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Background. Recent studies have shown that CagA is considered highly pathogenic to helicobacter pylori (HP) in Western
populations. However, in East Asia, CagA positive HP can be up to 90%, but not all patients will lead to gastric cancer. Our
research group has found that HP thioredoxin1 (Trx1) may be a marker of high pathogenicity. Here, we investigate whether
HP Trx1 exerts high pathogenicity and its internal molecular mechanism. Materials and Methods. We constructed the
coculture system of high-Trx1 HP and low-Trx1 HP strains with gastric epithelial cell lines separately and detected the
influence of HP strains. The cells were stained by AM/PI, and the cell’s mortality was assessed by fluorescence microscope. The
cell’s supernatants or precipitates were collected to detect the expression of IL6. In addition, the cell’s precipitates were
collected, and the expression of p-STAT3 was detected by western blot. Furthermore, the cell’s supernatants were collected for
detecting the expression of 8-OHDG to investigate the extent of DNA damage. Results. The high-Trx1 HP can cause higher
mortality of GES-1 cells compared with the low-Trx1 HP group (high-Trx1 HP (4:53 ± 0:56) %, low-Trx1 HP (0:39 ± 0:10) %,
P < 0:001). The mRNA and protein level of IL-6 in AGS and GES-1 cells were increased during HP infection, and the
expression of IL-6 in the High-Trx1 HP group was much higher than the low-Trx1 HP group. Besides, the expression of p-
STAT3 was higher in the HP-positive gastric mucosa. And the expression of p-STAT3 in the high-Trx1 HP group was
significantly upregulated compared with the low-Trx1 HP group. Furthermore, the expression of 8-OHDG in the high-Trx1
group was much higher than the low-Trx1 group (high-Trx1 HP (5:47 ± 1:73) ng/ml, low-Trx1 HP (2:89 ± 1:72) ng/ml, P < 0:05).
Conclusion. HP Trx1 may play as a marker of high pathogenicity, and the high-Trx1 HP could mediate the pathogenic process of
HP infection via the IL6/STAT3 pathway.

1. Introduction

Gastric cancer is a worldwide commonly diagnosed malig-
nant tumor with a high mortality rate in recent years. And
the WHO has indicated Helicobacter pylori (HP) as the class
I carcinogen of gastric cancer in the year 1994 [1]. HP is a
spiral-shaped, gram-negative bacterium pathogen that colo-
nizes approximately 50% of the world’s human population
[2]. In addition, the morbidity and mortality of gastric can-
cer in China are at the forefront of malignant tumors, and
the infection rate of Helicobacter pylori (HP) in China is
high, with an average of 54.76% [3].

In recent years, the relationship between HP and gastric
cancer has received increasing attention. However, the spe-

cific pathogenic mechanism of HP remains unclear. The
HP strains carrying with CagA are at higher risk of develop-
ing into gastric carcinoma and have worse clinical outcomes
[4]. Studies have shown that CagA and VacA are considered
to be highly pathogenic to HP in Western populations.
However, in East Asia including China, the CagA and VacA
positive HP can be as high as 90%, but not all patients
infected with this HP will lead to gastric cancer, so it is spec-
ulated that there may be other virulence factors that play an
important role [5]. Individuals infected with highly patho-
genic HP are considered to be at higher risk of suffering
from gastric cancer. Therefore, early screening and targeted
eradication treatment according to the pathogenicity of HP
are of great significance to the prevention of gastric cancer.
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Thioredoxin (Trx) is a small molecule protein widely
existing in the human body and bacteria, which can be
divided into two types, Trx1 and Trx2. Trx1 has a highly
conserved sequence “Cys-Gly-Pro-Cys,” hich carries disul-
fide bonds and dithiol groups with redox function [6].
Trx1is a redox protein that plays an important role in pro-
tecting HP bacteria, promoting their long-term colonization,
and leading to gastric cancer [7]. Our previous research
group has found that HP with high expression of Trx1 might
be highly pathogenic, and it was studied in histology, cytol-
ogy, and animal experiments. It was found that the expres-
sion of Trx1 in HP bacteria isolated and cultured from
gastric mucosa of patients with gastric cancer was signifi-
cantly higher than that of patients with peptic ulcer or gastri-
tis, which suggested for the first time that HP Trx might be
related to the carcinogenesis mechanism [8]. In addition,
the results suggested that High-Trx1 HP can have a stronger
influence on the gastric epithelial cell line, in which HP Trx1
can promote the apoptosis of human normal gastric epithe-
lial cell line GES-1 and the proliferation of human gastric
cancer cell line BGC823, and the balance between prolifera-
tion and apoptosis of gastric epithelial cell line is disturbed,
which further suggested that HP Trx1 may promote the
occurrence and development of gastric cancer [8]. Further-
more, we constructed a model of gastric cancer infected by
the low-Trx1 HP or the high-Trx1 HP in Mongolian gerbils.
It was found that in the High-Trx1 HP group, the gastric
mucosa lesions of Mongolian gerbils were more serious,
and the incidence of gastric cancer was higher, which fur-
ther suggested that the high-Trx1 HP might have stronger
pathogenicity [9]. To conclude, our previous research group
inferred that Trx1 may be a marker of HP with higher
pathogenicity; however, the specific mechanism needs fur-
ther study.

During HP infection, the expression of IL6 in the gastric
mucosa was upregulated, and IL6 can promote the activation
of signal transducer and activator of transcription 3 (STAT3),
which is closely related to the occurrence, development, and
metastasis of malignant tumors [10]. The STAT3 signaling
pathway is involved in regulating DNA transcription and
gene expression and affects biological processes such as cell
proliferation, differentiation, and apoptosis [11]. Besides,
the previous studies have shown that the downregulation of
STAT3 activity was related to the reduction of DNA damage,
to maintain genome stability and protect against cell death
[12]. It has been reported that as many as 70% of human
tumors have abnormal enhancement of STAT3 activity,
including gastric cancer, esophageal cancer, liver cancer,
and other tumors [13, 14]. Studies have shown that the phos-
phorylation level of STAT3 in the gastric mucosa was upreg-
ulated during HP infection, and the activation level of STAT3
was related to the occurrence and development of HP-related
gastritis and cancer [15].

To sum up, combined with the existing literature
reports and the previous research of our group, it is sug-
gested that HP Trx1 may be a marker of high pathogenicity,
but the mechanism is unclear yet. Based on the previous
work, this study will further explore the correlation between
the activation of oncogene STAT3 and DNA damage to fur-

ther clarify the pathogenicity of HP Trx1 and its potential
molecular mechanism.

2. Materials and Methods

2.1. HP Culture. In this study, we used the following strains:
high-Trx1 HP strain, low-Trx1 HP strain, the standard HP
ATCC26695 strain, and the CagA-knockout HP ATCC
26695 strain, all of which were preserved in the Key Labora-
tory for HP infection and upper gastrointestinal diseases in
Peking University Third Hospital. The high-Trx1 HP and
low-Trx1HP strains were isolated and screened from clinical
gastric mucosa samples by our research group. The specific
screening steps are as follows: the expression of Trx1mRNA
in HP strains was assessed by real-time PCR. Next, by the
statistical method, it was found that HP Trx1 was highly
expressed when △CT value was less than 8.86, and HP
Trx1 was poorly expressed when △CT value was greater
than 28.05. Finally, we selected the high-Trx1 and low-
Trx1 HP strain. This part of the work has been completed
by the members of our research group in the early stage
[16]. HP bacteria were cultured on the blood agar plates con-
taining 43 g/L Karmali solid culture medium (OXOID,
Basingstoke, UK), 10% sterile defibrinated sheep blood
(Landbridge technology, Beijing, China), and Helicobacter
pylori selective supplement (OXOID). Besides, the HP was
cultured under microaerobic conditions (85%N2, 10%CO2,
5%O2, 37°C).

2.2. Cell Culture and HP-Cell Coculture Assays. AGS and
GES-1 cells were cultured in RPMI 1640 medium (HyClone,
Logan, UT, USA), and the media were supplemented with
10% fetal bovine serum (Gibco, Grand Island, NY, USA)
and 100U/ml penicillin-streptomycin (Gibco). All cells
were cultured in a humidified atmosphere at 37°C contain-
ing 5% CO2. The HP-cell coculture assays were previously
described [17]. Briefly, the bacteria were harvested and
washed three times, then resuspended in PBS at a density
of 1 ∗ 108 CFU/ml. Cells were infected with HP for 24 h at
an infection MOI of 100 : 1.

2.3. Clinical Samples. The human gastric mucus samples were
collected from the tissues of patients undergoing gastroscopy
in Peking University Third Hospital. Diagnoses of all samples
were confirmed histologically by two independent patholo-
gists, and all tissues were assessed by hematoxylin-eosin
staining. All collected HP positive tissues were confirmed
by Warthin-Starry staining. This research was approved by
the Medical Ethics Committee of the Peking University
Third Hospital Institutional Review Board, and written
informed consents were signed by all patients.

2.4. RNA Isolation and Quantitative Real-Time PCR. Total
RNA was extracted from cells or tissues using a trizol
reagent (Invitrogen, Carlsbad, CA, USA). The total RNA
(1μg) of every sample was reverse transcribed using the
Fast-King RT kit (Tiangen Biotech, Beijing, China). The
Bio-Rad iQ5 real-time PCR detection system was used with
a Talent qPCR PreMix SYBR Green kit (Tiangen Biotech)
according to the manufacturer’s instructions. Relative
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expression of each target gene was determined by normaliza-
tion to the expression of GAPDH. The primers were synthe-
sized by the Shanghai Sangon company, and the primer
sequences were shown in Table 1.

2.5. Western Blot Analysis. Cells were harvested with RIPA
buffer and incubated on ice for 30min. The concentration
of total protein was quantified by the BCA Protein Assay
kit (Applygen, Beijing, China). Equal protein lysates were
loaded for each sample and then transferred to polyvinyli-
dene fluoride membranes. The membranes were blocked
with 5% BSA for 1 h at room temperature and incubated
overnight at 4°C with the following primary antibodies:
p-STAT3 antibody1 : 1000 (CST, USA), STAT3 antibody
1 : 1000 (CST, USA), and β-actin 1 : 6000 (Applygen, China).
The membranes were incubated with anti-rabbit IRDye
800CW secondary antibody 1 : 10000 (LI-COR Biosciences,
USA), and the bands were scanned on an Odyssey Infrared
Imaging System (LI-COR Bioscience).

2.6. Immuno-Histochemical (IHC) Staining. The tissues were
used to prepare formalin-fixed paraffin-embedded tissue
sections. First, the sections were dewaxed in xylene and
rehydrated in a gradient of ethanol. Then, antigen retrieval
was performed, and the sections were incubated with p-
STAT3 antibody 1 : 200 (CST, USA) overnight at 4°C. The
sections were washed with PBS and incubated with an
IgG-HRP polymer (ZSGB-BIO, Beijing, China). Lastly, the
diaminobenzidine substrate was used for color development.

2.7. Double Staining of Living and Dead Cells. Discard the
cell culture medium and wash it with 1× Assay Buffer 3
times. Add 1ml staining solution to the cell culture dish
and incubate at 37°C for 30min. Then, the calcein-AM and
PI cell dyes (Yeasen, China) were used to fluorescently label
dead cells and living cells to analyze the survival status of
cells. Lastly, we observed the cell fluorescence under a fluo-
rescence microscope and collected images randomly.

2.8. ELISA Assay. First, collect the cell supernatant and load
the samples into the ELISA assay (CST, USA). Then, clean
the board and add biotinylated antibody to each well and
incubate for 90min. Then, add streptavidin-HRP to each
well and incubate for 30min. Lastly, add TMB into the well
and develop the color for 10-20min. After the reaction is
terminated by a stop solution, the OD reading value at the
wavelength of 450nm was detected with a microplate reader
as soon as possible.

2.9. Statistical Analysis. Statistical analyses were performed
using the SPSS 22.0 software, and the differences between
two independent groups were analyzed using Student’s t
-test. For multiple comparisons, a one-way ANOVA analysis
followed by the Student–Newman–Keuls (SNK) test was
used. P < 0:05 was considered statistically significant.

3. Results

3.1. Identification of the Low-Trx1 and High-Trx1 HP
Bacteria Strain. First of all, we identified the HP strains we

used in the experiments by means of gram staining, oxidase
and urease activity test, and real-time PCR measurement
before we started the research.

After gram staining, the morphology of the HP strains
was observed under an oil microscope. As shown in the pic-
ture, gram-negative bacteria with spiral or S-shaped bacteria
of different lengths can be seen under the microscope, which
are typical HP morphological structures (Figure 1(a)). It is
well known that positive oxidase and urease are the charac-
teristics of HP. Consequently, we also detected the oxidase
and urease activity of the HP strains. As shown in the result,
both groups showed a dark blue reaction at the contact site,
which means the oxidase test was positive (Figure 1(b)). And
both the reagent in the urease reaction cup turned red,
which means the urease test was positive (Figure 1(c)). What
is more, we also performed real-time PCR with the HP
strains, and the results demonstrated that the expression of
Trx1 mRNA in the high-Trx1 HP group was significantly
higher than the low-Trx1 HP (Figure 1(d)).

These results indicated that the bacteria strains we used
in this research were typical helicobacter pylori strains, and
we also identified the Trx1 expression of the low-Trx1 HP
and the high-Trx1 HP strains.

3.2. The High-Trx1 HP Can Cause Higher Mortality of GES-1
Cells. Our previous research group has found that Trx1 may
be a marker of HP pathogenicity. To further explore the
pathogenic molecular mechanism of the HP Trx1, we cocul-
tured the HP with GES-1 cells and detected the cells’mortal-
ity rate. To observe the different damage effect of low-Trx1
HP and high-Trx1 HP, we stained the GES-1 cells with AM
and PI dyes which can mark the dead and live cells separately
after HP infection under the fluorescence microscope.

As shown in Figure 2(a), compared to the normal con-
trol group, the number of dead cells in both the low-Trx1
HP group and the high-Trx1 HP group were significantly
increased. Furthermore, the amount of dead cells in the
high-Trx1 HP group was more than in the low-Trx1 HP
group. Afterward, we statistically analyzed the data, and as
shown in Figure 2(b), the relative cell death rate in both
the low-Trx1 HP group and the high-Trx1 HP group was
significantly higher than the normal control group. Further-
more, the cell death rate in the high-Trx1 HP group was

Table 1: The display of primer sequences used in the research.

Primer Primer sequence 5′ − 3′
� �

GAPDH (F) AAATCAAGTGGGGCGATGCTG

GAPDH (R) GCAGAGATGATGACCCTTTTG

HP Trx1 (F) GGGGTTGCGTTAGTGGATTTTTG

HP Trx1 (R) GACGACTTCGCCATCTTTTGTGA

16 s rRNA (F) CCGCCTACGCGCTCTTTAC

16 s rRNA (R) CTAACGAATAAGCACCGGCTAAC

IL6 (F) AGGAGTGGCTAAGGACCAAGACC

IL6 (R) TGCCGAGTAGACCTCATAGTGACC

OGG1 (F) ATGGGGCATCGTACTCTAGC

OGG1 (R) CTCCCTCCACCGGAAAGAT
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much more than the low-Trx1 HP group with statistical sig-
nificance. To conclude, these data indicated that the high-
Trx1 HP may be more virulent and result in more cell death.

3.3. The High-Trx1 HP Can Cause Higher Expression of IL-6
in AGS and GES-1 Cells. Previous studies have shown that
HP infection can promote the expression of inflammatory
factors, such as IL-6, which play an important role in the
pathogenic process [18]. To explore the cellular inflamma-
tory reaction, we cocultured the high-Trx1 HP and low-
Trx1 HP strains with AGS or GES-1 cells separately and col-
lected the cell supernatants and cell precipitates for detecting
the expression level of inflammatory factor IL6 by ELISA
and real-time PCR.

As the ELISA assays shown in Figures 3(a) and 3(b),
compared to the normal control group, the expression of
IL-6 protein in both the low-Trx1 HP group and the high-
Trx1 HP group of GES-1 and AGS cells was significantly
increased. Moreover, the expression of IL-6 in the high-
Trx1 HP group was more than the low-Trx1 HP group both
in the GES-1 and AGS cells. Consistently, the IL-6 mRNA
levels increased during HP infection, and the expression of
IL-6 mRNA in the high-Trx1 HP group was much higher
than the low-Trx1 HP group (Figures 3(c) and 3(d)).

These results indicated that the high-Trx1 HP can
induce the cell to produce much more IL-6, which may be
involved with the pathogenic process of HP infection.

3.4. The High-Trx1 HP Can Cause Higher Expression of
p-STAT3. It has long been recognized that IL-6 can activate
STAT3 which is closely related to the occurrence, develop-
ment, and metastasis of malignant tumors during HP infec-

tion [10]. To explore the influence of high-Trx1 HP for
STAT3 activation, we carried out the following study. First,
we collected the HP-negative gastric mucosa samples (n = 8)
and the HP-positive gastric mucosa samples (n = 8) and
developed the immunohistochemistry experiment. The
results confirmed that the p-STAT3 expression was signifi-
cantly upregulated in HP-positive gastric mucosa than in
the HP-negative gastric mucosa (Figure 4(a)). To verify the
influence of HP Trx1 on STAT3, we used GES-1 and AGS
cell lines to carry out HP infection experiments in vitro and
measured the expression of p-STAT3 by western blot. Con-
sistent with the previous study, we found that the expression
of p-STAT3 in both the low-Trx1 HP group and the high-
Trx1 HP group of GES-1 and AGS cells were upregulated
compared with the normal control group. Besides, we found
that in GES-1 and AGS cell lines, the expression level of p-
STAT3 during the high-Trx1 HP infection was much higher
than the low-Trx1 HP group (Figure 4(b)). Therefore, we
speculated the high-Trx1 HP may play a highly pathogenic
role via the STAT3 activation.

3.5. The High-Trx1 HP Can Cause Much More Serious DNA
Damage. Previous studies have shown that the expression of
STAT3 was closely related to DNA damage [12]. In the
above results, we found that the high-Trx1 HP can induce
higher expression of p-STAT3, so we speculated that the
high-Trx1 HP may result in stronger DNA damage. To ver-
ify the speculation, we studied the changes of 8-OHDG and
OGG1 which are related to the degree of DNA damage.

In this experiment, we cocultured the GES-1 cell line
with the high-Trx1 HP and low-Trx1 HP separately and col-
lected the cell supernatant for ELISA. The results showed
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Figure 1: Identification of the low-Trx1 and high-Trx1 HP bacteria strain. (a) Gram staining with low-Trx1 HP and high-Trx1 HP was
observed under an oil microscope. (b, c) Detection of oxidase and urease assay with the low-Trx1 HP and high-Trx1 HP. (d) The Trx1
expression of low-Trx1 HP and high-Trx1 HP was analyzed by real-time PCR. Note: low-Trx1 HP means HP with low Trx1 expression,
and high-Trx1 HP means HP with high Trx1 expression, ∗∗∗P < 0:001.
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that the expression of 8-OHDG in the high-Trx1 group was
much higher than in the low-Trx1 group (Figure 5(a)).
What is more, we collected cell precipitates for real-time
PCR, and the results showed that the expression of OGG1
in the high-Trx1 group was much higher than the low-
Trx1 group (Figure 5(b)).

In addition, we divided the gastric mucosa samples of
HP-positive gastritis patients into high-Trx1 HP group and
low-Trx1 HP group, with 5 cases in each group, according
to the real-time PCR results. As the results showed, the
expression of OGG1 in the high-Trx1 group was much
higher than the low-Trx1 group (Figures 5(c) and 5(d)).

To conclude, we speculated that the high-Trx1 HP may
mediate DNA damage by activating STAT3 and then play
a highly pathogenic role.

3.6. The CagA Gene Cannot Affect the Trx1 Expression in
HP. Studies have shown that CagA is considered to be highly
pathogenic to HP in Western populations. However, in East

Asia including China, CagA may not be directly related to
the occurrence of gastric mucosal diseases [5]. In order to
verify whether HP Trx can play its pathogenic role indepen-
dently without the influence of cagA, we conducted the fol-
lowing research.

We measured the Trx1 expression of the Standard HP
ATCC26695 strain and the CagA-knockout HP ATCC
26695 strain by real-time PCR, and the result revealed that
there was no significant difference in the expression of Trx1
mRNA between the above two HP strains (Figure 6(a)). In
addition, we cocultured the GES-1 cell line with the Standard
HP ATCC26695 strain and the CagA-knockout HP ATCC
26695 strain and collected the cell supernatant for ELISA.
The results showed that the expression of 8-OHDG in the
HP ATCC26695 group was much higher than the CagA-
knockout HP ATCC 26695 group (Figure 6(b)).

Therefore, it is inferred that HP CagA may have no
influence on HP Trx1, and they could play the pathogenic
role independently.
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Figure 2: The high-Trx1 HP can cause higher mortality of GES-1 cells. (a) Fluorescence staining of living and dead cells after coculture with
low-Trx1 HP or high-Trx1 HP in GES-1 cells. (b) Statistics of dead cells after cocultured with low-Trx1 HP and high-Trx1 HP in GES-1
cells. Note: dead cell means dead cell staining, live cell means live-cell staining, merge image means dead and live cell staining image
merging, white light means cell image under bright field, NC means uninfected control group, low-Trx1 HP means HP with low Trx1
expression, and high-Trx1 HP means HP with high Trx1 expression, ∗∗∗P < 0:001, ###P < 0:001.
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4. Discussion

At present, studies have made clear the close relationship
between HP infection and gastric mucosal diseases, but the
pathogenesis of HP has not been fully clarified. Our previous
research suggests that Trx1 may be a marker of HP with
high pathogenicity and play an important role in the patho-
genesis of HP infection. In the present study, we found that
HPTrx1 can stimulate gastric cells to produce much more
IL6 accompanied by the oncogene STAT3 activation, which
may be involved with the highly pathogenic.

Thioredoxin and glutathione systems are the main anti-
oxidant systems. The HP strains do not carry a glutathione
system, so the thioredoxin system is essential for HP to
survive in an aerobic environment [19]. Organisms are
equipped with various thiol-dependent antioxidant systems,
which can coordinate the removal of active oxygen and
active nitrogen substances [6]. Trx is ubiquitous in bacteria,
but there is no glutathione system in many gram-positive
bacteria and some gram-negative bacteria, such as HP [20].
Trx system has different meanings in protecting cells from

the oxidative stress of different organisms. In mammalian
cells, thioredoxin and glutathione systems can cross-supply
electrons and act as backup systems for each other [21,
22]. However, the glutathione system does not exist in some
bacteria such as HP and E. coli, which makes Trx system
vital to the survival of bacteria under oxidative stress [6,
23, 24]. There are obvious differences in the structure and
reaction mechanism of Trx receptor between bacteria and
mammals, which makes Trx receptor a new target of antibi-
otics and provides an opportunity to kill bacteria by target-
ing Trx receptor [25]. The latest research found that
ebselen, a stroke drug, is an inhibitor of Trx receptor, which
can inhibit the growth of bacteria lacking the glutathione
system, providing a new idea for the diagnosis and treatment
of glutathione negative pathogens [25, 26]. There is no
glutathione system in HP bacteria, and its antioxidation
depends on Trx system. At the same time, our research
found that Trx1 may be a marker of HP with high pathoge-
nicity. If the action of HP Trx1 can be inhibited, it may pro-
vide a new target for the treatment of HP-related gastric
mucosa diseases in the future.
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Figure 3: The high-Trx1 HP can cause higher expression of IL-6 in AGS and GES-1 cells. (a, b) The IL-6 expression of GES-1 and AGS cells
during low-Trx1 HP and high-Trx1 HP infection were analyzed by ELISA test. (c, d) The IL-6 expression of GES-1 and AGS cells during
low-Trx1 HP and high-Trx1 HP infection was analyzed by real-time PCR test. Note: NC means uninfected control group, low-Trx1 HP
means HP with low Trx1 expression, and high-Trx1 HP means HP with high Trx1 expression, ∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001,
##P < 0:01, and ###P < 0:001.
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8-OHDG is an oxidative adduct produced by reactive
oxygen species attacking the 8th carbon atom of guanine
base in DNA molecules, which can be used as a biomarker
of DNA oxidative damage [27]. DNA damage can be
detected in the gastric mucosa during HP infection [17,
28]. Our previous study found that the high-Trx1 HP was
related to stronger cellular stress and redox activity-related
proteins [29, 30]. Consistent with the previous studies, we
found that HP with high expression of Trx1 can produce
much more 8-OHDG, suggesting that 8-OHDG may be
one of the pathogenic mechanisms of HP Trx1. At the same
time, after DNA damage, it can be repaired by the base
cleavage enzyme OGG1 [31]. Our results also showed that
the expression of OGG1 is higher after coculture with the

high-Trx1 HP, which is presumed to be due to the increased
expression of 8-OHDG after DNA damage which further
suggests that the HP Trx1may play a pathogenic role
through the mechanism of DNA damage.

The mechanism of carcinogenesis by HP is complex,
including the activation of oncogenes by HP. STAT3 can
promote the growth of tumor cells and play an important
role in the occurrence and development of cancer. The
abnormal expression of p-STAT3 can be found in nearly
70% of cancers, and it can be used as a marker of poor tumor
prognosis [32]. STAT3 belongs to the STATs family, and its
members include STAT1, 2, 3, 4, 5a, 5b, and 6. When STAT3
is phosphorylated, it gets into the nucleus to combine with
the target gene and promotes its transcription, which plays
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a key role in signal transduction and transcription activation
[33]. Sekikawa and others found that STAT3 can play a role
in inhibiting the apoptosis of gastric cancer cells, and the
overactivation of STAT3 is closely related to the progression
of gastric cancer [34]. After coculture of HP and gastric
epithelial cell line, the phosphorylation level of STAT3
increased [35].

The previous study has shown that the STAT3’s activ-
ity is mediated by posttranslational modifications includ-
ing phosphorylation, acetylation, and reduction/oxidation
(redox) processes [36]. And in Busker’s study, they used
the chemical biology approach to inhibit the function of
Trx1, which induced the STAT3 oxidized and prevented
the transcriptional activation of STAT3 [37]. In addition,
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Kim et al. found that auranofin which acts as a potent and
specific inhibitor of mitochondrial thioredoxin reductase
can block interleukin-6 signal by inhibiting phosphorylation
of JAK1 and STAT3 [38]. At present, there are many studies
on human Trx1 and STAT3; however, the researches on the
Trx1 secreted by HP and STAT3 are still inadequate. Similar
to human Trx1, the HP Trx1 possesses the same redox func-
tional domain “Cys-Gly-Pro-Cys,” so it is speculated that
there may be a similar molecular mechanism for the HP
Trx1 which still needs further exploration [39, 40].

Consistent with previous research results, we found that
the expression of p-STAT3 in HP-positive gastric mucosa
was higher, suggesting that p-STAT3 may play an important
role in HP pathogenesis. Then, we cocultured the gastric cells
with high-Trx1 HP and low-Trx1 HP separately and found
that the expression of p-STAT3 in cells was much higher after
being cocultured with the high-Trx1 HP. Therefore, we spec-
ulated that HP Trx1might play a pathogenic role by regulating
the STAT3 gene, thus increasing the risk of gastric carcinogen-
esis. In addition, Yu et al. found that the inflammatory factor
IL6 can promote the phosphorylation of STAT3 and partici-
pate in the inflammatory process by regulating downstream
gene products and then inducing tumorigenesis [41]. In agree-
ment with previous studies, we found that the expression of
IL6 and p-STAT3 in gastric cells was higher after coculture
with the High-Trx1 HP. Therefore, we speculate that the
high-Trx1 HP may play a pathogenic role through the IL6/
STAT3 pathway, but its specific mechanism and downstream
molecules of STAT3 need further study.

The carcinogenic effect of HP depends on virulence fac-
tors. Current studies have shown that CagA may be a
marker of HP with higher virulence, but not all CagA-
positive HP strains have a carcinogenic effect, and other
pathogenic factors of HP need further research. CagA is a
virulence factor of HP which has been widely studied. In this
study, we detected the expression of Trx1 in HP strains after
the CagA gene was knockout and found that the expression
of Trx1 was not affected, which suggested that Trx1 may
play a pathogenic role without being affected by CagA. After
the standard strain HP ATCC26695 and the CagA gene
knockout HP strain were cocultured with the gastric cell,
we detected the expression level of 8-OHDG, which showed
that the expression of 8-OHDG was lower and the DNA
damage level caused by HP became weaker after the CagA
gene was knockout, suggesting that CagA gene may play a
pathogenic role. Therefore, it is speculated that both Trx1
and CagA may be the key molecules affecting the pathogen-
esis of HP independently, and further research is needed.

5. Conclusion

In summary, this study mainly explored the role of Trx1 in
the pathogenesis of HP and its potential molecular mecha-
nisms. Our results suggested that Trx1 may be a marker of
HP with high pathogenicity and may play a pathogenic role
by participating in the IL6/STAT3 pathway and inducing
much more DNA damage. These results may provide a the-
oretical basis for the study of HP pathogenesis and benefit
the clinical treatment in the future.
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