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Abstract

Helicobacter pylori (H. pylori)-induced gastric inflammation in the gastric mucosa and significantly increases the risk of
developing gastritis and peptic ulcer disease (PUD). The objective of this research is to determine the role of tumor
necrosis factor-a (TNF-a) expression in the gastric mucosa of patients with H. pylori-associated gastritis and PUD com-
pared to uninfected patients, and we determined the relation between TNF-a expression and Th1/Th17/Th22, and
Treg cells. Fifty-five patients with H. pylori-associated gastritis, 47 patients with H. pylori-associated PUD, and 48 unin-
fected patients were in this research. Antrum biopsy was used to detect H. pylori, virulence factors and histopathologi-
cal assessments. Expression of TNF-a in the infected group was significantly higher than the uninfected group. Also,
cagA/oipA-positive infected patients induce significantly more TNF-a expression than do cagA/oipA-negative infected
patients. Expression of TNF-a was significantly increased in the PUD group than the gastritis group. Notably, TNF-a
expression had a significant positive correlation with the frequency of Th1/Th17/Th22 lymphocytes in the PUD group.
These findings indicate the importance of increasing TNF-a with Th1, Th17, Th22 responses increase as an important
risk factor for PUD in context of H. pylori infection.

Key points

+ Expression of TNF-a was significantly increased in the PUD group than the gastritis group.

+ Notably, TNF-a expression had a significant positive correlation with the frequency of Th1/Th17/Th22 lympho-
cytes in the PUD group.

+ These findings indicate the importance of increasing TNF-a with Thl, Th17, Th22 responses increase as an
important risk factor for PUD in context of H. pylori infection.
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Introduction

Helicobacter pylori (H. pylori) is a bacterial infection that
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gastritis and significant penetration of immune cell such
as neutrophils, monocytes and lymphocytes (T and B
cells) into the human gastric mucosa, which contrib-
ute toward maintaining as well as increasing the gastric
inflammation (Azadegan-Dehkordi et al. 2020; Nahid-
Samiei et al. 2020; Sanaei et al. 2021a). Activation and
recruitment of immune cells site of infection is asso-
ciated with the inflammatory process and the related
cytokine production that can lead to gastric inflamma-
tion and subsequently causes gastric mucosal damage
(Bagheri et al. 2015b; Sanaei et al. 2021b). The disorder
is the outcome of the complex interaction among the
host genetic factors, local innate and adaptive immune
responses, H. pylori virulence factors, and environmen-
tal conditions (e.g. high salt intake, malnutrition, vita-
min and antioxidants deficiency and smoking) (Shirzad
et al. 2015; Yuzhalin 2011). Recent studies have shown
that inflammatory and anti-inflammatory patterns in
the gastric tissue samples are related with bacterial viru-
lence factors (Ferreira et al. 2016; Rahimian et al. 2014).
Clinical outcome after infection with H. pylori has been
proposed to be associated with virulence factors of H.
pylori, including the outer inflammatory protein a (OipA)
and the cytotoxin-associated gene (cagA) (Bagheri et al.
2016a; El Khadir et al. 2018; Farzi et al. 2018). The CagA
protein has been demonstrated to be involved in the up-
regulation of inflammatory cytokines and higher grades
of gastric inflammation that can lead to the extension of
pathological conditions such as PUD and GC (Yamaoka
et al. 2002).

OipA protein has been confirmed to be involved in
the induction of a pro-inflammatory response such as
IL-8, which is related with more severe neutrophil infil-
tration and high density of H. pylori (Javdan et al. 2019;
Yamaoka et al. 2000). Tumor necrosis factor-o (TNF-«)
is a multifunctional proinflammatory cytokine that regu-
lates the immune inflammatory reaction (Thalmaier et al.
2002). TNF-a is produced primarily by macrophages,
neutrophils, dendritic cells and T cells. TNF-a pro-
motes inflammation by triggering the localized accumu-
lation of immune cells and mediators of inflammation
(Waters et al. 2013). In addition, TNF-« acts an impor-
tant role in the mobility of inflammatory processes and
tissue destruction such as autoimmune diseases (Redlich
et al. 2002). The T helper (Th) cells that recognize as
CD4 + cells, a type of T cell that have a major function in
the production of various cytokines. Thl cells, a Th cell
subpopulation can produce a set of cytokines; cause the
infiltration of pro-inflammatory M1 macrophages into
the site of inflammation (Farrar et al. 2002). Th17 line-
age has gained wide acceptance as a distinct subset of Th
cell subpopulation (Noack and Miossec 2014). Th17 cells
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stimulate the epithelial and stromal cells to release pro-
inflammatory cytokines and chemokines which recruit
macrophages, lymphocytes, and neutrophils to the infec-
tion site (Bagheri et al. 2015a). Moreover, Th22, a novel
Th cell subpopulation can trigger the secretion of TNF-a
and IL-22 (Eyerich et al. 2009; Shohan et al. 2020). The
regulatory T (Treg) lymphocytes are a subpopulation of
Th cell that act to suppress immune response, maintain
tolerance and prevention of uncontrolled inflammation
(Bagheri et al. 2016¢). Treg lymphocytes usually repress
the increase of antigen-stimulated naive T cells (Bagh-
eri et al. 2016¢). Regarding the significance of Thl, Th17,
Th22, and Treg responses and TNF-a cytokine in the
context of inflammation and the probable roles in patho-
genesis of H. pylori-infection, this research was done to
study the role of TNF-a expression in the gastric mucosa
of H. pylori-positive patients with PUD and gastritis
compared to uninfected patients, and we determined
the relation between TNF-a expression and the numeral
of Treg, Thl, Th17, and Th22 cells in H. pylori-positive
patients with PUD.

Materials and methods

Patients and sampling

The study population consisted of 48 uninfected patients
with non-ulcer dysplasia (29 females, 19 males; age, 50.96
=+ 19.77 years; range 30—65), 47 H. pylori-positive patients
with PUD (20 females, 27 males; age, 50.16 + 15.3 years;
range 33-64) and 55 H. pylori-positive patients with
gastritis (29 females, 26 males; age, 50.18 £ 15.02 years;
range 29-67). This research was approved by the Shah-
rekord University of Medical Sciences Human Research
Ethics Committee (Number IR.SKUMS.REC.1396.129),
and prior to participation, obtaining informed consent
was done from each volunteer. The rapid urease test, pol-
ymerase chain reaction (PCR), and histological examina-
tion of the biopsies taken from the body confirmed the
H. pylori infection. So, if all four tests were positive, the
patients classified as H. pylori-infected. 4 biopsies were
gathered and used for the histological examination, rapid
urease test, cytokine RNA analysis, detection of H. pylori,
and assessment of the bacterial virulence factors.

Immunohistochemistry and histological examination

For immunohistochemical examination, 4-pum serial
sections were made and spread on poly-L-lysine coated
slides. Paraffin sections were dried in a 70 °C oven for
8-12 h, deparaffinized in xylene for 3 times, 10 min each
and hydrated using a series of alcohols (100%, 100%, 80%
and 70%), 10 min each. Antigen retrieval was performed
routinely by immersing the sections in citrate buffer
(10 mM Sodium Citrate, 0.05% Tween 20, pH=6.0) in
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a pressure cooker by autoclaving for 20 min. The sec-
tions were then incubated with protein block (ab93697,
Abcam, Cambridge, UK) for 1 h to block nonspecific
background staining. Subsequently, rabbit monoclonal
anti-T-bet/Tbx21 antibody (ab150440, Abcam, Cam-
bridge, UK) at a 1:400 dilution, rabbit anti-human RORyt
antibody (ab80690, Abcam, Cambridge, UK) at a 1:350
dilution, rabbit anti-human IL-22 antibody (ab106773,
Abcam, Cambridge, UK) at a 1:400 dilution and rabbit
anti-human FOXP3 antibody (ab99963, Abcam, Cam-
bridge, UK) at a 1:350 dilution were applied for detection
of Thl, Th17, Th22 and Treg cells, respectively. In the
following, the sections that were latter incubated over-
night in a humidified chamber at 4 °C. On the second
day, endogenous peroxidase activity was blocked with
3% H,0, in TBS for 15 min. Afterwards, Biotinylated
goat anti-rabbit and mouse IgG (ab93697, Abcam, Cam-
bridge, UK) was applied and the sections were incubated
for 1 h at room temperature. Then, applying Strepta-
vidin Peroxidase Plus, the sections were incubated for
10 min at room temperature. Afterwards Applying DAB
(ab94665, Abcam, Cambridge, UK) to tissue, the sections
were incubated for 10 min. Sections were counterstained
for 1 min with Meyer’s hematoxylin and then mounted.
Human hodgkin’s lymphoma tissue was used as a positive
control. Additional sections were processed without pri-
mary antibody as a negative control. The number of Thl,
Th17, Th22 and Treg cells was calculated by counting
positive lymphocytes throughout the entire area of tissue
section at 10 high power fields (Bagheri et al. 2018, 2017,
2019; Sanaii et al. 2019). Results were expressed as the
mean value and interquartile range of all tested patients
in each group.

For the histopathological estimate, a biopsy sample was
taken of gastric antral mucosa. The fixed samples in 10
percent buffered formalin for 24 h, paraffin-embedded,
tissue sections (4-um) stained sequentially with hematox-
ylin and eosin for grading and assessing gastritis severity
and stained with modified Giemsa because H. pylori can
be visualized by light microscopy. Colonized H. pylori in
gastric epithelial have been Classified on a scale of four
points including mild, moderate, and severe coloniza-
tion. We described an ulcer as a mucosal break>3 mm
in the exudate covered duodenum or stomach. The slides
were tested blinded using a pathologist to the specifica-
tions of H. pylori infection. Polymorph nuclear cell infil-
tration and mononuclear cells infiltrating was classified
and scored according to Sydney’s system: normal=0,
mild =1, moderate =2 and severe =3 (Dixon et al. 1996).

PCR amplification
Genomic DNA was extracted by Bio spin Kit (Bio
Flux, Japan) for the polymerase chain reaction (PCR).
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Sequences of primers and PCR reaction conditions we
have before explained by Salimzadeh et al. (2015).

Quantitative analysis of the TNF-a expression using
quantitative polymerase chain reaction (qPCR)

Total RNA from the biopsy samples was extracted using
a TRIzol® Plus RNA Purification Kit according to the
supplier’s instructions. Complementary DNA (cDNA)
was synthesized using reverse transcriptase (RT) using
the First Strand cDNA Synthesis Kit (Fermentas Life Sci-
ences, cat- K1622). For cDNA synthesis 2.5 microgram of
pure RNA was used as template. Using the TagMan RT-
PCR system, amplification of TNF-a and B-actin cDNA
was performed in a Rotorgene 3000 (Corbett Research).
The real time-PCR reactions were performed in a total
volume of 20 pl containing 5.75 yl of nuclease-free H20,
3 ul of synthesized cDNA solution, 10 pl of 2x Rotor-
Gene Probe PCR Master Mix (Qiagen, Germany), 0.5 pl
of each primer (10 pM) and 0.25 pl of the TagMan probe
(10 pM). Negative controls for real time-PCR amplifica-
tion were prepared by omitting the cDNA sample from
the reaction mixture. Thermal cycling was initiated with
a first denaturation step at 95 °C for 10 min and followed
by 45 cycles of 95 °C for 15 s and 60 °C for 60 s. Oligo-
nucleotide sequences of primer and probe used in this
research are as follows: TNF-a (Forward, 5-TCTTCT
CGAACCCCGAGTGA-3; Reverse, 5-CCTCTGATG
GCACCACCAG-3; probe, 5-FAM-TAGCCCATGTTG
TAGCAAACCCTCAAGCT-TAMRA-3). The relative
expression was computed based on the expression ratio
of a target gene (TNF-a) versus a reference gene (B-actin).
The 2724 'method was the determining approach of the
relative quantification of the ratio of cytokine to p-actin
(Bagheri et al. 2016b).

Data analysis

All data provided are expressed as mean £+ SEM. Check-
ing normality tests done using the Shapiro-Wilk. Statisti-
cal analysis was done by t-test for independent samples
and one-way ANOVA test, chi-squared (x°) test, Pear-
son’s correlation and only values with equal P-values or
less than 0.05 were determined as significant.

Results

Significant relationship of TNF-a mRNA expression with H.
pylori infection

To create a standard curve, we need to create a serial
dilution series. We used 1:10, 1:100, 1:1000, and
1:10,000 serial dilution to create a standard curve. PCR
efficiency of TagMan probe and primers is stated with
100% £ 5%. PCR efficiency of qPCR primers for B-actin
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Fig. 2 Comparison of TNF-a mRNA expression in patients with

or without H. pylori-infection. TNF-a expression was significantly
increased in H. pylori-infected individuals in comparison with
uninfected patients. P<0 .05 was considered statistically significant
by independent samples t-test (N=number and FC=fold change)

and TNF-a was analyzed by a standard curve assay and
is shown in Fig. 1. The TNF-a mRNA expression was
significantly higher in H. pylori-infected gastric tissue
in comparison with uninfected gastric tissue (Fig. 2).
TNF-a fold change in infected group compared to non-
infected group was 5.84-fold.

Significant relationship of TNF-a mRNA expression with H.
pylori virulence factor cagA and oipA

We investigated whether H. pylori virulence factors cagA
and oipA, which are the main virulence factors, were
related to the changes observed in TNF-a mRNA expres-
sion. Interestingly, the TNF-a mRNA expression was sig-
nificantly higher in patients infected with cagA-positive
(cagA™) and oipA-positive (0ipA™) in comparison with in
patients infected with cagA-negative (cagA’) and oipA-
negative (0ipA°) patients (Fig. 3A-B). TNF-a fold change
in cagA™ and 0ipA™ groups compared to cagA” and oipA”
groups was 2.91-fold and 4.25-fold, respectively.

Relation of acute inflammatory score and H. pylori
virulence factor cagA and oipA

The association between acute inflammatory score and
H. pylori virulence factor cagA and oipA is described
in Table 1. H. pylori virulence factors cagA, oipA have
a significant association to acute inflammatory score.
Therefore, H. pylori virulence factor cagA and oipA
enhancement acute inflammatory score.

Status of 0ipA and cagA genes of H. pylori from infected
patients with PUD and gastritis

In this research, we have checked the association among
the presence of 0ipA and cagA genes of H. pylori and the
different gastro duodenal diseases. Also, 0ipA and cagA
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Fig. 3 Comparison of TNF-a mRNA expression in patients infected with or without the cagA and oipA virulence factors. TNF-a expression was
significantly increased in patients infected with cagA-positive in comparison with patients infected with cagA-negative. Also, TNF-a expression was
significantly increased in patients infected with oipA-positive in comparison with patients infected with oipA-negative. P<0 .05 was considered
statistically significant by independent-samples t-test (N=number and FC =fold change)

Table 1 Association between score of acute inflammatory with the oipA and cagA virulence factors in infected patients

Virulence factors Acute inflammatory score [n (%)] Total P values®
[n (%)]
Negative Mild Moderate Severe
oipA-Positive 7(31.8) 26 (46.4) 12 (75) 6 (75) 51(50) 0.004
oipA-Negative 15 (68.2) 30 (53.6) 4(25) 2(25) 51(50
cagA-Positive 13 (59.1) 39 (69.6) 13(81.3) 8(100) 73(71.6) 0.019
cagA-Negative 9(40.9) 17 (304) 3(187) 0(0.0) 29 (284)
2 Fisher’s exact test
Table 2 Status of oipA and cagA gene of H. pylori in PUD and _
gastritis infected individuals FC=2.13
: — P=0.016

Virulence PUD [n (%)] Gastritis [n Total [n (%)] P values? 5-
factors (%)] g I 1

«
oipA-Positive 26 (50.3) 25 (45.5) 51 (50) 0.321 £ £ 41
oipANegative 21 (447) 30 (545) 51 (50) § %
cagA-Positive 4(72.3) 39 (70.9) 73(71.6) 0.873 % = 34

W
cagA-Negative 13 (27.7) 16 (29.1) 29 (284) g
- S &% 2
Chi-Square test <7E © ——

2%

£3 11
genes were not shown remarkable differences among H. Lz
pylori-positive subjects with gastritis and PUD (P> 0.05) = .
(Table 2). Gastritis Peptic Ulcer

n=55 n=47
. £ A lori . Fig. 4 Comparison of TNF-a mRNA expression in PUD and gastritis H.

Con:lparlso.n of TNF-a mRNA‘e?(pressmn at H. pylori-positive pylori-infected individuals. TNF-a mRNA expression was significantly
subjects with PUD and gastritis increased in PUD H. pylori-infected individuals than gastritis H.
Meaningful expression of TNF-a mRNA increased at H. pylori-infected individuals. P< 0 .05 was considered statistically
pylori-positive patients with PUD than H. pylori-positive significant by independent-samples t-test (N=number and FC =fold
patients with gastritis (Fig. 4). TNF-a fold change in H. change)
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pylori-positive patients with PUD compared to H. pylori-
positive patients with gastritis was 2.13-fold.

Significant relationship of TNF-a mRNA expression

with scoring acute inflammatory, chronic inflammation
score and the grade of density of H. pylori in infected
subjects

The grade of polymorph nuclear cell and mononuclear
cells, and H. pylori density in the gastric mucosa of were
determined in two consecutive sections (Fig. 5). Also, an
enhancement in chronic, acute inflammation score and
the grade of infection density is significantly related to
increased TNF-a mRNA expression in H. pylori-infected
subjects (Fig. 6A: P = 0.015, Fig. 6B: P= 0.0002, and
Fig. 6C: P = 0.025, respectively).

Correlation between mucosal TNF-a mRNA expression

and frequency of Th1,Th17, Th22 lymphocytes and Treg
lymphocytes in H. pylori-positive patients with PUD

The number of Treg, Th1, Th17, and Th22 cells in the gas-
tric mucosa of gastroduodenal diseases were determined
in two consecutive sections (Fig. 7). The mucosal TNF-a
mRNA expression had a significant positive correlation
with the frequency of Thl, Th17, Th22 lymphocytes in
H. pylori-positive patients with PUD (Fig. 8A: r = 0.554,
P< 0.0001, Fig. 8B: r = 0.553, P< 0.0001 and Fig. 8C: r =
0.582, P< 0.0001, respectively). But, the mucosal TNF-a
mRNA expression had a significant negative correlation
with the frequency of Treg lymphocytes in H. pylori-pos-
itive patients with PUD (Fig. 8E: r = — 0.372, P= 0.009).

Discussion

The host immune responses to H. pylori in infected
patients strongly stimulate the inflammation of the gas-
tric mucosa, which appeared to have played an important
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role in the various clinical outcomes including gastritis
and PUD (Bagheri et al. 2018, 2019). It has been indicated
that H. pylori-infection is one of the main risk factors
for PUD that the mucous membrane is disordered and it
causes gastric and duodenal inflammation (Rosenstock
et al. 2003). H. pylori cannot be the main reason for PUD;
however, H. pylori-induced gastric membrane inflamma-
tion may lead to various clinical outcomes (Bagheri et al.
2018, 2019).

Our outcomes indicated that TNF-a mRNA expression
in H. pylori-infected patients was higher in comparison
with that of H. pylori negative patients. These findings
are in agreement with previous reports that the TNF-a
expression has been demonstrated to increase in the
gastric mucosa of H. pylori-infected patients (Collodel
et al. 2010; Kumar Pachathundikandi et al. 2011; Shams-
din et al. 2017; Tourani et al. 2018). It has been shown
that H. pylori infection on AGS and gastric epithelial cells
induces nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activation (Maeda et al. 2000).
NF-«kB enters the nucleus in response to certain stimuli,
including proinflammatory cytokines such as TNF-a and
IL-8 (Keates et al. 1997; Maeda et al. 2000). Several stud-
ies have demonstrated that polymorphisms in the TNF-
a genes result in high transcriptional promoter activity
along with increased gastric inflammation, which are
related with an increased risk of H. pylori- related GC
and PUD developments (ElI-Omar et al. 2003; Sugimoto
et al. 2007). The expression of the TNF-a in the infected
patients with -cagA™ and 0ipA™ were significantly higher
than the infected patients with cagA™ and oipAnegative.
Also, the attendance of oipA, cagA virulence factors
increments acute inflammatory score. Kumar Pachat-
hundikandi et al. have shown that H. pylori-infection
induced the transcription factor NF-kB stimulation and

A

mucosal surface (400x)

Fig. 5 Histological examination. A Gastric pits infiltrated by neutrophils in a case of H. pylori-positive. B Severe chronic gastritis with chronic
inflammatory cells presents in the superficial lamina propria in excess of normal. C H. pylori organisms are present in the mucous layer on the gastric
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Fig. 6 The correlation between TNF-a mRNA expression and acute inflammatory score, chronic inflammatory score and the grad of the density of
H. pylori infection in patients. Increase in acute inflammatory score, the score of chronic inflammation and the H. pylori density grade is significantly
related to increase TNF-a mRNA expression in infected patients. P<0 .05 was determine statistically significant by one-way ANOVA (N = number)

release of IL-8 and TNF-a in a cagPAI-dependent way in
THP-1 monocytes, which was associated with enhanced
TLR-2 and TLR-5 expressions (Kumar Pachathundikandi
et al. 2011). Research in infected Mongolian gerbils with
H. pylori showed that the mucosal pattern of inflamma-
tory cytokines such as IL-1B, TNF-a, IL-17, and IL-18
in infected Mongolian gerbils with oipA mutant were
significantly lower than infected with wild-type strains.
Also, H. pylori virulence factors OipA determined the
levels of the gastric inflammation-related inflamma-
tory cytokine outcome in the progress of GC and PUD
(Sugimoto et al. 2009). TNF-a mRNA expression in the
infected patients with PUD was significantly higher than
in the patients with gastritis. Also, an increase in acute
inflammatory score, chronic inflammation score and

the degree of H. pylori density is significantly associated
with increased TNF-a mRNA expression in infected
patients. Our results are in agreement with the results of
the studies conducted on mouse models of the H. pylori-
infection, which demonstrated that the TNF-a mRNA
expression were significantly greater in the PUD group
than in the non-ulcer group (Sugimoto et al. 2009). Also,
recent study by Tourani et al. Showed that the serum
TNF-« level in peptic ulcer patients was significantly
higher than the control group (Tourani et al. 2018). In
contrast to our detections, Shamsdin et al. demonstrated
that and noted no significant change in TNF-a serum
levels in the infected patients with PUD and gastritis;
however, the TNF-a serum levels in combination with
IL-6 were found to be significantly higher in the gastritis



Rahimian et al. AMB Express (2022) 12:113 Page 8 of 11

H. pylori-negative H. pylori-positive

Treg cells

Th1 cells

Th17 cells

lori-positive subjects (original magnification,
400 x). Immunohistochemistry of Tregs (row 1), Th1 (row 2), Th17 (row 3), and Th22 (row 4) in gastric mucosa from column 1) H. pylori-negative
subjects and column 2) H. pylori-positive subjects. IL-22 staining (brown) were found on the cytoplasm of T lymphocytes, and Foxp3 (Treg), T-bet

(Th1) and RORY (Th17) staining (brown) was located in the nucleus of T lymphocytes. The arrows show the target lymphocytes in the gastric tissue
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patients as compared to the PUD patients. In addition,
they observed significantly higher levels of TNF-« in the
active chronic and chronic gastritis patients as compared
to the uninfected groups (Shamsdin et al. 2017).

The mucosal TNF-a mRNA expression had a sig-
nificant positive correlation with the frequency of Thl,
Th17, Th22 lymphocytes in the PUD group. Our previ-
ous studies in association with the pathogenesis of PUD
showed that the frequency of Th1, Th17, Th22 lympho-
cytes in infected patients with PUD were significantly
higher than infected patients with gastritis (Bagheri et al.
2018, 2019; Sanaii et al. 2019). Th1 cells cause the infiltra-
tion of pro-inflammatory M1 macrophages into the site
of inflammation (Farrar et al. 2002). M1 macrophages
are usually characterized by the secretion of high levels
of pro-inflammatory cytokines such as TNF-a and IL-6
(Atri et al. 2018). Th17 lymphocytes stimulate epithelial
cells and stromal cells to release IL-8, which is a chemo
attractant for neutrophils, and Th17 lymphocytes also

induces the production of TNF-a from macrophages and
neutrophils cells at the site of infection (Bagheri et al.
2015a). Also, the pro-inflammatory cytokine TNF-a may
promote Th22 differentiation in the site of inflammation
(Sugita et al. 2013). The increased TNF-a mRNA expres-
sion may be able to reflect the degree of tissue dam-
age affected by a peptic ulcer in comparison to gastritis
patients. The mucosal TNF-a mRNA expression had a
significant negative correlation with the frequency of
Treg lymphocytes in the PUD group. Our previous study
showed that the frequency of Treg and Breg lymphocytes
remarkably increased in gastritis patients rather than
PUD patients (Bagheri et al. 2017; Nahid-Samiei et al.
2020).

The findings suggest that increased levels of TNF-«
mRNA in H. pylori-infected patients may act an axial role
in PUD pathogenesis. The conclusions as well as high-
lighted the significance of TNF-a increment along with
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Th1, Th17, Th22 responses increase also a significant risk
factor for PUD in the context of H. pylori infection.
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