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Differential cytokine expression 
in gastric tissues highlights 
helicobacter pylori’s role in gastritis
Xing‑Tang Yang 1,2*, Pei‑Qin Niu 1*, Xiao‑Feng Li 2, Ming‑Ming Sun 3, Wei Wei 2, 
Yan‑Qing Chen 2 & Jia‑Yi Zheng 4

Helicobacter pylori (H. pylori), known for causing gastric inflammation, gastritis and gastric cancer, 
prompted our study to investigate the differential expression of cytokines in gastric tissues, which is 
crucial for understanding H. pylori infection and its potential progression to gastric cancer. Focusing 
on Il‑1β, IL‑6, IL‑8, IL‑12, IL‑18, and TNF‑α, we analysed gene and protein levels to differentiate 
between H. pylori‑infected and non‑infected gastritis. We utilised real‑time quantitative polymerase 
chain reaction (RT‑qPCR) for gene quantification, immunohistochemical staining, and ELISA for 
protein measurement. Gastric samples from patients with gastritis were divided into three groups: 
(1) non‑gastritis (N‑group) group, (2) gastritis without H. pylori infection (G‑group), and (3) gastritis 
with H. pylori infection (GH‑group), each consisting of 8 samples. Our findings revealed a statistically 
significant variation in cytokine expression. Generally, cytokine levels were higher in gastritis, but in 
H. pylori‑infected gastritis, IL‑1β, IL‑6, and IL‑8 levels were lower compared to H. pylori‑independent 
gastritis, while IL‑12, IL‑18, and TNF‑α levels were higher. This distinct cytokine expression pattern 
in H. pylori‑infected gastritis underscores a unique inflammatory response, providing deeper insights 
into its pathogenesis.

Keywords Gastritis, Helicobacter pylori, Cytokines, RT-qPCR, Immunohistochemical staining, H&E 
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Gastric mucosal injury primarily manifests in two forms: gastropathy, which occurs without significant 
inflammation, and gastritis, which is strongly associated with  inflammation1–3. Gastritis is commonly attributed 
to either Helicobacter pylori infection or immune-related factors. H. pylori is a well-known etiological agent for 
gastritis, causing either acute or chronic forms of the  condition4. Acute gastritis presents with distinct symptoms, 
typically of short duration. With prompt treatment, symptoms alleviate swiftly, enabling a return to normalcy. 
However, chronic gastritis exhibits a prolonged course, often devoid of acute symptoms initially. Instead, 
persistent gastric discomfort may ensue over time. Regrettably, chronic gastritis poses challenges in treatment 
and tends to recur. Helicobacter pylori infection commonly underpins chronic  gastritis5–7. Chronic gastritis often 
leads to prolonged symptoms, with patients experiencing discomfort that is reminiscent of functional dyspepsia 
and, in some cases, symptoms that may be similar to those observed in the early stages of gastric cancer.

H. pylori is a significant bacterium colonising the stomachs of approximately 43.1% of the global  population8,9 
and 30.7% in  China9. Acute gastritis is often characterised by hypochlorhydria and neutrophilic infiltration, 
which may spontaneously resolve without medical  intervention4. However, when acute gastritis is not addressed, 
it tends to progress into chronic active gastritis. This persistent inflammation in chronic active gastritis is a known 
precursor to the development of gastric  cancer4,10–14. Neutrophils play a pivotal role as the first line of defence 
against H. pylori-induced gastritis, initiating inflammatory responses crucial in combating the  infection15–18. 
Previous studies, including ours, have confirmed the infiltration of CD177 + neutrophils in the gastric mucosa 
of those affected by H. pylori-induced gastritis. This infiltration is a significant factor in the inflammatory 
 process19,20. The progression of gastritis to gastric cancer is closely linked to the differential expression of various 
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inflammatory  cytokines20–22. Key cytokines identified as playing a crucial role in the development and progression 
of gastritis include IL-1β, IL-6, IL-8, IL-12, IL-18, and TNF-α23–26. The roles of these cytokines range from 
modulating the immune response to directly influencing the inflammatory pathways within the gastric mucosa. 
Understanding the intricate dynamics of these cytokines in the context of H. pylori infection and gastritis can 
provide valuable insights into the mechanisms underlying the progression to more severe gastric conditions, 
including gastric cancer.

The research gap in the current literature on gastritis and gastric cancer, particularly those associated with 
H. pylori infection, lies in the limited measurement of cytokine levels in serum rather than in gastric tissues. 
This gap overlooks the direct environment where these cytokines are most active and influential in the disease 
process. This study addresses this gap by comparing cytokine levels in the gastric tissues of patients with H. pylori-
associated gastritis to those with H. pylori-independent gastritis. This comparison is crucial for understanding 
the distinct inflammatory pathways involved in these two types of gastritis and their potential progression to 
gastric cancer. A comprehensive methodology is employed to achieve this am. Cytokine-related gene expression 
is quantified using real-time quantitative polymerase chain reaction (RT-qPCR). Additionally, the presence 
and concentration of cytokine proteins in gastric tissues are assessed qualitatively and quantitatively through 
immunohistochemical staining and Enzyme-linked immunosorbent assay (ELISA) techniques. This approach 
not only determines the differences in cytokine levels between H. pylori-associated and independent gastritis 
but also provides insights into the underlying mechanisms driving these conditions.

Materials and methods
Gastric tissues
In this study, patients (who visited the gastroenterology department of Shanghai Tenth People’s Hospital, 
Shanghai, China, from January 2022 to August 2022) experiencing persistent indigestion symptoms such as 
epigastric discomfort, bloating, and belching underwent an endoscopic examination to diagnose gastritis. Those 
who didn’t respond to standard medication treatments were further evaluated through a biopsy of their gastric 
tissues. The biopsy samples were used to confirm the presence of gastritis and check for H. pylori under a 
microscope.

Over 8 months at the gastroenterology department of Shanghai Tenth People’s Hospital, we meticulously 
selected 24 male patients aged 26–79 years for our study, focusing on a homogeneous group to enhance the 
reliability of our findings and minimise confounding factors. This selection was based on strict inclusion criteria: 
confirmed H. pylori infection through endoscopic and pathological analysis of the gastric mucosa, no usage 
of proton pump inhibitors, H2 receptor antagonists, antibiotics, or bismuth in the preceding 4 weeks, and 
willingness to undergo a gastric mucosal biopsy for H. pylori culture and drug sensitivity testing. Exclusion 
criteria included severe organ impairments, complications from peptic ulcers, or mental illnesses affecting 
accurate symptom reporting. Patients were randomly selected from a pool of 350 eligible individuals using a 
computer-generated random numbers table to avoid selection bias, aiming to detect significant differences in 
cytokine expression levels with a predetermined sample size based on preliminary data and power analysis.

For the gastroscopy procedure, subjects were instructed to fast for 12 h beforehand to minimise potential 
medication interference with the gastric flora. During the procedure, two samples of gastric tissues were collected 
from each participant from the gastric antrum, approximately 2–3 cm away from the pylorus, ensuring a 
minimum size of 2 mm × 1 mm. One sample was immediately submerged in liquid nitrogen for gene expression 
and ELISA studies, while the other was stored in 4% paraformaldehyde for histology and immunohistochemical 
studies. All samples were transported to the laboratory under cold conditions using dry-ice packs, with samples 
for gene expression and ELISA stored at − 80 °C and those for histology and IHC studies at 4 °C.

The gastric tissues were divided into three groups: (1) normal tissues as the N-group, (2) H. pylori-negative 
gastritis tissues as the G-group, and (3) H. pylori-positive gastritis tissues as the GH-group. This classification 
aligned with the ’Consensus Opinion for Chronic Gastritis in China, 2012’ by the Chinese Medical Association 
Gastroenterology Section, ensuring that our study adhered to recognised diagnostic and categorisation criteria. 
This structured approach allowed for a focused investigation into gastritis’s differential cytokine expression 
profiles, exploring the immunological mechanisms underlying the clinical presentations of gastritis with and 
without H. pylori infection.

Histology studies
The histology (using Hematoxylin–eosin staining) of representative tissue sections from each group was shown 
in the supplementary information, Figure S1. The histological grading of tissue samples (from each group) based 
on microscopic observation and operative link on gastritis assessment (OLGA) and operative link on gastric 
intestinal metaplasia (OLGIM) criteria was shown in the supplementary information, Table S1. The endoscopic 
observations in different parts of gastrointestinal anatomy are shown in the supplementary information, Figure S2 
and Table S2. The study was conducted with full consent from all participants and received approval from the 
Ethics Committee of Shanghai Tenth People’s Hospital (Approval number: SHSY-IEC-4.0/17-101/01), complying 
with the ethical standards established by China’s Human Body Testing Committee.

Gene expression studies
The expression of cytokines in gastric tissues was quantified using RT-qPCR following the protocols published 
in the  literature27. The gastric mucosa tissues were homogenised in liquid nitrogen, and total RNA was extracted 
(n = 8/group) with Invitrogen TRIzol reagent (ThermoFisher Scientific (China) Co., Ltd, Shanghai, China) 
according to the manufacturer’s protocol. The concentration and purity of RNA were measured using an Ultra-
Micro UV Visible Spectrophotometer (TECAN Infinite M200 Pro). RNA samples (100 ng) were dissolved in 25 µl 
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DNase/RNase-free water and stored at -80˚C until further experimentation. The High Capacity cDNA Reverse 
Transcription Kit (4374966, ThermoFisher Scientific (China) Co., Ltd, Shanghai, China) was used to synthesise 
first-strand cDNAs at 25 ˚C for 5 min, 37 ˚C for 120 min, and 85 ˚C for 5 min in sequence. The qPCR primers 
(Table 1.) used in the present study are obtained from Shanghai Shenggong Co., Ltd.

qPCR was performed using SYBR® GreenER™ qPCR SuperMix Universal (11762–500, ThermoFisher 
Scientific (China) Co., Ltd, Shanghai, China) and an Applied CFX96 Real-Time PCR Detection System (Bio-
Rad Laboratories, Inc. California, USA). The PCR cycling conditions were 95 ˚C for 60 s, followed by 40 cycles 
of denaturation at 95 ˚C for 30 s, annealing at 60 ˚C for 25 s, and extension at 72 ˚C for 45 s. The target gene 
expression was normalised using the reference gene (β-actin). The relative expression of genes was quantified 
using the  E−ΔΔCt  method33,34. Expression levels of target genes were related to the averaged expression levels of 
two reference  genes35. The relative expression of target genes in Helicobacter pylori-infected gastritis (GH-group) 
and normal gastritis (G-group) was compared with those in the normal group (N-group).

Immunohistochemical staining
The IHC protocol reported in the  literature36,37 was followed in this study. Freshly dissected gastric tissue (< 3 mm 
thick) was fixed with 2% paraformaldehyde for 8 h at room temperature. The tissue was rinsed under running 
tap water for 5 min. Then, the tissue was dehydrated with 70, 80, and 95% ethanol sequentially (5 min each), 
followed by 100% ethanol (3 times, 5 min each). The tissue was cleared with xylene 2 times (5 min each), followed 
by immersion in paraffin (3 times, 5 min each) to prepare the paraffin-embedded tissue block. The block was cut 
into slices (4 μm thickness) using a microtome (Leica RM2235, Leica Biosystems Nussloch GmbH, Germany) 
and allowed to float on water at 40 °C. The tissue sections were transferred onto IHC microscope slides (FLEX, 
Agilent) and allowed to dry for 8 h at room temperature. The slides were deparaffinised with xylene (2 times, 
5 min each), followed by washing the slides with 100% ethanol (2 times, 3 min each), and then transferred once 
through 95%, 70% and 50% ethanol (3 min each), respectively. The tissue sections were incubated in  H2O2 
solution (3% in methanol) at room temperature for 10 min to block the endogenous peroxidase activity. The 
slides were then rinsed with phosphate buffer saline (PBS, 2 times, 5 min each). The slides were placed in staining 
dishes (Thermo Fisher Scientific, USA) and incubated with citrate buffer (10 mM, pH 6.0) at 95 °C for 10 min, 
followed by removing the slides from the staining dishes and allowing them to cool down to room temperature 
for about 20 min. The slides were washed with PBS (2 times, 5 min each) followed by incubating them with 
blocking buffer (100 μL, 10% foetal bovine serum in PBS) at 25 °C for 1 h. The blocking buffer was drained off 
the slides and incubated with the primary antibody (Abcam (IL-1β, ab9722; IL-6, ab6672; IL-8, ab106350; IL-12, 
ab9992; IL-18, ab191152; and TNF-α, ab6671), 100 μL, diluted with antibody dilution buffer, 0.5% bovine serum 
albumin in PBS) at 25 °C for 1 h. The slides were washed with PBS (2 times, 5 min each) and then incubated 
with biotinylated secondary antibody (Abcam (ab64256),100 μL, diluted with antibody dilution buffer) at 25 °C 
for 30 min. The slides were washed with PBS (2 times, 5 min each) and incubated in the dark (protecting from 
light) with Streptavidin–Horseradish Peroxidase (HRP) conjugates (Abcam (ab171537), 100 μL, diluted with 
antibody dilution buffer) at 25 °C for 30 min. The slides were washed with PBS (2 times, 5 min each) and added 
2,4′-dihydroxyacetophenone dioxygenase (DAB) substrate kit (Abcam (ab64238),100 μL, freshly prepared) to 
allow the colour development for about 5 min. The slides were washed with PBS (3 times, 2 min each) and 
counterstained with Haematoxylin for 2 min. The slides were then washed under running tap water for 10 min, 
and the slides were dehydrated using 95% and 100% ethanol (2 times, 5 min each). The tissue slides were cleared 
with xylene (3 times) and were mounted with a coverslip using a mounting medium (Abcam (ab64320), USA). 
The slides were observed under the microscope (Nikon Eclipse Ts2-FL, Nikon Instruments Inc. New York, USA)), 
and the colour intensity was quantified (6 images from random areas of interest at 40X from each tissue) using 
the software ImageJ Fiji (version 1.2; WS Rasband, National Institute of Health, Bethesda, MD) following the 
protocol reported in the  literature38–40.

Table 1.  Primer sequences for the qPCR analysis.

Cytokine Primer Accession Base pair

IL-1β28 Forward: 5’-TCC CCA GCC CTT TTG TTG A-3’
Reverse: 5’-TTA GAA CCA AAT GTG GCC GTG-3’ NM_000576.3 91 bp

IL-629 Forward: 5’-TTG TCA AGA CAT GCC AAA GTG-3’
Reverse: 5’-TCA GAC ATC TCC AGT CCT ATA-3’ AF372214.2 300 bp

IL-828 Forward: 5’-CCA GGA AGA AAC CAC CGG A-3’
Reverse: 5’-GAA ATC AGG AAG GCT GCC AAG-3’ MN930449.1 91 bp

IL-1230 Forward: 5’-AGG AAT GTT CCC ATG CCT TCA-3’
Reverse: 5’-CCA ATG GTA AAC AGG CCT CCAC-3’ NM_000882.4 170 bp

IL-1831 Forward: 5’-TTC CAG ATC GCT TCC TCT CGC-3’
Reverse: 5’- GGC CGA TTT CCT TGG TCA ATG-3’ NM_001386420.1 240 bp

TNF-α32 Forward: 5’-TCC CCA GGG ACC TCT CTC TA-3’
Reverse: 5’-GAG GGT TTG CTA CAA CAT GGG-3’ NM_000594.4 102 bp

β-actin31 Forward: 5’-AAG GCC AAC CGC GAG AAG ATG-3’
Reverse: 5’-CAG AGG CGT ACA GGG ATA GCAC-3’ NM_001101 100 bp
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Tissue lysate preparation
The tissue lysates were prepared for ELISA. The tissues were rinsed with ice-cold PBS (0.01 M, pH = 7.4) to 
remove excess hemolysis blood. The tissue pieces were weighed, and minced into smaller pieces. The minced 
tissue was rinsed thoroughly using PBS. The tissue (100 mg) was homogenised using 500 µL of 1X Cell Extraction 
Buffer PTR. The samples were incubated on ice for 20 min and centrifuged at 18,000 × g for 20 min at 4 °C. 
The supernatants were transferred into clean tubes, and the pellets were discarded. The samples were assayed 
immediately. The protein concentration in the samples was determined using Bradford’s assay following the 
manufacturer’s  instructions41,42.

Protein expression
The inflammatory cytokine proteins (IL-1β, ab214025; IL-6, ab178013; IL-8, ab214030; IL-12, ab223592; IL-18, 
ab215539; and TNF-α, ab181421) from the tissue lysates were quantified using commercially available enzyme-
linked immunosorbent assay kits (ELISA, Abcam, Cambridge, UK) (39–42). Tissue lysates were diluted at least 
five-fold with 1X Sample Diluent Buffer. Next, in the pre-coated ELISA kit, the standard antibody cocktail 
(100 μL) and sample solutions (100 μL) were added to the appropriate well (in duplicate), and incubated for 2.5 h 
at room temperature on a plate shaker with the rotation set at 400 rpm. The contents in the well were washed 
with wash buffer, and then 100 µL biotinylated detection antibody was added and incubated for 1 h on a shaker 
set to 400 rpm. The plate was washed with wash buffer, and 100 µL of HRP-streptavidin solution was added 
and incubated for 45 min at room temperature in the dark. Next, the development solution was added (100 µL) 
and incubated for 30 min in the dark with shaking, followed by a stop solution (50 µL). The optical density was 
measured immediately at 450/570 nm using a Spectramax microplate reader M3. The levels of inflammatory 
cytokines (in pg/mL) in test samples were calculated from the standard curve. The below formula was used to 
calculate the fold change, and the results are presented as mean ± SD (n = 8/group).

Statistical analysis
The statistical analysis used GraphPad Prism version 9.0.1 for Windows (GraphPad Software, San Diego, 
California, USA). Results are expressed as mean ± standard deviation (SD, n = 8/group). One-way ANOVA 
followed by Dunnett’s multiple comparisons test was done to determine the statistical significance (P < 0.05).

Ethics approval and consent to participate
The study protocol was reviewed and approved by the Research and Ethics Committee of the Shanghai Tenth 
People’s Hospital (Ref: SHSY-IEC-4.0/17–101/01). All the methods were performed in accordance with the 
relevant guidelines and regulations of ethical approval and ‘Declaration of Helsinki’. The informed consent was 
obtained from the participants. This study does not involve animals. This study does not contain identifiable 
human images or data.

Results
Histological and endoscopic studies
Hematoxylin–eosin-stained images of the gastric mucosa in different patient groups are shown in Fig. S1. The 
histological grading of gastric mucosa in different groups of patients is shown in Table S1. Endoscopic features 
of different parts of gastrointestinal anatomy are shown in Fig. S2, and a comparison of endoscopic observations 
in different patient groups is in Table S2.

Differential expression of genes associated with cytokines
The differential expression of genes for cytokines (IL-1β, IL-6, IL-8, IL-12, IL-18, and TNF-α) in gastric tissues 
(normal, gastritis, and gastritis with H. pylori infection) is shown in Fig. 1.

As presented in Fig. 1, the cytokines (IL-1β, IL-6, IL-8, IL-12, IL-18 and TNF-α) gene expression analysis 
was performed using RT-qPCR and quantified using the  E-ΔΔCt method. Regardless of the presence of H. pylori 
infection, it was observed that the cytokines gene levels in gastritis were upregulated, and the differences are 
statistically significant (P < 0.001). Further analysis in which H. pylori infection was present showed statistically 
significant (P < 0.001) differences in the comparison between non-H. pylori and H. pylori-infected gastritis. 
The IL-1β, IL-6, and IL-8 levels were lower in H. pylori-infected gastritis compared to non-infected gastritis. In 
contrast, the IL-12, IL-18, and TNF-α levels were higher in H. pylori-infected gastritis compared to non-infected 
gastritis.

Immunohistochemical analysis of inflammatory cytokines expression
As presented in Fig. 2, the histochemical staining technique was performed for the qualitative and semi-
quantitative analysis of cytokines (1β, IL-6, IL-8, IL-12, IL-18 and TNF-α) expression. The protein expression 
trend was consistent with that observed in gene expression studies. The cytokines were generally expressed higher 
in gastritis compared to normal gastric tissues. IL-1β, IL-6, and IL-8 were lower in H. pylori infection-associated 
gastritis samples, whereas the levels of IL-12, IL-18, and TNF-α were higher.

Foldchange =
cytokinelevelinthegastritisgroup

cytokinelevelnormalgroup
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Quantification of proteins (ELISA)
Commercially available ELISA plates were used to confirm further the influence of H. pylori infection on the 
expression of cytokines (IL-1β, IL-6, IL-8, IL-12, IL-18, and TNF-α) in gastritis. As presented in Fig. 3. The results 
agree with those observed in immunohistochemical staining. All the cytokines were elevated in the gastritis 
samples. In H. pylori infection-associated gastritis, the IL-1β, IL-6, and IL-8 were lower, whereas IL-12, IL-18, 
and TNF-α were higher than those in gastritis without H. pylori infection.

Discussion
In our previous  paper43, we presented the characteristics and clinical pictures of the patients suffering from 
gastritis (with and without H. pylori infection). In gastritis patients without H. pylori infection, 67.6% showed 
grade 1, 20.6% showed grade 2, and 11.8% showed grade 3 inflammation. In H. pylori-infected gastritis patients, 
24.4% showed grade 1, 46.1% showed grade 2, and 28.9% showed grade 3 inflammation. In light of these findings, 
our current study extends the investigation to understand how these varying degrees of inflammation correlate 
with the differential cytokine expression profiles in gastritis. This study allows us to explore the underlying 
immunological mechanisms that may drive the differences observed in clinical presentations of gastritis with 
and without H. pylori infection.

The intricate interplay of cytokines plays a pivotal role in the pathogenesis of gastritis, a condition 
characterised by gastric mucosal inflammation. Our investigation delves into the differential expression of key 
cytokines in gastric tissue, including IL-1β, IL-6, IL-8, IL-12, IL-18, and TNF-α in the context of H. pylori-
associated and H. pylori-independent gastritis. This exploration is crucial, as cytokines are not only markers 
of inflammation but also potent mediators of the immune response, influencing the disease’s trajectory and its 
potential progression to more severe conditions, including gastric cancer.

The etiology of gastritis is a complex interplay of genetic predisposition and environmental influences. The 
genetic polymorphisms in proinflammatory cytokines and variations in gastric acid secretion due to genetic 
factors significantly influence gastritis’s onset and  progression44. The pronounced roles of IL-6 and IL-12 in 
exacerbating gastric inflammation is evident from the  literature43,45. IL-6, a key proinflammatory cytokine, 
has been linked with the severity of inflammation and may serve as a biomarker for the progression of 
gastritis. Similarly, IL-12, known for its role in Th1 cell differentiation, appears to be a critical player in the 
inflammatory milieu of gastritis. The pivotal roles of specific cytokines in gastric cancer-related inflammation 
are reported elsewhere in the literature. IL-1β, typically a macrophage product with antitumor properties, 

Figure 1.  Expression of genes for cytokines in human gastric tissues. The mRNA expression of Interleukin 
(IL)-1β, IL-6, IL-8, IL-12, IL-18 and tumour necrosis factor (TNF)-α in the normal group (N-group), gastritis 
without H. pylori infection group (G-group) and gastritis with H. pylori infection group (GH-group). Target 
gene expression was calculated with reference to the expression levels of β-actin. A histogram presents data with 
an error bar (mean ± SD, n = 8/group, *P < 0.05, ** P < 0.01, ***P < 0.001, **** P < 0.0001).
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paradoxically promotes tumorigenesis under chronic inflammatory conditions, indicating its dual role in gastric 
 pathophysiology45,46.

Similarly, IL-18 and TNF-α, both implicated in tumour growth and angiogenesis, point to a complex network 
of cytokine interactions driving the progression from chronic inflammation to  cancer45. The dynamic interplay 
between cytokines that promote and suppress antitumour activity is critical to our research. Cytokines such as 
IFN-γ, IL-12, and IL-18 demonstrate antitumour effects, while IL-10 is known to inhibit T-cell synthesis and 
inflammatory cytokine secretion, suggesting its role in suppressing antitumour  activity45.

H. pylori, a well-established factor in gastric carcinogenesis, is responsible for a significant proportion of 
gastric malignancies. H. pylori initiates a cascade of molecular and morphological changes, leading to gastric 
 cancer45,47. The progression of gastritis is influenced by H. pylori infection, and cytokine profiles, as observed 
in a study, follow a distinct histopathological trajectory from chronic active non-atrophic gastritis to gastric 
 cancer45,48. The bacterium’s ability to alter the gastric environment and affect the resident microflora is a crucial 
aspect of gastritis pathogenesis, with implications for gastric cancer  development45,49,50.

In our experimental study, IL-8 levels in gastritis were found to be elevated compared to normal conditions, 
with a notable observation that IL-8 levels in H. pylori-associated gastritis were lower than those in H. pylori-
independent gastritis. This finding adds complexity to the already established role of IL-8 in gastritis, where it 
is known to be one of the first cytokines produced by infected gastric epithelium and plays a significant role in 
the inflammatory  response51. Gastric epithelial cells act as a major source of IL-8, and its secretion leads to the 
activation of inflammatory cells within H. pylori-infected mucosa. Additionally, IL-8 facilitates the recruitment 
of leukocytes to the gastric mucosa, a crucial step in regulating immune-inflammatory responses. The signalling 
pathways of IL-8, predominantly through NF-κB, are significant in its activation. The IL-8 gene polymorphism 
further influences its activity and the inflammatory response, with certain genetic variations being linked to 
increased susceptibility to H. pylori infection and  persistence52. Gender differences also appear to play a role 
in the influence of IL-8 gene polymorphism on gastritis  severity53. However, the association between IL-8 gene 

Figure 2.  Immunohistochemistry of the gastric mucosa. (A) Representative IHC images Interleukin (IL) -1β, 
IL-6, IL-8, IL-12, IL-18, and Tumor necrosis factor-α (TNF-α). (B-G) Quantitative analysis of IL-1β, IL-6, IL-8, 
IL-12, IL-18, and TNF-α expression in gastric mucosa. The data are expressed as the means ± SD (n = 8/group). 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. N-group, normal group; G-group, gastritis without H. pylori 
infection; GH-group, gastritis with H. pylori infection. IM1: intestinal metaplasia; APG: atrophy of pyloric gland; 
HP: Helicobacter pylori.
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polymorphisms and H. pylori infection is debated in the  literature54,55. Recent studies have highlighted that H. 
pylori-derived outer membrane vesicles increase IL-8 mRNA expression and secretion, indicating a broader 
impact of H. pylori on gastric epithelial  cells56. On the contrary, a study reported a negative correlation between 
H. pylori nodular gastritis and IL-8 mRNA expression, however, a general increase in IL-8 expression in H. 
pylori-positive  patients57. This complex interplay of factors challenges the initial perception of IL-8’s role in H. 
pylori infection, as evidenced by research showing varying effects of IL-8 based on host immune responses and 
bacterial  characteristics58.

Our experimental study observed that IL-8 levels were elevated in gastritis compared to normal conditions. 
Interestingly, IL-8 levels in H. pylori-associated gastritis were lower than in H. pylori-independent gastritis. This 
finding complements the established knowledge that IL-6, a multifunctional cytokine expressed by various cells 
such as monocytes, lymphocytes, and macrophages, is crucial in immunity and  inflammation59,60. It significantly 
stimulates acute-phase reactants, indicating its involvement in inflammatory responses. In the context of H. 
pylori infection, elevated IL-6 levels have been consistently reported, with a notable association between serum 
IL-6 levels and H. pylori antibodies. This observation underscores its importance in the inflammatory process 
of H. pylori-positive  gastritis61. Moreover, gastric mucosal levels of IL-6 are found to be higher in patients with 
H. pylori-positive gastritis and decrease following successful eradication of the  infection62,63. These observations 
align with our findings of altered cytokine levels in different types of gastritis, highlighting the complex interplay 
of cytokines in the pathogenesis of this condition.

In our experimental study, we observed that IL-1β levels were increased in gastritis compared to normal, 
yet interestingly, IL-1β levels in H. pylori-associated gastritis were lower than in H. pylori-independent gastritis. 
This finding adds nuance to the established role of IL-1β as a significant trigger and enhancer of inflammation 
produced by various cells, including immune cells, epithelial cells, and  fibroblasts64. It is known to augment 
the inflammatory response to stimuli and induce the expression of other cytokines and proinflammatory 
 mediators65,66. IL-1β’s role in the innate immune system is highlighted by its expression regulated by toll-like 
receptors 2 and 4 in H. pylori-infected pediatric  patients67. Moreover, its involvement in the pathogenesis of 
peptic ulcers, irrespective of H. pylori infection, aligns with our observations, suggesting a complex relationship 
between IL-1β levels and H. pylori status in gastritis. The IL-1β’s varied expression in different gastritis contexts 
underscores its pivotal role in the inflammatory processes associated with this condition.

Our experimental study found that IL-18 levels were elevated in gastritis compared to normal, with even 
higher levels observed in H. pylori-associated gastritis than in H. pylori-independent gastritis. This observation 
aligns with the known role of IL-18 in the inflammatory processes of gastritis, as IL-18 produces proangiogenic 
factors and thrombospondin in gastric cells, affecting angiogenesis through the JNK  pathway59. Additionally, 

Figure 3.  Quantitative analysis (ELISA) of Interleukin-1β (IL-1β), IL-6, IL-8, IL-12, IL-18 and tumor necrosis 
factor (TNF)-α. The expression of proteins was normalised to unit protein concentration. The histogram 
presents data with an error bar. (Mean ± SD, n = 8/group, *P < 0.05, ** P < 0.01, ***P < 0.001, **** P < 0.0001). 
N-group, normal group; G-group, gastritis without H. pylori infection; GH-group, gastritis with H. pylori 
infection.
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IL-18’s capability to amplify gastric cell migration and activate the NF-κB pathway suggests its significant 
involvement in the inflammatory response associated with H. pylori  infection59. As observed in our study, 
the elevated levels of IL-18 in H. pylori-associated gastritis underscore its potential role in the severity and 
progression of gastritis, particularly in the context of H. pylori infection.

In our experimental study, we observed an increase in TNF-α levels in gastritis compared to normal, with 
notably higher levels in H. pylori-associated gastritis than in H. pylori-independent gastritis. This observation 
aligns with the established role of TNF-α as a key mediator of systemic inflammation and acute phase reactions 
in the context of  gastritis68,69. Specifically, TNF-α, elevated in response to H. pylori lipopolysaccharide stimulation 
of macrophages, plays a crucial role in the inflammatory responses to H. pylori70. Its recruitment and activation 
of monocytes, macrophages, and neutrophils and its significantly higher levels in patients with H. pylori infection 
than healthy controls underscores its importance in gastritis. The correlation between TNF-α expression and 
bacterial  load57 and its association with the severity of tissue damage in peptic ulcer  patients71 further support 
our findings of elevated TNF-α levels in H. pylori-associated gastritis, indicating a profound role of TNF-α in 
the inflammatory processes of this condition.

Our study’s investigation into the differential cytokine expression in H. pylori-associated and independent 
gastritis holds significant importance in the current understanding of H. pylori pathogenesis and gastritis. This 
research is a critical contribution to the field, focusing on the complex interactions between H. pylori and the 
host immune system, particularly highlighting the role of cytokines. Our study provides invaluable insights into 
the inflammatory mechanisms involved by exploring key cytokines such as IL-1β, IL-6, IL-8, IL-12, IL-18, and 
TNF-α in gastritis. These insights are crucial as cytokines are not only markers of inflammation but also active 
mediators of the immune response, influencing the progression of gastritis and potentially leading to more 
severe conditions like gastric cancer. Our study’s approach to analysing cytokine expression concerning the 
severity of gastritis, identified through graded inflammation levels, offers a more comprehensive and nuanced 
understanding of the disease’s pathogenesis.

Our study’s limitation lies in not fully evaluating the spectrum of factors influencing the pathogenicity of H. 
pylori in associated  gastritis45. The colonisation efficiency of H. pylori in the stomach mucosal layer is affected 
by bacterial motility, influenced by mutations in genes encoding flagellar proteins like fliD, FlaA, and FlaB, 
which can impair its infection  capability72. H. pylori’s chemotactic responses to mucin and sodium bicarbonate 
molecules are also significant. The cytotoxin-associated gene (cag) pathogenicity island, encoding adhesins like 
BabA, OipA, and SabA, is essential for adhesion to gastric epithelial cells and has implications in inflammation 
and cancer development. This island also encodes the type IV secretion system (T4SS) and oncoproteins CagA 
and VacA, influencing the risk of gastric precancerous lesions and  adenocarcinoma73–75. The effects of CagA and 
VacA on epithelial cell morphology, intracellular signalling, and gastric epithelial permeability highlight their 
roles in H. pylori  pathogenicity76–79. Genetic polymorphisms in cytokines like IL-1β, IL-1 receptor antagonist, 
TNF-α, and IL-10 are linked to inflammatory response modulation and carcinogenesis susceptibility. At the 
same time, the potential role of EBV in gastric cancer adds another dimension to gastric  carcinogenesis80. Higher 
H. pylori infection rates among first-degree relatives of gastric cancer patients suggest a genetic predisposition 
impacted by dietary and lifestyle factors, such as high salt intake, smoking, and post-surgical bile  reflux81. 
The discovery of diverse microbial communities in the gastric juice and mucosa challenges the notion of a 
sterile stomach and contributes to the risk of gastric  cancer82–85. Influences on the gastric microbiome, such as 
age, diet, medication use, and H. pylori presence, emphasise the complexity of its role in gastritis and gastric 
cancer  progression50,86–89. This intricate interplay of bacterial motility, adhesion, virulence factors, genetic 
polymorphisms, and environmental and lifestyle factors underscores the multifaceted nature of H. pylori 
pathogenesis in gastritis and its progression to more severe conditions like gastric cancer.

Future research should adopt a more comprehensive approach to address the limitations identified in 
our study and further elucidate the pathogenicity of H. pylori in gastritis, including examining the genetic 
variations in flagellar proteins like fliD, FlaA, and FlaB that affect H. pylori motility, and exploring the bacterium’s 
chemotactic responses to mucin and sodium bicarbonate. Investigating the role of the cytotoxin-associated gene 
(cag) pathogenicity island is crucial, particularly focusing on adhesins like BabA, OipA, and SabA and their 
implications in inflammation and cancer development. Additionally, the impact of oncoproteins CagA and 
VacA on epithelial cells, including morphological changes and intracellular signalling, warrants detailed study. 
Genetic polymorphisms in cytokines related to inflammatory response and carcinogenesis susceptibility, such as 
IL-1β, TNF-α, and IL-10, should be a focal point. Investigating the potential genetic predisposition to H. pylori 
infection, particularly in first-degree relatives of gastric cancer patients, along with the influence of dietary and 
lifestyle factors, will also be essential. Furthermore, exploring the diverse microbial communities in the gastric 
environment and their influence on the gastric microbiome, considering factors like age, diet, and medication 
use, will enhance our understanding of gastritis and gastric cancer progression. These multifaceted aspects, if 
thoroughly researched, could provide significant insights into the complex interplay of factors influencing H. 
pylori-associated gastritis and its potential progression to gastric cancer.

Conclusion
In this study, we have made significant strides in understanding the immune responses in gastritis, particularly 
in the context of H. pylori infection. We focused on the differential cytokine expression in H. pylori-associated 
and non-associated cases of gastritis. Our observations revealed distinct expression patterns of cytokines such as 
IL-1β, IL-6, IL-8, IL-12, IL-18, and TNF-α, highlighting notable differences between H. pylori-infected and non-
infected groups. These findings contribute to a deeper understanding of the complex immunological mechanisms 
underpinning gastritis and its potential progression to gastric cancer.
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However, our study is not without its limitations. Our work does not fully explore all factors influencing 
H. pylori pathogenicity, including an in-depth investigation into genetic polymorphisms in cytokines and the 
bacterium’s interaction with the gastric microbiome. The intricate interplay of bacterial motility, adhesion, 
virulence, and the influence of environmental and lifestyle factors creates a multifaceted landscape for H. pylori 
pathogenesis in gastritis.

Given these limitations, we propose several critical areas for future research. First, there is a need for a 
comprehensive approach to examine the genetic variations affecting H. pylori motility and the role of the 
cag pathogenicity island in inflammation and cancer development. Future studies should also investigate the 
effects of lifestyle and dietary factors on H. pylori infection and the complex interactions within the gastric 
microbiome. A comparative study of cytokine levels in gastric sections versus sera is also crucial. This approach 
could provide insights into systemic versus local immune responses in gastritis, uncovering nuanced aspects 
of the immune response mechanisms. We also advocate for the refinement of diagnostic criteria for H. pylori 
infection. Introducing additional, more precise diagnostic markers would allow for more accurate differentiation 
between the acute and chronic stages of the infection, facilitating a more tailored approach to treatment.

These future research directions are essential to address the current study’s limitations and broaden the 
understanding of gastritis pathophysiology. Ultimately, this holistic perspective is crucial for the development 
of more effective diagnostic and therapeutic strategies in the field, advancing our understanding of gastritis and 
its potential progression to more severe conditions like gastric cancer.

Data availability
The datasets used and analysed during the current study are available from the corresponding author upon 
reasonable request.
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