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Abstract

Background and aims: Inflammation is a key feature of Helicobacter pylori infection and its associated complications, gastritis,
and gastrointestinal ulcers. This study aimed to determine the level of expression of interleukin (IL)-22 in the gastric mucosa in the
control group and patients with gastritis and peptic ulcer.

Methods: This case-control study was conducted on patients with gastrointestinal problems referred to the endoscopy unit of
Hajar Hospital of Shahrekord (Iran, 2018). Overall, 135 tissue samples were collected from people suspected of gastritis (n=45),
people with peptic ulcers infected with H. pylori (n=45), and people without H. pylori infection (n=45). IL-22 gene expression
was measured using a real-time polymerase chain reaction method compared to the beta-actin internal gene. IL-22 expression was
calculated by 2 42 and statistically analyzed by SPSS16 software and t-student test.

Results: In this research, the mean age of the patients was 50.17 +15.09 and 50.96 +19.77 in the infected and non-infected groups,
respectively. There was no significant difference between the two studied groups in terms of age and gender (P=0.236). IL-22
expression in H. pylori-infected individuals (3.21+0.58) was 3.54-fold higher than that in the control group (0.9+0.14, P=0.036).
Likewise, IL expression in peptic ulcer (2.2 +£0.43) was significantly higher than that in those with gastritis (1.12+0.87, P=0.012).
Conclusion: Despite its pro-inflammatory nature, IL-22 can effectively control bacterial infections and strengthen mucosal defenses,

particularly in the context of H. pylori infection, highlighting its therapeutic potential.
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Introduction

Helicobacter pylori is a Gram-negative, microaerophilic,
curved, spiral-shaped bacterium with 3-5 flagella and is
mobile (1). H. pylori, unlike viruses and bacteria, is highly
resistant to stomach acid due to its urease enzyme and
quickly colonizes the mucous tissue of the stomach (2).
It is a pathogenic bacterium found in the stomachs of
over half of the world’s people and is mainly associated
with inflammation (3). Over 80% of H. pylori patients
are asymptomatic. In comparison, only 20% of chronic
gastrointestinal disease patients develop gastritis, stomach
ulcers, intestinal metaplasia, adenocarcinoma, and gastric
mucosal lymphoma (4). Gastritis is usually present in
all patients infected with H. pylori (5). In acute gastritis,
neutrophils release reactive oxygen species and other
neutrophil contents; they cause damage to the stomach
tissue (6). When lymphocytes replace neutrophils, acute
gastritis turns into chronic gastritis. Chronic gastritis is
normally a symptom of diseases such as stomach ulcersand
stomach cancer. H. pylori causes 70-85% of gastric ulcers
and 90-95% of intestinal ulcers (6). Interleukin-22 (IL-22),

initially identified in mice during T-cell research, belongs
to the interleukin 10 family and binds to the IL-22R1 and
IL-22R2 complex (7). IL-22 enhances skin keratinocytes’
antimicrobial defense by increasing the expression of
beta-defensin 2, beta-defensin 3, psoriasin, calgranulin A,
and calgranulin B (8). Furthermore, the amount of IL-22
increases in infection with Mycobacterium tuberculosis
and Klebsiella, indicating the role of IL-22 in defense
against bacteria (9). IL-22, a cytokine, may significantly
enhance the expression of antimicrobial proteins in
bacterial infections, potentially playing a crucial role
in host defense against skin and stomach infections.
Studying stomach-intestinal issues in Chaharmahal and
Bakhtiari province may help identify effective treatment
methods for stomach cancer, enhancing knowledge about
the pathogenic mechanisms of H. pylori.

Materials and Methods

Sample Collection, Study Population, and Groups

This case-control study was conducted on patients with
gastrointestinal problems referred to the endoscopy
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unit of Hajar Hospital of Shahrekord, Iran, in 2018.
After receiving the approval of the Ethics Committee
of Shahrekord University of Medical Sciences (Ethical
approval IR SKUMS.REC.1395.72), the participants were
provided with detailed information about the study’s
aims and methods. After fully understanding the study,
the participants gave their informed consent. In general,
135 tissue samples were collected from people suspected
of gastritis (n=45), people with peptic ulcers infected with
H. pylori (n=45), and people without H. pylori infection
(n=45). Random sampling was used in this study. Four
biopsies were taken from people suspected of having H.
pylori by a gastroenterologist a super specialist from the
end part of the stomach (antrum), which was abnormal.
At that time, the participants completed a questionnaire
containing personal information, including gender,
age, history of illness, presence or absence of gastric
ulcer or duodenum, smoking history, antacid and anti-
inflammatory drugs, and the like. This study did not
include people who had taken aspirin or non-steroidal
anti-inflammatory drugs, those with malignancies,
patients with heart, lung, liver, and kidney problems,
or patients with metabolic disorders and immune
system suppression. The following formula was used
to determine the sample size. In this calculation, p was
assumed to be 0.3, representing the prevalence of H. pylori
infection in the population. Based on this assumption and
an odds ratio (OR) of 3 with a 95% confidence interval
and 91% power, the required sample size was estimated as
45 participants in each group (gastritis, peptic ulcer, and
control) (10).
OR
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Determining the Existence or Lack of Helicobacter pylori
by Implementing a Rapid Urease Test

After sampling, a direct rapid urease test was performed
in the clinic on one of the biopsies of the referred
patients. Biopsies taken from the patients were placed
in a urease solution. After about one hour, the solution’s
color changed from yellow to red. Urease is an enzyme
produced by H. pylori that hydrolyzes urea into carbon
dioxide, water, and ammonia.

Determining the Existence or Lack of Helicobacter
pylori and the Degree of Severity of Inflammation by
Implementing Pathologic Methods

According to Sidney’s guidelines, tissue sections were
prepared from patients’ biopsies.

Using hematoxylin-eosin and Giemsa staining methods,

the degree of acute inflammation (infiltration of
polymorphonuclear cells),chronic inflammation
(infiltration of mononuclear cells), glandular atrophy,
intestinal metaplasia, and the degree of H. pylori
colonization were evaluated. The severity of H. pylori
colonization was graded on a scale from 0 to 3. In
addition, the extent and the number of infiltrations of the
neutrophils and mononuclear cells in the lamina propria
were counted with a 40-microscope lens in 5 fields.
Finally, the cells were assigned to 4 grades from 0 to 3. All
pathology tests were performed without knowing whether
a person’s biopsy was contaminated with bacteria.

Ribonucleic Acid Extraction and Complementary DNA
Synthesis

After RNA extraction using Trizol, the nanodrop
device was employed to investigate the quantitative
and qualitative amounts of RNA. ¢cDNA synthesis was
performed according to the kit protocol using the reverse
transcriptase enzyme.

Real-Time Polymerase Chain Reaction Technique Using
TaqMan Probe

The amount of proliferated DNA can be measured
at any moment and in each cycle using the RT-PCR
technique. The TaqMan probe method (5 nuclease
assays) was developed based on the combination of
the RT-PCR method. The oligonucleotide is typically
produced by adding a fluorescent dye (e.g., fluorescein
amidite or Victoria) to the 5" end and a quencher (e.g.,
5-(6)-carboxytetramethylrhodamine) to the 3’ end.
In the annealing stage, oligonucleotides or probes are
specifically attached to the template DNA. However,
due to the existence of a light quencher, they do not emit
light fluorescence. In the extension stage, the 533 Taq
DNA polymerase exonuclease activity digests the probe.
As a result, the fluorescence light is separated from the
quencher and emits fluorescence light from itself. The
amount of amplification of the desired region in the
reaction was determined by measuring the amount of
emitted fluorescence light. At the same time, as new DNA
is made, the TagMan probe is connected to new strands,
and the fluorescence light radiation increases. Thus,
by momentary observation, it is feasible to determine
in which PCR cycle the amplified product enters the
logarithmic phase. The threshold is a place on the graph
where all the samples are multiplied logarithmically,
and the cycle where the threshold line cuts the graph
of each reaction is called the threshold cycle (CT). The
DNA polymerase enzyme in the Master Mix is inactive
at ambient temperature. It, thus, prevents the production
of non-original products and the creation of primer
dimers during the reactions of the initial stages and the
first stage of denaturation. This enzyme is activated by
incubation for 15 minutes at 95°, and this is when the
DNA is completely denatured. The relative investigation
method was used for quantitative investigation in RT-
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PCR tests. In this method, the exact amount of DNA is
unimportant, and only relative changes are examined.
The basis of comparison is the CT difference between
test and control samples. This method compares the CT
values of test samples with the CT values of normal or
control samples. Similar to the semi-quantitative method
in regular PCR, which requires an internal control, in the
RT-PCR method, the CT values of the test samples and
the normal tissue are corrected and normalized for the
internal control gene, which is a housekeeping gene. This
standard gene should be equally expressed in all cells. The
standard genes GAPDH, 28S rRNA, f3-Actin, HPRT, and
TATA box binding protein are examples of these genes.
In this study, the S-actin gene was considered the internal
control.

In each experiment, a negative control was considered
for each gene. The negative control sample is a sample
that contains all components of a reaction, except for
cDNA. The temperature conditions of the TaqMan
probe PCR Master Mix kit to perform RT-PCR include
1 cycle for 5 minutes at 95° for the initial denaturation
and 45 cycles for denaturation and binding of primer
and probe, which are 15 and 16 seconds at 95" and 78,
respectively. The B-actin gene was used as an internal
control. The forward primer sequence for S-actin was
5-AGCCTCGCCTTTGCCGA-3, the reverse primer
was 5-CTGGTGCCTGGGGGCG-3; and the probe was
FAM-CCGCCGCCCGTCCACACCCGC-TAMRA.
For the IL-22 gene, the forward primer sequence was
5-GCAGGCTTGACAAGTCCAACT-3,  the reverse
primer was 5-GCCTCCTTAGCCAGCATGAA-3,
and the probe was FAM-
CCAGCAGCCCTATATCACCAACCGC-TAMRA.

Data Analysis Method

The collected information was processed and statistically
analyzed using the SPSS software, version 22. The
Student’s t-test was employed to compare between groups,
and P <0.05 was considered statistically significant.

Results

The information about the participants in terms of age
and gender is provided in Table 1. Overall, 152 patients
infected with H. pylori and 48 uninfected patients
participated in this study. Of 152 infected patients, 74
were male, and 78 were female. There were 48 patients
in the uninfected group, including 19 males and 29

females. The mean age of the patients was 50.17 +15.09
and 50.96 +19.77 in the infected and non-infected groups,
respectively. The statistical results revealed no significant
relationship between infected and non-infected people
based on age and gender (P=0.236).

The Results of Determining the Efficiency of Real-Time
Polymerase Chain Reactions

To check the efficiency of the RT-PCR and primers and
to quantitatively analyze gene expression by the RT-PCR
technique, a standard curve was obtained for each of the
IL-22 and B-actin genes. For this purpose, the successive
dilutions of the cDNA sample obtained from the control
cells were prepared and amplified with specific primers for
both IL-22 and B-actin genes. The CT diagram (the cycle
in which the fluorescent amplification rate crosses the
threshold line) was plotted against the concentration. The
slope of the graph was used to calculate the amplification
efficiency.

It should be noted that to obtain ACT, the CT of the
IL-22 gene of each sample was subtracted from that of the
p-actin gene. Then, AACT (the difference of the ACT of
all samples from the average ACT of the control samples)
and AACT-2 were calculated.

The Relationship Between the Expression of Interleukin
22 in People Infected With Helicobacter pylori and the
Uninfected Group

Accordingto Figure 1, our statistical analysis demonstrated
a significant relationship in the expression of the IL-22
gene between patients infected with H. pylori and the
control group. The expression of the IL-22 gene in people
infected with H. pylori increased 3.54 times compared to
the control group (P=0.036).

The Relationship Between the Expression of Interleukin
22 and the Type of Disease in People Infected With
Helicobacter pylori
Based on our statistical analysis (Figure 2), a significant
relationship was observed between the expression of
IL-22 and the type of disease in people infected with H.
pylori. The expression of IL-22 in infected patients with
peptic ulcer increased 1.97 times compared to patients
with gastritis (P=0.012).

The IL-22 gene expression in people with peptic ulcers
was significantly higher than in people with gastritis
(P=0.012).

Table 1. Demographic Information of Infected and Non-Infected Patient Groups by Age and Gender

H. pylori Non-Infected Group

H. pylori-Infected Group

Variabl P val
ariable N (%) N(%) value
Total 48 (24) 152 (76)
Male 19 (39.6) 74 (48.7)
Gender 0.27
Female 29 (60.4) 78 (51.3)
Age (mean +=SD) 50.96+19.77 50.17+15.09 0.801

Note. SD: Standard deviation; H. pylori: Helicobacter pylori.
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Figure 1. /L-22 Gene Expression Relationship in Infected People Compared
to the Control Group

Note. IL: Interleukin 22. [[-22 gene expression significantly increased
compared to the non-infected group (P=0.036).

Discussion
This study investigated the expression of the IL-22 gene
in people infected with H. pylori. This bacterium can
cause bacterial infections. The results confirmed that the
expression of the IL-22 gene increased in people with H.
pylori, suggesting that Th22 cells are associated with H.
pylori infection and precancerous lesions that can lead to
cancer. The findings also revealed that IL-22 and IL-17A
act together to induce the expression of pro-inflammatory
chemokines and antimicrobial peptides in the mucosal
epithelial cells of people with gastritis. Dixon showed that
IL-22 and IL-17A act together to induce the expression
of pro-inflammatory chemokines (e.g., IL-8 and IL-6),
as well as antimicrobial peptides (e.g., beta-defensin,
lipocalin, and calprotectin), in the mucosal epithelial
cells of people with gastritis (11). The results of Zindl et
al revealed that IL-22, secreted by Th22 cells, is crucial
in controlling infection with certain Gram-negative
bacteria in individuals with chronic and active gastritis
(12, 13). Zindl reported the antibacterial role of IL-22
produced by T cells in colonic crypts (14). Our results
demonstrated that IL-22 promotes inflammation and
tissue damage in H. pylori infections, raising questions
about the paradoxical behavior of Th22 cells and IL-
22, which may protect against certain diseases. Zhuang
et al found that individuals infected with H. pylori
have significantly higher levels of IL-22 than those not
(16), aligning with our findings. Based on our findings,
individuals with peptic ulcers had significantly higher
levels of IL-22 gene expression than those with gastritis.
Shamsdin et al observed that the level of IL-22 protein
expression in people with peptic ulcers was considerably
higher than in people with gastritis (15), which conforms
to our study findings. IL-22 functions as both a protective
and inflammatory cytokine, with its balance dependent
on the presence or absence of IL-17A, which can increase
inflammation (16). Shamsdin et al also found that the
level of IL-22 in people with peptic ulcer was higher than
in people with gastritis.

On the other hand, IL-17A is also higher in people with
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Figure 2. Relationship Between the Expression of the /L-22 Gene and the
Type of Disease in Infected People
Note. IL: Interleukin 22.

peptic ulcers (15). Peptic ulcer patients experience higher
inflammation and tissue damage compared to gastritis
patients. Higher IL-22 gene expression was justified, and
a strong relationship was reported between increased
tumor necrosis factor-alpha and IL-6 levels and bacterium
infection, with a positive correlation with most infectious
diseases (17).

Conclusion

H. pyloriinfection is a common cause of digestive diseases,
such as gastritis and peptic ulcers. A direct relationship
was found between IL-22 and H. pylori infection,
making IL-22 a potential diagnostic biomarker. Our
findings revealed that increased IL-22 levels are linked
to inflammation, tissue damage, and disease progression.
Further research is needed to understand the cells and
cytokines involved in H. pylori infection and its potential
therapeutic targets. Further understanding of the disease’s
complete mechanism will aid in targeting key cells and
cytokines, leading to improved treatment protocols.
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