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Abstract
Helicobacter pylori (H. pylori ) infection is the leading 
cause of gastric cancer worldwide. Infection with this 
bacterium causes a chronic active immune response 
that persists for the life of the host. The combination 
of bacterial factors, environmental insults, and the host 
immune response drives the initiation and progression of 
mucosal atrophy, metaplasia, and dysplasia toward GC. 
Among the host factors, IL-1 gene cluster polymorphisms 
(IL-1B encoding IL-1β and IL-1RN encoding IL-1ra, its 
naturally occurring receptor antagonist) play a decisive 
role in modulating the risk of developing hypochlorhydria, 
gastric atrophy and GC in the presence of H. pylori  
infection. In particular, one single nucleotide polymor
phism in the IL-1B promoter (IL-1B-511C⁄T), and the 
short allele of a 86-bp variable number of tandem repeats 
polymorphism in the IL-1RN second intron (IL-1RN*2) 
are associated with an increased risk for GC. However 
this hypothesis is still to be fully confirmed. This review 
focuses on the divergent results obtained by several 
epidemiological and functional in vitro  and in vivo studies 

and show that IL-1 genotyping has still no role in the 
clinical management of patients with H. pylori  infection. 
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INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer 
in the world, behind only cancers of  the lung, colon, and 
breast, and the second leading cause of  cancer death with 
an estimated 700 000 deaths annually[1]. There are marked 
geographic variations in GC incidence, with the highest rates 
in Japan, China and South America and much lower rates 
in Western countries, including the USA[2]. The overwhelm­
ing majority (i.e. 90%-95%) of  GCs are adenocarcinom­
as with non-Hodgkin’s lymphomas and stromal tumors 
comprising the remainder. There are two main types of  
gastric adenocarcinoma: intestinal and diffuse[3]. These 
types differ in their histology, epidemiology, pathogenesis, 
genetic profile, and clinical outcome[4]. The intestinal-type is 
characterized by the formation of  gland-like structures and 
is linked closely to environmental and dietary risk factors 
such as Helicobacter pylori (H. pylori) infection, tobacco smo­
king, low consumption of  fresh fruit and vegetables, and 
high intake of  red meat, salt, and unrefrigerated food. The 
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accepted paradigm for the pathogenesis of  the intestinal-
type is a multistep progression from chronic gastritis to 
gastric atrophy, intestinal metaplasia, and dysplasia[5-7]. The 
diffuse-type is generally less common, and is found with 
the same frequency throughout the world. The histology 
of  the diffuse-type is poorly differentiated and lacks glan­
dular structures. Patients with the diffuse-type typically 
are younger and have a worse prognosis than those with 
the intestinal type. The pathogenesis of  diffuse-type GC 
is poorly understood, although H. pylori infection is also 
a predisposing factor[8]. There are no known histological 
precursor lesions of  this type of  GC[4].

GC AND H. PYLORI INFECTION
Since the initial description of  H. pylori by Marshall and 
Warren in 1984[9], several studies have been performed 
to evaluate the role of  H. pylori infection in GC. In 1994, 
the International Agency for Research on Cancer clas­
sified H. pylori as a class Ⅰ carcinogen[10] on the basis of  
epidemiologic data and animal models of  the infection[11-13]. 
It has been estimated that almost 80% of  GCs are the end 
result of  a long-standing H. pylori-associated chronic active 
gastritis[14,15] and programmes of  mass eradication of  the 
bacterium have been proposed especially for populations at 
high risk of  GC. 

H. pylori infection is the most common chronic infe­
ction in humans affecting almost half  of  the world’s po­
pulation. Although infection with H. pylori almost always 
results in chronic active gastritis, only a fraction of  those 
infected (approximately 15%) will develop gastric or 
duodenal ulcer disease and a minority (less than 1%) will 
develop GC[16,17]. The risk of  GC is highest in patients 
with atrophy, corpus-predominant gastritis and intestinal 
metaplasia, further supporting the hypothesis that these 
lesions represent premalignant mucosal changes. There is 
also an increased risk of  GC in infected patients with non-
ulcer dyspepsia, and gastric ulcer, but not in those with 
duodenal ulcer. The extremely variable natural history of  
H. pylori-associated chronic gastritis remains unexplained. 
Predisposition to H. pylori-associated GC is most likely 
multifactorial, including the interaction of  bacterial, host, 
and environmental factors. The role of  environmental 
factors other than H. pylori infection has been extensively 
reviewed elsewhere[18-22], and it will not be considered here. 

The role of  host genetics is suggested by family studies 
showing that first-degree relatives of  patients with GC have 
a two- to three-fold increased risk of  developing GC which 
can be only in part ascribed to either familial clustering of  
H. pylori infection or similar exposure to environmental 
and food carcinogens. Host genetic polymorphisms have 
emerged in recent years as important determinants of   
H. pylori-induced GC. In particular, pro-inflammatory cyto
kine gene polymorphisms have been extensively studied 
because they seem to influence the severity and the extent 
of  gastric inflammation due to H. pylori infection and 
contribute to GC initiation and progression.

The role of  host immune response is supported by the 
finding that a robust Th1 immune response by the host in 

reaction to H. pylori infection is correlated positively with 
GC risk[23]. Recent studies have shown that polymorphic 
genes of  the innate immune response specifically involved 
in handling the H. pylori attack are also implicated in gastric 
carcinogenesis[24]. Finally, the role of  virulence factors of  
H. pylori (the best studied are CagA and VacA) is shown by 
the fact that CagA and VacA producing strains are reported 
to be related to more severe clinical outcome and to GC in 
particular[25-29].

In the present review, we have focused our attention on 
the role of  pro-inflammatory cytokine gene polymorphisms 
in gastric carcinogenesis and show that their contribution 
in the initiation of  GC is still some way from being fully 
elucidated.

PRO-INFLAMMATORY CYTOKINE GENE 
POLYMORPHISMS AND GC: PROs
H. pylori infection is associated with divergent clinical ou­
tcomes which range from simple asymptomatic gastritis 
to more serious clinical conditions such as ulcer disease 
or GC. The determinants of  these outcomes are mainly 
represented by the severity and distribution of  the H. pylori 
induced gastritis. Three phenotypes of  gastritis have been 
described which correlate closely with the clinical outcome 
of  H. pylori infection. The first phenotype which is called the 
“simple mild gastritis” phenotype, is characterized by mild 
pangastritis with little interference on gastric acid secretion. 
This phenotype is generally found in asymptomatic subjects 
who develop no serious gastrointestinal disease. The second 
phenotype is the so-called “duodenal ulcer” phenotype 
and is characterized by an antral-predominant pattern of  
gastritis with relative sparing of  the acid producing cor­
pus mucosa. Subjects with this phenotype have severe 
antral inflammation, high gastrin, relatively healthy corpus 
mucosa, and very high acid output. These subjects have 
also a defective inhibitory control of  gastric acid secretion 
with low antral somatostatin levels. These pathophysiologic 
abnormalities in predisposed individuals contribute to the 
development of  peptic ulcers, particularly duodenal and 
pre-pyloric ulcers. The third and most serious phenotype 
is the “GC phenotype” which is characterized by a corpus-
predominant gastritis, multifocal gastric atrophy, and 
hypo- or achlorhydria. El-Omar et al[30,31] have shown that 
proinflammatory IL-1 gene cluster polymorphisms (IL-
1B encoding IL-1β and IL-1RN encoding IL-1ra, its 
naturally occurring receptor antagonist) increase the risk of  
developing hypochlorhydria and gastric atrophy in response 
to H. pylori infection. This risk also extends to GC itself  
with a 2- to 3-fold increased risk of  malignancy compared 
with subjects who have the less pro-inflammatory geno­
types. Pro-inflammatory IL-1 genotypes increase the 
risk of  both intestinal and diffuse types of  GC, but the 
risk is restricted to the noncardia site. The IL‑1B gene 
encoding IL‑1β has two diallelic polymorphisms in the 
promoter region at positions ‑511 and ‑31, representing 
C‑T and T‑C transitions, respectively, in near total linkage 
disequilibrium[30,32,33]. The less common alleles of  these 
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loci (IL‑1B‑511T and IL‑1B‑31C) have been found to be 
associated with GC[30,34-36]. It has been hypothesized that  
H. pylori infected patients carrying either the IL‑1B‑511T or 
the IL‑1B‑31C allele have increased gastric mucosal levels 
of  IL‑1β. This leads to a sustained suppression of  acid 
secretion and induces a vigorous inflammatory response 
which extends from the antrum to the corpus mucosa[30,37]. 
As the inflammatory process extends across the corpus, 
acid secretion is further inhibited in a continuing process 
that accelerates glandular loss, onset of  gastric atrophy and, 
possibly, development of  GC[30,37]. Another cytokine that 
has an important influence on IL‑1β levels is IL‑1ra, whose 
gene (IL‑1RN) is also known to be polymorphic. The 
IL‑1RN gene has a penta‑allelic 86‑base pair (bp) tandem 
repeat polymorphism [variable number of  tandem repeat 
(VNTR)] in intron 2[38], the less common of  which, the 
IL‑1RN*2, has been associated with GC[30].

Individuals with the IL-1B-31*C or -511*T and IL-
1RN*2/*2 genotypes are thought to be at increased risk 
of  developing hypochlorhydria and gastric atrophy in 
response to H. pylori infection. Indeed, the IL-1 markers 
have no effect on risk of  cardia gastric adenocarcinoma 
and esophageal adenocarcinoma. 

The association between IL-1 gene cluster polymorp­
hisms and GC and its precursors has been confirmed 
independently by other groups covering white, Asian, and 
Hispanic populations[34-37,39-42]. Indirect evidence of  the role 
of  IL-1 in H. pylori-induced gastric carcinogenesis comes 
from a transgenic mouse model in which IL-1 overpro­
duction leads to stepwise spontaneous inflammation, 
dysplasia, and carcinoma of  the stomach through an 
activation of  the IL-1B/NF-κB pathway in myeloid-derived 
suppressor cells[43]. Significantly, these IL-1 transgenic mice 
proceed through a multistage process that mimics human 
gastric neoplasia. These changes occur even in the absence 
of  H. pylori infection which, when introduced, leads to an 
acceleration of  these abnormalities. 

Single-nucleotide polymorphisms (SNPs) in several 
other genes such as tumour necrosis factor (TNF)[31,36,44,45], 
IL-8[46,47], HLA-DQB1[48] and IL-12[49,50] and in genes 
encoding the anti-inflammatory cytokines IL-10[31,45,50,51] 
and IL-4[51] have been associated with GC risk with co­
ntroversial results. Of  note, carriage of  multiple SNPs 
in IL-1B, IL1-RN, IL-10 and TNF seems to exert a syne­
rgistic increase in risk of  GC when H. pylori infection is 
present[31,35,36]. 

PRO-INFLAMMATORY CYTOKINE GENE 
POLYMORPHISMS AND GC: CONs
Although the hypothesis of  a pathogenic link between 
pro-inflammatory cytokine gene polymorphism and gastric 
carcinogenesis induced by H. pylori infection is fascinating, 
some questions are still unanswered. First of  all, the 
functional effects of  these polymorphisms on in vitro IL‑1β 
and IL‑1ra production[32,52-55] are not clear. For example, it 
has been reported that Mycobacterium tuberculosis-stimulated 
IL-1β induction from mononuclear cells of  carriers of  the 

IL1B-511 T allele was slightly higher, but in a statistically 
non significant way, than those of  the C allele[56]. No as­
sociation between polymorphism on IL-1B31 (and IL-
1B511) and IL-1β production was found using whole 
blood of  healthy individuals stimulated with Escherichia coli 
lipopolysaccharide[57]. In one study, the IL-1RN*2 allele (but 
not the IL-1B511 allele) was found to be associated with 
an increased production of  IL-1β protein in monocytes 
stimulated with a combination of  phorbol ester and cal­
cium ionophore[54]. In another study, however, the IL-
1RN*2 allele was associated with an increased production 
of  IL-1ra protein without a significant effect on IL-1β 
secretion in monocytes stimulated with GM-CSF[55].

Studies performed in human subjects have not contr­
ibuted to elucidation of  the problem. In fact, gastric 
mucosal levels of  IL-1β and IL-1ra can be affected by 
several factors other than IL-1B and IL-1RN genotypes, 
such as the presence of  inflammation and atrophy at 
the sites of  biopsy sampling (antrum or fundus) in the 
stomach, the H. pylori density, the age of  patients, and the 
disease presentation. Nevertheless, gastric mucosal IL-1β 
levels have been measured in H. pylori infected patients with 
variant IL-1B-511 and IL-1RN genotypes. In one study, 
carriers of  the IL-1B-511T/T genotype or the IL-1RN*2 
allele had higher mucosal IL-1β levels than noncarriers[53]. 
In another study, H. pylori infected individuals with the 
IL-1B-511 T/T genotype had higher gastric pH, lower 
pepsinogen Ⅰ/pepsinogen Ⅱ ratios, higher gastric atrophy 
and gastritis scores compared with those of  C/T and 
C/C genotypes[58]. However, these findings could not be 
completely confirmed by other authors. In a Chinese study, 
subjects with H. pylori infection had IL-1β mucosal levels 
significantly higher than non infected subjects, but this was 
irrespective of  IL-1B genotype[59]. However, when only GC 
patients were considered, IL-1β levels were significantly 
higher in subjects with the IL-1B-31 T/T genotype 
compared to IL-1B-31C/T and C/C genotypes. As a 
consequence of  the strong linkage disequilibrium existing 
between the IL-1B-31 and IL-1B-511 alleles, this finding 
implies that Chinese GC patients with the IL-1B-511 C/C 
genotype have IL-1β levels significantly higher than those 
with the IL-1B-511 C/T and T/T genotypes. The same 
conclusion was obtained in another study from Japanese 
researchers who found that IL-1B31 T/T and IL-1B-511 
C/C genotypes were associated with an increased IL-1β 
production in the gastric body[60]. Surprisingly, these results 
are the reverse of  those obtained in Western populations 
in which the highest IL-1β levels are found in subjects 
with IL-1B-511 T/T genotypes. Up to now, there is no 
clear explanation why the IL-1B-511 T allele (or the IL-
1B 31C allele) regulates IL-1β expression in a different way 
in Western and Eastern populations. Finally, other reports 
from Asian countries were unable to find any differences 
in basal and maximal acid output among the three IL-
1B-511 genotypes[61]. 

An interesting study performed in Italy showed that 
patients with atrophic body gastritis (ABG) showed a sim­
ilar distribution of  proinflammatory and wild-type alleles 
of  IL-1B-511 and IL-1RN polymorphisms compared to 
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age- and gender-matched controls. More interestingly, the 
IL-1 polymorphisms were associated neither with specific 
clinical, biochemical or histological features nor with the 
development of  GC at long-term follow-up[62]. These 
findings have been confirmed in a dyspeptic population in 
Costa Rica, in which the IL-1RN polymorphisms were not 
associated with ABG[63]. Similar results were also found in a 
Portuguese population in which the pro-inflammatory IL-1 
polymorphisms (i.e. the IL-1B-511*T or the IL-1RN*2) 
were associated with an increased risk of  GC but not of  
ABG[36].

The role of  IL-1 markers in GC has been extensively 
reviewed by means of  meta-analyses. So far, three meta-
analyses have been published to address this question with 
conflicting results, further confusing the issue[64-66]. Indeed, 
2 of  these concluded that the IL-1 proinflammatory gen
otypes increase the risk of  GC[64,65] whilst the remainder 
failed to confirm such a finding[66]. A possible explanation 
of  these divergent results is the different ethnicity of  
populations examined. A recent study reviewed in depth 
203 relevant studies assessing 225 polymorphisms across 
95 genes significantly associated with GC[67]. All genotypes 
were considered by taking into account all studies together, 
and then grouping these studies according to the ethnicity 
of  studied population, i.e. Asians and Caucasians. When 
the IL1B-511 polymorphism was analysed, the odd ratio 
(OR) for GC in individuals bearing the T allele (i.e. T/T 
and C/T genotypes) was respectively 1.10 (all populations) 
1.29 (Caucasians) and 0.97 (Asians) (Table 1). Noteworthy, 
among 38 studies examined, only 5 showed a significant 
association between the T allele and GC; 4 studies pub­
lished by 2 European research groups[30,34,35], 1 US[31], and 
the other published by Chinese researchers[41]. All the 
other 33 studies were unable to demonstrate a significant 
association between the IL1B-511 polymorphism and GC 
risk.

When the IL-1RN polymorphism was analysed, the risk 
for GC in individuals bearing at least one IL-1RN*2 allele 
(i.e. *2/*2 and *2/L genotypes) were respectively 1.19 (all 
populations), 1.33 (Caucasians), and 1.00 (Asians) (Table 1).  
Similarly as the IL1B-511 polymorphism, of  34 studies 
examined only 8 showed a significant association between 
the IL-1RN*2 allele and GC risk; 6 studies published by 3 
European[30,40,68], 1 US[31], 1 Arab[69] and 1 Latin American[70] 

research groups and the other 2 published by 2 Chinese 

groups[71,72]. All the other 26 studies failed to demonstrate 
a significant association between the IL-1RN*2 allele and 
GC risk.

Other pro-inflammatory cytokine gene polymorphisms 
have been studied but their role in gastric carcinogenesis 
is less relevant than that postulated for IL-1B and IL1-RN 
genes.

CONCLUSION
The research on the role of  interleukin polymorphisms 
in GC is still evolving with both “positive” studies which 
support and “null” studies which deny their contribution 
in gastric carcinogenesis. Why does this heterogeneity 
exist among these studies? The results for GC association 
studies are similar to findings for other complex diseases 
in which many early findings are not supported by sub­
sequent studies. Failure to replicate results may arise from 
many causes[73] and not necessarily bring researchers to 
reject pathogenic hypotheses. Functional in vitro studies 
could partly overcome these problems by clarifying the 
biological plausibility of  gene association studies. Another 
possibility is to shift from gene association studies to a 
gene-based approach in which all common variations wit­
hin a candidate gene are considered jointly[74]. It is likely 
that improvement in study methodology may improve 
reliability of  results and lead to a better understanding of  
the mechanisms promoting carcinogenesis.

In conclusion, we would pose the following question: 
what is the true impact of  these gene polymorphisms 
on GC risk at population level? Would it be desirable to 
genotype healthy H. pylori infected individuals in order to 
identify those at greatest risk for GC? We believe that more 
information on the biological relevance of  these polymor­
phisms in human cancer, in general, and GC, in particular, 
is needed. A recent study collected 161 meta-analyses and 
pooled analyses encompassing 18 cancer sites, 99 genes, 
and 344 gene-variant cancer associations[75]. The summary 
odds ratios for statistically significant associations (P < 0.05)  
were evaluated by estimating the false-positive report proba­
bility (FPRP) at a given prior probability and statistical pow­
er. The FPRP was calculated from the statistical power of  
the test (i.e. power to detect an OR of  1.5 or an OR of  1.2), 
the observed P-value, and a given prior probability (i.e. 0.001 
and 0.000001) for the association[76]. The FPRP was calcu­
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Table 1  Odd ratios, 95% confidence interval and number of studies of IL1B–511 and IL-
1RN 86bp VTNR genotypes associated with GC[67,75]

Studies Cases Controls Odd ratio 95% CI
IL1B–511
     All populations 38 7118 8326  1.10* 1.02-1.18
     Caucasians 17 2114 2890  1.29* 1.15-1.46
     Asians 21 4414 4958 0.97 0.88-1.07
IL-1RN-86bp VTNR
     All populations 34 5602 7950  1.19* 1.09-1.30
     Caucasians   9 1494 2216  1.33* 1.17-1.52
     Asians 16 3109 3872 1.00 0.86-1.18

*P-value < 0.05. GC: Gastric cancer.



lated for 2 levels of  prior probability which are considered 
appropriate for a range of  hypotheses; from a low prob­
ability (i.e. P < 0.001) appropriate for polymorphisms with 
known functional consequences in candidate genes, to a 
very low probability (i.e. P < 0.000001), appropriate for ran­
domly selected variants as used in genome-wide association 
studies. Gene-variant cancer associations with a FPRP < 0.2  
were considered noteworthy. There were 98 (98/344, 28%) 
statistically significant (P < 0.05) gene-variant cancer asso­
ciations, of  which 13 were considered noteworthy at a prior 
probability level of  0.001 and statistical power to detect an 
OR of  1.5 (Table 2). Of  them, 4 remained noteworthy at 
a prior probability level of  0.000001 and statistical power 
to detect an OR of  1.5 (Table 2). The majority of  the 
most noteworthy associations identified, however, were 
not polymorphisms but deletions with loss of  gene func­
tion. In relation to GC, only the polymorphism 677 C > T  
of  the methylenetetrahydrofolate reductase (MTHFR) gene, 
involved in folate metabolism, was found to have a note­
worthy association with the disease. This polymorphism, 
however, is not directly implicated in H. pylori mucosal 
damage but is essential in modulating genomic DNA meth­
ylation thus regulating the expression of  oncogenes and 
suppressor genes. The finding that H. pylori is able, by itself, 
to induce epigenetic changes even in normal mucosa of  in­
fected individuals[77] sheds new light on the pathogenesis of  
GC and indicate future direction for basic research.
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