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Helicobacter pylori is a major cause of gastric cancer. This study was aimed to explore the characteristic of
DNA damage induced by H. pylori infection in gastric cancer AGS cells. After infection with H. pylori, the
reactive oxygen species (ROS) levels in AGS cells were significantly higher than those in the uninfected cells.
Cells with longer comet tails were detected after infection with H. pylori. The number of apurinic/apyrimidinic
endonuclease 1- and phosphorylated H2AX-positive cells was significantly increased compared with the
number of negative control cells. The expression of pChk1 and pChk2 was significantly upregulated by
H. pylori infection. Cell growth was inhibited after H. pylori infection. All these results were dose dependent. The
cell alterations were more significant upon infection with H. pylori at a multiplicity of infection (MOI) of 100:1
than at an MOI of 50:1. H. pylori infection can induce DNA single-strand breaks, DNA double-strand breaks, and
cell cycle checkpoint activation after ROS generation in the gastric cancer cell line AGS, which is a potential
driver for gastric cancer.
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Introduction

Gastric cancer is one of the most common cancers in
the world (Tan and Yeoh, 2015). Despite a steady

decline in gastric cancer incidence and mortality rates ob-
served in developed countries for the past 50 years, gastric
cancer is still a considerable global health burden (Torre
et al., 2015; Ajani et al., 2017). The incidence rate of gastric
cancer is highest in Eastern Asia, including China (Torre
et al., 2015). China contributes *40% of new cases of
gastric cancer around the world every year (Torre et al.,
2016). Primary prevention is considered to be a particularly
effective way to fight against cancer. Investigation of the
mechanisms of risk factors is extremely important for ap-
propriate prevention strategies and prioritization of cancer-
control planning (Vineis and Wild, 2014).

Helicobacter pylori as an infectious agent is a major risk
factor for gastric cancer and is the most important infectious
agent worldwide (Plummer et al., 2016). Approximately
75% of gastric cancer cases are induced by H. pylori in-
fection (Plummer et al., 2015). The International Agency for
Research on Cancer has classified H. pylori as a group I
carcinogen that causes gastric cancer in humans (1994). H.

pylori eradication is beneficial for prevention of gastric
cancer (Choi et al., 2018; Mera et al., 2018). H. pylori is a
gram-negative spiral organism that colonizes gastric surface
mucous cells and resides in the mucous layer (Steer, 1985).
H. pylori infection causes inflammatory responses in the
host that lead to chronic gastritis and the development of
peptic ulcer disease and gastric cancer (Graham and
Fischbach, 2010). The risk of gastric cancer is three to six
times higher in individuals infected with H. pylori than in
uninfected individuals (Kim et al., 2011). The discovery of
H. pylori has revolutionized the practice of gastroenterol-
ogy, and Correa’s multistep cascade theory is a leading
factor (Wroblewski and Peek, 2007; Plottel and Blaser,
2011; Rugge et al., 2016). Our previous studies have also
shown an association between H. pylori infection and de-
velopment of gastric cancer (Shi et al., 2013; Liu et al.,
2015). However, the underlying mechanisms of H. pylori’s
role in the development of gastric cancer are complex and
unclear.

Gastric tissue is particularly sensitive to reactive oxygen
species (ROS) (Chaturvedi et al., 2015). The research on
ROS started around 1956 with the finding that 2% of the
oxygen used by the respiratory chain can be released and
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transformed into a superoxide radical anion O2�
- (Harman,

1956). Endogenously generated ROS can be eliminated to
achieve homeostasis. Additional stimuli induce excessive
production of ROS that can exceed the scavenging capacity
and cause ROS to accumulate in the human body. Studies
indicate that ROS affect various signaling pathways and
control many cellular processes. ROS can increase meta-
bolic, survival, and proliferation signaling and can induce
oxidative DNA damage (Kruk and Aboul-Enein, 2017;
Gwangwa et al., 2018). DNA damage has been demon-
strated to be the culprit for tumorigenesis (Gorgoulis et al.,
2005). Oxidative DNA damage is repaired to a certain ex-
tent to maintain genome integrity by the DNA repair sys-
tems of the cell, but the damage may also avoid the repair
systems (Davalli et al., 2018). DNA double-strand breaks
(DSBs) are the most deleterious of all types of DNA dam-
age. Continuous formation of DNA DSBs may contribute
to genomic instability and consequently to tumorigenesis
(Halazonetis et al., 2008).

In this study, we investigate H. pylori infection-induced
DNA damage response, including SSBs, DSBs, and the
activation of cell cycle checkpoint in the H. pylori-infected
gastric cancer cell line. A real-time cell proliferation assay
was used to estimate cell growth rate after H. pylori infec-
tion. Therefore, the aim of this study is to comprehensively
assess the characteristics of H. pylori-induced DNA damage
in association with the ROS levels; the results may help to
develop early intervention and targeted therapy in H. pylori-
related gastric mucosal diseases, especially in gastric cancer.

Materials and Methods

H. pylori culture

H. pylori strain ATCC 26695 used for this study was
preserved in the Key laboratory for H. pylori infection and
upper gastrointestinal diseases in Peking University Third
Hospital. H. pylori ATCC 26695 was cultured on blood agar
plates containing 39 g/L Columbia solid culture medium
(Oxiod), 5% (v/v) sheep blood (Curtin Matheson, Jessup,
MD), and the following antibiotics: 4mg/mL amphotericin B
(Life Tech, Carlsbad, CA), 4 mg/mL trimethoprim, and
4 mg/mL vancomycin. The plates were incubated at 37�C for
3 or 5 days in a microaerobic environment [5% (v/v) O2,
10% (v/v) CO2, and 85% (v/v) N2]. Before harvesting, the
H. pylori cultures were examined using urease tests and
Gram staining. Oxidase and catalase tests were also used to
ensure that the strains were not contaminated.

Cell culture, culture conditions, and coculture assays

AGS cells were cultured in RPMI1640 medium supple-
mented with 10% (v/v) fetal bovine serum (HyClone, Lo-
gan, UT). AGS cells were cultured at 37�C in a humidified
incubator at 5% (v/v) CO2. After the bacterial cultures had
been resuscitated on blood agar plates, H. pylori 26695
bacteria were harvested, washed three times with phosphate-
buffered saline (PBS), resuspended in the cell growth
medium, and diluted to a final concentration of 1 · 108

CFU/mL. AGS cells were plated 1 day before H. pylori
treatment. For coculture of the cells with bacteria, cells were
rinsed once with PBS and fresh growth medium was added.

The bacterial strains were then added to the cell medium at
multiplicity of infection (MOI) of 50:1 and 100:1 for 24 h.

Measurement of intracellular ROS

Intracellular ROS levels were measured using a cell-
permeable fluorogenic probe. AGS cells were seeded in
6-well plates (at a density of 2 · 105 cells). After co-
culture of the cells with H. pylori at an MOI of 50:1 or 100:1
for 24 h, cells were washed with PBS for three times,
and then ROS levels were monitored using a 2¢,7¢-
dichlorodihydrofluorescein diacetate (DCF-DA) molecular
probe (Beyotime, Shanghai, China). The DCF fluorescence
distribution in the cells was observed under a fluorescence
microscope (Olympus, Japan) at 200 · magnification. The
DCF fluorescence was measured using a Bio-Rad 680
multilabel counter with the excitation source at 488 nm and
emission at 525 nm (Bio-Rad, CA) and data were presented
as fold of control.

Comet assay

Single-cell gel electrophoretic comet assay was per-
formed under neutral conditions to detect DSBs as described
previously ( Jin et al., 2016). Intact AGS cells infected with
H. pylori were collected and rinsed twice with ice-cold PBS;
2 · 104 cells/mL were combined with 1% LMAgarose at
40�C at a ratio of 1:3 (v/v) and immediately pipetted onto
the slides. For cellular lysis, the slides were immersed in a
neutral lysis solution (2% sarkosyl, 0.5 M Na2EDTA,
0.5 mg/mL proteinase K, pH 8.0) overnight at 37�C in the
dark, followed by washing in the rinse buffer (90 mM
Tris-buffer, 90 mM boric acid, 2 mM Na2EDTA, pH 8.5)
for 30 min. The slides were then subjected to electrophoresis
at 20 V (0.6 V/cm) for 25 min and stained in 2.5 mg/mL
propidium iodide for 20 min. Images were taken with a
fluorescence microscope (Olympus, Japan) at 400 · magni-
fication and analyzed by the Comet Assay IV software.

Immunofluorescence microscopy

Immunofluorescence was performed as described pre-
viously (Ma et al., 2013). In brief, 4 · 104 cells per well
were seeded into 24-well culture plates and incubated for
24 h at 37�C in 5% (v/v) CO2; the cells were then treated
with the H. pylori strain at MOI of 50:1 or 100:1 for 24 h.
PBS was used to wash the cells three times. The cells were
then fixed in 4% paraformaldehyde in PBS (pH 7.4) at
room temperature for 30 min. After permeabilization with
0.1% Triton X-100 at room temperature for 30 min, cells
were blocked in 1% BSA-supplemented PBS for 1 h and
incubated overnight at 4�C with antibodies to apur-
inic/apyrimidinic endonuclease 1 (APE1) and phosphory-
lated H2AX (gH2AX). After washing three times in PBS
containing 0.1% Tween-20 and 0.01% Triton X-100 for
5 min each, the cells were labeled with 1:500 FITC-
conjugated IgG or Rho-conjugated IgG for 1 h at room
temperature. After washing in PBS containing 0.1% Tween
20 and 0.01% Triton X-100, the cells were co-stained.
Finally, the cells were examined with a fluorescence mi-
croscope (Olympus, Japan) at 400 · magnification.
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Western blot analysis

Proteins related to DNA damage were detected by west-
ern blot analysis. Cells were harvested and suspended in the
cell lysis buffer containing a protease inhibitor mixture and
shaken on ice for 30 min. The cell lysate was centrifuged
at 15,000 · g at 4�C for 10 min, and the supernatant was
collected. The total protein concentration was measured by
the Bradford method using a BCA protein assay kit. Proteins
were separated by 12% (w/v) sodium dodecylsulfate poly-
acrylamide gel electrophoresis and electrophoretically
transferred onto polyvinylidene fluoride membranes. The
membranes were blocked in 5% (w/v) fat-free milk in Tris-
buffered saline containing 0.5% (v/v) Tween-20 at room
temperature for 1 h and incubated overnight at 4�C with
antibodies against pChk1, pChk2, Chk1, Chk2, or b-actin.
After three washes in PBS supplemented with 0.1% (v/v)
Tween-20 for 15 min, the membranes were incubated with
a secondary antibody for 1 h at room temperature. Proteins
were identified by scanning the membranes using an
Odyssey Imager (LI-COR Biosciences).

Cell growth analysis

A real-time cell proliferation assay was conducted using
the ACEA RT-CES microelectronic cell sensor system
(ACEA Biosciences) to measure the numbers of living cells.
This system works by measuring electrical impedance of
sensor electrodes integrated on the bottom of microtiter
E-plates. In brief, after coculture with H. pylori for 24 h at
MOI of 50:1 or 100:1, 1 · 104 cells per well were seeded in
E-Plate 96 and allowed to attach for 12 h. A unitless pa-
rameter termed the cell index was derived and used to
represent the cell numbers based on the measured relative
changes in electrical impedance that occurred in the pres-
ence and absence of the cells in the wells. The cell index
was normalized to the baseline reading at time point 0 after
the attachment (Zaid et al., 2013). Cellular impedance was
measured periodically every 5 min. The electronic sensors
provided a continuous and quantitative measurement of the
cell index (which depends on the number of attached cells
and the shape of the cells) in each well. Cell proliferation
measured using the cell index was monitored for 72 h.

Statistical analysis

Differences between two groups were analyzed using
Student’s t-test. Comparison between multiple sample sets
and the control were performed using one-way analysis of
variance (ANOVA) followed by the Student–Newman–
Keuls (SNK) test. Data are presented as the mean – SD of
three independent experiments. All statistical analyses were
performed using the SPSS 22.0 computer software. p-Values
that were <0.05 were considered statistically significant.

Results

H. pylori-induced intracellular ROS in gastric cancer
AGS cells

To gain insight into the events underlying the pathogenic
mechanisms of H. pylori in gastric mucosa, we assayed
intracellular ROS in the gastric cancer AGS cells after
H. pylori treatment. Cells were infected with H. pylori

strain 26695 at an MOI of 50:1 or 100:1. ROS levels were
measured after treatment with the DCF-DA molecular
probe. As shown in Figure 1, after infection at MOIs of
50:1 and 100:1, the ROS levels in the AGS cells were
significantly higher than those in the uninfected cells
( p < 0.05). The ROS levels were higher at an MOI of 100:1
than at an MOI of 50:1 ( p < 0.05).

H. pylori-induced DNA single-strand breaks and DNA
DSBs in AGS cells

To study whether ROS induce oxidative DNA damage in
the H. pylori-infected cells, we performed the neutral comet
assay to examine DNA damage. As shown in Figure 2, cells
with longer comet tails were detected among the cells infected
with H. pylori, but longer tails were not detected in the neg-
ative control cells, indicating that DNA damage was induced
by H. pylori infection ( p < 0.05). Compared with the cells
infected at an MOI of 50:1, the tail moment was longer in the
cells infected at an MOI of 100:1 ( p < 0.05). To further con-
firm the presence of DNA damage, we examined a surrogate
marker of DNA single-strand breaks (SSBs), APE1, and a
surrogate marker of DNA DSBs, gH2AX, using immunoflu-
orescence microscopy. The data in Figure 3 indicate that the
fractions of APE1- and gH2AX-positive cells significantly
increased after H. pylori infection versus the negative control
( p < 0.05). Positive cells infected at MOI of 100:1 had higher
levels than cells infected at MOI of 50:1 ( p < 0.05).

H. pylori-activated cell cycle checkpoint in AGS cells

To study whether the cell cycle checkpoint was activated
due to persistent DNA damage, western blot analysis was
used to monitor the active status of checkpoint kinase 1
(Chk1) and checkpoint kinase 2 (Chk2) with phosphoprotein-
specific antibodies. As shown in Figure 4, no active Chk1 and
Chk2 was detected in the control cells. In the cells infected
with H. pylori, Chk1 and Chk2 were activated. The ex-
pression of pChk1 and pChk2 was significantly upregulated
by H. pylori infection. The levels of kinases were higher in
the cells infected at an MOI of 100:1 than in the cells in-
fected at an MOI of 50:1.

Cell growth in AGS cells was inhibited
after H. pylori infection

To further investigate cell growth after DNA damage, we
used an ACEA RT-CES microelectronic cell sensor system
to measure the cell index after infection with H. pylori.
After 24 h of infection, cells were seeded in 96-well plates.
As shown in Figure 5, the growth of the AGS cells was
inhibited after H. pylori infection in a dose-dependent man-
ner. Approximately 43 h after plating, the growth of the
negative control cells reached a plateau. The growth rate was
reduced in the cells previously infected by H. pylori at an
MOI of 50:1 or 100:1 for 24 h. At *60 h after plating, the
growth of the cells previously infected at an MOI of 50:1
reached a plateau. Approximately 70 h after plating, the
growth of the cells previously infected at an MOI of 100:1
reached a plateau. The results of the cell index measure-
ments indicated that the cells with DNA damage induced
by H. pylori infection might have a delay in a cell cycle
checkpoint, and this leads to mitotic exit and genomic instability.
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FIG. 1. Helicobacter pylori induced intracellular ROS in AGS cells. (a) After cells were cocultured with H. pylori at an
MOI of 50:1 or 100:1, the intracellular ROS levels in the gastric cancer AGS cells were measured using DCF-DA molecular
probe treatment followed by fluorescence microscopy. (b) Statistical analysis of ROS positive cells per field in three groups,
including the control group without H. pylori infection, H. pylori-infected group at an MOI of 50:1, and H. pylori-infected
group at an MOI of 100:1. (c) ROS production by measuring the level of fluorescent DCF was presented as fold of control.
Data are presented as the mean – SD of three independent experiments. *p < 0.05 was considered statistically significant
versus control. #p < 0.05 was considered statistically significant versus the group with H. pylori infection at MOI of 50:1.
DCF-DA, 2¢,7¢-dichlorodihydrofluorescein diacetate; MOI, multiplicity of infection; ROS, reactive oxygen species; SD,
standard deviation.

FIG. 2. Helicobacter pylori
induced DNA damages in
AGS cells. (a) The neutral
comet assay was performed
to examine DNA damage
after cells were cocultured
with H. pylori at an MOI of
50:1 or 100:1. (b) Statistical
analysis of the tail moment in
three groups, namely, the
control group without H. py-
lori infection, the H. pylori-
infected group at an MOI of
50:1, and the H. pylori-
infected group at MOI of
100:1. Data are presented as
the mean – SD of three inde-
pendent experiments.
*p < 0.05 was considered
statistically significant versus
control. #p < 0.05 was con-
sidered statistically signifi-
cant versus the group with
H. pylori infection at MOI
of 50:1.
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Discussion

Almost 1 million cases of gastric cancer are diagnosed
each year, and *700,000 people succumb each year to
gastric adenocarcinoma, thus establishing gastric cancer as
the fourth most common cancer and the second cause of
cancer-related deaths in the world (Wroblewski et al.,
2010). Gastric cancer is a multistep disease that can be
preceded by a cascade of precancerous lesions. Multi-
factorial pathway has been reported to lead to gastric car-
cinoma, including host, bacterial, and environmental factors.
The mechanisms of the development of gastric cancer are
complex (Ajani et al., 2017). Further investigations of the
pathogenesis can help to understand the mechanisms and
might provide evidence in support of early intervention and
targeted therapy in gastric cancer. H. pylori has been clas-
sified as a group I carcinogen that causes gastric cancer in
humans, which accounts for at least 75% of gastric cancers
worldwide (Plummer et al., 2015). After decades of H. py-

lori infection, 1–3% of patients develop gastric adenocar-
cinoma (Malfertheiner et al., 2012). Cohort studies from
various countries have shown that H. pylori infection is
associated with an increased risk of gastric cancer (Uemura
et al., 2001; Kim et al., 2008). H. pylori eradication is
beneficial for the prevention of gastric cancer development
(Wong et al., 2004; Takenaka et al., 2007; Lee et al., 2016;
Choi et al., 2018). H. pylori infection is one of the most
important factors of etiology of gastric cancer. However, the
mechanisms of H. pylori infection in gastric mucosal dam-
age have not been clarified.

Studies have shown that H. pylori infection can trigger
apoptosis of gastric epithelial cells (Correa and Piazuelo,
2008; Shi et al., 2013). Surviving cells undergo genomic
events that lead to malignant transformation (David and
Meltzer, 2010). Our previous studies showed that after H.
pylori infection, numerous H. pylori strains adhere to the
cell wall. The cell surface was damaged, the mitochondria
were swollen, the mitochondrial cristae were disrupted, and

FIG. 3. Helicobacter pylori upregulated APE1 and gH2AX expression in AGS cells. (a, b) APE1 and gH2AX expression
was measured using immunofluorescence microscopy after cells were cocultured with H. pylori at an MOI of 50:1 or 100:1.
(c, d) Statistical analysis of fractions of APE1 and gH2AX in three groups, namely, the control group without H. pylori
infection, the H. pylori-infected group at an MOI of 50:1, and the H. pylori-infected group at an MOI of 100:1. Data are
presented as the mean – SD of three independent experiments. *p < 0.05 was considered statistically significant versus
control. #p < 0.05 was considered statistically significant versus the group with H. pylori infection at MOI of 50:1. APE1,
apurinic/apyrimidinic endonuclease 1; gH2AX, phosphorylated H2AX.
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the nuclei shrank (Shi et al., 2018), indicating that DNA
damage might have occurred in the H. pylori-infected
cells. Several effects of H. pylori on genomic integrity have
been described. Gastric carcinogenesis requires genomic
instabilities; however, the mechanisms of H. pylori induc-
tion of genomic instabilities remains poorly understood
(Hanada et al., 2014; Koeppel et al., 2015). In this study, we
extend these observations by showing that H. pylori induced
an increase in the intracellular ROS levels, DNA DSBs, and

DNA SSBs in the gastric cancer cell line AGS, which
has been routinely used in cell culture system infected by
H. pylori in vitro (Wang et al., 2016; Datta et al., 2018). To
comprehensively explore the occurrence of DNA damage in
the H. pylori-infected cells, we measured ROS levels, DNA
damage, cell cycle checkpoint activation, and subsequent
cell growth. In our experimental setting, cell growth was
assayed using a real-time cell proliferation assay that mea-
sured the cell index in real time.

Using DCF-DA molecular probe, we found that the in-
tracellular ROS levels increased after H. pylori infection in a
dose-dependent manner. ROS are a group of molecules
produced during metabolism. Low concentrations of ROS
are the fundamental signaling molecules (Gwangwa et al.,
2018). Exogenous stimulation can induce excessive ROS
production, which is beneficial for tumorigenesis. The re-
sulting increase in ROS leads to depolarization of the mi-
tochondrial membrane potential and induction of apoptosis
(Dhar et al., 2018). ROS can produce multiple types of
oxidative DNA damage, including SSBs. Closely spaced
SSBs can form DNA DSBs (Hegde et al., 2012). The DNA
damage is induced by upregulated ROS levels in tu-
morigenic cells; this is a double-edged sword since tumor-
igenesis and genomic instability are promoted by DNA
mutations or can lead to cell death (Nogueira and Hay,
2013; Gwangwa et al., 2018).

In this study, we analyzed DNA damage induced in the H.
pylori-infected cells using the comet assay. We found sig-
nificantly longer comet tails in the H. pylori-infected cells
than in the negative control cells indicating that DNA
damage occurred after H. pylori infection. Furthermore, we
examined whether H. pylori infection can induce APE1 and
gH2AX accumulation in the gastric cancer cells. APE1 is a
multifunctional enzyme. It is an important regulator of the
cellular response to ROS and is known best for its DNA
backbone cleavage activity during base excision repair.

FIG. 4. Helicobacter pylori activated cell cycle check-
point in AGS cells. Phosphorylation status of Chk1 and
Chk2 in AGS cells was tested by western blotting. Total
Chk1 and Chk2 were used for the loading controls.

FIG. 5. Helicobacter pylori inhibited cell growth in AGS cells at the early stage after infection. Real-time cell prolif-
eration assay using electric impedance as a measure of gastric cancer cell growth. Electrical impedance was normalized
according to the background measurement at time point 0. The results showed a significantly lower growth rate of H. pylori-
infected AGS cells 50 h after H. pylori infection ( p < 0.05).
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APE1 utilizes the intrahelical DNA space to remove mis-
matches and DNA damage (Ilina et al., 2018). APE1 is
involved in the DNA SSB repair pathway, and it can rec-
ognize DNA SSBs (Hegde et al., 2012). H2AX plays a
critical role in spreading of the DNA damage signal. gH2AX
is required for the stabilization of various DNA damage
response factors at the sites of DNA lesions. Therefore,
gH2AX is usually used as a surrogate marker of DSB
presence (Li and Yu, 2013). Our results showed that APE1
and gH2AX accumulation was induced after H. pylori in-
fection in a dose-dependent manner. H. pylori infection
activates the DNA damage response pathway after oxidative
DNA damage in the gastric cancer cells.

It is well known that Chk1 and Chk2 phosphorylation
reflects activation of Chk1 and Chk2 that can stop the cell
cycle and may result in the mitotic exit and genomic in-
stability (Yang et al., 2010). To further investigate the cell
cycle arrest, we measured the levels of active Chk1 and
Chk2 in the H. pylori-infected cells using western blotting.
The results showed that Chk1 and Chk2 were activated by
H. pylori in a dose-dependent manner indicating that a cell
cycle checkpoint was overactivated due to the DNA dam-
age. The cell growth was confirmed to be inhibited using a
real-time cell proliferation assay that can provide continuous
measurements of the cell index. This study in vitro showed
cell death after DNA damage, especially in the following
60 h after H. pylori infection. It indicated that after DNA
damage induced by H. pylori infection, some cells under-
went cell cycle arrested or cell death pathway, and other
cells survived. At 70 h, cells in three groups all reached a
plateau, and the plateau was almost at the same level.
Combined with literature reports, it indicated that after H.
pylori infection, surviving cells might undergo genomic
events that would lead to malignant transformation (David
and Meltzer, 2010). Future studies, including molecular
mechanism investigation and chronic H. pylori-infected
animal models, should be performed to certify this hy-
pothesis.

When DNA damage was induced and the cell cycle
checkpoint was activated in the gastric cancer cells, DNA
damage repair pathway was clearly activated resulting in
mitotic exit, genomic instability, or cell death. These changes
in the cells are beneficial for tumorigenesis. After DNA
damage, cell death, apoptosis, or necrosis pathway is induced.
Parthanatos, similar to apoptosis, is thought to be a protective
mechanism that counteracts carcinogenesis. Meanwhile,
DNA repair and damage tolerance mechanisms will be
triggered, which are key cell survival pathways (Ashour
et al., 2015; Stingele et al., 2015). The DNA damage re-
sponse activates both prosurvival and prodeath signaling.
This has been reported to be regulated complexly by many
downstream proteins and it is not well understood how the
cell switches between these pathways. In survival cells,
mismatch repairs, genomic instability, and tumorigenesis
would be promoted (Roos et al., 2016). In this study, the
downstream molecular mechanisms after DNA damage
were scarcely included. More studies should be carried out
in the future to investigate DNA repair, and the mechanisms
regulating the balance between cell survival and death in
cancer biology.

In summary, this study comprehensively demonstrates
that H. pylori infection can increase the ROS levels and

induce both DNA SSBs and DNA DSBs in the gastric
cancer cells; these may play an important role in gastric
carcinogenesis. The results suggest that H. pylori-induced
DNA strand breaks is a potential driver for human gastric
cancer. Further studies will be performed to investigate the
mechanisms of ROS and DNA damage in H. pylori-induced
gastric carcinogenesis. The antioxidants should be chosen as
a potential treatment option for H. pylori infection.

In this study, AGS cells were used, which have been
commonly used in cell culture system infected by H. pylori.
Normal gastric cells would be more reasonable than gastric
cancer cells to explain gastric carcinogenesis induced by H.
pylori. But there has been no mature cell culture system
representing normal gastric cells at present. This problem
has been paid attention to and some scientists have begun to
investigate it specially and technically (Saberi et al., 2018).
It is expectable in the future, a simple, consistent, and ma-
ture cell culture system representing normal gastric cells can
be used to better understand H. pylori-induced gastric car-
cinogenesis.
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