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The H. pyloriinfection generates an inflammatory reaction in the stomach, resulting in the loss of parietal cells and an

elevation in gastric pH. H. pylorimay contribute to microbial dysbiosis, and effective eradication can restore the gut

microbiota to a state comparable to that of uninfected people.
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1. Introduction

Gastric cancer (GC) is the most common cancer contributing to 5.5% of all new cases of cancers. Moreover, it is the

fourth most lethal cancer, resulting in 7.7% of all deaths worldwide . It has a poor prognosis, with a survival rate of less

than 5 years among 80% of cases . Although the incidence of GC has decreased, it remains a significant global health

burden, with the highest burden in Asia . Helicobacter pylori (H. pylori) infects over half of the world’s population, and

this bacterium is the main cause of non-cardia GC . However, geographical variations of bacterial virulence, age of

acquisition of infection, host genetics, and environmental factors may lead to variation in the incidence of GC . Paleo

Correa’s hypothesis suggests that gastric carcinogenesis progresses in multiple stages and is caused by various factors.

The histological cascade associated with GC is well characterized. It proceeds from normal mucosa infected with H. pylori

to chronic active gastritis, atrophic gastritis (AG), intestinal metaplasia (complete at first, then incomplete later), dysplasia,

hyperplasia, and adenocarcinoma .

A chronic inflammatory state is known to be critical for H. pylori -induced GC; the molecular mechanisms underlying how

H. pylori communicate with gastric epithelial cells directly or indirectly to trigger gastric carcinogenesis remain unknown.

GC exhibits a multi-factorial etiology. Moreover, owing to some paradoxical observations, it is now speculated that in

addition to H. pylori infection, diet and host genetic factors are responsible for the progress from H. pylori -induced

inflammation to GC . A few recent studies also proposed that the increasing prevalence of autoimmune gastritis

and dysbiosis of gut microbiota and increased use of antibiotics and acid suppressants, might have led to the variation in

the risk of GC, primary gastric lymphoma (PGL), and neuroendocrine carcinoma . Inter-individual variations on

disease susceptibility of GC can also be influenced by other infections such as Epstein-Barr virus, intestinal helminths,

and host genetic differences in cytokine genes . 

2. Mechanism of Chronic Inflammation and Multi-Step Sequel of Gastric
Carcinogenesis

GC is an inflammation-associated carcinoma promoted by H. pylori infection, characterized by ongoing chronic gastritis,

formation of metaplastic epithelia, and finally genetic instability in the gastric mucosal epithelium . The relationship

between chronic inflammation and cancer dates back to Virchow, who, in 1863, hypothesized that the origin of cancer was

at the sites of chronic inflammation . Many shreds of evidence proved that the inflammation might result from persistent

mucosal or epithelial cell colonization by H. pylori, which may cause GC . Persistent inflammation leads to

increased cellular turnover, especially in the epithelium, and provides selection pressure, which may result in the

emergence of cells at high risk for malignant transformation . The association of inflammatory signals with intracellular

pathways in gastric epithelial cells eventually leads to uncontrolled cell division, and differentiation remains inadequate.

Whereas acute injury and inflammation associated with healing are usually self-limited, chronic injuries or inflammation

over decade’s leads to a sustained expansion of proliferative tissue zones that are predisposed to neoplastic progression

.

The precancerous cascade advances slowly and steadily, and it may take years or several decades to develop

malignancy since the initiation of the cascade. However, the rate of progression from metaplasia to dysplasia is not the

same in all individuals. A study revealed that the progression rate was two times higher in subjects more than 40 years of

age than their younger counterparts . In a subset of patients, this inflammatory process leads to loss of parietal cells
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and development of AG, followed by intestinal metaplasia (IM), dysplasia, and cancer . Surprisingly, the majority of

patients infected with H. pylori not only incline towards the development of pre-malignant lesions or GC, but also towards

other gastroduodenal diseases ( Figure 1 ). It is also speculated that all the stages before the development of dysplasia

are reversible, although this is still somewhat controversial .

Figure 1. Schematic representation of pathophysiology of gastric cancer: H. pylori infection and the combination of

inflammatory and acid-production-related genetic polymorphisms, including dietary and socioeconomic variables, lead to

development of acute gastritis that subsequently becomes chronic gastritis in the presence of persistent inflammatory

immune cells. In a subset of patients, this chronic inflammation with antral and corpus localization develops peptic

(duodenal and gastric) ulcer or primary gastric lymphoma (PGL). However, dysbiosis, interactions with other variables,

and the generation of reactive oxygen species (ROS)/nitrogen oxygen species (NOS) cause atrophic gastritis, which is

followed by intestinal metaplasia, dysplasia, and carcinoma.

3. Risk Modulation of GC by Co-Existence of Gut Microbiota and
Infestation with Intestinal Helminths

Metagenomics and advanced nucleotide sequencing techniques unhooked the mucosal and luminal composition of the

gut microbiota and revealed their significance in natural habitats other than H. pylori . In transgenic mice,

gastrointestinal over-expression of human IL-1β was sufficient for the development of gastric dysplasia and carcinoma in

a stepwise manner . Some experimental animal models, particularly transgenic insulin-gastrin (INS-GAS) mice

model, showed the importance of non- H. pylori gastric microbiome in enhancing the effects of H. pylori in the

development of GC . Patients with GC also showed dysbiotic microbial population with genotoxic potential that

differs from the patients with chronic gastritis . The H. pylori infection generates an inflammatory reaction in the

stomach, resulting in the loss of parietal cells and an elevation in gastric pH. H. pylori may contribute to microbial

dysbiosis, and effective eradication can restore the gut microbiota to a state comparable to that of uninfected people .

The colonization of gut microbiota grows over time as AG develops, and in spite of H. pylori becoming diminished, the

precancerous lesionscontinue to develop ( Figure 2 ). Higher metabolites produced by dysbiosis of the gut microbiome,

such as N-nitroso compounds and lactate, are thought to affect the immunological response as well as DNA damage,

resulting in gastric carcinogenesis . Recent studies proved that gut microbiota plays a significant role in the

progression of gastric inflammation, AG, and IM after H. pylori eradication . However, retrospective and only

association-based findings are the limitations of these studies. It is unclear that the microbial changes seen in GC cause

disease or are a result of the histologic progression through the precancerous cascade. Therefore, better understanding

of the role of the gut microbiota in the development and progression of GC should lead to better diagnostic and preventive

options.
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Figure 2. Gastric microbial dysbiosis process:in the histological course of gastric carcinogenesis (at the bottom), H. pylori-
dependent and independent phases showed exponential changes in gut microbiota (above). H. pylori-infected gastric

mucosa shows low pH and after years to decades of colonization, H. pylori disappear and progressive atrophic gastritis,

which reduces gastric acid secretion, raising the intra-gastric pH, favors overgrowing of non-H. pylori microbiota

(i.e., Gemella, Candida, Streptococcus, Prevotella, Propiombacterium, and Phialemonium), which have carcinogenic

potential.

Co-infection with intestinal helminths may affect the outcome of H. pylori infection. A study on two Colombian communities

infected with virulence-associated genotypes of H. pylori found a high versus low incidence of GC (endemic area of

helminth infection), supporting the notion that intestinal helminth infection reduces the influence of H. pylori on gastric

carcinogenesis . Concurrent helminth infection has been shown in animal experiments to reduce the severity of H.

pylori -induced gastritis . Recently, a study on gastric mucosal samples also showed decreased expression of

proinflammatory cytokines and predominant Th2 response (higher level IL-4) among H. pylori -infected humans co-

infected with intestinal helminthes . The higher load of H. pylori and intestinal parasites in the India and Venezuela

populations is associated with a low risk of GC, which might explain these enigmas . One study in a Chinese

population found that concurrent helminth infections altered serological IgG responses as well as the pepsinogen I/II ratio,

indicating a lower chance of developing H. pylori -induced atrophy . A study on children from regions of low versus high

risk of GC but similar H. pylori seropositivity showed that subjects from the low-risk area were more commonly infected

with helminths and showed higher Th2-associated IgG1 responses to H. pylori infection . These findings suggest that

early childhood exposure to intestinal helminths induces immunoregulatory lymphocytes and anti-inflammatory cytokines

such as IL-4, IL-10, and TGF-β and lowers the expression of pro-inflammatory IFN-γ, TNF-α, and IL-1β, including Th1-

associated IP-10, RANTES, and MIP-1β. Cysteinyl leukotrienes are produced by tuft cells during helminth infection .

On the other hand, chemosensing by tuft cells activates group 2 innate lymphoid cells (ILC2), leading to an increase in tuft

cell frequency, and exhibiting significant physiologic alterations in the tissue, including hyperplasia of mucus-secreting

goblet cells . Intestinal remodeling and helminth removal require this feedback control pathway. This mechanism

provides a new direction for future research towards co-infection of helminths and H. pylori . Another study showed that H.

pylori infection causes diseases by hypermethylation of key cellular promoters at CpG dinucleotides (promoter silencing),

especially in gastric mucosa . However, helminths may induce pathological changes by epigenetic reprogramming of

host cells . Poor hygienic and environmental conditions favor the endemic prerequisite for transmission and existence

of both H. pylori and intestinal helminths acquired at an early age. In particular, helminths promote a Th2-polarizing

response that may decrease H. pylori -induced cancer risk in individuals later in life ( Figure 3 ). Studies addressing this

issue are warranted and represent an intriguing area of research with the potential for future studies focused on H. pylori

pathogenesis.

Figure 3. Hypothesis on the impact of co-existence of H. pylori and intestinal helminths: both H. pylori and intestinal

helminth infection interact in early childhood, resulting in change in Th1 response caused by H. pylori primarily

upregulation of tumor necrosis factor (TNF)- α, interleukin (IL)-1 α/β, IL-6, IL-8, IL-17, IL-23 and monocyte

chemoattractant protein (MCP-1) as well as activation of neutrophil and macrophage and Th2-polarizing response by

helminthes mainly upregulation of IL-4, IL-10, Transforming growth factor (TGF)-β and downregulation of interferon (IFN)-

γ, TNF-α, and IL-1β, including Th1-associated interferon gamma-induced protein 10 (IP-10), Regulated on Activation,

Normal T Expressed and Secreted (RANTES) protein, and Macrophage inflammatory protein (MIP)-1β. Thus, T regulatory

(Treg) response inhibits the development of atrophic gastritis and possibly lowers cancer risk in later life (after 40–50

years).
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4. Inflammation-Related Genetic Polymorphisms Together with Other
Factors as Initiators of Precancerous Lesions and GC

Chronic inflammation can occur in genetically susceptible hosts with defective mucosal host defense systems or

dysregulated immune responses, leading to excessively aggressive responses to ubiquitous antigens, which is the root

cause of inflammation-related carcinogenesis . Inflammation-related genetic polymorphisms act as initiators of H.

pylori -induced chronic atrophic gastritis, and together with other factors they become the precursor of precancerous

lesions and carcinoma . Cytokines induced by specific stimuli, such as toxins produced by pathogens, are involved

in immunity, inflammation, and cell proliferation. By secreting cytokines and recruiting specific inflammatory cells, H. pylori

influence both the mucosal and systemic immune responses. In addition, H. pylori cause cellular changes as well as

changes in genes that are important for epigenetic integrity and mucosal homeostasis. These genetic changes during the

development of chronic inflammation are the subject of extensive investigation. A primary strategy for screening and early

detection of GC in individuals at risk may include finding persons who have H. pylori infection with a pro-inflammatory

makeup . Genetic variations in pro-inflammatory and anti-inflammatory cytokine genes influence individual response to

carcinogenic exposures. The degree of inflammation in the host tissue is determined not only by external factors such as

infection with bacteria but also on the host’s genetic makeup, whether they have a high- or a low-producing genotype.

Pro- and anti-inflammatory cytokines modulate the inflammatory response of the stomach mucosa . Pro-

inflammatory cytokines activate inflammatory cells by the migration of neutrophils, mononuclear phagocytes, eosinophils,

and mast cells (e.g., IL-8, MCP-1, RANTES, TNF-α,and IL-1), and also play a significant role in acquired immune

responses that can regulate the growth, differentiation, and activation of lymphocytes, mast cells, eosinophils, and other

hemopoietic cells (e.g., IFN- γ, IL-12 etc.) . In another way, anti-inflammatory cytokine (e.g., IL-10, a product of Th2

cells) is a potent factor for suppressing the inflammatory and neoplastic environment. It inhibits IFN- γ production and

antigen-specific T-cell activation by down-regulating antigen presentation as well as IL-1, TNF- α, and IL-6 production by

monocytes or macrophages . Cytokines, particularly SNPs of IL-1B, IL-4, IL-6, IL-8, IL-10, IL17A, and IL-17F, may

influence cancer prognosis and prevention . A balance between pro- (IL-8) and anti-inflammatory (IL-10) cytokines may

influence the degree of chronic inflammation, which is a potential factor in development of gastritis and GC .

Furthermore, genetic diversity of cytokine genes revealed differences in the severity of H. pylori -induced inflammation

and the risk of GC among various populations. More data will be necessary to assess the above hypothesis.

Acid production, oxidative stress, and DNA damage are all affected by polymorphisms in both bacterial and host genes,

which are thought to be a major factor in the pathogenesis of GC . When H. pylori infect the gastric mucosa, it

stimulates neutrophils and mononuclear cells, causing them to release a variety of inflammatory cytokines . In

particular, IL-1β and TNF-α are potent inhibitors of gastric acid secretion .They promote the development of non-

H. pylori gut microbiota capable of sustaining inflammation and continually producing oxidative stress, thereby hastening

the process of gastric carcinogenesis. Moreover, long-term H. pylori infection in the context of vulnerable host gene

polymorphisms may result in hypochlorhydria or hyperchlorhydria, depending on the degree and location of gastritis,

which may proceed to gastric ulceration or GC. However, we believe the integration of all the information will be helpful for

future study into novel molecular pathways and processes implicated in H. pylori-induced inflammation.
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