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Helicobacter pylori infects half of the world’s population, and is associ-
ated with asymptomatic gastritis and also with more serious condi-
tions such as peptic ulcer disease and gastric carcinoma. The clinical
outcome is largely dependent on the severity and distribution of the
H pylori-induced gastritis, but the pathogenesis remains poorly under-
stood. Bacterial virulence factors and environmental influences con-
tribute to the pathogenesis, but do not explain the divergent
outcomes. There is emerging evidence that host genetic factors play
a key role in determining the clinical outcome of H pylori infection.
In particular, proinflammatory genotypes of the interleukin-1 beta
(IL-1β) gene are associated with an increased risk of gastric cancer
and its precursors. The effects are most likely mediated through  the
induction of hypochlorhydria and severe corpus gastritis with the
subsequent development of gastric atrophy. The roles of IL-1β and
other host genetic factors in the pathogenesis of H pylori related can-
cer are discussed in this article.
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Le rôle de l’interleukine-1 béta et d’autres
marqueurs génétiques potentiels comme 
indicateurs de risque de cancer gastrique

Le Helicobacter pylori infecte la moitié de la population mondiale et s’as-
socie à une gastrite asymptomatique ainsi qu’à des pathologies plus graves,
comme l’ulcère peptique et le carcinome gastrique. L’issue clinique
dépend en grande partie de la gravité et de la répartition de la gastrite
causée par le H pylori, mais la pathogenèse demeure mal comprise. Des
facteurs de virulence bactérienne et des influences environnementales
contribuent à la pathogenèse, mais n’expliquent pas les issues divergentes.
Selon des données émergentes, des facteurs génétiques de l’hôte jouent un
rôle essentiel dans la détermination de l’issue clinique d’une infection à 
H pylori. En particulier, les génotypes pro-inflammatoires du gène inter-
leukine béta-1 (IL-1ß) s’associent à un risque accru de cancer gastrique et
de ses précurseurs. Les effets sont plus probablement assistés par l’induc-
tion d’hypochlorhydrie et d’une gastrite du corps grave suivies par l’ap-
parition d’une atrophie gastrique. Le rôle de l’IL-1ß et d’autres facteurs
génétiques de l’hôte dans la pathogenèse du cancer relié au H pylori est
abordé dans le présent article.

It has long been established that human susceptibility to
infectious agents is at least partly under genetic control.

Several observations from twin, adoptee, pedigree and candi-
date gene studies point to host genetic factors as key determi-
nants of this susceptibility (1,2). The recent explosion in
genetic knowledge, accelerated by the human genome project,
is helping to unravel the molecular pathways that mediate
genetic susceptibility to human diseases, including infections
and cancer (3-5). While genetic susceptibility may apply to
the risk of acquiring an infectious agent, it is becoming increas-
ingly recognised that host genes also influence the patho-
physiological response to infections, which ultimately
determines the clinical outcome.

Infections can cause cancer by a variety of mechanisms,
including direct transformation of cells, induction of immuno-
suppression with consequent reduced cancer immunosurveil-
lance or by causing chronic inflammation. The latter is
becoming increasingly recognised as an essential component 

of many epithelial cancers because of its combined effects of 
generating genotoxic byproducts and increasing cellular prolifer-
ation, thus maximising the potential for DNA damage (6,7).

In the present article we demonstrate how interactions
between an infectious agent, the host’s genetic makeup, and
environmental factors could influence the pathogenesis of a
cancer. The infectious agent in question is Helicobacter pylori,
the world’s most common chronic bacterial infection, and the
malignancy is gastric cancer, second only to lung cancer in its
global incidence and impact. We demonstrate how this gastric
infection could be used as a paradigm for gene-environment
interactions in human disease, which could help unravel a
multitude of other microbial-induced malignancies.

H PYLORI AND CHRONIC GASTRIC
INFLAMMATION

The key pathophysiological event in H pylori infection is the 
initiation of an inflammatory response (8). This response is most
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probably triggered by the bacterium’s lipopolysaccharide, urease
and/or cytotoxins, and is mediated by cytokines. Cytokines,
including the interleukins, are soluble peptide molecules that
mediate the interactions between immunocompetent and
haematopoietic cells, and between the immune and neuro-
endocrine systems (9). They are produced by a variety of acti-
vated cells and exert their biological effects by binding to
specific receptors on target cells. The cytokine repertoire com-
prises a multitude of pro- and anti-inflammatory mediators,
whose functions are to coordinate an effective immune/inflam-
matory response against invading pathogens without causing
undue damage to the host. 

In addition to their pro- or anti-inflammatory properties,
some H pylori-induced cytokines have direct effects on gastric
epithelial cells, which has a profound effect on gastric physio-
logy. For example, the proinflammatory cytokine interleukin-1
beta (IL-1β) is the most potent of the known agents that are
gastric cytoprotective, antiulcer, antisecretory and inhibitors
of gastric emptying (10). Wolfe and Nompleggi (11) estimated
that on a molar basis, IL-1β is 100 times more potent than
both prostaglandins (PGs) and the proton pump inhibitor
(PPI) omeprazole, and 6000 times more potent than cimeti-
dine in inhibiting acid secretion. Another important proinflam-
matory cytokine that is upregulated by H pylori infection is
tumor necrosis factor alpha (TNF-α), which also inhibits gastric
acid secretion, but to a lesser extent than IL-1β (12).

In physiological terms, the stomach can be divided into two
main compartments: an acidic proximal corpus that 
contains the acid-producing parietal cells, and a less acidic dis-
tal antrum that does not have parietal cells but contains the
endocrine cells that control acid secretion (13). H pylori infec-
tion is first established in the parts of the stomach that have a
higher pH, such as the antrum. This is most likely due to the
bacterium’s attempt to preserve energy, because although 
H pylori is well-equipped for survival at low pH, it is achieved
with a high cost of energy expenditure. Thus, high acid pro-
duction by the parietal cells probably protects the corpus
mucosa from initial colonisation. Both animal and human
ingestion studies suggest that successful colonisation of the gas-
tric mucosa is best achieved with the aid of acid suppression
(14-16). Furthermore, the pharmacological inhibition of acid
secretion in infected subjects leads to a redistribution of the
infection and its associated gastritis from an antral- to a 
corpus-predominant pattern (17-19). Thus, the lack of gastric
acid extends the area of colonisation and also maximises the
tissue damage resulting from this colonisation. 

H PYLORI INFECTION AND THE DIVERGENT
CLINICAL OUTCOMES 

H pylori infection is associated with divergent clinical out-
comes that range from simple asymptomatic gastritis to more
serious conditions such as peptic ulcer disease and gastric
neoplasia. The extent of this remarkable divergence is made
more striking by the observation that certain outcomes of the
infection, such as duodenal ulcer disease, are actually protec-
tive against others, such as gastric cancer (20). The key
determinants of these outcomes are the severity and distribu-
tion of the H pylori-induced gastritis. There are three main
gastric phenotypes that result from chronic H pylori infec-
tion: mild pangastritis, by far the most common phenotype,
which does not affect gastric physiology and is not associated
with significant human disease; corpus-predominant gastritis

associated with gastric atrophy, hypochlorhydria and an
increased risk of gastric cancer (21); and antral-predominant
gastritis associated with high gastric acid secretion and an
increased risk of duodenal ulcer disease (22). The association
of H pylori with such variable outcomes poses a most fasci-
nating scientific challenge, the unravelling of which will not
only explain how ulcers and gastric cancer develop, but also
will act as a paradigm for gene-environment interactions in
most human diseases. 

H PYLORI AND GASTRIC CANCER VERSUS
DUODENAL ULCER PHENOTYPES

There is accumulating evidence that the acid secretory
capacity of the host is crucial in determining the distribution
and natural history of H pylori infection (13). In hosts with
low secretory capacity (either genetically determined or sec-
ondary to pharmacological inhibition) the bacterium is capable
of colonising a wider niche than would otherwise be possible
in the presence of high volumes of acid. Colonisation of a
wider niche, including the corpus mucosa, leads to corpus
gastritis with  a resultant functional inhibition of acid secre-
tion. This inhibition is mediated by H pylori-induced inflam-
matory cytokines (such as IL-1β and TNF-α) and the net
effect is the establishment of a more aggressive gastritis that
accelerates the development of gastric atrophy. Once atrophy
develops, acid secretion is attenuated not only by the func-
tional inhibition caused by inflammatory mediators, but also
by a more permanent morphological change that is harder to
reverse. This situation is very relevant to the subgroup of
humans who develop the gastric cancer phenotype in the
presence of chronic H pylori infection.

In contrast to subjects who have an increased risk of gastric
cancer, subjects who develop duodenal ulcer disease are known
to have a large parietal cell mass that is relatively free of 
H pylori-induced inflammatory activity. This pattern of antral-
predominant gastritis with high acid output characterizes the
duodenal ulcer diathesis. The high acid output is associated with
the development of duodenal gastric metaplasia, a mechanism
that protects against the persistent delivery of an increased acid
load to the duodenum. The presence of gastric epithelium in the
duodenum is an invitation for antral H pylori infection to
colonise this new niche. The ensuing gastritis, and its accompa-
nied production of proinflammatory cytokines such as IL-1β and
TNF-α, greatly weakens the resistance of this mucosa, and in
the presence of large volumes of acid and a reduction in duode-
nal mucosal bicarbonate production (23), ulcers develop.

As mentioned above, the effect of acid secretion on changing
the distribution of H pylori colonisation and gastritis is most
markedly exposed in subjects in whom acid secretion is manip-
ulated by pharmacological means. Thus, H pylori-infected 
subjects on long term PPIs undergo a shift from antral-
predominant gastritis to corpus-predominant and have a higher
risk of developing gastric atrophy, a precursor lesion for gastric
neoplasia (18). This observation provided a clue for the poten-
tial role of endogenous substances that could also inhibit acid
secretion, such as IL-1β and TNF-α. As will be discussed, these
two cytokines were prime candidates as host genetic factors
that may increase the risk of gastric cancer. IL-1β is the arche-
typal pleiotropic cytokine, produced by many cells and exert-
ing its biological effects on almost all cell types (24). IL-1β is a
very potent proinflammatory cytokine and is involved in the
host’s response to many antigenic challenges.

IL-1β and genetic markers as indicators of gastric cancer risk
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GENETIC POLYMORPHISMS IN THE IL-1 GENE
CLUSTER INCREASE THE RISK OF GASTRIC

CANCER AND ITS PRECURSORS
A large volume of research has focussed on the role of bacte-
rial virulence factors in the pathogenesis of gastroduodenal
diseases. Although these factors undoubtedly contribute to
the degree of tissue damage, they do not distinguish between
the two key outcomes; namely, duodenal ulcers and gastric
cancer (25). This prompted us to concentrate on the host
genetic factors that may be relevant to this process. The
search for the appropriate candidate genes had to stem from a
profound understanding of gastric physiology and the way it
is disrupted by H pylori infection. Because H pylori achieves
most of its damage through the induction of chronic inflam-
mation, it was reasonable to consider genes that control this
process as appropriate candidates.

The IL-1 gene cluster on chromosome 2q contains three
related genes within a 430 kb region, IL-1A, IL-1B and 
IL-1RN, which encode for the pro-inflammatory cytokines 
IL-1α and IL-1β, as well as their endogenous receptor 
antagonist IL-1ra, respectively (24). IL-1β is upregulated in
the presence of H pylori and plays a central role in initiating
and amplifying the inflammatory response to this infection 
(26-30). IL-1β is also an extremely potent inhibitor of gastric
acid secretion (10,11,31). Three diallelic polymorphisms in 
IL-1B have been reported, all representing cytosine 
(C)-thymine (T) or T-C transitions, at positions –511, –31,
and +3954 bp from the transcriptional start site (32). There
are conflicting data regarding the functional effects of these
polymorphisms on IL-1β production (33-35). The IL-1RN
gene has a penta-allelic 86 bp tandem repeat (variable number
of tandem repeats) in intron 2; the less common allele 2 (IL-
1RN*2) is associated with a wide range of chronic inflamma-
tory and autoimmune conditions (32). IL-1RN*2 is associated
with enhanced IL-1β production in vitro (33), but data regard-
ing its effects on IL-1ra production are contradictory (36-40).
The presence of such highly prevalent and functional genetic 
polymorphisms provided an ideal opportunity to design the
appropriate epidemiological studies to test for the role of these
candidate loci.

We first studied the correlation of these high IL-1β geno-
types (two polymorphisms in the IL-1B and IL-1RN genes)
with hypochlorhydria and gastric atrophy in a white popula-
tion of gastric cancer relatives from Scotland. These relatives
were known to have an increased risk of developing the same
cancer and had a higher prevalence of the precancerous
abnormalities, but only in the presence of H pylori infection.
We found that the high IL-1β genetic markers significantly
increased the risk of these precancerous conditions. In a logis-
tic regression model including both genotypes, the 
estimated age-adjusted odds ratios for IL-1B –511/ –31*2+
and IL-1RN*2/*2 were 7.5 (95% CI 1.8 to 31) and 2.1% (95%
CI 0.7 to 6.3), respectively (41). We proceeded to examine
the association between the same IL-1β genetic polymor-
phisms as in the Scotland population and gastric cancer using
another case-control study, which included 366 white gastric
cancer patients and 429 white population controls from
Poland. We confirmed the same positive association between
these genotypes and gastric cancer. In a logistic regression
model including both genotypes, the estimated odds ratios for
IL-1β –511/ –31*2+ and IL-1RN*2/*2 were 1.6 (95% CI 1.2
to 2.2) and 2.9 (95% CI 1.9 to 4.4), respectively (41).

We have since confirmed our initial observations with
another white case-control study from the United States, 
consisting of 188 gastric cancer cases and 210 controls (42).
In this study, the proinflammatory IL-1 genotypes 
(IL-1Β –511 and IL-1RN) conferred similar odds ratios for
noncardia gastric adenocarcinoma as in the Polish study. In
yet another white population from Portugal, Machado et al
(43) independently confirmed our findings in relation to the
IL-1 gene cluster markers, reporting similar odds ratios.
Finally, Furuta et al (44) have recently shown that Japanese
subjects with the proinflammatory IL-1Β –511 genotypes had
the highest atrophy and gastritis scores, the highest median
gastric juice pH and the lowest median serum PG I/PG II
ratios, but only in H pylori-infected subjects. This independ-
ent confirmation, which includes different ethnic groups,
strengthens confidence in the role IL-1β plays in this human
disease.

Although IL-1β was the perfect candidate gene, other
genes involved in the H pylori-induced gastritis cascade are
also legitimate targets. Our most recent search has 
confirmed positive but weaker roles for functional polymor-
phisms in the TNF-A and IL-10 genes (42). The TNF-α
polymorphism increases the risk of gastric cancer and its pre-
cursors in a similar fashion to the IL-1β polymorphisms. This
proinflammatory cytokine is also upregulated in H pylori
infection and has acid inhibitory properties, albeit weaker
ones than IL1-β. IL-10 is an anti-inflammatory cytokine that
downregulates key proinflammatory cytokines such as IL-1β,
TNF-α and Interferon-gamma. Polymorphisms that correlate
with low IL-10 levels increase the risk of gastric cancer.
Indeed, the risk of gastric cancer rises sharply in subjects who
have a composite collection of proinflammatory markers. We
found that the odds ratio increased to 27 in subjects with
three or four proinflammatory genotypes (42). There is no
doubt that other genetic markers will be uncovered that have
a direct effect on the host’s response to H pylori infection.
Work is ongoing to try to identify more of these host genetic
factors.

But how do these IL-1β/TNF-α/IL-10 polymorphisms
explain the divergent outcomes of H pylori infection? We
speculate that the effect of these polymorphisms operates 
early in the disease process and requires the presence of 
H pylori infection. When H pylori infection challenges the
gastric mucosa, a vigorous inflammatory response with high 
IL-1β/TNF-α and low IL-10 may appear to be beneficial, but
has the unfortunate effect of switching acid secretion off,
thus, allowing the infection to extend its colonisation and
damaging inflammation to the corpus mucosa, an area that is
usually well protected by acid secretions. A decreased flow of
acid will also undermine attempts to flush out these toxic
substances, causing further damage to the mucosa. More
inflammation in the corpus leads to more inhibition of acid
secretion and a continuing cycle that accelerates glandular
loss and the onset of gastric atrophy. It is apparent that this
vicious cycle ultimately succeeds in driving the infection out,
but at a very high price for the host. This is amply demon-
strated by the finding that H pylori density becomes 
progressively lower with the progression from mild gastritis
through severe gastritis, atrophy and intestinal metaplasia.
Indeed, by the time gastric cancer develops, it is extremely
hard to demonstrate any evidence of the infection (45). 
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ROLE OF ENVIRONMENTAL FACTORS IN
GASTRIC CARCINOGENESIS

But why do only a few H pylori-infected subjects with these
polymorphisms develop gastric cancer? Why isn’t everyone
with such a genetic makeup at risk of this outcome? The answer
lies in the polygenic and multifactorial nature of most complex
human diseases. These genetic factors operate only in the pres-
ence of an infectious agent and lead to the development of an
atrophic phenotype. The progression of atrophy towards cancer
depends on other components of the host genetic constitution
acting epistatically, as well as on dietary and other factors in the
environment. For example, it is known that men are twice as
likely as women to develop distal gastric adenocarcinoma. The
sex difference raises the interesting possibility that either hor-
monal factors, such as estrogens, or perhaps the lower body con-
tent of iron in females, which is carcinogenic in other tissues
such as the liver, may explain the difference in risk.
Furthermore, while H pylori infection and the host’s genetics
interact to initiate a hypochlorhydric and atrophic phenotype,
environmental cofactors may mediate subsequent neoplastic
transformation even after the disappearance of the infection.
Diet may be particularly relevant: a greater consumption of
fresh fruits and vegetables has been shown to protect against
risk of gastric as well as several other cancers. Dietary vitamin C
reduces the formation of N-nitroso compounds and scavenges
mutagenic reactive oxygen metabolites generated by gastric
inflammation (46), and supplemental vitamin C is associated
with a significantly lower risk of noncardia gastric cancer (47).
Furthermore, vitamin C concentrations and bioavailability are
reduced in the presence of H pylori infection (48,49). Another
important cofactor is cigarette smoking, which was found to

nearly double the risk of transition from atrophic gastritis to
dysplasia in a high risk population (50). Thus, cytokine gene
polymorphisms represent only one component of the complex
interplay among host, pathogen and environmental factors
involved in gastric carcinogenesis.

These proinflammatory polymorphisms, therefore, can
distinguish between subjects who will develop the
hypochlorhydric atrophic phenotype in response to H pylori
infection and those who will manage to limit the infection to
a smaller area and offer relatively better protection of their
corpus function. 

CONCLUSIONS
IL-1β is a very important proinflammatory cytokine with pro-
found effects on gastric physiology. Its acid inhibitory proper-
ties uniquely qualify it as a major player in the host’s response
to H pylori infection and the diseases associated with it.
Polymorphisms in the gene for IL-1β that correlate with higher
levels of this cytokine have been found to increase the risks of
hypochlorhydria and gastric atrophy in response to H pylori
infection and to increase the risk of gastric cancer itself. These
host genetic factors that affect IL-1β may determine why some
individuals infected with H pylori develop gastric cancer while
others do not. Future research should focus on identifying the
molecular pathways that mediate this increased risk. The
search for other host genetic factors that contribute to the
pathogenesis of the disease should continue, particularly in
view of the ever-expanding opportunities made possible by the
human genome project. A special effort should be directed at
understanding these host genetic factors in populations with
high and low incidences of gastric cancer.
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