogram represents the statistical 
analysis of flow cytometry. The bars showed means ± SD of three independent experiments. *P < 0.05 versus MOI 
= 1 group. 
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autophagy specific degradation protein p62 
was suppressed by H. pylori infection. More- 
over, the addition of autophagy inhibitor 3-MA 
counteracted the inducing effect of H. pylori 
infection on autophagy in SW480 cells. The 
expression of beclin1, p62 and the LC3-II/I 
ratio detected through western blotting was 
statistically analyzed and was presented in  
the form of histogram (#P < 0.05, *P < 0.05, 
Figure 3D-F). These results above indicated 
that H. pylori infection induced autophagy in 
CRC. 

H. pylori infection induced cell proliferation 
was counteracted by 3-MA treatment in CRC

To investigate the molecular mechanisms of H. 
pylori infection on CRC cell survival, MTT assay 
was conducted to detect cell proliferation in 
SW480 cells. As shown in Figure 4A, relative 
cell proliferation rate was increased by H. pylori 
infection in SW480 cells compared with the 
control cells. Then elevated cell proliferation 
rate was suppressed by the addition of 3-MA 
(#P < 0.05, *P < 0.05). The expression of cell 

Figure 3. H. pylori infection induced autophagy in CRC. A. SW480 cells were infected with H. pylori at different MOI 
range from 1 to 100, respectively. The effect of H. pylori infection on the expression of Beclin1 was valued through 
western blotting. B. Histogram represents the statistical analysis of beclin1 expression. In the following experiments, 
SW480 cells were divided into 3 groups: Untreated SW480 cells were used as control group. SW480 cells infected 
with H. pylori at 100 MOI alone or in combination with 3-MA (5 mM) for 72 h were used as experiment groups. C. The 
expression of autophagy related proteins beclin1, LC3-I/II, p62 was detected through western blotting. GAPDH was 
used as an endogenous reference. D. Histogram represents the statistical analysis of beclin1 expression detected 
through western blotting. E. Histogram represents the statistical analysis of LC3-II/I ratio detected through western 
blotting. F. Histogram represents the statistical analysis of p62 detected through western blotting. The bars showed 
means ± SD of three independent experiments. *P < 0.05 versus SW480 control group, **P < 0.01 versus SW480 
control group, #P < 0.05 versus H. pylori infected SW480 group. 
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proliferation marker protein Ki67 and apopto-
sis suppressing protein Bcl-2 was both in- 
creased in H. pylori-infected SW480 cells. But, 
3-MA counteracted the facilitating effect of H. 
pylori infection on the expression of Ki67 and 
Bcl-2 (Figure 4B). The expression of Bcl-2 and 
Ki67 detected through western blotting was 
statistically analyzed and was presented in the 
form of histogram, respectively (#P < 0.05, *P < 
0.05, Figure 4B, 4C). These results above indi-
cated that H. pylori infection induced cell prolif-
eration was counteracted by 3-MA treatment in 
CRC 

Inhibiting effect of H. pylori infection on cell 
apoptosis was counteracted by 3-MA treat-
ment in CRC 

To further explore the mechanism of H. pylori 
infection on CRC cell apoptosis, flow cytometric 

infection on cell apoptosis was counteracted by 
3-MA treatment in CRC.

Discussion

Colon cancer (CRC) is one of the most common 
cancers and is one of the leading causes of 
cancer-related deaths in the world. H. pylori 
infection is highly associated with gastrointesti-
nal diseases, including gastric inflammation, 
gastric cancer, peptic ulcer and gastric muco-
sa-associated lymphoid-tissue lymphoma. In 
the present study, we aimed to investigate the 
effect of H. pylori infection on the survival of 
colon cancer. 

H. pylori infection relies on an acid acclimation 
mechanism for its survival in the acidic stom-
ach, and then adsorption to host cells by flagel-
lar motility, thus causing tissue damage by 

Figure 4. H. pylori infection induced cell proliferation was counteracted by 
3-MA treatment in CRC. A. Cell proliferation rate of SW480 cells in different 
group was detected through MTT assay at indicated times. B. The expres-
sion of cell proliferation marker protein Ki67 and apoptosis suppressing 
protein Bcl-2 in SW480 cells was detected through western blotting. GAPDH 
was used as an endogenous reference. C and D. Histograms represent the 
statistical analysis of Bcl-2 and Ki67 detected through western blotting, re-
spectively. The bars showed means ± SD of three independent experiments. 
*P < 0.05 versus SW480 control group. #P < 0.05 versus H. pylori infected 
SW480 group.

analysis was conducted to 
detect cell apoptosis in SW- 
480 cells. Cell apoptosis rate 
was largely suppressed by H. 
pylori infection compared with 
the control cells. Suppressed 
cell apoptosis rate was then 
elevated by 3-MA in the H. 
pylori+ 3-MA group compared 
with the H. pylori infection 
group (#P < 0.05, *P < 0.05, 
Figure 5A, 5B). The expres-
sion of apoptosis marker pro-
tein cleaved-caspase-3/cas-
pase-3 and apoptosis promot-
ing protein Bax was also de- 
tected through western blot-
ting. Western blotting analy- 
sis showed that the rate of 
cleaved-caspase-3/caspase- 
3 and the expression level  
of Bax were both down-regu-
lated in the H. pylori infection 
group. Suppressed expression 
of cleaved-caspase-3 and Bax 
was increased by adding 3- 
MA in the H. pylori+ 3-MA 
group (Figure 5C). The rate of 
cleaved-caspase-3/caspase- 
3 and the level of Bax detect-
ed through western blotting 
was statistically analyzed and 
was presented in the form  
of histogram (#P < 0.05, *P < 
0.05, Figure 5D, 5E). These 
results above indicated that 
the inhibiting effect of H. pylori 
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toxin releasing [23]. Cytotoxin-associated gene 
A (Cag A), vacuolating cytotoxin A (VacA) and 
peptidoglycan are most studied virulence fac-
tors in the infection progression of H. pylori. 
Cag A regulated the proliferation and trans-dif-
ferentiation of gastric epithelial cells multiple 
signaling pathways [24, 25]. Others have dem-
onstrated the pro-apoptosis effect of VacA in 
human gastric epithelial cells by targeting mito-
chondria [26]. Peptidoglycan was also reported 
to decrease the threshold for malignant trans-
formation by suppressing apoptosis and pro-
moting proliferation and cell migration [27, 28]. 
Moreover, autophagy was reported to be 
induced by VacA in human-derived gastric epi-
thelial cells (AGS) for limiting the toxin-induced 
cellular damage [29]. At the same time, pro-
longed exposure to VacA suppressed autopha-
gy by preventing maturation of the autolyso-
some to facilitate intracellular survival and per-

sistence of H. pylori [30]. The previous studies 
reveal that autophagy is closely associated 
with H. pylori infection. The formation and sup-
pression of autophagy induced by H. pylori 
infection are always in the state of dynamic 
balance.

Beclin1 is an essential molecule in the forma-
tion of autophagosome, which involves in  
the formation and maturation of autophago-
some by mediating the binding of autophagy 
related proteins to phagophore [31]. In previous 
reports, beclin1 usually acted as an important 
tumor suppressor gene in carcinogenic process 
and the expression of beclin1 is usually found 
down-regulated in cancers. For example, the 
expression levels of beclin1 mRNA and protein 
were significantly reduced in the NSCLC tissues 
compared with the matched surrounding nor-
mal lung tissues [32]. Overexpressed beclin1 

Figure 5. The inhibiting effect of H. pylori infection on cell apoptosis was counteracted by 3-MA treatment in CRC. A. 
Flow cytometric analysis was conducted to detect cell apoptosis in SW480 cells. B. Histograms represent the sta-
tistical analysis of flow cytometric. C. The expression of apoptosis marker protein cleaved-caspase-3 and apoptosis 
promoting protein Bax was detected through western blotting. GAPDH was used as an endogenous reference. D and 
E. Histograms represent the statistical analysis of cleaved-caspase-3 and Bax detected through western blotting, 
respectively. The bars showed means ± SD of three independent experiments. *P < 0.05 versus SW480 control 
group. #P < 0.05 versus H. pylori infected SW480 group.
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arrested the cell cycle, suppressed cell prolif-
eration, promoted autophagy and apoptosis in 
ovarian cancer and was associated with a lower 
risk of death in patients with ovarian cancer 
[33]. But, as Wu S et al. reported, aberrant ele-
vated expression of autophagy related proteins 
(beclin1, LC3 and mTOR) may be associated 
with the development and progression of CRC 
[22]. Consistent with this report, in our study, 
the expression of beclin1 in mRNA and protein 
level was both largely decreased compared 
with the healthy control. Thus, the aberrant 
expression of beclin1 in CRC indicates a certain 
relationship with CRC progression.  

According to previous reports, H. pylori infec-
tion was closely associated with cell apoptosis. 
For example, overexpressed tumor necrosis 
factor receptor-associated factor 1 (TRAF1) 
induced by H. pylori infection plays an anti-
apoptotic role in gastric epithelial cells and may 
contributes to the gastric carcinogenesis [34]. 
Besides that, Cag A promoted host cell survival 
and suppressed cell apoptosis to overcome 
self-renewal of the gastric epithelium, thus 
enhancing the colonization of H. pylori. in the 
stomach [35]. Also, in our study, cell apoptosis 
rate in SW480 cell line was suppressed by H. 
pylori infection in a dose dependent manner. In 
the study of autophagy, beclin1, LC3 and p62/
SQSTM1 (p62) are three important autophagy-
related proteins [36]. In our study, the expres-
sion of beclin1 and the LC3-II/I ratio were  
significantly increased by H. pylori infection, 
and at the same time, the expression of autoph-
agy specific degradation protein p62 was 
decreased. As expect, autophagy inhibitor 
3-MA suppressed the formation of autophagy 
induced by H. pylori infection. The results above 
strongly suggest that H. pylori infection was 
associated with CRC progression by inducing 
autophagy.

In previous researches, autophagy was report-
ed to be associated with cell proliferation in 
kinds of diseases. For example, down-regulat-
ed MEG3 activated autophagy and increased 
cell proliferation in bladder cancer [37]. Others 
reported that overexpressed BRAF-activated 
lncRNA (BANCR) induced an increase in the 
ratio of LC3-II/I and promoted cell proliferation 
in papillary thyroid carcinoma (PTC) [38]. 
Similarly, in our study, cell proliferation was 
obviously promoted in SW480 cells infected 

with H. pylori compared with the control cells. 
The expression of cell proliferation marker pro-
tein Ki67 and apoptosis suppressing protein 
Bcl-2 was both increased in H. pylori-infected 
SW480 cells. The addition of 3-MA counteract-
ed the facilitating effect of H. pylori infection on 
cell proliferation. The results above identify 
that H. pylori infection promoted cell prolifera-
tion by activating autophagy in CRC. 

Recent studies have revealed the possible 
crosstalk between H. pylori infection/autopha-
gy and apoptosis. As reported, Bcl-2 and Bcl-xL 
appear to inhibit beclin1-mediated autophagy 
by binding to beclin1 [39]. Autophagy inhibitor 
3-methyladenine (3-MA) and small interfering 
RNA (siRNA) targeting beclin1 suppressed cell 
apoptosis in human hepatocellular carcinoma 
cells [40]. Moreover, H. pylori infection was 
reported to regulate cell apoptosis in human 
gastric epithelial cells [41], peripheral blood 
monocytes [42]. In agreement with these 
reports, in our study, cell apoptosis was sup-
pressed by H. pylori infection in SW480 cells 
compared with the control cells. The sup-
pressed cell apoptosis rate was then elevated 
by 3-MA in H. pylori-infected SW480 cells. 
Moreover, the decreased expression of apo- 
ptosis marker protein cleaved-caspase-3 and 
apoptosis promoting protein Bax was up-regu-
lated by adding 3-MA in H. pylori-infected 
SW480 cells. The results above identify that H. 
pylori infection suppressed cell apoptosis via 
autophagy in CRC. 

In conclusion, this study demonstrated that the 
expression of beclin1 was aberrantly up-regu-
lated in colon cancer. Besides that, cell apopto-
sis rate in SW480 cell line was suppressed by 
H. pylori infection in a dose dependent manner. 
At the same time, high level of H. pylori infec-
tion induced autophagy in CRC. Moreover, H. 
pylori infection promoted cell proliferation and 
suppressed cell apoptosis in CRC by inducing 
autophagy. So we conjectured that high level of 
H. pylori infection contributes to the survival of 
CRC via up-regulating beclin1. 
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