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Abstract
Background  Helicobacter pylori infection and heterogeneity in its pathogenesis could describe diversity in the expression 
of inflammatory genes in the gastric tissue. We aimed to investigate transcriptional alteration of genes linked to gastritis 
concerning the H. pylori infection status and its virulence factors.
Methods and results  Biopsy samples of 12 infected and 12 non-infected patients with H. pylori that showed moderate chronic 
gastritis were selected for transcriptional analysis. Genotyping of H. pylori strains was done using PCR and relative expres-
sion of inflammatory genes was compared between the infected and non-infected patients using relative quantitative real-time 
PCR. Positive correlations between transcriptional changes of IL8 with TNF-α and Noxo1 in the infected and TNF-α with 
Noxo1, MMP7, and Atp4A in the non-infected patients were detected. Six distinct genotypes of H. pylori were detected that 
showed no correlation with gender, ethnicity, age, endoscopic findings, and transcriptional levels of host genes. Irrespective 
of the characterized genotypes, our results showed overexpression of TNF-α, MMP7, Noxo1, and ATP4A in the infected and 
IL-8, Noxo1, and ATP4A in the non-infected patients.
Conclusions  A complexity in transcription of genes respective to the characterized H. pylori genotypes in the infected patients 
was detected in our study. The observed difference in co-regulation of genes linked to gastritis in the infected and non-infected 
patients proposed involvement of different regulatory pathways in the inflammation of the gastric tissue in the studied groups.
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Introduction

Gastritis is a common disease among humans in different 
populations. Although this disease can control by therapeu-
tic regimens, its chronic form could lead to cancer. Gastritis 
is a multifactorial and complex disease associated with both 
the environment, such as lifestyle, eating habits, and infec-
tions and genetic factors [1]. Helicobacter pylori (H. pylori), 
which is known as the first carcinogenic bacteria, can cause 
gastritis and chronic inflammation through different mecha-
nisms, including histopathological changes of the gastric tis-
sue that are mediated by its virulence factors, induction of 
the immune system leading to the infiltration of neutrophils 
and lymphocytes as well as the production of proinflamma-
tory cytokines, production of substances, such as ammonia, 
phospholipases, and cytotoxins, which lead to increased 
risk of malignant alterations of the gastric stem cells [1, 2]. 
The infection occurs during infancy and may remain silent 
for decades in the gastric environment throughout life. The 
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infection and pathophysiological abnormalities of chronic 
gastritis (CG) could lead to the loss of functional glands 
(atrophy) and replacement of the normal gland and foveolar 
epithelium with intestinal-type cells, intestinal metaplasia, 
and progress to dysplasia, and carcinoma [3]. H. pylori also 
can cause other diseases, such as peptic and duodenal ulcers, 
mucosa-associated lymphoid tissue lymphoma, or other 
conditions, such as recurrent aphthous stomatitis, anemia, 
altered serum levels of lipoproteins, and coronary athero-
sclerosis in some patients [3–7].

Different virulence factors are attributed to H. pylori that 
are linked to gastric disorders. Cytotoxic-associated gene 
A (CagA), vaculotating cytotoxin A (VacA), and several 
other virulence factors such as outer membrane proteins 
(OMPs), are involved in H. pylori-induced gastric inflam-
mation via the activation of gene transcription [1, 8]. Inter-
action of these virulence factors with host cell receptors on 
gastric epithelial cells has been described in both in vitro 
and in vivo studies [1]. These interactions trigger intracel-
lular signaling events that result in the release of proinflam-
matory cytokines and promote bacterial evasion from the 
acidic environment of the stomach, local mechanical stress, 
and native immune response [2, 4]. Although infiltration 
of plasma cells, neutrophils, monocytes, differentiation of 
the gastric cells to the intestinal type cells, and depletion of 
the parietal cells in the gastric tissue are among common 
histological changes occurring following the infection, no 
congruency exist to link some of these virulence factors with 
these changes [8].

Many research works have been carried out to find gene 
expression profiles of gastric cancer in tumor tissues; how-
ever, there are very few studies that provide information 
about gene expression analysis in pre-cancerous tissue, 
especially in patients with CG, and its link with different 
genotypes of H. pylori virulence factors. The induction of 
nuclear factor κB/tumor necrosis factor-alpha (NF-κB/TNF-
α) inflammatory pathway is known to be the major route of 
immune-dependent carcinogenesis in the stomach [9]. Acti-
vation of NF-κB by H. pylori induces nuclear translocation, 
which causes an increase in transcription of NF-κB respon-
sive genes, like interleukin (IL)-8, and up or down-regulation 
of inflammatory genes [2]. In this pathway, TNF-α, IL-8, 
nicotinamide dinucleotide phosphate (NADPH) oxidase 1 
(NOXO1), Matrix metallopeptidase 7 (MMP-7), and ATPase 
H+/K+ Transporting Subunit Alpha (ATP4A) cooperate to 
promote inflammation and histological changes in the gastric 
tissue [10–12].

Heterogeneity in the pathogenicity of the infection among 
patients seems to depend on the genotype of H. pylori 
strains carrying different virulence factors, and the extent 
of induction of genes mediating the activation of this path-
way. Understanding this correlation possibly could illustrate 
observed diversity in the severity of the inflammation and 

its progress toward cancer. In this study, to describe this 
relationship, changes in transcription levels of key genes of 
the NF-kB inflammatory pathway, including TNF-α, IL-8, 
Noxo1, Atp4aA, and MMP-7 were explored and their link 
with common virulence genotypes of related isolates was 
analyzed on gastric biopsy samples of patients with gastric 
disorders.

Materials and methods

Patients and samples

The study was performed on adult patients with gastric dis-
orders who referred to endoscopic ward of a general hospital 
in Tehran, Iran from January to August of 2019. All the 
patients filled an informed consent form before the sam-
pling. Demographic and clinical information of patients 
was recorded in a questionnaire. Three biopsy specimens 
of the patients were obtained during endoscopy from the 
antrum (the distal region of the stomach), which were used 
for histological examination, rapid urease test and H. pylori 
culture, and RNA extraction. Patients who received non-
steroidal anti-inflammatory drugs, proton pump inhibitors, 
or antibiotics within last six weeks, those with a history of 
the stomach surgery were excluded from this study. To com-
pare transcriptional changes on the H. pylori positive and 
negative samples, biopsies from patients with acute gastri-
tis, and those that presented mild CG, severe CG, intestinal 
metaplasia and/or dysplasia were excluded. This study was 
approved by the ethical committee of the Research Center in 
Tehran University of Medical Science (Accepted Number, 
IR.TUMS.SPH.REC.1398.167 1398/7/3).

Histological examination

Biopsy specimens in the pathology department were histo-
logically examined by hematoxylin–eosin staining method 
and the grade of gastritis was described based on histologi-
cal parameters and updated Sydney System. Patients sam-
ples with CG were selected for further analysis.

Isolation and identification

Each biopsy specimen for culture were kept in a transport 
medium consisting of thioglycollate with 1.3 g/L Agar 
(Merck, Germany) with 3% yeast extract (Oxoid, UK) and 
were transferred to the laboratory in less than 2 h, then were 
homogenized and cultured on Brucella Agar supplemented 
with 7% sheep blood, Campylobacter selective supple-
ment (vancomycin 2.0 mg, polymyxin 0.05 mg, trimetho-
prim 1.0 mg), 10% fetal calf serum, and amphotericin B 
(2.5 mg/L). Incubation was performed in microaerophilic 
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conditions at 37 °C for 5–7 days. Identification of H. pylori 
isolates was performed by analyzing colony morphology, 
Gram staining, positive reactions of oxidase and catalase, 
and urease activities. Confirmation of the identity was done 
using specific primers for H. pylori (glmM) by polymerase 
chain reaction (PCR) as described before [13]. The isolates 
were preserved in BHI broth containing 20% glycerol and 
10% fetal calf serum and stored at − 70 °C.

Genotyping of H. pylori isolates

DNA extraction

Genomic DNA of harvested colonies was extracted as 
described by Douraghi M [14]. Briefly, harvested colonies 
of the H. pylori isolates were suspended in 1 ml PBS. After 
centrifugation (6000 rpm, 5 min), the pellets were resus-
pended in 50 mM/L NaOH and heated at 100 °C for 20 min. 
After a quick spin and addition of 1 M Tris–HCl, pH 7.5, 
centrifuged for 5 min at 3000 rpm. The supernatants con-
taining genomic DNA samples were stored at − 20 °C until 
used for molecular studies.

Genotyping

In this study, genotyping of the isolates was done by PCR. 
Primers for detection of cagA, cagL, cagY, vacA (s and m 
alleles), and iceA1 and iceA2 genes were used in separate 
reactions as described before [13, 15, 16]. Each genotype 
was defined according to a distinct pattern of the virulence 
genes detected as follows, cagA+/−/cagL+/−/cagY+/−/vacA 
(s1/2/m1/2)/iceA1+/−/A2+/−.

Gene expression analysis

RNA extraction and cDNA synthesis

To analyze the extent of alteration in the transcription of 
inflammatory genes in patients with CG, RNA extraction 
of the gastric biopsy samples was done using TRIzol rea-
gent (BlueZol, Iran) following the manufacturer’s guidelines 
with some modifications. Briefly, the tissue samples were 
cut into small pieces and mixed thoroughly with 600 μL of 
the extraction solution (BlueZol, Iran). After the addition of 
150 μL chloroform and vigorous vortex for 15 s, the result-
ing mixture was centrifuged at 12,000 rpm for 15 min at 
4 °C. The colorless upper aqueous phase was transferred to 
a new clean tube and mixed with 400 μL of isopropanol. The 
mixture was frozen at − 70 °C for 30 min, and the obtained 
RNA pellet (12,000 rpm, 15 min at 4 °C) was mixed with 
1 mL 80% ethanol. A gentle vortex was applied to sus-
pended the white plate at the bottom of the microtube. The 
extracted RNA in the pellet of the mixture was obtained 

after centrifuged at 7500 rpm for 5 min at 4 °C. Each pel-
let was resuspended in 20–30 μL DEPC treated water, and 
stored at – 70 °C after heat treatment in 60 °C for 5 min. The 
extracted RNA concentration was measured by quantitative 
method (Nano Drop™ One Microvolume UV–Vis Spectro-
photometers). cDNA synthesis was done after adjustment 
of RNA concentrations using the easy cDNA synthesis kit 
(Parstous, Iran), according to the manufacturer’s instruction.

Detection of primer efficiency

The efficiency of primers targeting TNF-α, IL-8, Noxo1, 
MMP-7, Atp4A, B2M, and ACTB genes was measured before 
each analysis. The nucleotide sequence of these primers is 
shown in Table 1.

Relative quantitative real‑time PCR

The expression level of IL-8, TNF-α, Noxo1, MMP-7, ATP4A 
genes in the H. pylori-infected compared with H. pylori non-
infected patients with CG was measured using SYBR green 
quantitative real-time PCR. B2M and ACTB genes were used 
as endogenous genes as described before [17]. The reac-
tion mixture consisted of 0.5 μL of each primer, 12.5 μL 
RealQ Plus Master Mix Green (Ampliqon, Denmark), 2 μL 
of cDNA, and distilled water up to the final volume of 25 μL. 
The thermal cycling conditions in Rotor Gene 6000 Corbett 
Sequence Detection System have comprised an initial dena-
turation step at 95 °C for 10 min, 40 cycles of denaturation 
at 95 °C for 30 s, annealing at 60 °C for 60 s, elongation at 
72 °C for 60 s, and a final extension step at 72 °C for 3 min. 
All the reactions were tested in duplicate. To show the accu-
racy of the amplification for each gene, primer efficiency, 
melting curve analysis, and gel electrophoresis were done. 
Relative gene expressions for all samples were determined 
from the obtained Ct (Crossing Threshold) values and using 
the 2−∆∆ct (2^− (Sample ∆ct − Average control group ∆ct) method. Up- 
and down-regulation were defined based on RQ values ≥ 2 
and ≤ 0.5, respectively [18].

Statistical analysis

Statistical analyses and graphical representation of results 
were performed using SPSS (25 version) and GraphPad 
Prism7 softwares. The correlation between the relative 
expression values of IL-8, TNF-α, Noxo1, MMP-7, ATP4A 
genes in the infected group was evaluated by Spearman's 
correlation nonparametric test. As well, the correlation 
between H. pylori genotypes and relative expression val-
ues of these genes in the H. pylori-infected patients with 
CG was evaluated by Kruskal–Wallis nonparametric test. p 
value ≤ 0.05 was considered statistically significant.
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Results

Phenotypic and histological results

A total of 168 volunteer patients with gastric disorders (Male, 
41.1% and Female, 58.9%), and a mean age of 46 years rang-
ing from 17–86 years, were included in this study. H. pylori 
infection was detected in 27.4% (46/168) of the biopsy speci-
mens. Histopathologic analysis showed that 87.5% (147/168) 
had CG, where 41.49% (61/147) of them presented moderate 
CG in their histological tests. Atrophy, metaplasia, and dys-
plasia were not detected in these samples. Among the patients 
with moderate CG, biopsy samples of the H. pylori-infected 
and non-infected patients were selected for further analysis. 
Demographic and pathological information for the patients 
is presented in supplementary (Table 1). All of the H. pylori 
isolates in the infected patients showed positive results for 
common biochemical, enzymatic, and PCR (glmM gene) tests.

Characteristics of H. pylori genotypes

Genotypic characteristics of H. pylori isolates showed six 
distinct genotypes (Supplementary, Table 1). Statistical 
analysis showed no correlation between these genotypes and 
gender, ethnicity, age, and endoscopic findings.

Expression and correlation of IL‑8, TNF‑α, MMP7, 
Noxo1 and ATP4A genes in two groups of patients

The efficiency of primers targeting TNF-α, IL-8, Noxo1, 
MMP-7, Atp4A genes was between 0 and 1. Alteration in 

transcriptional levels of key inflammatory and carcinogenic 
genes was measured in the gastric tissue samples. The rela-
tive expression levels (mean ± SD) of these genes revealed 
are presented in Table 2. Accordingly, overexpression of 
TNF-α, MMP7, Noxo1and ATP4A genes in the infected 
group and IL-8, Noxo1, and ATP4A genes in the non-
infected group was detected (Fig. 1). Given that the distribu-
tion of data was not normal, Spearman's correlation nonpar-
ametric test was used to compare coregulation of different 
genes linked to the inflammatory pathway in H. pylori-pos-
itive and -negative groups. There were positive correlations 
between the expression of TNF-α and IL-8 genes (r = 0.636, 
P = 0.026), TNF-α and Noxo1 genes (r = 0.573, P = 0.05), IL-
8 and Noxo1 genes (r = 0.601, P = 0.039) in H. pylori-posi-
tive group and positive correlations between the expression 
of TNF-α and MMP-7 genes (r = 0.657, P = 0.020), TNF-α 
and Noxo1 genes (r = 0.629, P = 0.028), TNF-α and ATP4A 
genes (r = 0.573, P = 0.05) in H. pylori-negative group that 
were statistically significant. 

Comparison between H. pylori genotypes 
and relative expression values of genes

As was shown in Fig. 1, relative expression levels of IL-
8, TNF α, MMP7, Noxo1, and ATP4A genes in H. pylori-
infected patients with defined genotypes were compared. 
Statistical analysis doesn’t show a correlation between 
genotypes and the extent of expression for each gene. A 
link between H. pylori genotype A (cagA+/vacA s1m1) and 
increased levels of expression for IL-8, TNF-α, and MMP-
7 was shown, which were inversely accompanied with the 

Table 1   Primer sequences for 
the RT-PCR analysis

TNF-α tumor necrosis factor-alpha, IL-8 Interleukin (IL)-8, Noxo1 nicotinamide dinucleotide phosphate 
(NADPH) oxidase 1, MMP-7 matrix metallopeptidase 7, ATP4A ATPase H+/K+ transporting subunit alpha, 
β2M beta-2 microglobulin, β-Actin beta-actin

Name Sequence (5' → 3') Length (bp) Size of 
product 
(bp)

Annealing tm References

TNF-α F: GAG​GCC​AAG​CCC​TGG​TAT​G 19 91 60 [45]
R: CGG​GCC​GAT​TGA​TCT​CAG​C 19

IL-8 F: GAA​CTG​AGA​GTG​ATT​GAG​AGT​GGA​ 24 134 62 [46]
R: CTC​TTC​AAA​AAC​TTC​TCC​ACA​ACC​ 24

Noxo1 F: AGA​TCA​AGA​GGC​TCC​AAA​CG 20 120 60 [44]
R: GGA​AGG​TCT​CCT​TGA​GGG​TCT​ 21

MMP-7 F: TGC​AGA​AGC​CCA​GAT​GTG​GAGTG​ 23 96 62 [47]
R: CGA​TCC​TGT​AGG​TGA​CCA​CTT​TGG​ 24

ATP4A F: CGG​CCA​GGA​GTG​GAC​ATT​CG 20 176 60 [48]
R: ACA​CGA​TGG​CGA​TCA​CCA​GG 20

β2M F: TGC​TGT​CTC​CAT​GTT​TGA​TGT​ATC​T 25 86 60 [49]
R: TCT​CTG​CTC​CCC​ACC​TCT​AAGT​ 22

β-Actin F: ATG​TGG​CCG​AGG​ACT​TTG​ATT​ 21 107 60 [50]
R: AGT​GGG​GTG​GCT​TTT​AGG​ATG​ 21
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lower level of Noxo1 and ATP4A expression compared 
with the other genotypes. The lowest level of changes in 
the transcription of the studied genes compared with the 
non-infected patients was detected in a patient infected 
with H. pylori genotype F (cagA-/vacA s2m2). Patients 
infected with genotype A and C showed the highest level 
of MMP7  and TNF-α  expression compared with other 
genotypes (1.87 and 3.35-fold vs 0.77 ± 0.34 and 2.52 
and 2.55-fold vs 0.47 ± 0.28, respectively). While expres-
sion of IL-8, TNF-a, and MMP-7 was higher in biopsy 
of patients infected with genotype A strains, the expres-
sion of ATP4A and Noxo1 genes was higher in the patients 
infected with a more related genotype (genotype B, 16.91 
and 3.76 folds, respectively). The patients infected with 
genotype C of H. pylori presented the highest transcrip-
tion level of TNF-α, MMP-7, and Noxo1 genes (2.55, 3.35 
and 1.69 folds, respectively) compared to other genotypes 
(0.88 ± 0.94, 0.96 ± 0.51, and 0.62 ± 0.52).

Discussion

Gastritis is a common disease among humans in differ-
ent populations. This is estimated that more than half of 
the world population experience CG in different degree 
and extent. The role of CG as a serious and insidious ill-
ness in the path of gastric carcinogenesis remains largely 
unknown. H. pylori infection is one of the most important 
contributors of gastritis that shows great diversity in its 
genomic content in different geographic locations [1, 15].

Host inflammatory responses are mediated through 
several mechanisms, including induction of oxidative-
reductive stress response pathway, activation of cytotoxic 
immune cells, B cell activation, and permanent secretion 
of inflammatory cytokines and chemokines [2]. Although 
real mechanisms of gastritis and its progression toward 
gastric cancer after H. pylori infection are poorly known, 

Table 2   Relative expression (Mean ± SD) of genes in two groups of patients, moderate chronic gastritis/H. pylori positive and moderate chronic 
gastritis/H. pylori negative

Bold numbers represent ≥ 2 fold relative gene expression in the H. pylori infected or non-infected groups
Relative gene expressions for all samples were determined from the obtained Ct (Crossing Threshold) values and using the 2−∆∆ct (2− (Sample 

∆ct − average control group ∆ct) method. Up- and down-regulation was defined based on RQ values ≥ 2 and ≤ 0.5, respectively

Groups IL-8 TNF-α MMP-7 NOXO1 ATP4A
Relative expression
Mean ± SD

Relative expression
Mean ± SD

Relative expression
Mean ± SD

Relative expression
Mean ± SD

Relative expression
Mean ± SD

Moderate chronic 
gastritis/H. 
pylori positive

1.203 ± 2.805 2.084 ± 2.684 3.242 ± 3.727 3.641 ± 4.805 4.299 ± 9.051

Moderate chronic 
gastritis/H. 
pylori negative

2.587 ± 2.28 1.342 ± 1.068 1.939 ± 1.398 3.645 ± 8.613 2.779 ± 3.962

Fig. 1   A comparison of genes expression between the two groups of 
patients in all samples (moderate chronic gastritis/Helicobacter pylori 
(H. pylori) positive, moderate chronic gastritis/H. pylori negative), B 

comparison between H. pylori genotypes and relative expression val-
ues of genes
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in vitro studies showed that induction of the nuclear factor-
κB (NF-κB) inflammatory pathway is a critical regulator in 
this relationship. Activation of this pathway could promote 
immune-dependent inflammation and histological changes 
in the stomach [9].

A total of 1840 genomics types of H. pylori have been 
described according to the GenBank database, which shows 
great diversity in this bacterium that is due to its impaired 
DNA repair system and evolutionary events. Pathogenicity 
of this bacterium in strains with intact type 4 secretion sys-
tem is commonly linked to the expression of CagA, VacA, 
IceA, Urease, together with adhesions and outer membrane 
proteins. Finding a link between the genotypes of this bacte-
rium and the extent of inflammatory response in the gastric 
tissue is hard, since there are several variants of each viru-
lence gene. In this study, our results confirmed this complex-
ity in the studied patients.

Results of our study showed a complexity between the 
extent of transcription in genes related to inflammation and 
gastric carcinogenesis and genotypes of the H. pylori iso-
lates. Nearly half of the patients were infected with wild-
type genes, while the absence of some virulence genes was 
detected in other samples. Totally, six different genotypes of 
H. pylori were detected in biopsy samples of patients with 
CG, which represented similar diversity as were reported 
from previous studies in Iran [15]. Genotype A (Cag A+/
Cag Y+/Cag L+/Vac A m1s1/ice A1+), which seems to pre-
sent the highest pathogenicity based on in vitro studies, was 
detected in 25% of the patients. Histological analysis in the 
patients infected with this genotype showed similar patho-
genicity compared with the patients infected with genotype 
C, a genotype with low virulence capacity (Cag A−/Cag 
Y−/Cag L−/Vac A m2s2/ice A1+/A2+). Similar to this finding, 
in a study by Chiurillo et al., no congruency was detected 
between genotypes of H. pylori isolates and histological 
findings [19].

Besides variation in ethnicity of the participants, the 
observed diversity in genotypes could be explained through 
impaired DNA repair mechanisms during the replication that 
delivers several deletions and mutations [19]. In our study, 
this diversity showed to have no impact on the transcription 
level of TNF-α in the infected patients compared with non-
infected ones. Accordingly, overexpression of TNF-α was 
detected just for patients infected with the strains belonged 
to genotype A and C, which show no similarity in their 
genotypes. In general, a H. pylori strain with genotype A is 
considered virulent, where expression and secretion of CagA 
and VacA s1m1 in the gastric tissue is associated with the 
increased level of TNF-α expression and inflammation [20]. 
The induction of TNF-α in three infected patients with cagA 
negative strain carrying an inactive variant of vacA s2m2 
allele proposed the involvement of some other virulence 
factors, host factors, or microbes other than Helicobacter in 

this interplay. This discrepancy was previously reported by 
Zabaglia et al. [21]. Although carriage of iceA1/A2 allele in 
H. pylori isolates with genotype C could explain the induc-
tion of TNF-α in the gastric tissue; lack of this induction in 
a patient infected with H. pylori genotype E has challenged 
this link. Similar to our finding, in a study by Yamaoka et al. 
which was done on the gastric tissue, no significant differ-
ence in expression of TNF-α was shown between the infected 
patients with cagA+ and cagA− strains [22]. A positive cor-
relation between the expression of TNF-α gene with IL-8 
genes and Noxo1 genes in the H. pylori-positive group and 
with MMP-7, Noxo1, and ATP4A genes in the H. pylori-
negative group confirms its role as a main inflammatory 
factor that acts as a master switch in establishing between 
inflammation and cancer [23].

Overexpression of IL-8, as the second important cytokine 
mediating a role in inflammation, as shown by these authors 
both in the corpus and antrum of infected patients with 
cagA+ genotype compared with cagA− ones. This finding is 
inconsistent with our results since the overexpression was 
just detected in the infected patients with genotype A. These 
results are in agreement with Siddique’ (2014) and Audibert’ 
(2000) findings which showed that the presence of cagA is 
not associated with increased expression of IL-8 gene [24, 
25]. Regardless of defined genotypes, although 2.5-fold 
higher level of IL-8 transcription was measured in cagA+ 
compared with cagA− strains in our study, carriage of vacA 
s1m1 allele was a hallmark for explaining IL-8 overexpres-
sion in our samples since this allele was unique in the strains 
with genotype A, where nearly eightfold higher level of the 
expression was detected compared with other genotypes.

One unanticipated finding was that the relative expression 
of the IL-8 gene was lower in the infected patients with H. 
pylori compared to non-infected patients. This result differs 
from some published studies [26–30], which suggested that 
H. pylori infection is not the only factor associated with IL-8 
induction in the gastric tissue. Gene polymorphisms in the 
mediators of NF-κB pathway, induction of TGF-β, IL-10, 
and Muc-1, and interaction of non-Helicobacter bacteria are 
among other factors that can influence the expression of IL-8 
in patients with gastritis [31]. In the case of studied patients 
with H. pylori infection, these results suggested that there 
is a link between genotypes of H. pylori and the level of IL-
8 gene expression. According to our knowledge, while no 
study examined the effect of complete H. pylori genotype 
on the extent of IL-8 transcription, similar to our results the 
higher level of IL-8 expression was previously established 
for H. pylori strains with cagA+/vacA s1m1variant [20, 25, 
29].

MMP-7 is a member of the MMP family and a key player 
in the inflammation process and carcinogenesis, which 
increase in H. pylori gastritis and early gastric carcinoma 
[32, 33]. Based on our results, a higher level of the MMP-7 
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mRNA was detected in the H. pylori-positive group than 
in the H. pylori-negative group, but this difference was not 
significant. These results match those observed in earlier 
studies [32–36]. In the H. pylori-positive group, the patients 
infected with genotype A and C of H. pylori had higher 
expression of the MMP-7 gene compared to other genotypes 
and unlike previous studies, it was found that there was no 
relationship between the presence of cagA+ H. pylori strains 
and the increase in MMP-7 gene in patients [36, 37]. The ice 
A1 and ice A1/A2 seem to be involved in MMP-7 expression 
that is suggested due to the presence of inactive vacA allele 
and cagPAI in the stains with genotype C. However, lack of 
MMP-7 induction in a sample with H. pylori genotype E, 
which carry this virulence gene, again showed the complex-
ity for the description of this correlation.

H+, K+-adenosine triphosphatase (H+, K+-ATPase) as a 
proton pump and a marker of parietal cell function is the 
key pathway mediating the secretion of gastric acid and 
is affected by H. pylori. H. pylori or its products inhibit 
the activity of the promoter of the alpha-subunit of H+, 
K+-ATPase and suppress the expression of H+, K+-ATPase 
[38, 39]. A few studies have examined the changes in the 
expression level of the ATP4A gene in human gastric. Our 
results are almost in line with Kim and Lee’s (2020) find-
ings which showed there were no significant differences in 
ATP4A mRNA level between H. pylori-negative and H. 
pylori-positive groups [38]. In our study, downregulation 
of ATP4A was detected for all genotypes, except genotypes 
B and E, where overexpression was detected in only one 
patient. This finding showed that transcription of this gene 
could be mediated by different pathways, independent of 
genotypes of H. pylori strains. In previous studies, the effect 
of existence cagA and type IV secretory system (T4SS), 
cagL, for repression of ATP4A expression was confirmed in 
studies of H. pylori cagPAI strains [40–42], but in our study, 
such a relationship was not seen.

NADPH oxidase organizer 1 (NOXO 1) is one of the 
components forming the NOX1 complex. It is known as 
a TNF-α-dependent tumor-promoting factor for gastric 
inflammation [43]. Several reports have shown that Noxo1 
expression is significantly upregulated in gastritis as well 
as the intestinal-type or diffuse-type gastric cancer [43, 
44]. In our study, there was no difference in the relative 
expression of the Noxo1 gene between the two groups of 
patients. This result may be explained by the fact that all 
the samples used in our study were from the gastric tissue 
of patients with CG. In the H. pylori-positive group, the 
patients infected with genotypes B and C showed higher 
levels of Noxo1 expression compared with the other geno-
types; however, no virulence factor could describe this 
increased level of the expression. Alteration in the expres-
sion level of Noxo1 accompany with TNF-α and IL-8 in the 
H. pylori-positive group and its link with TNF-α in the H. 

pylori-negative group represents its role in gastritis irre-
spective of the type of infections in the gastric tissue. In 
future studies, determining the role of infection with other 
microbes could shed light on this interaction.

Conclusion

In general, in this study, we investigated the impact of H. 
pylori infection and its characterized combined virulence 
genotypes on transcriptional changes of genes linked to the 
inflammatory pathway in the gastric tissue of the infected 
compared with non-infected patients with CG. Our results 
showed complexity in the transcription of genes link to 
the inflammatory pathways in the gastric tissue respective 
to the characterized H. pylori genotypes. A direct rela-
tionship with overexpression of IL-8, TNF-α, and MMP-
7 genes and downregulation of Noxo-1 and ATP4A was 
detected in the samples of patients infected with hyper-
virulent strains with genotype A compared with other 
genotypes. Irrespective of genotypes of H. pylori, our 
results showed a significant positive correlation between 
transcriptional changes of IL8 in conjunction with Noxo1 
and/or TNF-α in H. pylori-infected patients that was differ-
ent from the characterized correlation in the transcription 
of TNF-α and ATP4A/Noxo1/MMP-7 genes in H. pylori-
negative patients with gastritis. This finding proposed the 
involvement of some other host factors, such as gene poly-
morphisms in the mediators of the NF-κB pathway, the 
interplay of the anti-inflammatory pathway, and the inter-
action of non-Helicobacter bacteria in this regard. More 
studies on a larger number of samples, especially those 
with characterized microbiota and related host immuno-
genetics and transcriptional data could provide valuable 
documents about this interaction.
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