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One of the most prevalent malignant tumors of the digestive tract is gastric cancer (GC). Age, high salt intake, Helicobacter pylori (H. pylori) infection, and a diet deficient in fruits and vegetables are risk factors for the illness. A significant risk factor for gastric cancer is infection with H. pylori. Infecting gastric epithelial cells with virulence agents secreted by H. pylori can cause methylation of tumor genes or carcinogenic signaling pathways to be activated. Regulate downstream genes’ aberrant expression, albeit the precise mechanism by which this happens is unclear. Oncogene, oncosuppressor, and other gene modifications, as well as a number of different gene change types, are all directly associated to the carcinogenesis of gastric cancer. In this review, we describe comprehensive H. pylori and its virulence factors, as well as the activation of the NF-κB, MAPK, JAK/STAT signaling pathways, and DNA methylation following infection with host cells via virulence factors, resulting in abnormal gene expression. As a result, host-related proteins are regulated, and gastric cancer progression is influenced. This review provides insight into the H. pylori infection, summarizes a series of relevant papers, discusses the complex signaling pathways underlying molecular mechanisms, and proposes new approach to immunotherapy of this important disease.
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INTRODUCTION
The third most common cause of cancer-related death worldwide, gastric cancer (GC) is one of the most prevalent malignant tumors. The prevalence of GC varies greatly among various geographical areas (Machlowska et al., 2020; Petryszyn et al., 2020). Its growth and evolution are multi-year, multi-stage processes that continue to be a problem for global health today (Gao et al., 2018).
The most significant risk factor for GC is Helicobacter pylori (H. pylori), which is one of the most prevalent infectious organisms in humans globally (Noto and Peek, 2012). H. pylori is categorized by the World Health Organization (WHO) as a class 1 carcinogen (Crowe, 2019). Numerous virulence factors produced by H. pylori have the potential to disrupt intracellular signaling pathways in the host and lower the threshold for tumor transformation. In addition, gastric cancer, the H. pylori infection can also cause other stomach diseases, including gastric ulcer, duodenal ulcer, stomach atrophy and other diseases. The H. pylori infection is strongly associated with major gastritis and multifocal atrophy, and testing for H. pylori is another important component of screening for these diseases.
The main pathogenic agents in the H. pylori infection are CagA (cytotoxin-related gene A), its pathogenicity island (Cag PAI), and VacA (vacuolar cytotoxin A) (Wang F et al., 2014). The CagA protein and the Cag IV secretion system (T4SS) are encoded by 27–31 genes in the 40 kb Cag PAI DNA insertion element (Muller, 2012; Backert et al., 2015). The three proteins CagL, CagI, and CagH are parts of the T4SS subcomponents and are all necessary for Cag T4SS, which may be crucial in the development of the infectious contact between H. pylori and stomach epithelial cells. Through bacteria and epithelial cells, CagA T4SS transports CagA from connected H. pylori into host cells, through the passage of bacterial and epithelial membranes, CagA T4SS carries CagA from the associated into the host cells (Odenbreit et al., 2000; Fischer et al., 2001; Shaffer et al., 2011). It binds to the inside of cell membranes, causing the downstream signaling pathways to be activated by tyrosine phosphorylation at the N-terminal glutamate-proline-isoleucine-tyrosine-alanine (EPIYA) site (Wroblewski and Peek, 2016). Vacuolar cytotoxin A (VacA), an 88 kDa protein made up of the p33 and p55 protein subunits, can be secreted using the IV-type autotransporter and secretion system. This protein alters a number of things, including the permeability of the mitochondrial membrane, the vacuolation of host gastric epithelial cells, autophagy, apoptosis, and disruption of epithelial tight junctions. Additionally, it prevents lamina propria T lymphocyte activation and proliferation (Cover and Blanke, 2005; Palframan et al., 2012; Raju et al., 2012).
The release of virulence factors following the H. pylori infection of gastric epithelial cells can activate downstream signaling pathways and associated processes, including the nuclear factor κB (NF-κB) pathway and the cytokine-stimulated transduction (JAK-STAT) signaling system. Furthermore, these virulence factors have the ability to induce apoptosis and methylation of the relevant proteins, which can control the expression of a number of host proteins and influence the appearance and growth of GC.
HELICOBACTER PYLORI INFECTED HOST CELLS ACTIVATE NF-ΚB SIGNALING PATHWAY
Gastric epithelial cells were colonized by H. pylori, which then activated the natural and NF-κB pathway (Maubach et al., 2021; Maubach et al., 2022). Inflammation is brought on by H. pylori CagA stimulating the NF-κB pathway and binding TAK1 to TRAFs, which in turn activates the IκB kinase (IKK) complex (Brandt et al., 2005; Zhang et al., 2019). Protein modification and intracellular location control the formation of homologous dimers and heterodimers that both activate and inhibit transcription (Neumann and Naumann, 2007), the NF-κB family of transcription factors regulates immunological response, inflammatory response (Hayden and Ghosh, 2011), cell proliferation, differentiation, and genomic stability (Liu et al., 2017; Peng et al., 2020).
Following the H. pylori infection, GC cells secreted more IL-8 and IL-32. For the IL-8 gene to be transcribed, the essential transcription factor NF-κB must be activated by binding to either AP-1 or NF-IL6 (Yasumoto et al., 1992), in GC cells, AP-1 may take the place of NF-IL6 and work in conjunction with NF-κB to cause IL-8 gene transcription binding to form a complex (Aihara et al., 1997). Additionally, NF-κB increases the expression of the inflammatory cytokine IL-32, which in turn increases the expression of NF-κB. This occurs mostly through the CAG pathogenicity island (cagPAI)-positive (Sakitani et al., 2012). A crucial metalloproteinase is MMP-7, in a CAG pathogenicity island (cagPAI) -dependent way, causes a persistent inflammatory response and increases gastrin expression in gastric epithelial cells. Gastrin increases MMP-7 via triggering the NF-κB signaling pathway via the protein kinase C-dependent pathway linked to IκB kinase. Additionally, it stimulates the expression of the HB-EGF gene for epidermal growth factor and ectodomain shedding. (Bebb et al., 2003; Ogasa et al., 2003; Dickson et al., 2006; Yin et al., 2010). Additionally, a the H. pylori infection of the stomach causes the release of MMP-9, a matrix metalloproteinase (Hojo et al., 2000; Göõz et al., 2001), the intracellular kinases NIK and IKKs stimulate the NF-κB signaling pathway in gastric epithelial cells infected with cagPAI-positive H. pylori, controlling the production of MMP-9 (Maeda et al., 2000; Mori et al., 2003). The virulence factor urease and the effects of H. pylori on the expression and transcription levels of MUC in MUC genes (MUC5AC, MUC2, and MUC6) in gastric mucosa of Kato-III may upregulate the expression of chemokines and proinflammatory factors while downregulating the transcription of the MUC5AC gene in GC cells. On the other hand, the MUC5AC promoter has a κB cis-element, which reduces the activity of the promoter and lowers expression (Perrais et al., 2014). MUC1 is essential for controlling how negatively NLRP3 inflammasome activation affects immune cells. MUC1 expression rises following the H. pylori infection, which prevents NLRP3 from being activated by blocking the TLR/NF-κB-dependent signaling pathway. This, in turn, prevents the inflammatory response brought on by chronic the H. pylori infection (Ng et al., 2016; Zhang et al., 2022a).
One of the primary proteins regulating apoptosis is inhibitor of apoptosis protein (IAP), and cIAP2 (inhibitor of Apoptosis protein 2) is crucial for the development of cancer (Chen et al., 2020). The advancement of AG/IM and the H. pylori infection are not the only conditions that are linked to the overexpression of cIAP2 in GC, the primary mechanism is that H. pylori upregulates the expression of cIAP2 by activating the NF-κB signaling pathway in a cagPAI dependent manner (Yoon et al., 2017). A homolog of HP0305 called JHP0290 can attach to different cell types and alter macrophage reactions (Pathak et al., 2013). Different H. pylori strains can express and release the JHP0290 homolog. NF-κB activation was seen in gastric epithelial cells that had been stimulated by JHP0290, which considerably increased the amount of alkaline phosphatase (SEAP) activity in GC cells in a dose-dependent manner and activated the NF-κB signaling pathway, which controls a number of cellular processes in cancer (Tavares and Pathak, 2015). Additionally, H. pylori stimulates the LIGHT pathway, a distinct group of receptors in the tumor necrosis factor superfamily, in addition to the canonical NF-κB signaling pathway, which necessitates functional T4SS (TNFSF). The main mechanism is that the CAG pathogenicity island (cagPAI), after infecting gastric epithelial cells with H. pylori, stimulates ligand binding to the LTβR produced by epithelial cells and draws in immune cells to increase chemokines and suppress the usual NF-κB signaling pathway. There is a close connection between the common and alternate pathways during the H. pylori infection (Mejias-Luque et al., 2017). The expression of CAMKII (Ca21/calmodulin dependent kinase II) is regulated by calmodulin, the IKK complex is activated by CAMKII and calmodulin, which triggers the NF-κB signaling pathway (Maubach et al., 2013). Additionally, after the H. pylori infection, several medical substances can help control how proteins are expressed. Tanshinone IIA can effectively inhibit the activation of the NF-κB signaling pathway, destroying the production of downstream inflammatory substances and effectively reducing the inflammatory response induced by H. pylori. After the H. pylori infection, the expression of nuclear NF-κB (p65) protein increases significantly (Chen et al., 2016) (Figure 1).
[image: Figure 1]FIGURE 1 | After the Helicobacter pylori infection, CagA is transferred from the attached H. pylori through the bacteria and epithelial cells to the host cell through the CagA-T4SS secretion system, which activates the expression of intracellular kinases NIK and gastrin as well as the homologues of JHP0290, and activates the activities of downstream intracellular kinases IKKs, PKC and SEAP, activate the NF-κB signaling pathway to regulate the expression of inflammatory cytokines IL-8 and IL-32, MMP7 and MMP9, and apoptosis inhibitor protein 2 (cIAP2). CAMKII and calmodulin can activate IKK complex and induce NF-κB signal. After the H. pylori infection, MUC5AC could bind to κB cil-element promoter, which caused decreases of MUC5AC promoter’s activity and expression of MUC5AC. The release of Tanshinone IIA after the H. pylori infection can effectively inhibit the expression of NF-κB nuclear protein and inhibit the inflammatory signal.
HELICOBACTER PYLORI INFECTED HOST CELLS ACTIVATE ERK/MAPK SIGNALING PATHWAY
The MAPK signaling pathway can be activated by H. pylori-induced gastric epithelial cell growth and gene expression (Sebkova et al., 2004; Zhu et al., 2005; Ding et al., 2008). The mitogen-activated protein kinase (MAPK) family, which participates in signaling cascades and transmits extracellular signals to intracellular destinations, includes extracellular signal-regulated kinase 1/2 (ERK). In eukaryotic cells: ERK, JNK/stress-activated protein kinase, P38 MAPK, and ERK5 signal transduction pathways have all been found (Guo et al., 2020b). The extracellular signal-regulated protein kinase (ERK) cascade, which is typically controlled by the activation of cell-surface receptor tyrosine kinases (RTKS), is the most prevalent of these (Katz et al., 2007). A fundamental signal transduction system known as the MAPK signaling pathway controls cell growth, differentiation, and stress response (Plotnikov et al., 2011; Sabio and Davis, 2014; Guo et al., 2020b).
AUF1 is upregulated when H. pylori is present as a result of CagA-induced ERK pathway activation. GKN1 mRNA, a gastric tumor suppressor, can have its stability controlled by the ARE-binding protein AUF1. In light of this, it is possible that the CagA/p-ERK/AUF1 axis is crucial in the downregulation of the downstream AUF1 effector GKN1mRNA. Making it a GC oncogene (Guo et al., 2020a). Through the NF-κB signaling pathway, H. pylori can cause the expression of metalloproteinases, and through the ERK signaling pathway, it can control the expression of metalloproteinases. The H. pylori CAG pathogenicity island (cagPAI), which is implicated in GC metastasis, induces the ERK1/2 signaling pathway, which is responsible for the upregulation of MMP-1 production in gastric epithelial cells (Krueger et al., 2006; Jiang et al., 2014). The ERK1/2 signaling pathway activated by H. pylori also controls MMP-10. The CAGA-positive H. pylori strain damages the stomach epithelium by prompting gastric epithelial cells to produce and secrete active MMP-10 in GC cells, which in turn activates the tyrosine kinase receptor EGFR (Costa et al., 2016). Additionally, the MMP-10 expression caused by H. pylori was reduced by the red-orange pigment β-carotene, which in vivo can be converted to retinaldehyde, mostly by activating PPAR-γ and triggering its downstream target catalase. As a result, H. pylori-infected gastric epithelial cells have lower levels of ROS and the ERK signaling pathway, as well as lower levels of MMP-10 expression and H. pylori-associated GC incidence (Costa et al., 2016; Bae et al., 2021).
The alteration in cell behavior brought on by H. pylori is mediated by AQP3. The expression of AQP3 in gastric cells is primarily controlled by the ERK signaling pathway, and reduction of AQP3 can inhibit the proliferation and migration of cancer cells generated by H. pylori. An essential membrane protein called Cxs controls the creation of intercellular channels, the interchange of signaling chemicals, and intercellular communication. Additionally, it plays a crucial role in intercellular communication (Vinken et al., 2006; Gemel et al., 2014). The virulence factor of H. pylori, the fact that VacA has no effect on the membrane protein Cx43’s mRNA level raises the possibility that VacA might promote Cx43 accumulation by preventing Cx43 degradation. The amount of GSH that is turned over in GC cells may be controlled by VacA released by H. pylori (Kimura et al., 2001); the GSH levels influence the ROS-dependent ERK signaling pathway’s activity, which controls the generation of Cx43 and apoptosis (Yahiro et al., 2015). Furthermore, H. pylori JHP0290 protein can not only activate the NF-κB pathway to participate in the inflammatory response, but also activate ERK MAPK in a dose-dependent manner to regulate the proliferation of gastric epithelial cells (Tavares and Pathak, 2015) (Figure 2).
[image: Figure 2]FIGURE 2 | After the H. pylori infection, virulence factors are secreted into cells through the CagA-T4SS secretion system, activation of ROS and Ras/Raf/MEK proteins, activation of downstream ERK/MAPK signaling pathway, upregulate of AUF1 and control of GKN1 expression, ERK also control the expression of metal proteinases MMP1 and MMP10. β-carotene inhibits H. pylori induced the expression of MMP10, and the H. pylori virulence factor can upregulate Cx43 expression, and then activate the ROS-dependent ERK signaling pathway to reverse control Cx43 production and apoptosis. AQP3 is involved in the changes of cell behavior induced by H. pylori through the regulation of ERK pathway. JHP0290 released by H. pylori protein can activate the ERK pathway and regulate the proliferation of gastric epithelial cells.
HELICOBACTER PYLORI INFECTED HOST CELLS ACTIVATE JAK/STAT SIGNALING PATHWAY
Through the JAK/STAT signaling system, the H. pylori infection of gastric epithelial cells can control cell growth and the production of associated proteins. An essential signal transduction system is the JAK/STAT (Janus kinase/Signal Converter and Activator of transcription) cascade (Khanna et al., 2015). To control the expression of the associated genes, JAK phosphorylates STAT, which dimerizes and travels to the nucleus through the nuclear envelope (Xin et al., 2020). A family of non-transmembrane tyrosine kinases is known as the JAK family. The JAK clan is Most members of the JAK family are JAK1, JAK2, JAK3, and Tyk2 (Cai et al., 2015). One of the most important activating transcription factors in the immune response is the STAT family, which is a downstream target of JAKs in the cytoplasm. There are seven people who make up the group: STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, and STAT6 (Boengler et al., 2008; Yu et al., 2009), cell proliferation, stem cell self-renewal, and immunological responses are only a few examples of the physiological and cellular processes that JAK/STAT signaling is involved in that are connected to the beginning and development of disease (Aaronson and Horvath, 2002; Rawlings et al., 2004).
Human inter-trypsin inhibitor heavy chain 4 (ITIH4) is an acute phase response protein that is positively regulated by interleukin-6 (IL-6) (Piñeiro et al., 1999; Liu et al., 2016), and TIP-α (tumor necrosis factor-α-inducible protein), a newly identified membrane protein secreted by H. pylori, is a potent inducer of epithelial-mesenchymal transition (EMT). After the H. pylori infection, the secretion of ITIH4 and TIP-αmay encourage the production of IL-6 in GC cells, IL-6 can then trigger the expression of p-STAT3, which activates the STAT3 signaling pathway. The IL-6/STAT3 pathway may be activated by Tip-α and ITIH4 to speed up GC (Jove, 2000; Liu et al., 2016; Chen et al., 2017; Suganuma et al., 2021). TMEFF2 is a signaling transmembrane protein that interacts with two folliclestatin proteins and epidermal growth factor (Costa et al., 2010; Lin et al., 2011). TMEFF2 in the GC may not be regulated normally as a result of the H. pylori infection. The primary mechanism is that, in the early stages of the H. pylori infection, the overexpression of TMEFF2 in healthy gastric mucosa causes the production of SHP-1, a protein tyrosine phosphatase, which inhibits STAT3 activation. A long-lasting the H. pylori infection can activate the STAT3 signaling pathway, control STAT3 phosphorylation, and bind directly to the TMEFF2 promoter to suppress TMEFF2 production in the opposite direction (Sun et al., 2015).
High FGFR4 expression and STAT3 activation levels can result from the H. pylori infection. SRC serves as a bridge between STAT3 and FGFR4, indicating that STAT3 is involved in the stimulation of FGFR4 signaling and demonstrating a positive feedback loop between STAT3 and FGFR4 (Zhang et al., 2022b). Heat shock factor 1 (HSF-1) and phosphorylated STAT-3 interact at the protein level after the H. pylori infection of GC cells to produce transcriptionally inactivated HSF-1/STATs complex, which inhibits HSP70 expression, loses its cytoprotective function, and becomes less vulnerable to apoptosis induction (Pierzchalski et al., 2006). A significant stromal component of many types of malignancies are cancer-associated fibroblasts (CAFs) (Su et al., 2018), which express smooth muscle actin (α-SMA), fibroblast activating protein, and fibroblast specific protein 1 (FSP-1) (Kalluri, 2016). By triggering the JAK/STAT1 signaling system, a gastric the H. pylori infection can increase the expression of vascular adhesion molecule 1 (VCAM1) in fibroblasts. By connecting with integrin αVβ1/5, VCAM1 can facilitate GC cells’ infiltration into tumors (Shen et al., 2020) (Figure 3).
[image: Figure 3]FIGURE 3 | After the H. pylori infection, virulence factors can be secreted into cells through the CagA-T4SS secretion system, upregulated ITIH4 and TiP-α, and induced the high expression of IL-6, thus activating the expression of p-STAT3, that is, the STAT3 signaling pathway is activated. After the H. pylori infection, TMEFF2 induced upregulation of SHP-1 and inhibited STAT3 phosphorylation. After the H. pylori infection, FGFR4 was highly expressed, which upregulated SRC and activated STAT signaling pathway. After the H. pylori infection, HF-1 interacts with phosphorylated STAT-3, resulting in the suspension of HSP70 expression. After the H. pylori infection, VCAM1 can be upregulated by activating the JAK/STAT1 signaling pathway, and then interact with integrin αvβ1/5 to promote tumor invasion. After the activation of STAT signaling pathway, IRF9 can interact with homologous dimers formed by STAT1 and STAT2 on functional IFN stimulatory regulatory elements (ISRE) in the nucleus to regulate the transcription and expression of ISGs.
HELICOBACTER PYLORI INFECTION INDUCES HOST CELL APOPTOSIS
An active physiological process of cell death is known as apoptosis. By releasing virulence factors, the H. pylori infection can activate and regulate the associated proteins, leading to the death of gastric epithelial cells (Steller, 1995; Ashktorab et al., 2008). Caspases are the aspartate cysteine protease family’s proteasomes, and their activation is typically required for apoptosis to occur (Cohen, 1997), caspases -3, -6, -8, -9, and -10, for example, like caspase-3 or caspase-6, caspase-8 is a promoter protease (Sun et al., 2006). The Bcl-2 family is also a sizable collection of proteins linked to apoptosis. In response to varied stimuli, the balance of pro- and anti-apoptotic molecules determines whether the cells survive or perish. Among them, Bcl-2, Bax, and Bcl-XL control the essential proteins of cell death, mostly through influencing mitochondrial function and encouraging the release of cytochrome C (Guo et al., 2019; Li et al., 2020; Wu et al., 2020; Yi et al., 2020; Liu et al., 2021). H. pylori can regulate the downstream apoptotic factor caspase and the expression of related proteins of apoptosis-related genes p53, Bax, and Fas pathways by activating mitochondria to release cytochrome, triggering the expression of various cell substrates and leading to cell apoptosis by interacting with death receptors in the serous membrane.
Reactive oxygen species (ROS) can cause Ape-1, a multifunctional protein that regulates apoptosis, to be produced (Ramana et al., 1998). In the exogenous pathway leading to the gastric epithelial cells’ programmed death after the H. pylori infection, APE-1 acetylation is a critical component. Acetylation mutants overexpressing APE-1 prevented caspase-9 activation after the H. pylori infection, resulting in decreased expression. The ability of the caspase-8-mediated apoptotic pathway was diminished concurrently (Chattopadhyay et al., 2010). The src-and C-Abl (non-receptor tyrosine kinases)-mediated phosphorylation of CagA is necessary for an H. pylori-mediated cell infection (Poppe et al., 2007; Mueller et al., 2012), patients with H. pylori-associated gastritis had significantly higher levels of C-Abl in the gastric epithelium and gland. PKC has the ability to directly phosphorylate pAblT735 in gastric epithelial cells. The 14-3-3 protein binds to C-Abl, pushing it to localize in the cytoplasm and inhibiting lowering the production of caspase-8 and caspase-9, blocking the intrinsic apoptotic pathway, and the caspase promoter (Raina et al., 2005; Maiani et al., 2011; Posselt et al., 2019). Patients who have been diagnosed with H. pylori have higher levels of IL-18 and IFN-γ, IFN-γ promotes the cellular synthesis of IL-18, by boosting the production of caspase-3, the intracellular cysteine protease ICE (caspase-1) contributes to the processing of IL-18’s active form and to the induction of apoptosis in gastric epithelial cells (Shimada et al., 2008; Koch and Muller, 2015). TRAF1, a member of the TRAF family, interacts with various tumor necrosis factor receptors (TNFR) directly or indirectly and inhibits apoptosis in cells by triggering inflammatory pathways. TRAF1 upregulation can be brought on in gastric epithelial cells by H. pylori. The virulence factor CagA can prevent the lysis of TRAF1 and the activation of caspase-8 to TRAF1 following the H. pylori infection. Consequently, H. pylori can persist in the H. pylori can therefore persist in the stomach mucosa for a long time without leading to apoptosis (Wan et al., 2016). By inhibiting FLIP, promoting DISC (death signal inducing complex) assembly by FLIP, activating caspase-8, transmitting the apoptotic signal to the mitochondria, and inducing the release of cytochrome C from the mitochondria into the cytoplasm, H. pylori induced TRAIL (tumor necrosis factor-associated apoptosis-inducing ligand) apoptosis signal. Apoptosis resistance can break down when the mitochondrial downstream caspase cascade caspase-9 is triggered (Lin et al., 2014).
After the H. pylori infection, corticosteroids, which activate the actin-related protein complex ARP2/3, can help the acid activate the apoptotic function in gastric epithelial cells (VacA), which in turn causes the pro-apoptotic protein Bax to be induced and the anti-apoptotic protein Bcl-2 to be inhibited. This finally causes target cells to undergo apoptosis (Chang et al., 2016). Heat shock proteins (HSPs) serve as molecular chaperones that help damaged proteins refold and fold freshly generated cellular proteins. The GC epithelial cells of H. pylori are directly affected by the production of CagA and vacA, increasing their fragility and suppressing the expression of HSP70. On the other hand, the balance between Bax and Bcl-2 expression was altered by the downregulation of HSP70 and the absence of its protective effect on the cell defense system.
Additionally, at the same time, Bcl-2, an anti-apoptotic protein, showed decreased expression (Pierzchalski et al., 2006; Targosz et al., 2012). Through pathways that depend on VDAC and the Bcl-2 family and cytochrome C, the H. pylori virulence factor VacA induces caspase-3, causing the activation of caspase-3 and the execution of apoptosis (Lan et al., 2010).
HELICOBACTER PYLORI INFECTION INDUCES DNA METHYLATION IN HOST CELLS
The most extensively researched epigenetic alteration, DNA methylation, has two primary modification mechanisms. The first step is to modify the cytosine residue of the CpG dinucleotide by adding a methyl group to its fifth carbon (Feinberg and Tycko, 2004). The second is the gc-rich region of the genome’s CpG dinucleotide cluster CpG island (CGI), where abnormal methylation results in transcriptional silence and alters the expression of downstream genes (Qu et al., 2013; Usui et al., 2021). Two DNA methylation transferases (DNMTs) catalyze cytosine methylation (Jones and Baylin, 2002), including DNMT3 family methylases, which participate in de novo methylation, and DNMT1, which maintains methylation by methylating newly synthesized DNA strands (Costello and Plass, 2001; Hashimoto et al., 2010). One of the primary causes of carcinogenesis is the methylation-induced silence of tumor suppressor genes (Vogelstein et al., 2013).
Connexins Cx32 and Cx43 connect the space between gastric epithelial cells, and the H. pylori infection may result in high levels of methylation of their promoters, which lowers their expression. This inhibits the intercellular communication (GJIC) function of the gastric space junction, which causes GC. The expression of Cx32 and Cx43 decreased during the H. pylori infection’s chronic atrophic gastritis stage (Wang Y et al., 2014). In GC, FOXD3 is a tumor suppressor that has been epigenetically silenced. Once a FOXD3 promoter methylation is induced at the transcription start point following the H. pylori infection. The tumor suppressor role of FOXD3 in GC was later identified, and its direct transcriptional targets CYFIP2 and RARB may act as a conduit for this role. In human GC, FOXD3 prevents the tumor cascade from being downregulated (Cheng et al., 2013). Mucous metaplasia, or TFF2, primarily arises from the stomach’s bottom. The peptide for muscle crack is known as express solution IM (Soutto et al., 2015). The main mechanism of the H. pylori infection in chronic TFF2 promoter methylation-induced GC cells directly, primarily in the transcription start site of overlapping CpG dinucleotide, is infected cells after startup TFF2 methylation. Consequently, TFF2 expression declines over time (Peterson et al., 2010). A key regulator of the production of autophagosomes is the microtubule-associated protein 1 light chain 3 (MAP1LC3/LC3) (Ravikumar et al., 2010). MAP1LC3Av1 methylation silencing, which is mostly controlled by DNA methylation in its promoter region, can result from a long-term infection of gastric epithelial cells with H. pylori. This can result in an autophagy pathway of cell carcinogenesis. These findings imply that preventing GC brought on by H. pylori-associated epigenetic autophagy damage can be accomplished by utilizing demethylating drugs (Muhammad et al., 2017).
DISCUSSION
The modulation of host proteins in gastric epithelial cells infected with H. pylori has been the subject of several investigations. The primary processes of signaling pathways are reviewed in this article, as well as how signaling pathways control the expression of host proteins in GC. For instance, secreted virulence factors regulate the expression of downstream target proteins, activate NF-κB, ERK/MAPK, JAK/STAT, and other signaling pathways or cytokine receptors, enhance or inhibit the inflammatory response after infection, and promote the proliferation and metastasis of GC. Following the H. pylori infection, the expression of associated proteins and inflammatory factors is either up- or downregulated, activating the intracellular apoptosis program, starting or stopping the expression of apoptotic proteins, and controlling the associated GC process. Additionally, the H. pylori infection can result in DNA methylation, which silences the associated tumor suppressor genes and promotes the growth and spread of cancer.
Despite a thorough examination of the literature, the relevant signaling pathways—such as the PI3K-AKT pathway, Wnt/β-Catenin signaling network, and TGF-β signaling pathway—presented are not all-inclusive. It is vital to pay attention to the linked host proteins because they influence the onset and prognosis of gastric illnesses brought on by the H. pylori infections.
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