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Abstract
BACKGROUND
Helicobacter pylori (H. pylori) infection is related to various extragastric diseases including type 2 diabetes mellitus (T2DM). However, the possible mechanisms connecting H. pylori infection and T2DM remain unknown.

AIM
To explore potential molecular connections between H. pylori infection and T2DM.

METHODS
We extracted gene expression arrays from three online datasets (GSE60427, GSE27411 and GSE115601). Differentially expressed genes (DEGs) commonly present in patients with H. pylori infection and T2DM were identified. Hub genes were validated using human gastric biopsy samples. Correlations between hub genes and immune cell infiltration, miRNAs, and transcription factors (TFs) were further analyzed.

RESULTS
A total of 67 DEGs were commonly presented in patients with H. pylori infection and T2DM. Five significantly upregulated hub genes, including TLR4, ITGAM, C5AR1, FCER1G, and FCGR2A, were finally identified, all of which are closely related to immune cell infiltration. The gene-miRNA analysis detected 13 miRNAs with at least two gene cross-links. TF-gene interaction networks showed that TLR4 was coregulated by 26 TFs, the largest number of TFs among the 5 hub genes.

CONCLUSION
We identified five hub genes that may have molecular connections between H. pylori infection and T2DM. This study provides new insights into the pathogenesis of H. pylori-induced onset of T2DM.
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Core Tip: This bioinformatic research is the one of the first studies to identify the key genes and pathways associated with both Helicobacter pylori (H. pylori) infection and type 2 diabetes mellitus (T2DM), using integrated bioinformatics analyses. Five hub genes were identified, including TLR4, C5AR1, ITGAM, FCGR2A, FCER1G, and all of which were closely related to immune cell infiltration. We also verified their expression in clinical specimens. Hopefully, this study will shed some light on the pathogenesis of H. pylori-induced T2DM in the future. This study is of great clinical importance.

INTRODUCTION
The infection rate of Helicobacter pylori (H. pylori) is still increasing recently and it infects almost 50% of the world’ population. The prevalence rate is even higher in less developed countries[1]. It not only affects gastric disease but also affects extragastric diseases such as non-alcoholic fatty liver disease[2], cardiovascular disease[3], autoimmune disease[4], and endocrine disorders, such as diabetes[5]. In recent years, the prevalence rate of type 2 diabetes mellitus (T2DM) and its complications have also increased significantly[6]. The consequences of poor glycemic control in the long and short term can be significant on social and economic levels[7,8]. Patients with T2DM are more susceptible to H. pylori infection, according to our previous meta-analysis[9,10]. There is a significant decrease in the eradication rate of H. pylori infection in T2DM patients with H. pylori infection compared to T2DM patients without infection[11]. Additionally, H. pylori-infected T2DM patients have worse glycemic control capability[12]. All these clinical studies strongly suggest that there is an association between H. pylori infection and T2DM.
However, the detailed mechanisms underlying H. pylori infection and T2DM remain unclear. According to previous studies, both innate and adaptive immune reactions may be activated in the mucosa of the stomach as a result of H. pylori infection[13]. This local inflammation in the stomach may spread systematically as a result of proinflammatory cytokines released by the stomach[14]. Chronic low-grade inflammation, which is a feature of H. pylori-associated T2DM, would be more likely to develop as a result[15]. Our previous mechanistic study suggested that H. pylori infection induces hepatic insulin resistance by the c-Jun/miR-203/SOCS3 signaling pathway[16]. The gut microbiota may also play a role in the immune and metabolic homeostasis of the host, and the infection of H. pylori not only disrupts the balance of commensal bacterial species in the gastric mucosa but also causes alterations in the microbial composition of the human gut[17]. However, these hypotheses have not been formally confirmed and validated.
This study aimed to investigate the potential molecular connections between H. pylori infection and T2DM. We identified differentially expressed genes (DEGs) by analyzing gene expression datasets through comprehensive bioinformatics analysis. DEGs were screened by combining the results from GEO datasets. Protein-protein interaction (PPI) construction, Gene Ontology (GO) term analysis, and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed to identify the hub genes linked to the two diseases. A miRNA-hub gene network and transcription factor (TF)‒gene mRNA interaction network were also constructed. We sought to provide new insights into the pathogenesis of H. pylori-induced onset of T2DM.

MATERIALS AND METHODS
Data sources
The NCBI-GEO database is a publicly available database containing gene expression datasets[18,19]. Three datasets were retrieved from the GEO database (https://www.ncbi.nlm.nih.gov/geo/), including two gene expression profiles related to H. pylori (GSE60427 and GSE27411) and one dataset related to T2DM (GSE115601). Detailed information on the microarray datasets is provided in Supplementary Table 1. Gene expression profiles were set accordingly, including (1) tissue samples collected from diseased and normal gastric tissues and (2) datasets with more than three samples.

Identification of DEGs
The NCBI-GEO2R interactive tool was utilized to analyze and compare data under similar experimental conditions from two or more sample groups to identify genes significantly differentially expressed for both diseases (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?)[20]. Genes that satisfied the criteria of log fold change > 0.4 with adjusted P value less than 0.05 were identified as DEGs. Genes presenting upregulation or downregulation in both H. pylori and T2DM were selected using the Venn diagram web tool (http://bioinfogp.cnb.csic.es/tools/venny/).

Functional enrichment analysis of DEGs
DAVID (Database for Annotation, Visualization, and Integrated Discovery), as an online tool, was used to predict the functions of hub genes based on GO enrichment analysis and KEGG pathway analysis (https://david.ncifcrf.gov/)[21] at three levels: Biological process (BP), molecular function (MF), and cellular component (CC). Bubble maps were used for representing BP, MF, CC, and KEGG pathways, using R package of ggPlot2. A statistically significant P value was defined as P value less than 0.05.

Construction of PPI network and identification of hub genes
A public online database, named STRING (https://string-db.org/), can be used to search for and predict PPIs. This inclusive resource facilitates the investigation of direct physical associations between proteins, as well as the detection of indirect functional connections unveiled through correlation analyses[22]. When common DEGs between different groups were identified, they were uploaded to STRING’s official website (https://cn.string-db.org/) and the interactions between DEGs and STRING database proteins were then assigned (with a minimum needed interaction score of 0.40). We followed the method of Liu et al[23], in which PPI interaction networks were visualized using Cytoscape (Version 3.6.1). Cytoscape is from National Institute of General Medical Sciences, United States. We used CytoHubba (Version 0.1) to identify hub genes using a maximal clique centrality algorithm.

Evaluation of infiltrated immune cells
To explore the association between infiltrating immune cells and H. pylori infection, data on proportions of the 22 immune cell types were obtained using the “cell-type identification by estimating relative subsets of RNA transcripts” (CIBERSORT) algorithm (https://cibersort.stanford.edu/). As a result, only samples with a P value of < 0.05 were included in the immune cell infiltration matrix. Boxplots and violin plots were utilized to visualize the proportions of infiltrated immune cells in each sample and each group. The correlation between expression of the five hub genes and the abundance of six immune cell subsets [B cells, CD4+ T cells, CD8+ T cells, macrophages, dendritic cells (DCs), and neutrophils] was analyzed in the gene module of TIMER (http://timer.cistrome.org/)[24].

MiRNAs prediction and gene–miRNA interaction network construction
In order to predict their targeted miRNAs, hub genes were selected and analyzed using the miRWalk database (http://mirwalk.umm.uni-heidelberg.de/). The filter setting with a score of > 0.90 was implemented. The target gene binding region was the 3ʹ-UTR, and the intersection with other databases was set to miRDB. Further data processing was carried out by Cytoscape.

TF-gene interaction network
The Network Analyst database (https://www.networkanalyst.ca/) was applied to identify human TFs of the related hub genes[25]. The database includes all three data sources named JASPAR, ENCODE and ChIP Enrichment Analysis. ChIP Enrichment Analysis was used to identify target TFs of hub genes in our current study. Moreover, the Cytoscape tool was used to visualize the TF-gene interaction network among TFs and hub genes.

Single‑gene gene set enrichment analysis
Gene set enrichment analysis (GSEA) of each hub gene was performed using the “clusterProfiler” R package to identify regulatory pathways and biological functions associated with each hub gene. An adjusted P < 0.05 was used to indicate significant thresholds for GSEA.

Hub genes validated in clinical specimens
The results of our bioinformatics-based analysis were further verified by RT-qPCR assays. Gastric antrum tissues from patients and controls were collected (control: n = 30; T2DM: n = 30; H. pylori: n = 30; T2DM + H. pylori: n = 30).
H. pylori infection was diagnosed by the 13C-urea breath test (Headway Bio-Sci Co., Ltd, Shenzhen, China) according to the manufacturer’s instructions. A delta over baseline of > 4% indicates a positive H. pylori infection status. Patients with T2DM were diagnosed based on one of the following American Diabetes Association diagnostic criteria: fasting blood glucose level ≥ 7.0 mmol/L, 2-hour postload glucose level ≥ 11.1 mmol/L during an oral glucose tolerance test, glycated hemoglobin level ≥ 6.5%, or a random plasma glucose level ≥ 11.1 mmol/L in a patient with classic symptoms of hyperglycemia or hyperglycemic crisis. This study was approved by the ethics committee of the First Affiliated Hospital of Nanjing Medical University (2021-SRFA-034). Total RNA was extracted from each tissue sample using TRIzol (Invitrogen, F10488, Waltham, MA, United States), following the manufacturer’s instructions. The kit, EasyScript All-in-One First-Strand cDNA Synthesis SuperMix for RT-qPCR Kit (TransGen Biotech, Beijing, China), was utilized for reverse transcription, with incubations performed at a tempertature 42°C for 15 min and then at 85°C for 15 s. Subsequently, StarLighter SYBR Green RT-qPCR Mix (Universal) (Forever Star, Beijing, China) kit was utilized for RT-qPCR analysis, with an ABI 7500 system (Applied Biosystems, United States). The primers used are listed in Supplementary Table 2. The reaction conditions were as follows: Predenaturation (95°C for 5 min), 40 cycles of denaturation (94°C for 20 s), annealing and extension (60°C for 34 s). β-actin was served as an internal control for RT-qPCR. The 2^-ΔΔCt method was utilized to determine relative the expression levels of genes. Statistical analysis was performed using GraphPad Prism (Version 9.0, Boston, MA, United States). Expression differences of hub genes were compared using one-way ANOVA in four groups (control, H. pylori infection, T2DM, and T2DM with H. pylori infection), and pairwise comparisons within the two groups were performed using Student’s t test. Statistically significant was defined as P < 0.05.

RESULTS
Identification of DEGs
Figure 1 illustrated the overall study design. In brief, a total of 3541, 2186 and 1364 DEGs were identified from the GSE60427, GSE217411 and GSE115601 datasets, respectively. In the GEO datasets, volcano plots (Figure 2A-C) and heatmaps (Supplementary Figure 1) were used to illustrate the dysregulated genes (including upregulated and downregulated). Among these datasets, 67 common DEGs were extracted, including 48 upregulated and 19 downregulated genes (Supplementary Table 3; Figure 2D).

Functional annotation of DEGs
[bookmark: OLE_LINK1316][bookmark: OLE_LINK1317]After DEGs were selected, GO and KEGG pathway enrichment analyses were performed to explore the biological functions of these genes involving three functional categories: BP, MF, and CC. Major BP terms associated with DEGs included regulation of the immune effector process, neutrophil activation and neutrophil mediated immunity (Figure 3A). Major CC terms associated with these DEGs included the secretory granule membrane, blood microparticle, and tertiary granule (Figure 3B). Finally, MF-associated GO terms were mainly associated with sulfur compound binding, heparin binding, glycosaminoglycan binding, etc. (Figure 3C). According to KEGG pathway analysis results, the DEGs were mainly enriched for pathways related to complement and coagulation cascades, Staphylococcus aureus infection, and neutrophil extracellular trap formation (Figure 3D).

PPI network construction and hub gene selection
The PPI network of DEGs obtained from STRING was subjected to the MCODE plugin of Cytoscape to analyze significant modules. A total of 38 nodes and 84 edges were mapped in the PPI network (Figure 4A). From these modules, the top functional cluster of modules was selected based on the cutoff criteria of node > 3 and score > 3 (Figure 4B).
Then, the key genes with degree connectivity were ranked by the CytoHubba plugin of Cytoscape. Finally, five intersecting genes (TLR4, ITGAM, C5AR1, FCER1G and FCGR2A) with the highest degree were considered hub genes for further analyses (Figure 4C and D). 

Validation of hub genes in human gastric tissues
Expression levels of the five hub genes in the three datasets are shown in Supplementary Figure 2; and were significantly upregulated in patients with either H. pylori infection or T2DM alone compared to negative controls. Human gastric tissues from four groups were collected (control group, H. pylori infection alone group, T2DM alone group and T2DM with H. pylori infection group). All included patients underwent upper gastrointestinal endoscopy and were pathologically diagnosed with chronic superficial gastritis without acute inflammation or atrophy according to the Sydney System[26]. The baseline characteristics of the groups are shown in Supplementary Table 4. Through RT-qPCR analysis, we found that TLR4, ITGAM, C5AR1, FCER1G and FCGR2A were expressed at significantly higher levels in the T2DM with H. pylori infection group (P < 0.05) than in the T2DM group or the H. pylori infection group alone (Figure 4E).

Immune infiltration analysis
Using the CIBERSORT algorithm, we explored differences in immune infiltration between H. pylori-infected versus normal gastric tissues. Compared with normal tissues, H. pylori-infected gastric tissues generally contained a higher proportion of regulatory T cells, activated NK cells, eosinophils and neutrophils, whereas the proportions of plasma cells, activated mast cells and M2 macrophages were lower in H. pylori-infected gastric tissues (Figure 5A and B).
The results obtained using TIMER showed that TLR4 and ITGAM expression correlated positively with CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and DCs. C5AR1, FCER1G and FCGR2A expression was significantly associated with infiltration of B cells, CD8+ T cells, macrophages, neutrophils, and DCs, among which their mRNA expression levels all correlated negatively with B cells (Figure 5C).

Prediction of further miRNA and analysis of gene-miRNA network
A total of 225 miRNAs was predicted after we uploading the 5 identified hub genes to the miRWalk database. The gene–miRNA interaction network is shown in Figure 6A. We detected 13 miRNAs (miR-6848-5p, miR-6796-5p, miR-6740-5p, miR-8060, miR-6730-5p, miR-5698, miR-12119, miR-6881-5p, miR-6846-5p, miR-7703, miR-6728-5p, miR-7107-5p and miR-1914-3p) associated with at least two gene cross-links, as shown in Supplementary Table 5.

TF-gene interaction network
The top ranked TFs were SPI1, MECOM, GATA2, TP63, SALL4, GATA1, MITF, RUNX1 and FLI1 (Figure 6B). Based on the results, we found that TLR4 was coregulated by 26 TFs, the highest among the identified hub genes.

Functional analysis of hub genes by single-gene GSEA
We performed GSEA on TLR4, ITGAM, C5AR1, FCER1G and FCGR2A to explore the role of these genes in the course of H. pylori infection and T2DM and found the top 10 significant items (Figure 7). According to GSEA results, it suggested that all these five genes play a direct or indirect role in the pathogenesis of H. pylori infection and T2DM. For example, FCG2A is involved in the signaling pathway of “type 1 diabetes mellitus” and the “insulin signaling pathway”, C5AR1 and FCER1G are involved in the signaling pathway of “type 1 diabetes mellitus”, and ITGAM is involved in the signaling pathway of “glycosaminoglycan biosynthesis chondroitin sulfate”.

DISCUSSION
Approximately 50% of the world’s population is infected with H. pylori, and the infection rate is even higher in patients with T2DM. Infected patients with T2DM have worse blood glucose control abilities, with great social and economic burdens[7,8]. However, the detailed mechanism of the interaction between T2DM and H. pylori infection remains unknown. Therefore, it is necessary to increase our understanding of the underlying mechanisms leading to the risk of H. pylori infection and T2DM to develop effective treatment approaches.
In this study, we investigated the biological functions, expression levels, and correlations with immune infiltrates of common genes with significantly altered expression in both H. pylori-infected individuals and T2DM patients through integrated bioinformatics analyses. Our results showed that expression of 67 overlapping genes was altered in gastric samples from both H. pylori-infected individuals and T2DM patients. Among these genes, 48 were upregulated and 19 downregulated. Five hub genes were further identified through PPI analysis. However, regardless of the statistical probability, the causality between a candidate genotype and the phenotype of the host remains uncertain[27]. To further identify the relationship between genotype (the 5 hub genes) and phenotype (H. pylori-associated T2DM), rigorous validation of mechanisms at the molecular, cellular, tissue, and whole-organism levels is needed.
Chronic low-grade inflammation has been definitively shown to correspond with obesity[28] and diabetes[29]. However, whether obesity and diabetes drive the inflammation or vice versa remains to be elucidated. Gut microbiota play a critical role in the development of the host immune system, making it an important immune organ[30]. Disturbance of the gut microbiota promotes inflammation within the lining of the intestines[31]. The dysbiosis of the gut results in bacterial infiltration, allowing microbes to contact the epithelium and causing inflammation[32]. Toll-like receptors (TLR) play a key role in host recognition of microbes[33]. TLR4 has been implicated in recognition of bacterial lipopolysaccharides, a key element of the cell walls of gram-negative bacteria. This triggers the expression of proinflammatory cytokines and chemokines, including tumor necrosis factor-alpha[34]. This inflammatory response is strongly linked to insulin resistance, and both TLR4 and its coreceptor CD14 are needed to induce insulin resistance in mice[35]. It is believed that TLR4, one of the TLR family members, possesses the potential to trigger nuclear factor-κB when confronted with short-chain fatty acids. Consequently, this leads to subsequent stimulation of the immune system[36]. Therefore, the inflammation caused by TLR4 serves a crucial function in the development of T2DM related to H. pylori. The study conducted by Devaraj et al[37] exhibited a notable rise in the level of TLR4 expression among individuals diagnosed with type 1 diabetes. This finding implies that TLR4 actively participates in the inflammatory state associated with diabetes. Moreover, knockout of TLR4 alleviated inflammation in rats with diabetes and TLR4 antagonists attenuated atherogenesis in mice with diabetes[38]. Based on our results, we speculated that TLR4 participates in the pathogenesis of H. pylori-associated T2DM via the TLR signaling pathway.
Other hub genes, ITGAM[39], C5AR1[40], FCER1G[41] and FCGR2A[42], are also reported to be associated with diabetes. ITGAM, a monocyte/macrophage marker, is upregulated in T2DM patients[39]. FCER1G was identified as a significant gene related to diabetic kidney disease. Gene Expression Omnibus validation using additional datasets showed that FCER1G is upregulated in diabetic glomerular lesions compared with normal tissues. This report also revealed that abnormal upregulation of FCER1G is related to diabetic glomerular lesions[41].
Clinical variability between individuals infected with any pathogen is enormous, ranging from silent to lethal. One of the main reasons is immunity differs among individuals[43]. Tumor-infltrating immune cells function together to defend the body against invading factors, such as bacterial infection. Therefore, they can be used as important predictors for diagnosis and treatment of diseases[44]. Based on KEGG pathway and immune cell infiltration analyses, we found that H. pylori infection is associated with multiple immune cell changes, especially NK cells and regulatory T cells. Through single-gene GSEA, we found that high expression of the hub genes TLR4, FCGR2A, and FCER1G was associated with NK cell-mediated cytotoxicity in diabetes, which suggests that H. pylori infection might change hub gene expression and downstream NK cells to induce T2DM. Further analysis suggested that these 5 hub genes all correlated with B cells, CD8+ T cells, macrophages, neutrophils, and DCs. It has been shown that isolated NK cells from T2DM subjects show defects in the NK cell-activating receptors NKG2D and NKp46, in association with functional defects in NK degranulation capacity[45]. Restrepo et al[46] demonstrated that chronic hyperglycaemia is significantly associated with defects in complement receptors and Fcγ receptors on isolated monocytes, resulting in phagocytosis impairment. An in vitro study using macrophages derived from mouse bone marrow and treated with high glucose showed reduced antibacterial activity and phagocytosis for the treated macrophages[47]. In the same study, reduced phagocytosis was shown in peritoneal macrophages from mice with T2DM. This might be related to the reduced glycolytic capacity and reserve of macrophages following long-term sensitization to high levels of glucose. Reactive oxygen species production was reportedly reduced in isolated neutrophils from T2DM tuberculosis patients following phorbol 12-myristate 13-acetate stimulation, and this defect in reactive oxygen species production was associated with increased levels of resistin in T2DM patient serum[48]. In a comparable study, Perner et al[49] documented the inhibition of superoxide production in neutrophils isolated from healthy individuals when subjected to a high-glucose environment. This hindrance was observed to be a consequence of the suppression of glucose-6-phosphate dehydrogenase, which disrupted the generation of nicotinamide adenine dinucleotide phosphate. Thus, we speculate that these 5 hub genes are involved in H. pylori-associated T2DM through immune infiltration. We will validate their relationship through experiments in the future. 
This study provides some new insights into the pathogenesis of H. pylori-associated T2DM. However, several limitations should be mentioned. First of all, this study had a relatively small sample size and a larger sample size would be necessary for further investigations. Secondly, hub genes were identified using bioinformatics analysis and validated by a small clinical sample. Validation including RNA-seq from a larger clinical cohort is needed. It is necessary to investigate the potential underlying mechanisms involved in these findings in future large-scale prospective studies. Thirdly, despite statistical probability, the causality between a candidate genotype and the phenotype of the host is uncertain[27]. To identify the relationship between genotype (the 5 hub genes) and phenotype (H. pylori-associated T2DM), rigorous validation of mechanisms at the molecular, cellular, tissue, and whole-organism levels is needed.

CONCLUSION
We report 67 common DEGs and five hub genes (TLR4, ITGAM, C5AR1, FCER1G and FCGR2A) in H. pylori infection and T2DM. We validated expression of the five hub genes by RT-qPCR. All hub genes were significantly upregulated in T2DM patients with H. pylori infection compared with noninfected T2DM patients. Immune infiltration analysis showed that H. pylori-infected gastric tissues generally contained a higher proportion of regulatory T cells, activated NK cells, eosinophils and neutrophils. Our gene-miRNA analysis detected 13 miRNAs with at least two gene cross-links, and TF-gene interaction networks showed that TLR4 to be coregulated by 26 TFs, the largest number of TFs among the 5 hub genes. This study provides a new idea for elucidating the pathogenesis of H. pylori-associated T2DM at the genetic level.

ARTICLE HIGHLIGHTS
Research background
This prevalence rate of Helicobacter pylori (H. pylori) is high, especially in less developed countries. Its infection related to not only gastric diseases but also extragastric diseases such as type 2 diabetes mellitus (T2DM). However, the underlying mechanisms connecting H. pylori infection and T2DM remains unclear.

Research motivation
The potential molecular connections between H. pylori infection and T2DM are needed to be identified, in order to further elucidate the pathogenesis and the new treatment strategy of H. pylori-infected T2DM. 

Research objectives
We aimed to explore the potential molecular connections between H. pylori infection and T2DM using bioinformatics analysis. In the future research, we will investigating these identified genes and downstream signaling pathway to further understand their relationship.

Research methods
Differentially expressed genes from three datasets commonly present in patients with H. pylori infection and T2DM were identified. Hub genes were validated by RT-qPCR using human gastric biopsy samples. Correlations between hub genes and immune cell infiltration, miRNAs, and transcription factors were further analyzed.

Research results
This is the first study to identify the key genes and pathways associated with H. pylori infection and T2DM using integrated bioinformatics analysis. We identified five hub genes, all of which were closely related to immune cell infiltration.

Research conclusions
We were the first to find out that the 5 hub genes identified are playing important roles in the pathogenesis of H. pylori-infected T2DM.

Research perspectives
 It is necessary to investigate the potential underlying mechanisms involved in these findings in future large-scale prospective studies.
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Figure Legends
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Figure 1 Overall workflow of the study. T2DM: Type 2 diabetes mellitus; H. pylori: Helicobacter pylori; DEGs: Differentially expressed genes; TF: Transcriptional factor; PPI: Protein-protein interaction; GSEA: Gene set enrichment analysis.
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Figure 2 The expression levels of differentially expressed genes in three datasets. A-C: The volcano plot distribution of differentially expressed genes (DEGs) of GSE60427 (A), GSE27411 (B) and GSE115601 (C). The blue dots indicate the screened downregulated DEGs, red dots indicate the screened upregulated DEGs, and the grey dots indicate genes with no significant differences; D: The Venn diagram of DEGs based on the three datasets. DEGs: Differentially expressed genes.
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Figure 3 Functional enrichment analysis of common differentially expressed genes. A: Biological process analysis of differentially expressed genes (DEGs); B: Cellular component analysis of DEGs; C: Molecular function analysis of DEGs; D: Kyoto Encyclopedia of Genes and Genomes pathway analysis of DEGs. BP: Biological process; CC: Cellular component; MF: Molecular function; KEGG: Kyoto Encyclopedia of Genes and Genomes.
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Figure 4 Protein-protein interaction network showing interactions between common genes and identification of differentially expressed genes from this network. A: The protein-protein interaction (PPI) network of differentially expressed genes was constructed by Cytoscape software. The criteria of the PPI network were as follows: Confidence score ≥ 0.4 and a maximum number of interactions ≤ 5; B: The top module of the PPI network. MCODE score ≥ 3, 9 nodes and 21 edges; C: Construction of the PPI network among the 5 hub genes; D: Coexpression analysis of the 5 hub genes using STRING; E: The expression of 5 hub genes in clinical specimens by RT-qPCR analysis. aP < 0.05; bP < 0.01). T2DM: Type 2 diabetes mellitus; H. pylori: Helicobacter pylori.
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Figure 5 The relationship between hub genes and immune infiltration. A and B The differences in immune infiltration between Helicobacter pylori (H. pylori)-infected gastric tissues and normal gastric tissues; C: Correlation analysis between hub gene expression and immune cell infiltration levels in H. pylori infection. H. pylori: Helicobacter pylori.
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Figure 6 The interaction of hub genes with miRNA/transcriptional factors. A: Interaction network between the hub genes and their targeted miRNAs. Hub genes are presented in red squares, whereas miRNAs are shown in green circles. Orange circles represent miRNAs targeting two or more genes simultaneously; B: Construction of the transcriptional factor-gene interaction network from Cytoscape.
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Figure 7 Results of single-gene gene set enrichment analysis. A: Helicobacter pylori infection; B: Type 2 diabetes mellitus.
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