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 Introduction

Great improvements in molecular and cellular 
technologies and decades of in-depth studies 
were needed so that inflammation was added to 
the hallmarks of cancer, and pioneering obser-
vations of Virchow and Coley became widely 
accepted perspectives to be pursued for transla-
tion in cancer cures [1–3]. Inflammation is a 
coordinated response following infection or tis-
sue damage by exogenous or endogenous 
agents, which involves innate and adaptive 
immune system cells and soluble factors. 
Macrophages, neutrophils, eosinophils, mast 
cells, dendritic cells (DCs), and natural killer 
(NK) cells represent the antigen- independent 
first line of immunological defense against 
homeostatic perturbation of tissue microenvi-
ronment. These cell subsets initiate inflamma-
tory response by sensing pathogen-associated 
molecular patterns, which are present during 
microbial infections, and danger-associated 

molecular patterns, which are components of 
the host cells released during cell damage or 
death. At early stages of inflammation, tissue 
antigens are processed and transported to lym-
phoid organs by specialized antigen-presenting 
cells, which allow the activation and expansion 
of B and T lymphocyte-specific immune 
responses. In this scenario, intracellular regula-
tory pathways are activated, which ultimately 
lead to  the secretion of reactive oxygen and 
reactive nitrogen species (ROS and RNS), of 
diffusible growth factors, of inflammatory cyto-
kines, and of matrix- remodeling enzymes. 
These elements induce mobilization and infil-
tration of additional leucocytes in the affected 
field and magnify the inflammatory reaction 
until the resolution of the injury or infection.

The tumorigenic fate of the immune response 
largely depends on the physiological state of the 
epithelial, stromal, and vascular microenviron-
ment and on the immune cell profile that are part 
of it, hence from the signals conveyed toward 
autophagy/death, differentiation, proliferation, 
and angiogenetic circuits and from the cross talk 
between them. The duration of the inflammation 
is another key feature affecting the outcome of 
the immune responses. This is strictly linked to 
the presence of host immunogenetic predisposi-
tion and/or ongoing chemical, physical, or bio-
logical irritation. In the case of gastric mucosa, 
infection with persistent microorganisms bearing 
oncogenic potential such as Epstein-Barr virus 
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and Helicobacter pylori (H. pylori) can initiate 
local inflammation and, after elusion of immune 
clearance mechanisms, may cause chronic 
inflammation. Specific or non-specific viral and 
bacterial virulence factors in conjunction with 
immunity defects can cause aberrant interactions 
between microbes and gastric epithelial cells. 
This condition can drive premalignancy, imple-
menting the inflammatory response with the 
accumulation of new genetic and epigenetic 
modifications in epithelial cells, actually favoring 
the establishment of a gastric cancerized field.

 Helicobacter and Inflammation: 
The Two Facet Janus

H. pylori is a Gram-negative, spiral-shaped, 
microaerophilic bacterium colonizing the human 
stomach. From a biological and evolutionary 
point of view, H. pylori has coevolved with 
humans for at least 50,000 years to be transmitted 
from person to person and become a commensal 
of the stomach [4, 5]. An homeostatic equilib-
rium between bacterial effectors and host 
responses allows microbial persistence, but also 
confers the risk of gastric neoplasia. In 1994 H. 
pylori was classified as a class I human carcino-
gen by the International Agency for Research on 
Cancer working group for its association with an 
increased risk for gastric cancer, in particular 
non-cardia gastric cancer, and mucosa-associated 
lymphoid tissue (MALT) lymphoma [6]. Since 
that time, H. pylori infection is considered the 
primary cause of gastric neoplasms [7], although 
the etiology is  multifactorial. One of the first 
mechanisms by which H. pylori may express its 
pathogenetic potential is inflammation-related 
and refers to the production of autoreactive 
immunoglobulins; these may cause complement- 
dependent cell lysis and small immune com-
plexes formation that may promote local damage 
[8]. Autoantibodies originate through molecular 
mimicry of host epitopes by lipopolysaccharide 
(LPS) structures of H. pylori [9]. These observa-
tions prompt to evaluate the inflammation-related 
carcinogenic potential of the structural compo-
nents of a broad range of microbial populations 
colonizing the gastric environment.

Both the undifferentiated and the differentiated 
gastric cancer types (named diffuse-type carci-
noma and intestinal-type adenocarcinoma, respec-
tively) are associated with H. pylori. However, 
only the pathogenesis of the intestinal cancer 
seems to significantly involve the chronic inflam-
mation, which directs the abnormal differentiation 
of the normal gastric mucosa toward the precan-
cerous gastric lesions. This can be done according 
to the cascade model hypothesized by Correa, 
which involves the evolution of the forms of non-
atrophic gastritis, toward multifocal atrophic gas-
tritis without intestinal metaplasia, intestinal 
metaplasia, dysplasia, and finally cancer [10]. All 
these lesions occur in a setting of inflammation 
and in a complex milieu of diffusible factors. 
Despite the variable, but significant, prevalence of 
H. pylori infection in various countries [11], it is 
estimated that 1–3% of infected people will 
develop non-cardia gastric cancer and lymphoma 
[12, 13]. Indeed, besides the environmental fac-
tors, such as smoking and diet, and the commensal 
microbes, the clinical outcome of the infection is 
conditioned by virulence factors of H. pylori, by 
its high phenotypic and genomic heterogeneity 
within the gastric niche [14] as well as by genetic 
susceptibility and immune profile of the host [15].

Each host is not colonized by a single type of 
H. pylori, but by a multitude of genetically closely 
related microorganisms similar to quasispecies, 
which interfere with signaling pathways influenc-
ing host cell growth and death [16, 17]. From an 
ecological and teleological point of view, the 
diversity is originated by the bacterium in an 
attempt to persist in the microenvironment, not-
withstanding the oxidative stress directly caused 
by H. pylori virulence factors and indirectly by 
inflammatory response. Pro- inflammatory cyto-
kines, such as tumor necrosis factor (TNF)-α, 
interleukin (IL)1-β and IL-8, sustain inflammation 
in gastric mucosa,  but anti- inflammatory cyto-
kines, such as IL-10, tend to turn it off. They are 
released by several components of the immune 
system as well as by cells immersed in the stromal 
microenvironment, such as fibroblasts, epithelial, 
and endothelial cells. They can accomplish pleio-
tropic effects on a wide range of cell types, includ-
ing immune and epithelial cells. Since variations 
in genotypes heightening cytokine levels have 
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been associated with an increased risk of gastric 
cancer [18–22], cytokines are believed to enhance 
overall rather than attenuate the pathogenicity of 
the bacterium. However, it’s elemental to highlight 
that the cellular composition of the microenviron-
ment might deeply influence the cancer risk; the 
own different CD4+ T cell subsets can secrete dif-
ferent cytokine and chemokine types, which in 
turn can stimulate different signal transduction 
pathways and activation of transcription factors, 
leading to pro-inflammatory reactive or anti-
inflammatory suppressive responses.

 Helicobacter pylori-Specific 
Determinants Affecting 
Inflammation and Tumorigenesis

A plenty of virulence factors have been described 
in H. pylori infection. Some of them are highly 
studied and specifically involved in inflammatory 
response after infection. Moreover, they cooper-
ate to the inflammation-related tumorigenic pro-
cess. Among the most mentioned virulence 
determinants for their relevance in colonization, 
persistence, and oxidative stress induction, there 
are the H. pylori neutrophil-activating protein 
(HP-NAP), the γ-glutamyl-transpeptidase 
(GGT), the cytotoxin-associated gene pathoge-
nicity island (CagPAI), and the vacuolating cyto-
toxin A (VacA).

While GGT and HP-NAP are constitutively 
expressed and show little genetic variability 
among H. pylori isolates, perhaps indicating a 
structural function or a lack of immune selection 
for diversification [23], on the other hand, vacA 
and CagPAI show plasticity, being apt to genetic 
modifications which modulate their virulence 
[24–26]. The characteristics and modalities of 
action of these different virulence factors are 
summarized in the following paragraphs.

 H. pylori Neutrophil-Activating 
Protein

H. pylori neutrophil-activating protein (HP-NAP) 
has probably evolved as a pro-inflammatory mol-
ecule to sustain the production of reactive oxygen 

intermediates by human neutrophils, functional 
to the release of nutrients, which can speed H. 
pylori growth [27]. It has been described that 
HP-NAP can trigger inflammation in conjunction 
with other bacterial and host-derived factors [28], 
but also as an only molecule. Indeed, several 
studies sustain a model in which HP-NAP repre-
sents a critical element in initiating the inflamma-
tory process. HP-NAP is probably released after 
cell lysis in the infected mucosa of the stomach, 
and, after its transfer through gastric epithelial 
lining, it activates subepithelial resident mast 
cells and macrophages [29]. Consequently, these 
innate immune components release biochemical 
mediators and, in particular, the pleiotropic cyto-
kine TNF-α. Overall, soluble factors attract and 
stimulate the adhesion and extravasation of poly-
morphonucleates (PMN) and lympho-monocytes 
through the endothelium lining the vessels, as 
suggested by the TNF-α-induced upregulation of 
adhesion molecules V-CAM and I-CAM on the 
surface of endothelial cells and by in vitro and in 
vivo experiments on animal models [30, 31]. 
PMN and monocytes produce and secrete ROS 
through the HP-NAP-induced increase of cyto-
plasmic Ca2+ and phosphorylation of proteins, 
leading to assembly of nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase on 
plasma membrane. Moreover, PMN and mono-
cytes are activated to secrete cytokines and che-
mokines which amplify the inflammatory state. 
Among these, IL-12 and IL-23 contribute to dif-
ferentiate the monocytes into a mature dendritic 
phenotype and the T- lymphocytic response 
toward a cytotoxic T- helper type 1 (Th1) pheno-
type producing interferon-γ (IFN-γ), TNF-β, 
IL-12, IL-18, IL-17, and TNF-α [32]. Preclinical 
studies demonstrate that HP-NAP inhibits the 
differentiation of Th0 into Th2 profile [23].

 γ-Glutamyl-Transpeptidase

γ-Glutamyl-transpeptidase (GGT) is a virulence 
factor virtually associated with all wild-type H. 
pylori strains, although strain-to-strain variations 
in GGT expression among clinical isolates from 
patients with different disease statuses have been 
observed. GGT is related to ROS production 
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from the epithelium and to oxidation of DNA and 
membrane lipids by using the body’s master anti-
oxidant glutathione (GSH), which is catabolized 
by GGT itself. Besides pro-apoptotic and necrotic 
effects evoked by ROS compounds and poten-
tially sustained by other virulence factors such as 
VacA, GGT shows anti-apoptotic activities by 
activation of p38 mitogen-activated protein 
kinases (MAPKs), protein kinase B (AKT), and 
nuclear factor k-light-chain-enhancer of activated 
B cell (NF-kB) signaling pathways; the subse-
quent production of inducible nitric oxide syn-
thase (iNOS), DNA damage, IL-8, and 
prostaglandin synthase cyclooxygenase-2 (COX- 
2) enhances the inflammatory reaction and 
induces epithelial cell proliferation [33]. 
Additionally, GGT suppresses T cell prolifera-
tion by inducing cell cycle arrest through the dis-
ruption of the Ras signaling pathway [34]. In 
vitro and in vivo studies suggest that GGT con-
tributes to DC tolerization and directs the T cell 
response toward a regulatory immunosuppressive 
phenotype [35]. A suppressive milieu inhibits 
lymphocyte activation and favors H. pylori 
escape and persistent infection.

 Cytotoxin-Associated Gene 
A Pathogenicity Island 
and Vacuolating Cytotoxin A

Cytotoxin-associated gene A pathogenicity 
island (CagPAI) is a 40,000 base pairs sequence 
containing coding regions for virulence determi-
nants and several proteins participating to the 
assembly of a specialized syringe machinery 
called type IV secretion system. Through this 
structure, H. pylori is able to inject into cells 
inflammation- and tumorigenesis-related bacte-
rial components, such as the cytotoxin-associated 
gene A (CagA), peptidoglycans, and methyl-
transferases. Proteins encoded by CagPAI genes 
induce inflammation by using the host signaling 
pathways essential for maintenance of the normal 
gastric mucosa homeostasis [36]. In the case of 
CagA, after translocation into epithelial cells, it 
acts through direct interaction with intracellular 
receptors in a phosphorylation-dependent or 

phosphorylation-independent manner. In the first 
case, CagA becomes phosphorylated by mem-
bers of the Src and Abl family kinases at specific 
amino acidic motifs in the C-terminus of the pro-
tein (Glu-Pro-Ile-Tyr-Ala, EPIYA). This phos-
phorylation allows CagA binding to SH2 
domain-containing proteins, such as SHP2 tyro-
sine phosphatase, causing its activation and sub-
sequent induction of the extracellular 
signal-regulated kinases (ERK)-MAPK pathway, 
which leads to mitogenic response and cellular 
migration [37]. In the second case, CagA is trans-
located, but not phosphorylated, and it deter-
mines altered activation of β-catenin, disruption 
of apical junctional complexes, and loss of cel-
lular polarity. Moreover, non-phosphorylated 
CagA targets a series of adhesion, enzymatic, and 
transducer molecules, which leads to mitogenic 
and pro-inflammatory responses [38–41]. CagA 
also interacts with tumor suppressor proteins, 
such as Runt-related transcription factor 3 
(RUNX3) and protein 53 (p53) leading to their 
proteasomal degradation [37]. It has been 
reported that translocated CagA into the host cell 
is degraded by oxidative stress-dependent 
autophagy and, hence, short-lived, except when it 
enters CD44v9+ gastric cancer stem-like cells, 
that show oxidative stress resistance due to their 
high GSH content [42]. The expression of the 
CD44 homing receptor can be induced upon 
chronic inflammation [43], is involved in the 
upregulation of GSH synthesis, contributes to the 
progression of precancerous gastric lesions in 
patients with H. pylori infection, and correlates 
positively with recurrence of gastric cancer [44–
46]. These observations suggest that the accumu-
lation of alterations due to ROS and the cell 
survival through protection against ROS may 
play a considerable role for the generation of can-
cer cells in the infected gastric mucosa.

CagPAI-codified type IV secretion system can 
also deliver peptidoglycans into host cells, where 
they are recognized by the nucleotide-binding 
oligomerization domain-containing protein 1 
(NOD1). The subsequent activation of NF-kB, 
p38, and extracellular ERK signaling induces the 
production of pro-inflammatory cytokines macro-
phage inflammatory protein (MIP)-2, β-defensins, 
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and IL-8. Additionally, the  interaction between 
NOD1 and post-translational- modified peptido-
glycans modulates the production of type I inter-
ferons which are involved in the activation of DCs 
and of T cell cytotoxic effector functions [47–49].

CagA and other H. pylori molecules can be 
injected not only into gastric epithelial cells, but 
also into B lymphoid cells and DCs. As a conse-
quence, host’s immune responses can be sup-
pressed through the reduction in the secretion of 
pro-inflammatory cytokines, such as IL-12p40, 
and the increase in the expression of suppressive 
cytokines, such as IL-10 [50]. This highlights the 
existence of pro-inflammatory and anti- 
inflammatory effects produced by the same viru-
lence component in dependence on the cellular 
metabolic status and composition of the 
microenvironment.

VacA is a pore-forming protein which is 
secreted by H. pylori through a type V auto- 
transport secretion system. It exerts multiple 
effects on epithelial and immune cells in synergy 
with other virulence determinants. VacA can be 
internalized into the host cells by endocytosis; 
afterward it accumulates in different cellular 
compartments inducing apoptosis. In parallel, it 
contributes to the successful colonization of the 
gastric niche disrupting epithelial cell tight con-
nections and allowing the access of bacterial 
molecules and H. pylori to the lamina propria. 
This function is shared with CagA that is able to 
bind and inhibit PAR1b, a protein essential for 
the establishment and maintenance of cell polar-
ity. Once in the innermost layers of the gastric 
mucosa, VacA encounters granulocytes and  
T cells recruited to the sites of infection by the 
triggered inflammation program. Herein, VacA is 
capable of inducing an influx of Ca2+, probably 
NF-kB activation, and consequent inflammation 
through generation of oxidative stress and IL-8 
secretion [51, 52]. On the other hand, it modu-
lates the inflammatory response restricting T 
lymphocytes proliferation and effector functions 
[53]. In vitro and in vivo experiments demon-
strate that VacA, in cooperation with GGT, con-
tributes critically and non-redundantly to H. 
pylori tolerizing effects on murine DCs allowing 
persistence of the bacterium [35, 54].

 Helicobacter pylori Affects Early 
Phases of Inflammation

Several evidences point to an involvement of H. 
pylori in the first phases of the carcinogenesis 
while long lasting molecular changes in epithelial 
cells, which result from the initial infection with 
virulent H. pylori strains, contribute to tissue dam-
age progression [55, 56]. Indeed, the reversibility 
of oxidative and nitrosative stress processes, one 
of the crucial initial steps of the inflammatory 
reaction contributing to carcinogenesis in gastric 
mucosa, has been documented after H. pylori 
eradication [57]. Moreover, prospective studies 
show that H. pylori eradication by antibiotics 
reduces the incidence of precancerous lesions, and 
it is effective in reversing atrophic gastritis, but not 
intestinal metaplasia [58, 59]. Finally, H. pylori 
eradication does not decrease the risk of gastric 
cancer in patients with more advanced metaplastic 
or dysplastic mucosal lesions [60].

 Inflammation and H. pylori-Mediated 
Oxidative and Nitrosative Stresses

RNS are produced mainly by neutrophils and 
macrophages, but also by gastric epithelial cells 
through the action of the nitric oxide synthase 
(NOS) and, especially, of iNOS.  Nitric oxide 
(NO) is sufficiently long-lived to diffuse through 
the extracellular matrix and enter the nucleus of 
epithelial cells infected by H. pylori and those 
surrounding them within the gastric pit. ROS, 
such as superoxide (O2

−), is active in this bio-
chemical pathway. The source of effective ROS is 
the epithelial cell itself, since ROS generated by 
neutrophils and macrophages are not sufficiently 
long-lived to diffuse through extracellular matrix 
and penetrate epithelial cell membranes. Here, 
NO and O2

− react to form peroxynitrite (ONOO−), 
which causes DNA damage through guanine 
nitration and, finally, mutations, impairment of 
DNA repair enzymes and genomic instability 
[61–63]. Changes in lipid and protein expression 
consequent to oxidative stress have been observed 
[64, 65]. Last but not least, induced NO produc-
tion interferes with transcriptional modulation by 
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promoting DNA hyper-methylation both in non-
coding and coding sequences for clincher pro-
teins of the carcinogenetic intracellular pathways, 
such as p53, the cyclin-dependent kinase inhibi-
tors (CDKN2A/CDKN2B), the epithelial cad-
herin- 1 (CDH1) or mutL homolog 1 (MLH1), 
and many others. It’s worth noting that passenger 
genes, namely, genes that are not directly caus-
ally involved in gastric carcinogenesis, are even 
significantly subjected to silencing by aberrant 
methylation in the cancerized field [55, 66, 67]. 
These observations point to methylation rather 
than silencing of genes by mutation as the main 
mechanism for inactivation of driver and passen-
ger tumor suppressor genes, indicating that gas-
tric cancer is an epigenetic disease [56].

ROS accumulation in differentiated and stem 
gastric cells can be directly and indirectly induced 
by H. pylori. Due to its poor immunogenicity, 
LPS helps the bacteria to develop a chronic infec-
tion and, following activation of epithelial Toll- 
like receptor (TLR) 4 signaling, contributes to 
epithelial cell ROS production [68, 69]. Moreover, 
especially highly virulent CagA+ H. pylori strains 
can cause pro-oxidant activities through induc-
tion of NADPH oxidase or spermidine oxidase 
activity in host gastric cells [70–72]. ROS gener-
ation is indirectly induced by H. pylori infection 
through interaction of TNF-α-receptor on muco-
sal cell surface with TNF-α released by inflam-
matory cells in response to the infection. 
Epigenetic modifications can be directly induced 
by H. pylori possessing a functional type IV 
secretion system [36]. Indeed, through this struc-
ture, specific methyltransferases encoded by H. 
pylori may be injected into the host cell [73]. 
However, studies in gerbil-based models of carci-
nogenesis evidenced a major  role of H. pylori- 
induced inflammation rather than a unique direct 
role of H. pylori-specific virulence factors in 
DNA methylation modulation. Indeed, increases 
of iNOS, IL1-β, TNF-α, and CXCL2 transcrip-
tion, which are consequent to and synergistic 
with H. pylori infection immunopathologic 
effects, were shown to parallel the DNA methyla-
tion levels in gastric mucosa [74, 75]. Further 
experiments in animal models suggest that infil-
trating mucosa monocytes are central compo-
nents for H. pylori-dependent methylation 

induction and that the specificity of aberrant gene 
methylation in target cells is conditioned from 
their genomic architecture and from epigenetic 
elements already present in the cells where meth-
ylation is activated [56].

 Inflammation and H. pylori-Mediated 
Alteration of DNA Repair Mechanisms

H. pylori may affect activation-induced cytidine 
deaminase (AID), which is an inducible enzyme, 
physiologically responsible for editing the human 
genome, e.g., for generating genomic diversity 
within the variable regions of immunoglobulin 
genes in activated B lymphocytes through somatic 
hypermutation and class switch recombination. 
AID is not expressed in normal gastric mucosa, but 
it is overexpressed in a proportion of H. pylori-
infected gastric epithelium and in gastric cancer tis-
sues, especially in the presence of mononuclear cell 
infiltration and intestinal metaplasia [76]. Most 
importantly, AID expression decreases after H. 
pylori eradication, suggesting a cause-effect link 
with the bacterium [77]. CagPAI+, but not cagPAI− 
H. pylori isolates, are able to stimulate aberrant AID 
expression in epithelial cell lines, causing chromo-
somal aberrations and somatic point mutations in 
tumor suppressor genes such as the aforementioned 
p53 and CDKN2A/CDKN2B [76, 78]. Moreover, 
also pro-inflammatory cytokines, such as TNF-α, 
indirectly increase the expression of AID through 
NF-kB intracellular pathway activation [55].

In vitro experiments on infected gastric epi-
thelial cells demonstrate H. pylori-induced 
downregulation of proteins that are sequentially 
involved in the mechanism of base excision 
repair (BER) and which mediate the removal of 
incorrect single base residues [79]. Also the pro-
teins of the DNA base mismatch repair are down-
regulated by H. pylori infection in gastric 
epithelial cells as well as in a H. pylori-infected 
mouse model and in H. pylori-positive patients 
with chronic gastritis [80, 81].

In gastric cell lines and primary gastric epithe-
lial cells, it has been demonstrated that H. pylori 
infection prompts downregulation of several com-
ponents engaged in double-strand DNA break 
(DSB) repair pathway, which generate carcinoge-
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netic lesions if they are not appropriately restored 
[61]. Indeed, DNA damage affecting chromo-
somal ends resulting in telomere shortening and 
chromosomal instability has been reported [61]. 
Even if the precise mechanisms by which these 
events occur are not completely understood and 
elucidated, ex vivo and in vitro studies demonstrate 
that H. pylori infection is associated with altera-
tion in DNA repair by direct host-pathogen con-
tact, and prolonged infection may result in 
unrepaired breaks [82]. A genome- wide screening 
in gastric epithelial cell lines suggests an involve-
ment of a type IV secretion system-dependent 
injection of XPF/XPG endonucleases together 
with NF-kB activation in DSB induction [83].

 Toward Cellular Autophagy or 
Death

The molecular damage in gastric epithelial and 
immune cells, consequent to the activation of 
oxidative stress pathways by H. pylori-induced 
inflammation, stimulates caspase-mediated 
autophagy or apoptosis, with a raise in cell turn-
over during the initial steps of the infection [84, 
85]. Autophagy is an intrinsic cytoprotective 
mechanism by self-eating and recycling of cellu-
lar components. Hence, autophagy can suppress 
tumor initiation by preserving normal cells and 
inhibiting inflammation. However, it can promote 
proliferation of damaged cells with precancerous 
characteristics by favoring inflammatory cell 
growth and providing sufficient oxygen and 
nutrients [86]. Hence, an increase in cell survival 
and proliferation may be induced in infected and 
in neighboring cells, adding on the possibility of 
malignant characteristics acquirement thanks to 
accumulation of mutagenic DNA lesions, altered 
methylation, and block of the DNA repair 
machinery [87]. VacA is important in autophagy 
induction through the formation of autophago-
some, a double membrane structure encapsulat-
ing intracellular and pathogen-derived damaged 
organelles and proteins, among them VacA itself 
and CagA, whose activities are modulated [84, 
88]. As the chronic infection establishes and pro-
gresses, DNA damage may determine aberrations 
in autophagy-associated proteins, such as the 

oncoprotein p62/SQSTM1, which is overex-
pressed in gastric lesions and has been found to 
promote tumorigenesis through the NF-kB sig-
naling transduction pathway [89, 90].

In vitro studies demonstrate that autophagy 
and apoptosis are molecular mechanisms which 
could cross talk between them and may control 
the cell fate in autonomous or cooperative ways 
[91, 92]. The selected pathway seems to be 
dependent on the cellular surface receptor status, 
such as the presence of TRAIL or CD95, on 
Bcl-2 as a central regulator of autophagy and 
apoptosis, and on the intracellular signaling 
milieu [93–95]. A key intracellular component 
driving death and autophagy is the inflamma-
some, a cytosolic multiprotein oligomer contain-
ing caspases, whose exact composition depends 
on the activator which initiates inflammasome 
assembly. Inflammasome has dual opposite roles 
in the oncogenesis: one in the anti-tumor inflam-
matory response by eliminating precancerous 
precursors through apoptosis and, on the other 
hand, a pro-tumorigenic effect by stimulating 
production of trophic factors for precancerous 
cells and stroma [96]. Anti-tumorigenic and pro- 
tumorigenic properties are largely determined by 
the types of cells, tissues, and organs involved 
[97]. For instance, some cells with DNA damage 
elicited by CagA+ H. pylori strains are less likely 
to undergo apoptosis, and thus they are at high 
risk of malignant transformation [72]. This high-
lights that the interplay between the host and dif-
ferent H. pylori strains with differentially 
expressed virulence determinants is complex and 
may strongly influence the progression of the 
disease.

 The Progression of H. pylori- 
Induced Precancerous Lesions: 
A Continuous Tolerizing 
Relationship

Beyond the biochemical, genetic, and molecular 
mechanisms triggered in the early phases of H. 
pylori infection and of inflammation, cellular and 
soluble factors deeply influence the relationships 
between H. pylori and the gastric microenviron-
ment, sustaining bacterial persistence and sur-
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vival of those cells altered from inflammation 
and that are shaped toward a precancerous lesion. 
Pro-inflammatory factors derived from damaged 
cells, such as IL-1β, and from activated T lym-
phocytes, such as IFN-γ, IL-4, IL-10, and IL-12, 
trigger immunosuppressive pathways from 
myeloid cells [98]. In addition, CD4+ T cells 
recruited in the inflamed microenvironment 
secrete pleiotropic chemokines and cytokines, 
which play a fundamental role in the final clinical 
outcome of the infection and of the cancerized 
field, through the activation of many pathways, 
such as those leading to epithelial-to- 
mesenchymal transition or development of gas-
tric cancer stem cells [99–103].

 Mechanisms of H. pylori Attenuation 
and Evasion from Immune 
Surveillance

Despite the activation of a strong immune 
response, H. pylori is able to sustain the infection 
for several years or throughout lifetime. H. pylori 
survives oxidative stress by the production of 
enzyme oxidase and superoxide catalase, thus 
determining its persistence in the gastric mucosa 
and the further enhancement of the oxidative 
burst. Strains with high virulence levels and car-
riers of bacterial determinants with toxic activity 
seem to account for a high risk of gastric cancer 
development [26, 104]. However, the H. pylori 
gastric niche harbors bacterial strains with differ-
ential virulence acquired by genetic recombina-
tion as a strategy for survival and persistence in 
the site of infection. Indeed, DNA damage 
induced by inflammation in epithelial and stro-
mal cells can involve not only the host genetic 
background, but also the H. pylori genome. 
Homologous recombination can act as a repair 
pathway of DNA breaks, prompting antigenic 
variation in H. pylori [105]; for instance, rear-
rangements in the genes encoding post- 
translational modifying enzymes, such as 
alpha-fucosyltransferases or peptidoglycan 
deacetylases, can determine changes in their 
activity with modulation of bacterial cell wall 
antigenic specificity [106, 107].

Molecular biology studies suggest functional 
relationships between different genomic traits of 
H. pylori. In particular, the composition of the 
CagPAI greatly affects bacterial motility, survival 
capacity in different gastric microenvironments, 
production of pro-inflammatory cytokines, and 
antimicrobial susceptibility [108–112]. It has 
been highlighted that a single infective H. pylori 
strain may include variable proportions of sub-
types with different CagPAI genotypes, a phe-
nomenon consistent with host-induced adaptive 
changes of the bacterial population infecting the 
stomach [113, 114]. Indeed, heterogeneous 
genomic and proteomic profiles of H. pylori 
strains and subtypes have been described showing 
a tendency to an association with different precan-
cerous or pathologic conditions [26, 115–117]. 
Deletions of CagPAI genes are more frequently 
detected among individuals with metaplasia and 
atrophic gastritis than non- atrophic gastritis or 
duodenal ulcers [118, 119]. These mechanisms 
entail virulence attenuation favoring colonization 
and persistence, but also modify the interaction 
capacity of the bacterium favoring the escape 
from the immunosurveillance.

 Myeloid and Lymphoid Cellular 
and Soluble Factors Affecting 
the Clinical Outcome of H. pylori 
Infection

The secretion of inflammatory cytokines from 
healthy and damaged cells can be promoted by 
interaction of bacterial LPS, flagellins, toxins, 
and cellular products with membrane receptors, 
such as TLRs, or cytosolic components, such as 
inflammasomes. A paradigmatic example of 
membrane receptor is TLR4. It is expressed in 
immune as well as epithelial and stromal cells, 
where it can activate MyD88-dependent path-
ways, with the transcription of genes encoding 
for pro-inflammatory cytokines and chemokines 
(TNF, IL-1β, IL-18), immunosuppressive cyto-
kines (IL-10 and transforming growth factor 
(TGF)-β), and angiogenic mediators (vascular 
endothelial growth factor (VEGF), epidermal 
growth factor (EGF)). In addition, TLR4 has 
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been detected in tumoral cells, where it is capable 
of activating mitogen-activated protein kinases 
(MAPK) and NF-kB, suggesting its direct role in 
apoptosis inhibition and proliferation stimulation 
[120]. Inflammasomes are predominantly 
expressed in macrophages and can promote cyto-
kine and chemokine production as well, espe-
cially IL-18 and IL-1β. The CagPAI-encoded 
type IV secretion system, LPS, VacA, and bacte-
rial urease B subunit seem to play a role in 
inflammasome activation. Recent studies high-
light that the H. pylori-induced inflammasome 
activation and consequent IL-18 and IL-1β secre-
tion need the coordinated cooperation between 
TLR-2, Nod-like receptor family pyrin domain- 
containing 3 (NLRP3) and caspase-1 [121].

IL-18 is a multifactorial chemokine, which 
intervenes directly activating CD8+ cytotoxic T 
lymphocytes and CD4+ naïve T cells that acquire 
a Th1-IFN-γ-secreting phenotype under the syn-
ergic action of IL-12 [99, 122]. Besides this anti- 
inflammatory action, mucosa integrity protection, 
and anti-cancer effect, IL-18 manifests pro- 
cancer properties [123]. This effect seems to be 
related to an impaired NK cell function through a 
PD-1-dependent mechanism, as it has been evi-
denced by in  vitro and murine models [124]. 
However, IL-18 role in gastric cancer is not 
clearly understood in the clinical settings [125]. 
Overexpression of IL-1β is involved in the patho-
genesis of gastric cancer through an immune- 
tolerizing effect of the mucosal gastric 
microenvironment guided by the mobilization of 
myeloid-derived suppressor cells (MDSCs) to 
the stomach [126]. MDSCs are one of the repre-
sentative immune suppressive cells having the 
capacity to increase T cell apoptosis and suppress 
T cell responses, directing the result of the infec-
tion toward evasion from immune system and 
pathology [127]. MDSC levels are significantly 
increased in cancer patients and correlate with 
cancer clinical stages and poor prognosis [128–
130], to such an extent that they have been men-
tioned as possible prognostic biomarkers of 
gastric cancer together with macrophages, neu-
trophils, and DCs [131, 132]. Finally, IL-1β pro-
duction by MDSCs may induce secretion of 
IL-17 by CD4+ T cells [102].

 Th17

Th17 and Th1 are the predominant subsets during 
the inflammatory phases of H. pylori infection, 
with Th17 response involved at earlier stages of 
infection than Th1 response [133]. In particular, 
CagA+ strains stimulate DCs to IL-1β and IL-23 
production. In the presence of antigen presenta-
tion, DCs activate CD4+ naïve T cells to differen-
tiation toward a Th17 phenotype. At intracellular 
level, the process is controlled by signal transduc-
ers, such as Signal Transducer and Activator of 
Transcription-3 (STAT-3), and by the transcrip-
tion factors retinoic acid receptor-Related Orphan 
Receptors (ROR) γt and α.  TGF-β, BAFF, and 
IL-6 secreted by DCs may be additional important 
factors for Th17 differentiation. They act through 
STAT-3 and NF-kB pathways [134]. In particular, 
TGF-β induces the expression of both RORγt and 
of forkhead box P3 (FoxP3) in naïve T cells; the 
latter molecule is a transcription factor capable of 
suppressing the activation of RORγt by a physical 
interaction and of deviating the differentiation of 
naïve T cells toward an immunosuppressive T 
regulatory (Treg)  signature [135]. IL-6 links the 
differentiative pathways of Th17 and Treg, by 
activating STAT-3 pathway and down-modulating 
FoxP3  expression, finally unbalancing the ratio 
between these two subsets in favor of Th17. IL-6 
expression is high in H. pylori-infected subjects 
as well as in physiological aging, where this cyto-
kine is involved in the maintenance of a low level 
of systemic and local chronic inflammation, that 
can unbalance immune system functions toward 
tolerance and senescence, with a high risk of mor-
bidity [136, 137].

Th17 cell subsets are able to release several 
chemokines and cytokines, namely, IL-17A, 
IL-17F, IL-21, IL-22, IL-23, IL-26, TNF-α, 
CCL20, and GM-CSF, although not all are Th17 
specific. Epithelial cells and fibroblasts are stim-
ulated by Th17 cytokines/chemokines toward 
pro-inflammatory soluble factors secretion, fur-
ther recalling infiltration of macrophages, acti-
vated monocytes, T cells, and DCs in the 
microenvironment. Functional for tissue remod-
eling, but of relevance for re-localization of cells 
with malignant or premalignant characteristics, 

1 Gastric Tumorigenesis: Role of Inflammation and Helicobacter pylori



12

Th17 cells stimulate epithelial cells to produce 
matrix metalloproteinases (MMP) that disrupt 
microenvironment architecture. Although IL-17 
responses are downregulated by immunosuppres-
sive enzymes, such as indoleamine 
2,3- dioxygenase (IDO), or by reduced expression 
of co-stimulatory receptors on the Th17 surface, 
the activity of this T cell subset continues also 
after disappearance of the bacterium thanks to 
the action of IL-1β, which levels remain elevated 
in the gastric mucosa [138].

 Th1

Th1 cells are involved primarily in defense 
against intracellular pathogens and in the iso-
typic switch of immunoglobulins to isotypes 
with complement-activation properties. H. 
pylori colonization of gastric mucosa seems to 
be directly proportional to Th1 immune 
response, since an insufficiency in this lineage 
is associated with enhanced bacterial density 
[139]. Outer membrane proteins of H. pylori 
induce NK and DC activation and maturation 
with predominant production of IL-12, IL-18, 
and IFN-γ. The synergic action of DCs and NK 
cells and their soluble mediators induces the 
expression of the transcription factor T-box 
expressed in T cells (T-bet) in T cell receptor 
(TCR)-engaged naïve CD4+ T cells, leading to 
their differentiation in Th1 secreting at least 
IL-2 and IFN-γ. Hence, through an autocrine 
mechanism, IFN-γ enforces the Th1 polariza-
tion operated by NK, while IL-2 stimulates the 
progression of target cells from G0 to G1 
phase, initiating the process of clonal expan-
sion of activated T, B, and NK cells. Moreover, 
the Th1 cytokines cause further recruitment of 
macrophages into the infection site [140], 
emphasizing Th1 hyperactivation and reinforc-
ing gastric inflammation finalized to the 
decrease of bacterial density.

During the early phases of infection, T lym-
phocytes from the H. pylori-infected gastric 
mucosa are not able to secrete Th2 cytokines. 
Indeed, IL-4 from basophils and mast cells stim-
ulates the expression of the Th2 cell-specific 

master transcription factor GATA-binding pro-
tein- 3 (GATA-3) in TCR-engaged naïve T cells. 
GATA-3 have reciprocal antagonistic activity 
with T-bet, and both transcription factors are 
involved in attenuating the harmful effects of Th1 
response to maintain an healthy homeostasis 
[141]. Moreover, H. pylori, through HP-NAP and 
other virulence determinants, plays a central role 
in inhibiting the pathway of Th2 differentiation, 
promoting IL-12 and IL-23 secretion by neutro-
phils and monocytes, which support the polariza-
tion of Th1 and Th17 against H. pylori, 
respectively. However, negative feedbacks down- 
modulating Th1 responses can be exerted by 
some H. pylori virulence factors and by compo-
nents of the inflammatory milieu. For instance, 
bacterial molecules such as GGT or Lewis- 
antigens on LPS can activate tolerogenic DC sub-
sets unable to foster a Th1 differentiation and 
response [142, 143]. In addition, IDO, high levels 
of COX-2 and prostaglandin-2 (PGE-2) modify 
the Th1/Th2 balance in favor of the Th2 response 
[144–146].

 Th2

The Th2 cytokine profile includes IL-4, IL-5, 
and IL-13, which are involved in a paracrine 
and autocrine self-activation and self-mainte-
nance circuit. These cell subsets are important 
for the production of H. pylori-specific IgG, 
IgM, and IgA, which intervene in systemic and 
local antibody- mediated protection against the 
bacterium. Especially IgA are relevant in inhib-
iting the bacterial colonization of the mucosa 
[147]. Th1 immune responses are more effi-
cient than Th2 responses against bacteria [148], 
but, when mechanisms down-modulating Th1 
expression occur, Th2 and Th17 seem to pre-
vail, and an imbalance toward Th2 responses is 
shown. Patients with precancerous gastric 
lesions and gastric cancer express a predomi-
nant Th2 signature [149, 150]. One of the 
mechanisms which links Th2 profile to worse 
prognosis is represented by the ability of 
GATA-3 to down- modulate onco-suppressor 
genes [151].
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 T Regulatory (Treg)

Treg subsets, together with MDSCs, play a 
clincher role in H. pylori immune escape, since 
they can suppress DCs and effector T cells by cell 
to cell contact and production of TGF-β, IL-10, 
and IL-35, which limit the inflammatory 
responses. They are delegated to maintain self- 
tolerance and physiological conditions avoiding 
autoimmunity. Two kinds of Tregs have been 
described with different ontogeny but some com-
mon features: the natural Tregs (nTregs) and the 
induced Tregs (iTregs). While nTregs are gener-
ated within the thymus from lymphoid precur-
sors, the naïve CD4+ T cells residing in peripheral 
lymphoid organs and stimulated by the antigen 
can differentiate into iTregs in the presence of 
TGF-β and IL-2. Commonly both kinds of Tregs 
are defined by the intracytoplasmic expression of 
the transcription factor FoxP3.

Triggering of TLR-2 signaling pathway 
through H. pylori components LPS or HP-NAP is 
an important mechanism for Treg activation 
accompanied by Th1 inhibition. The Treg- 
induced onset of immunologically tolerant gas-
tric microenvironment modulates the survival 
and persistence of H. pylori and directs the dis-
ease to a worse outcome [152, 153]. The increase 
in Tregs levels within gastric mucosa seems to be 
associated with increased expression of pro-
grammed death-ligand 1 (PD-L1) on epithelial 
cells in the site of infection. The binding of 
PD-L1 to inhibitory receptors present on the sur-
face of CD4+ T lymphocytes, such as PD-1 or 
B7.1, transmits inhibitory signals which reduce 
the effector capacity of these subsets [154]. 
Hence, globally, an immunological anergy is 
established in the field of infection and cancer-
ization, favoring the immune evasion of the bac-
terium and transformed cells. It has been observed 
that H. pylori-induced DCs stimulate prolifera-
tion of Treg possessing a reduced suppressive 
function due to the H. pylori-dependent IL-1β 
secretion by DCs itself, suggesting an attempt to 
maintain or restore an inflammatory milieu with 
effector proprieties [155]. The transition to aner-
gic or reactive immunity also depends on the bal-
ance between the signaling pathways conveyed 

toward Tregs or Th17 subset differentiation. In 
particular, the absence or the presence of IL-6, 
together with the activation of IL-6/STAT-3 axis 
in naïve CD4+ T cells, prompts or suppresses the 
expression of FoxP3, determining the fate toward 
the differentiation of suppressive or reactive T 
cells, respectively [156, 157].

Besides the essential immunological compo-
nents described in this paragraph and their basic 
relationships participating to an evolving immune 
profile within the gastric precancerous lesion, 
other cellular subsets, such as Th9 and Th22, are 
strictly interrelated and committed in the pro-
gression/regression of the infection and of the 
field cancerization. They are elegantly reviewed 
elsewhere [102, 103]. Furthermore, host genetic 
factors related to immunological and regulatory 
elements composing the mucosal milieu and 
entangled in bacterial interactions may play a 
pivotal role in addressing the outcome of H. 
pylori infection.

 Host Factors Affecting 
Inflammation and Its Clinical 
Outcome

Functional polymorphisms that influence the level 
or the quality of the expression of genes encoding 
for intracellular and extracellular receptors, 
enzymes, cytokines, and chemokines modulating 
the inflammatory response have been associated 
with increased risk of gastric cancer [158]. The 
clinical significance of these associations is depen-
dent from ethnicity, which is an important con-
founding factor in epidemiological studies [159, 
160]. Interestingly, a correlation between the pres-
ence of certain single nucleotide substitutions 
(SNPs) and a high proportion of highly virulent H. 
pylori strains has been found, suggesting the exis-
tence of a selective pressure exerted by the host on 
the microorganism subtypes. This possible syner-
gistic interaction could lead to the progression or 
regression of precancerous lesions [20, 161]. 
Individual genetic predisposition to exacerbate or 
dampen the effects of H. pylori infection may con-
cern several steps of the interplay between the bac-
terium and the host (Table 1.1).
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Table 1.1 Some genetic polymorphisms involved in modulating host response during Helicobacter pylori infection

Host gene Polymorphism Associated clinical condition Ethnicity References
Mucosal invasion and damage
PTPN11 rs2301756 A>G Hp-related atrophic gastritis Japanese; Japanese 

Brazilian
[162, 163]

rs2301756 A>G GC Japanese [164]
rs12229892 GC and/or AG Chinese [165]

CDH1 rs16260 (−160 C>A) GC Caucasian [166–172]

DNA repair
PARP-1 rs1136410 T>C Cardiac adenocarcinoma Chinese [173]

rs1136410 T>C High proportion of high virulence 
strains

Brazilian [161]

DNMT rs1550117 AA GC Chinese [174]
Immune evasion and attenuation
TLR1 rs4833095 Gastroduodenal diseases 

(including GC)
Malaysian [175]

TLR4 rs4986790 Hp infection, AG, GC Italian, Caucasian [176, 177]
rs4986791 Hp infection, AG, GC Italian [176, 178]

rs4986790, −1 Digestive cancers Caucasian [179]

rs11536889 G>C Atrophy in Hp+ pts Japanese [180]
TLR2 −196 to −174 del GC; IGC, DGC Brazilian; Japanese [181, 182]

–196 to −174 ins Atrophy, IM Japanese [183]

TLR5 rs5744174 C GC Chinese [184]
TLR10 rs10004195 Gastroduodenal diseases 

(including GC)
Malaysian [175]

NOD1 rs2075820 AA DU, atrophy, IM, Hp eradication 
failure

Hungarians; Turkish [185, 186]

rs2075820 AA DGC Chinese [187]
rs2075820 AA Gastritis, ↑IL-8, and COX-2 

mRNA
Korean [188]

rs2709800 GT Gastric lesions; IM Chinese [189, 190]
rs7789045 TT GC Chinese [187]

NOD2 rs718226 G Dysplasia Chinese [189]
rs2111235 C ↑risk of disease progression in 

Hp+ pts
Caucasian [191]

rs7205423 G ↑risk of disease progression in 
Hp+ pts

Chinese [187]

rs7205423 GC GC Chinese [187]
rs2066842 
(c.802CC>T)

GC German, Polish [192, 193]

rs2066844 T GC Italian [194]
rs2066844 and 
rs2066845

↓autophagy and presentation to 
MHCII

Not specified [195]

rs2066847 ↓bacterial clearance by 
monocytes

Italian [196]

IL-1β 31C>T GC, only in Hp+ pts Chinese [197]

511C/T GC Mixed; Caucasian [19, 20, 
198]

IL1-RN IL1-RN*2 VNTR GC Non-Asian populations; 
Caucasian

[20, 199]
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Accumulation of DNA damage following oxi-
dative stresses can be worsen by SNPs present in 
the host genes coding for DNA repair enzymes, 
which may unbalance the relationship between 
apoptosis and cellular proliferation. Poly-ADP- 
ribose polymerase 1 (PARP-1) is a component of 
the BER system whose polymorphisms have 
been mentioned to be associated with gastric can-
cer in some studies [161, 173]. However, some 
investigations report no relationship between 
worse prognosis and this mutated enzyme [205], 
while only combined effect of genetic and H. 
pylori profile covariates shows significant asso-
ciations with gastric cancer in other studies [206].

One of the intracellular receptors which plays a 
pivotal role in the transformation of the infected 
cells is the tyrosine phosphatase Src homology 
region 2 domain-containing phosphatase-2 (SHP- 
2), which is first intercepted by the phosphorylated 
CagA and which was found to induce cell mor-
phological and physiological modifications. 
SHP-2 is coded by the PTPN11 gene, whose poly-
morphisms have been associated to increased risk 
of atrophic gastritis in Chinese population with, 
but not without, H. pylori infection. This effect is 
probably due to a different strength of signal trans-
duction through the CagA-SHP-2 complex [165]. 
Although wide association studies focusing on 
hundreds of SNPs possibly involved in CagA 
interaction have identified new susceptibility loci 
for gastric cancer, the insufficient statistical power 
of these studies does not allow to assess the exact 

relationship between the selected SNPs and gastric 
cancer risk, providing only clues on the mecha-
nisms entailing CagA function [207, 208].

Among polymorphisms concerning TLRs, 
two SNPs within TLR4 coding gene have been 
linked with susceptibility to chronic infection, 
atrophic gastritis, and gastric cancer in Caucasian 
population by more than one study [176–178]; 
moreover, an alteration in the ligand-binding 
receptor site with proven diminished LPS respon-
siveness has been underlined [209, 210].

In addition to TLR, NLRs are important in the 
recognition of H. pylori. Polymorphisms of NOD1 
and NOD2 are the best characterized in manifold 
studies. Overall, they highlight that functional SNPs 
reducing NOD1-/NOD2- mediated immune 
response to H. pylori contribute to bacterial survival 
and persistence and that a subsequent over-activa-
tion of other inflammatory responses may result in 
inflammation-related carcinogenesis [211].

As already mentioned, IL-1β is an important 
pro-inflammatory cytokine and a powerful inhibi-
tor of gastric acid secretion, hence an inducer of 
atrophy progression. Polymorphisms in the IL1B 
promoter region, together with those concerning 
the IL-1 receptor antagonist (IL1-RN), have been 
reported to modulate IL-1β levels and action and 
be associated with an increased risk of gastric can-
cer [19]. These associations have been partially 
confirmed for Caucasian subjects by meta- 
analyses [212, 213], even if slightly contrasting 
results have emerged due to different grouping of 

Table 1.1 (continued)

Host gene Polymorphism Associated clinical condition Ethnicity References
IL8 251 A/T GC Chinese; Asian [200, 201]
IL10 1082 A/G GC Asian; Taiwanese [199, 200, 

202]
819 C/T GC Taiwanese [202]

TNF-α 308 G/A GC Caucasian [203]

238 G/A GC Asian [204]

PTPN11 tyrosine-protein phosphatase non-receptor type 11, Hp Helicobacter pylori, GC gastric cancer, AG atrophic 
gastritis, PARP-1 poly-ADP-ribose polymerase 1, DNMT DNA methyltransferase, TLR toll-like receptor, pts patients, 
IGC intestinal-type gastric cancer, DGC diffuse-type gastric cancer, IM intestinal metaplasia, NOD nucleotide-binding 
oligomerization domain-containing protein, DU duodenal ulcer, IL interleukin, COX-2 cyclooxygenase-2, MHCII 
major histocompatibility complex II, VNTR variable number tandem repeat, TNF-α tumor necrosis factor α
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subjects with different allelic frequencies or differ-
ent genetic models of analyses [214]. A meta- 
analysis including 36 studies to evaluate the effect 
of TNFA on genetic susceptibility to  gastritis and 
gastric cancer has shown that the TNFA -308G>A 
polymorphism is a risk factor for developing gas-
tric tumors in different ethnic groups, with signifi-
cant results found in Caucasians, but no significant 
associations among East Asians or other ethnici-
ties [159]. A meta-analysis on a total of 203 stud-
ies assessing associations between gastric cancers 
and 225 polymorphisms in 95 genes showed 
ambiguous effects for several gene polymorphisms 
between Asian and Caucasian populations. 
However, this study was able to confirm, through 
gene clusters, two panels of polymorphisms that 
were significantly associated with the risk of gas-
tric cancer and able to specifically distinguish 
these two different ethnic groups [160].

The results of association studies between 
genetic determinants and H. pylori-related gas-
tric carcinogenesis may suffer from bias linked 
not only to the selection of the analyzed subjects 
but also to the population sample size, to the 
interactions between several covariates that can 
have an impact on this system and cannot be all 
eligible or valuable, and to the intrinsic limita-
tions of the statistical methods applied in these 
complex contexts. However, they may help in 
personalization of the surveillance if they are 
directed to specific patient populations.

 Conclusions

Gastric tumorigenesis is a multifactorial process 
involving complex interactions between gastric 
microenvironment, inflammation, and colonizing 
microorganisms, with H. pylori being the most 
studied and well-known cancer determinant. In 
dependence on its genetic and phenotypic hetero-
geneity, H. pylori triggers a number of innate and 
adaptive immune responses entangled in tumor 
formation process. CagA+ strains present an 
increased risk of gastric cancer, and elevated lev-
els of inflammatory cytokines have been observed 
in H. pylori-infected individuals. Through these 
mediators, several kinds of immune cells are 
stimulated to cooperate in the modulation of the 

oncogenic and anti-suppressive pathway activity. 
Methylation of tumor suppressor genes increases 
the risk of adenocarcinoma in the stomach. 
Autophagy and apoptosis processes may be 
hijacked toward cell growth and differentiation.

New technologies allow to discover additional 
elements, which can inflame the progression of the 
precancerous gastric lesions occurring in achlor-
hydria and atrophy settings. However, functional 
and mechanistic studies are needed to elucidate 
their specific activities within the evolution and 
dynamics of inflammation and their correlations 
with the pathogenesis of gastric cancer. 
Understanding of the mechanisms that regulate 
cancer-associated inflammation could open the 
way to new biomarkers able to distinguish patients 
with precancerous lesions that will remain indo-
lent from those that will evolve, and to unexplored 
treatment opportunities influencing prevention and 
prognosis of therapeutic options.
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