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Background: T helper 17 (Th-17) cell, a proinflammatory subset of CD4 T cells, have an 

essential role in immunity against Helicobacter pylori (H. pylori) infection. Objectives: 

This study aimed to evaluate expression of selected Th-17 cells associated cytokines (IL-

17, IL-21, IL-22, IL-23, IL-26 and TNF-α) in H. pylori-infected patients and to recognize 

their responsibility in H. pylori associated chronic gastritis with different severity. 

Methodology: This study is a case control study. The case group included 25 H. pylori-

positive patients suffering from chronic gastritis. The control group included 25 age and 

sex-matched healthy individuals without any dyspeptic symptoms and negative for H. 

pylori. Infection with H. pylori in all participants was determined by detection of H. 

pylori stool antigen by enzyme-linked immunosorbent assay (ELISA) kit. Certain 

cytokines expression (IL-17, IL-21, IL-22, IL-23, IL-26 and TNF-α) in serum samples 

from all participants were tested using ELISA. Results: Comparing the serum cytokines 

expression in cases and controls, IL-17, IL-21 IL-23 and TNF-α were significantly 

higher in cases while IL-22 and IL-26 were higher in cases but not statistically 

significant. Both serum IL-17 and TNF-α expressions were statistically significant higher 

in cases with moderate or severe forms of chronic gastritis than in cases with mild form 

of chronic gastritis. However, the levels of IL-21, IL-22, IL-23 and IL-26 showed 

insignificant variation regarding chronic gastritis severity. Conclusion: Th-17 cells are 

responsible for the pathogenesis of H. pylori infection and the severity of gastritis. So, 

down regulation of Th-17 cells associated cytokines offers a promising therapy to 

diminish H. pylori associated gastritis. 

 
INTRODUCTION 

 

H. pylori infects more than 50% of the world 

population. It infects and/or colonizes gastric mucosa, 

causing gastric illness with variable severity
1
. H. pylori 

infection induces inflammation which is mediated by 

gastric mucosal T helper type 1 (Th-1) cells throughout 

interferon gamma IFN release. However, only Th-1 

response is not enough to clarify the pathogenesis of H. 

pylori-induced gastritis
2
. Th-17 cell, a proinflammatory 

subset of CD4 T cells, are considered to have an 

essential role in immunity to H. pylori infection
3
. It was 

proposed that Th-17 cells come first and may control 

Th-1 response and contribute to H. pylori pathology
4
. 

Th-17 response enhances the gastric inflammation both 

in mice and in humans
5
. The Th-17 cytokines profile 

consists of IL-17A, IL-17F, IL-21, and IL-22. Both IL-

21 and IL-23 support the Th-17 cells extension and 

maintain Th-17 cell population
6
. In fact, IL-17 is one of 

the earliest cytokines found in H. pylori–infected gastric 

mucosa
7
. H. pylori-infected mucosa was found to have 

IL-17 elevation in both RNA and protein intensity 

compared to non-infected mucosa
8
. IL-17 has a role in 

activation and recruitment of polymorphonuclear 

leukocytes, a key determinant of H. pylori associated
 

gastritis. IL-17 encourages production of matrix 

metalloproteinases from fibroblasts causing mucosal 

damage
9
. Moreover, a study reported that in gastric 

carcinoma, Th-17 cells infiltrate the tumor and secretes 

IL-17 leading to tumor progression
10

. 

This study aimed to evaluate expression of selected 

Th-17 cells associated cytokines (IL-17, IL-21, IL22, 

IL-23, IL-26 and TNF-α) in H. pylori-infected patients 

and to recognize their role in H. pylori associated 

chronic gastritis with different severity. 

 

METHODOLOGY 
 

Study design 

This case control study was performed over a 

period of three months (from December, 2020 to 

February, 2021). The study was approved by 

mailto:safageery@gmail.com
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Institutional Review Board of the Faculty of Medicine, 

Mansoura University (code number: R.21.02.1197). The 

case group included 25 H. pylori-positive patients who 

attended the Gastroenterology Outpatient Clinic in 

Mansoura University Hospitals, Egypt. All the patients 

had chronic gastritis according to criteria of the Sydney 

grading system
11

. The control group included 25 age 

and sex-matched healthy individuals negative for H. 

pylori, not complaining from any dyspeptic symptoms 

and did not have any health problems necessitating 

medical awareness. H. pylori infection in all participants 

was determined by detection of H. pylori antigen in 

stool. Control individuals who demonstrated a positive 

result for H. pylori stool antigen were then excluded. 

For detection of H. pylori antigen in stool, fresh stool 

samples were collected and stored at 
_
80°C until they 

were worked on. For detection of selected serum 

cytokines, the blood specimens were also collected from 

all participants, centrifuged, and the serum was stored at 

−80°C until work. 

Exclusion criteria  

The exclusion criteria for all participants were: 

1) Individuals consuming antacids, H2-blockers, proton-

pump inhibitors, bismuth compounds, antibiotics, non-

steroidal anti-inflammatory drugs, or 

immunosuppressive drugs throughout the 4weeks 

preceding samples collection; 2) Individuals suffering 

from of an autoimmune disorder; 3) Those whose stool 

samples were positive for parasites. 

Detection of H. pylori stool antigen 

The stool samples were investigated for fecal H. 

pylori antigen using ELISA kit (Epitope Diagnostic, 

USA) according to manufacturer instructions. The test is 

a qualitative, sandwich ELISA that uses polyclonal H. 

pylori antibodies. The cut-off value was obtained at 

OD450 nm using an ELISA reader. Negative cut-

off=0.165 and positive cut-0ff=0.135. 

Detection of serum cytokines  

The level of cytokines (IL-17, IL-21, IL-22, IL-23, 

IL-26 and TNF-α) were measured in serum samples 

according to manufacturer instructions, using ELISA 

kits from Mabtech, Sweden for all cytokines except IL-

26 that was obtained from Bioassay Technology, China. 

For each cytokine, the test is quantitative, sandwich 

ELISA using monoclonal antibody. 

Statistical analysis  
Statistical analysis was performed with the 

Statistical Package for the Social Sciences software 

(IBM Corp. Released 2017. IBM SPSS Statistics for 

Windows, Version 25.0. Armonk, NY: IBM Corp.). The 

association between two variables was evaluated using 

Chi-square or Fisher Exact tests for categorical 

variables, while Student t tests for continuous 

parametric variables and Mann Whitney test for 

continuous non parametric variables, with P<0.05 

considered significant. 

 

RESULTS 
 

This study was conducted on 25 H. pylori-positive 

dyspeptic cases (17 males and 8 females) with age 

ranging from 25 to 65 years; and 25 H. pylori-negative 

control individuals (15 males and 10 females) with age 

ranging from 20 to 70 years. Among cases group, 15 

patients exhibited mild chronic gastritis, 8 exhibited 

moderate gastritis and 2 patients had severe gastritis. By 

comparing expression of serum cytokines (IL-17, IL-21, 

IL-22, IL-23, IL-26, and TNF-α) in cases and controls 

(table 1 and figure 1), it was found that IL-17, IL-21 IL-

23 and TNF-α were significantly elevated in cases while 

IL-22 and IL-26 were elevated in cases but was 

statistically insignificant. Both serum IL-17 and TNF-α 

expressions were significantly elevated in patients who 

exhibited moderate to severe chronic gastritis than in 

patients with mild chronic gastritis. However, levels of 

IL-21, IL-22, IL-23 and IL-26 showed insignificant 

variation regarding severity of chronic gastritis (Table 2 

and figure 2). The ROC (receiver operating curve) of 

studied cytokines was conducted for prediction of H. 

pylori infection. Cut off values, AUC values (area under 

ROC) and performance characteristics are shown in 

table 3 and figure 3.  Out of studied cytokines, the best 

for prediction of H. pylori infection was TNF-α 

followed by IL-23, IL-17 and IL-21. 

 

Table 1: Cytokines expression in serum samples of case and control groups  

Cytokine 

Cases Controls 

P value N=25 N=25 

Median (pg/mL) Range (pg/mL) Median (pg/mL) Range (pg/mL) 

IL-17 14.3 (9.3-18.6) 8.4 (4.13-10.9) <0.001* 

IL-21 19.3 (4.3-37.6) 8.7 (2.1-14.8) <0.001* 

IL-22 10.2 (2.9-30.2) 12.4 (2-26.3) 0.846 

IL-23 22.9 (8.4-38.1) 7.7 (1.1-11.8) <0.001* 

IL-26 15.8 (1.8-32.1) 10.7 (1.1-31.2) 0.168 

TNF- α 768.4 (441.6-932.9) 328.9 (254.7-638.8) <0.001* 

* = significant difference 
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Table 2: Serum cytokines expression regarding the severity of chronic gastritis 

 

Cases with mild chronic gastritis Cases with moderate to severe chronic gastritis 
P value N=15 N=10 

Median (pg/mL) Range (pg/mL) Median (pg/mL) Range (pg/mL) 
IL-17 11.9 (9.3-15.1) 17.2 (15.8-18.6) <0.001* 
IL-21 19.3 (4.3-28.1) 22.4 (10.5-37.6) 0.166 

IL-22 10.5 (2.9-19.7) 10 (7.5-30.2) 0.222 
IL23 22.9 (8.4-38.1) 23.5 (12.1-33.7) 0.868 
IL-26 18.6 (1.8-28.4) 6.5 (3.5-32.1) 0.360 

TNF- α 725.2 (441.6-797.2) 876.4 (811.6-932.9) <0.001* 

* = significant difference 

 

Table. 3 Validity of studied cytokines for prediction of H. pylori infection 
 AUC 95% CI Cut off Sensitivity (%) Specificity (%) PPV (%) NPV (%) 
IL-17 0.956 (0.906-1) 10.95 84 100 100 86.2 
IL-21 0.843 (0.731-0.955) 11.4 76 76 76 76 
IL-22 0.516 (0.35-0.682) 11.1 44 40 76 76 
IL-23 0.971 (0.932-1) 10.6 92 88 76 76 
IL-26 0.614 (0.448-0.78) 15.65 52 84 76 76 
TNF-α 0.998 (0.993-1) 646 96 100 76 76 

AUC: area under ROC (receiver operating curve), CI: confidence interval, PPV: positive predictive value, NPV: 

negative predictive value. 
 

(A)  (B)  

(C)  (D)  

(E)  (F)  

Fig. 1: Cytokines expression in cases and controls, (A) IL-17, (B) IL-21, (C) IL-22, (D) IL-23, (E) IL-26 and (F) TNF-α 
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(A)  (B)  

(C)  (D)  

(E)  (F)  

Fig. 2: Serum cytokines expression regarding  the severity of chronic gastritis, (A) IL-17, (B) IL-21, (C) IL-22, (D) IL-

23, (E) IL-26 and (F) TNF-α 

 

 
Fig. 3: ROC curve of studied cytokines for prediction of H. pylori infection 
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DISCUSSION 
 

In the greater part of the world population, H. 

pylori is one predominant member of gastric 

microbiota
12

. Harmful outcomes of colonization by H. 

pylori vary from gastritis to gastric cancers
13

. It was 

found that the gastric mucosal and circulating Th-17 

cells were significantly elevated in cases (whether the 

infection was an active or a past infection) compared to 

the healthy controls
14

. Notably, Th-17 cells produce 

numerous proinflammatory cytokines that trigger innate 

immunity, antibacterial action, regulate B cell response, 

and contribute in wound healing
12

. These 

immunological changes, occurring in the gastric 

mucosa, influence the immune response and determine 

the final outcome of these patients
15

. So, this research 

was done to study involvement of Th-17 cell associated 

cytokines (IL-17, IL-21, IL-22, IL-23, IL-26 and TNF- 

α) in regulating immune response to H. pylori chronic 

gastritis.  

In this work, IL-17 was significantly elevated in 

cases in comparison to controls (P<0.001) and was also 

statistically significantly higher in patients who 

exhibited moderate to severe chronic gastritis than in 

patients who had mild chronic gastritis (P<0.001). 

Similar to our findings, Gil et al detected an increased 

level of proinflammatory cytokines including IL-17 in 

H. pylori-infected gastric biopsies as compared to non-

infected controls
16

. Moreover, Shiomi et al found that 

IL-17 has a role in activation of inflammation and H. 

pylori proliferation
17

. This inflammation is possibly due 

to the activation of IL-8 expression in the epithelium, 

which subsequently recruits neutrophils within the 

gastric sub-mucosa and lamina propria
18

. Also it was 

found a down-regulation of IL-8 level in cultures treated 

by anti-IL-17A antibodies in a dose-dependent way and 

subsequently reduced inflammation
19

. This offers a 

promising therapeutic aim to diminish H. pylori 

associated gastritis
20

. 

The Th-17 cells also produce IL-21, which 

intensifies Th-17 response in an autocrine manner
21

. IL-

21 maintains both Th1 and Th17 and inhibits Treg cell 

response in the gastric mucosa during chronic H. pylori 

infection. IL-21 also stimulates B lymphocytes 

proliferation and switching isotypes. So, IL-21 activates 

H. pylori- specific antibody response
22

. In our study, IL-

21 was significantly elevated in cases in comparison to 

controls (P<0.001) and was higher in patients who 

exhibited moderate to severe chronic gastritis than in 

patients who had mild chronic gastritis but not 

statistically significant (P=0.166). Similarly, a study in 

Sri Lanka detected  higher levels of IL-21 in H. pylori 

infected cases and in cases who exhibited moderate to 

severe chronic gastritis but without significant 

association
23

. Another study done in Iran reported that 

IL-21 level was significantly greater in H. pylori-

infected patients but unlike to our study, a significant 

correspondence was detected between IL-21 level and 

the degree of severity of H. pylori associated gastritis
24

. 

Interleukin-22, a member of the IL-10 cytokine 

family, is another cytokine produced by Th-17 cell in 

response to IL-23
25

. It is also produced by Th-22 cell 

and innate lymphoid cells. In our research, IL-22 was 

elevated in cases in comparison to controls and was 

higher in cases who exhibited moderate to severe 

chronic gastritis than in cases who had mild chronic 

gastritis, but that was not statistically significant in both 

conditions (P=0.846& P=0.222 respectively). It was 

found that H. pylori infection could stimulate cell IL-22 

expression
26

. In addition, Shamsdin also reported that 

IL-22, similar to IL-17A, was higher in patients who 

suffered from H. pylori associated gastritis and peptic 

ulcer diseases
13

. The IL-22 could stimulate the 

expression of the proteins responsible for the acute 

phase inflammatory response and stimulate the 

antimicrobial genes such as β-defensin-2 and β-

defensin-3 in human body. So, the synergistic outcome 

of both IL-17 and IL-22 results in increased gastric 

inflammation and gastric damage
27

. More than one 

study found that high level of IL-22 increases matrix 

metallopeptidases, and enhances the neutrophil 

migration to the inflammation site, and consequently 

exaggerates the tissue  damage
28,29

. 

Regarding IL-23, it is secreted by numerous 

immunological cells in the gastric mucosa such as 

dendritic cells, macrophages, and neutrophils. IL-23 is 

very important for Th-17 response to H. pylori. IL-23 

activates IL-17 expression throughout STAT3 (signal 

transducer and activator of transcription)-dependent 

pathway
30

.  In this work, IL-23 was significantly 

elevated in cases in comparison to controls (P<0.001) 

and was higher in patients who exhibited moderate to 

severe chronic gastritis than in patients who had mild 

chronic gastritis but that was not statistically significant 

(P=0.868). Correspondingly, Koussoulas and co-

investigators observed an elevation of IL-23 levels in H. 

pylori-associated gastric biopsies
31

. Moreover, Horvath 

et al found that IL-23 could enhance neutrophils and 

monocytes infiltration in H. pylori infected gastric 

epithelium and therefore could activate the immune 

reaction and induce gastritis in response to H. pylori
32

. 

In our work, IL-26 was elevated in cases in 

comparison to controls  and was higher in patients who 

exhibited moderate to severe chronic gastritis than in 

patients who had mild chronic gastritis, but not 

statistically significant in both conditions (P=0.168 & 

P=0.360 respectively). IL-26 is co-expressed with IL-17 

and IL-22 via Th-17 cells
33

.  IL-26 is an antimicrobial 

protein which can kill extracellular bacterial infection
34

. 

It plays an important role in stimulation of cell growth 

and prevention of apoptosis of human gastric cancer 

cells, and it may be a helpful prognostic pointer and 
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therapeutic target of human gastric cancer 
35

. On the 

contrary, Dixon et al reported that H. pylori infection 

could not enhance IL-26 expression in humans
12

. 

In this study, TNF-α was significantly elevated in 

cases in comparison to controls (P<0.001) and was also 

statistically significant higher in patients who exhibited 

moderate to severe chronic gastritis than in patients who 

had mild chronic gastritis (P<0.001). Siregar et al 

reported that increased level of TNF-α was significantly 

greater in H. pylori infection and were highly associated 

with the degree of chronic gastritis
35

. IL-17 can 

encourage TNF-α secretion through stimulation of other 

proinflammatory cytokines IL-1, IL-6, and matrix 

metalloproteinases
36

. So, the increased level of TNF-α 

in our study can be explained by the significant 

elevation of IL-17 in the cases as compared to the 

controls. Furthermore, TNF-α is a proinflammatory 

cytokine that can stimulate endothelial cells to express 

adhesion molecules and attract the neutrophils to the site 

of inflammation. Additionally, TNF-α activates T cells 

and stimulates macrophages and monocytes to produce 

cytokines, and so these findings could explain the 

significant association of TNF-α and the degree of 

chronic gastritis
35. 

 

CONCLUSION 
 

Our study highlights the responsibility of Th-17 cells 

in the pathogenesis of H. pylori infection and the degree 

of severity of associated gastritis. So, down regulation 

of Th-17 cell associated cytokines offers a promising 

therapeutic aiming at diminishing H. pylori associated 

gastritis. 
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