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Pro-inflammatory Interleukin-1 receptor antagonist (/L-1RN) gene polymorphism and high risk
Helicobacter pylori virulence factors in combination plays an important role in the outcome of H. pylori
associated diseases, which can even lead to gastric cancer. The purpose of this study was to analyze
the prevalence of high risk host and bacterial factors such as IL-TRN gene variable nhumber tandem
repeat (VNTR) polymorphism and cagA, vacA and iceA genotypes among a group of H. pylori infected
dyspepsia patients from Kozhikode area of Kerala state, India. Mucosal biopsies from fourty two
randomly selected dyspepsia patients infected with H. pylori, as determined by rapid urease test (RUT)
and gImM gene specific PCR, were used in this study. The high risk bacterial virulence factors such as
vacA,cagA,iceA1 and iceA2 genotype status of colonized H. pylori and the high risk host pro-
inflammatory IL-1RN*2/2* allele status were examined by PCR methods. The high risk vacAs1/cagA/IL-
1RN*2/*2 genotype combination was found in six patients (14%), vacA s1/cagA/IL-1RN*1/*1 in three
patients (7%) and vacAs1/cagA/IL-1RN*1/*2 in seven patients (16%). In addition, analysis of allelic
variation of iceA gene of H. pylori, such as iceA1 and iceA2 genotype, in colonized patients has
revealed the co-existence of both iceA7 and iceA2 strains among 31% of patients included in this study.
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INTRODUCTION

Over half of the world’s population is infected with
Helicobacter pylori, with the highest rates in developing
countries (Rothenbacher and Brenner, 2003). Recent
reports are showing that this division is becoming less
clear due to the rapid rise of socioeconomic level in
subpopulations in many developing countries and to the
increasing use of antimicrobials for infection with H. pylori
and other bacteria in both developed and developing
countries (Bruce and Maaroos, 2008).

*Corresponding author email: suneeshpt@gmail.com.

Infections occur in early childhood and persist for
decades in the absence of targeted antimicrobial therapy.
In developing world childhood prevalence is more than
developed country children. However, the colonization of
H. pylori with increasing age increased in developed
countries. Within geographical areas, the prevalence of
H. pylori inversely correlates with socioeconomic status,
in particular in relation to living conditions during
childhood (Perez-Perez et al., 2004). Gastric mucosa is
well protected against bacterial infections but H. pylori is
highly adapted to this ecological niche, with a unique
array of virulence factors that permit the attachment of
this bacteria to epithelial cells, evasion of the immune



response and persistent colonization (Suerbaum and
Michetti, 2002). Entry of H. pylori in stomach leads to
long-term colonization of gastric mucosa and thereby
increasing the risk for inflammation and other related
pathologies.

Gastric colonization with H. pylori can lead to variety of
upper gastrointestinal disorders, such as chronic gastritis,
peptic ulcer disease, gastric mucosa associated lymphoid
tissue (MALT) lymphoma, and even gastric cancer
(Kusters et al.,, 2006). Among a large proportion of
infected patients H. pylori is not causing any severe
pathology for the whole period and it is not clear how they
are wading the effect of bacterial virulence factors. In
addition to bacterial virulence factors, host genetic
system, environment and diet have also been implicated
for this discrepancy (Matysiak-Budnik and Mégraud,
2006). Inflammatory cytokines and their regulatory
components are important in the immunity against
microbial infections, this could also been considered for
such differences. Genetic polymorphisms of the host can
directly affect the expression levels of gene products by
generation or deletion of transcription factor sites or by
affecting RNA splicing and subsequent translation. Many
of the pathogenic effects of H. pylori infection are related
to chronic active inflammation, which is controlled and
maintained by the complex interplay of proinflammatory
and anti-inflammatory mediators (Macarthur et al., 2004).

IL-1 Receptor Antagonist (IL-1R,N) is structurally
related to IL-1 (Carter et al., 1990; Eisenberg et al., 1990;
Eisenberg et al., 1991) but specifically blocks the binding
of IL-1oc and IL-1B to cell surface receptors without
activating target cells (Dripps et al.,1991; Arend et al.,
1998). IL-1 stimulates the synthesis of IL-8, which is a
potent chemotactic agent for neutrophils, and it also
induces release of neutrophil elastase. IL-1 promotes the
adhesion of neutrophils and other cells by enhancing the
expression of adhesion molecules such as ICAM-1,
VCAM-1, and L-selectin (Abdelaziz et al., 1995; Tsang et
al.,, 1997). The IL-1RN gene showing polymorphism by
penta allelic 86 bp tandem repeat in intron 2, of which
allele 2 (IL-1RN*2/*2) associated with enhanced [L-1
B production and proinflammatory responses more
severe and more prolonged than those of other /L-1RN
genotypes (Hurme and Helminen,1998; Hwang et
al.,2002). IL-1RN"2/*2 (two tandem repeats) homozygous
individuals are a distinct minority in every population
examined to date. Among the population, most of them
are either homozygous IL-1RN*1/1 (four tandem
repeats) or heterozygous IL-1RN*1/°2 (Tarlow et al.,
1993; Bioque et al., 1995; Jeremias et al., 2000). IL-
1RN*2/"2 genotype may be beneficial in the immune
defense against infection by promoting a prolonged Th1
cell-mediated immune response. The T helper cell
response towards H. pylori is generally considered to be
of the Th1 phenotype, leading to a cell-mediated immune
response (Shimoyama and Crabtree, 1998; Ernst, 1999).
But prolonged Th1 cell mediated immunity is a causing
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factor for inflammatory conditions and having more
evidence that H. pyloriinduced Th1 response contributes
to cancer development (Ernst and Gold, 2000).

H. pylori infection shows a heterogeneous picture of
pathologies and different involvement among populations
and about 20% of those infected ultimately suffer
diseases ranging from gastritis and ulcer to gastric
cancer. The host specific factors involved in the
prolonged colonization and inflammatory conditions with
respect to bacterial virulence factors have not been
studied in detail among different population for
interpreting these discrepancies. H. pylori induced
hypochlorhydria may be mediated, at least in part, by the
proinflammatory cytokine interleukin IL-1B, which is up
regulated during chronic H. pylori infection (Noach et al.,
1994; Peek et al, 1995; Yamaoka et al., 1996).
Persistent infection of H. pylori causes the inflammation
of gastric mucosa and may leads to development of
ulcer, MALT Iymphoma or cancer. Virulence and
pathogenecity factors such cag pathogenecity island
(cagPAl), vacoulating cytotoxin gene-A (vacA), and
Induced upon contact with epithelium gene-A (iceA) are
well implicated in studies for their role in the progress of
diseases leading to gastric ulcer and gastric cancer (Van
Doorn et al., 1998; Peek et al., 1998; lto et al., 2000). A
considerable proportion of patients are not developing
severe pathologies in the presence of high-risk bacterial
virulence factors. This is undoubtedly pointing the role of
host specific factors in the development and severity of
disease. A synergistic effect of bacterial virulence factors
and host IL-1RN and [IL-1 polymorphisms on the
development of pre-cancerous lesions and disease
development has been reported among patients from
Germany (Rad et al., 2003).

Analysis of these high risk factors will help to identify
and treat patients carefully and can prevent progression
to cancerous lesions. Lacking of data of H. pylori
colonization and  host  pro-inflammatory  gene
polymorphisms among dyspepsia patients from
Kozhikode area of Kerala state, India, prompted us to
carry out this study. In this study we analyzed the
prevalence of IL-1RN polymorphism and cagA, vacA and
iceA genotypes among H. pylori infected dyspepsia
patients from this area.

MATERIALS AND METHODS
Clinical specimen

Gastric mucosal biopsies taken from patients during
diagnostic upper intestinal endoscopy in the Department
of Gastroenterology, Malabar Institute of Medical
Sciences, Kozhikode, Kerala were used for the present
investigation (Approved by the Institutional Ethics
committee). Rapid urease test and g/mM gene specific
polymerase chain reaction were used for determining H.
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Table1. Oligonucleotide primers used for analyzing H. pylori genotype and VNTR polymorphism of host /L-1RN gene.

Human gene Nucleotide Sequence Annealing Temperature (°C) Reference
Forward 5' CTCAGCAACACTCCTAT 3’
IL-1RN Reverse 5 TCCTGGTCTGCAGGTAA 3 60 Joos et al., 2001
H. pylori Gene
Forward 5 AAGCTTTTAGGGGTGTTAGGGGTTT 3’
5 AAGCTTACTTTCTAACACTAACGC 3’ 54 Bickley et al., 1993
glmMm Reverse
Forward 5 GATAACAGGCAAGCTTTTGAGG 3’
cagA Reverse 5 CCATGAACTTTTGATCCGTTCGG 3 60 NCBI database
Forward 5 ACAAACACACCGCAAAATCA 3’
vacA Reverse 5 CCTCTGCCTGCTTGAA 3' %5 NCBI database
) Forward 5 GGATTGCAGCTAGGTGTTCC 3
iceAT Reverse 5 ACCCATCACCATAGCCTTTT 3 o4 NCBI database
iceA2 Forward 5 TGCTGCTGTTACCACAAAGG 3’ 54 NCBI database
e Reverse 5 CAAGTCTTAACCCCCAACGA 3

pylori colonization in these samples. 42 samples infected
with H pylori as determined by above methods were
included for further study.

Rapid urease test (RUT)

Rapid urease solution was prepared using K2HPO4 (11
mM), NaCl (85 mM), urea (0.33 M) and phenol red (100
MM) (Merck, India) in water and pH was adjusted to 6.8. It
was then filter (0.2 ym) sterilized and stored at 4°C. Small
piece of gastric mucosal biopsy specimen from patients
were incubated in 0.5 ml of the medium in a test tube and
positive reaction reported by change in colour from
golden yellow to pink within 6 hr and such specimens
only used for the present study.

DNA isolation

DNA was extracted from biopsies by boiling in 100 pl of
sterile double distilled water for 10 min and cooling it on
ice for 5 min. It was then centrifuged at 10,000 rpm for 10
min. The supernatant containing DNA was used of PCR
study.

Genotyping of H. pylori

PCR was performed using 5 pl of DNA solution at a final

volume of 25 pl containing 60mM Tris-HCI, 1.5 mM
MgCl,, 25 mM KCI, 250 uM dNTPs, 20 pM each of
forward and reverse primers and 1 U of Tag DNA
polymerase (Biogene, USA) in a MJ Ressearch PTC 150
thermocycler. Oligonucleotide primers for gimM, cagA,
vacA signal region and iceA1 and iceA2 (IDT, USA and
Genei, India) given in the Table 1 were used for this
study. Amplified products were separated by agarose gel
(1.5%) electrophoresis and visualized using ethidium
bromide staining in a digital gel documentation system
(Alpha Imager 2200, USA).

PCR for IL-1RN gene VNTR polymorphism

PCR reaction was performed as mentioned in the above
case. The following primers flanking polymorphic VNTR
region were used for PCR amplification: forward primer 5'
CTCAGCAACACTCCTAT 3 and reverse primer 5
TCCTGGTCTGCAGGTAA 3 (Genei, India). Polymerase
chain reaction conditions were as follows: 40 cycles at
94°C for 60 s, 60°C for 60 s, and 72°C for 45 s.

RESULTS

vacA Signal region and cagA genotypes of H. pylori
colonized in gastric mucosa of dyspepsia patients

Genotyping of vacA signal region were done using 42



N
& T
s =
=2 =
'I-.‘h h
S

Pachathundikandi et al. 1063

B TRN*TAT

(N

Figure 1. PCR amplification of H. pylori genes gimM (a) vacA s region (b) cagA (c) iceA1 (d) iceA2 (e) and host IL-1RN
gene polymorphism (f) from gastric mucosal biopsies collected from dyspepsia patients. The PCR product were
electrophoresed on 1.5% agarose gel along with 100 bp DNA ladder and visualized by ethidium bromide staining.

gastric mucosal biopsy from patients previously
diagnosed positive for H. pylori colonization using RUT
and PCR amplification for gimM gene (Figure 1a). vacA
signal region genotyping was done using a primer set
differentiating 27 bp and yielding a PCR amplified product
of 254 bp and 281 bp for s1 and s2 genotype respectively

(Figure 1b). vacAs1 genotype was found in 74% (31/42)
of patients and one patient colonized with both
genotypes. cagA status in association with vacAs1
genotype has been implicated as a high risk factor for H.
pylori related gastric pathologies. In this study, we found
cagA genotype (Figure 1c) in 45% (19/42) of patients



1064 J. Med. Med. Sci.

colonized with H. pylori. Out of that, 79% (15/19) was
presented with vacAs1 genotype showing increased risk
for developing gastric pathologies among this group of
patients.

iceA genotypes of H. pylori in colonized dyspepsia
patients

iceA1 and iceA2 are two different genes, which are
present at the same genomic locus among various
strains of H. pylori. iceA1 expression is up regulated by
contact with epithelium and in some populations this
phenotype is associated with peptic ulcer. In this study,
we have analyzed the iceA1 and iceA2 status along with
vacAs, cagA and IL-1RN status among patients (Figure
1d and e). IceA1 genotype alone were colonized in 81%
of the patients and 19% colonized with iceA2 genotype
only. Interestingly, out of the total samples studied, 31%
infected with both iceA1 and iceA2 genotypes of H. pylori.

IL-1 Receptor antagonist gene polymorphism in H.
pylori colonized dyspepsia patients

IL-1RN*2/°2 allele was reported to be associated with
pro-inflammatory changes in different pathological
conditions. In this study we have analysed the IL-1RN
allele polymorphism among a group of patients who have
colonized with H. pylori. IL-1RN*2/*2 allele were found in
43% (18/42), IL-1RN*1/*1 allele in 21% (9/42) and
heterozygous allele [L-TRN*1/"2 in 36% (15/42) of
patients analysed by PCR amplification using specific
primers for VNTR region of the intron 2 which yielded 240
bp (two repeats) and 412 bp (four repeats) product for /L-
1RN"2/°2 and IL-1RN*1/*1 allele respectively (Figure 1f).

DISCUSSION

H. pylori infection is found to be associated with gastritis,
gastric ulcer, MALT lymphoma and gastric cancer in
various studies conducted in different parts of the world.
Certain virulence genes such as vacA, cagA, and iceA
have significance in pathological changes associated with
H. pyloriinfection (Suerbaum and Michetti, 2002; Kusters
et al., 2006; Matysiak-Budnik and Mégraud, 2006).
Gastric mucosa is well protected against bacterial
infections but H. pylori is highly adapted to this ecological
niche, with a unique array of virulence factors that permit
attachment to epithelial cells, evasion of the immune
response and persistent colonization. Among a large
proportion of infected patients H. pyloriis not causing any
severe pathology for the whole period and it is not clear
how they are wading the effect of bacterial virulence
factors. In addition to bacterial virulence factors, host
genetic system, environment and diet have also been

implicated for this discrepancy (Macarthur et al., 2004;
Matysiak-Budnik and Mégraud, 2006).

In this study we have used mucosal biopsy from
dyspepsia patients as the DNA source for studying the
genotype of both bacteria and host. This method will
eliminate the chance for pre-selection of single colonies
from culture that causes reporting of altered prevalence
rate of genotypes among infected patients and reveal the
possibility of multi strain infection of H. pylori in the
gastric epithelium. The presence of H. pylori colonization
among patients who have tested positive for rapid urease
test under routine endoscopic examination was further
confirmed by PCR amplification for gimM gene. 42 H
pylori positive samples diagnosed by above method were
further analyzed for genotying of vacA, cagA and iceA1
and iceA2. vacAs region was very important in
determining the vacoulating action of vacA protein of H
pylori. vacAs2 is found to be less toxic than vacAsi,
having an additional 27 bp nucleotide sequence probably
affecting the hydrophobic characteristic of mature protein
and its secretion. We found 74% of patients in this study
are infected with vacAs1 genotype and associated with 3
peptic ulcer diseases and 39 non-ulcer dyspepsias
(NUDs), in which one sample is infected with both
vacAs1 and s2 genotypes. But there is no significant
change was observed in this patient to discuss the
importance of this co-existence as reported in an earlier
study (Rahman et al., 2003). cagA gene is a marker of
cag Pathogenecity Island found in certain H. pylori strains
and a crucial virulence factor associated with peptic ulcer
diseases and gastric cancer in various studies (Van
Doorn et al., 1998; Rugge et al., 1999; Miehlke et al.,
2000). We have also analyzed the cagA genotype among
patients infected with H. pylori along with vacA signal
region genotyping. A strong correlation has been
reported for vacA s1 and cagA genotype of H. pyloriin
gastric carcinoma among patients in Germany (Miehlke
et al., 2000). vacAs1/cagA genotype is more virulent due
to the synergistic effect of these toxic proteins on the host
system. Among the patients, 45% found to be infected
with cagA genotype, of which 79% presented with
vacAs1 genotype and that making those patients at more
risk.

Among a short population of patients pathological
changes are not severe even in the presence of more
virulent bacterial strains. Host genetic background is
implicated under these circumstances as a putative factor
on determining the severity of diseases. IL-1 RN is one of
the genes reported to be associated with inflammatory
conditions due to its polymorphic region within the
second intron containing 2—6 tandem repeats of an 86 bp
sequence. In which, the IL-1RN*2/*2 genotype has been
associated with proinflammatory responses more severe
and more prolonged than those of other IL-1RN
genotypes (Hurme and Helminen, 1998). Here we have
analyzed the IL-1RN gene polymorphism using specific
primers differentiating the alleles among patients. The
pro-inflammatory IL-1RN*2/*2 allele was present in 43%
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Table 2. /ceA genotype pattern in association with vacA s1, cagA and IL-1RN allele in H. pylori colonized patients.

H. pylori vacA s1, cagA genotypes

Number of patients

& Host IL-1 RN polymorphism pattern (%) iceAT iceA2 iceA1 & iceA2
vacA s1 group

vacA s1-cagA-IL-1RN*2/*2 6 (14.3) 4 - 2
vacA s1-IL-1RN*2/*2 8 (19.0) 6 1 1
vacA s1-cagA-IL-1RN*1/*2 7 (16.6) 4 2 1
vacA s1-IL-1RN*1/*2 6 (14.3) 1 1 4
vacA s1-cagA-IL-1RN*1/*1 3 (7.1) 2 1 -
vacA s1-IL-1RN*1/*1 3 (7.1) 2 1 -
Total 33 (79.0) 19 6 8
vacA s2 group

vacA s2-cagA-IL-1RN*2/*2 - - -
vacA s2-IL-1RN*2/*2 4 (9.5) 2 1 1
vacA s2-cagA-IL-1RN*1/*2 2 (4.8) 1 - 1
vacA s2-IL-1RN*1/*2 - - -
vacA s2-cagA-IL-1RN*1/*1 2 (4.8) 1 - 1
vacA s2-IL-1RN*1/*1 1 (24) 1

Total 9 (21.0) 4 2 3

of patients studied, while the intermediary heterozygous
allele IL-1RN*1/*2 in 36% of patients. IL-1RN*1/*1 allele
was present in the remaining 21% of patients. Other
alleles of this gene were not present among this group of
patients studied. vacA s1/cagA/ IL-1RN*2/*2-allele were
present in 14% of patients studied and vacAs1/cagA/ IL-
1RN*1/*1 allele in 7% patients, while vacAs1/cagA/IL-
1RN*1/°2 allele in 16% of patients. The host pro-
inflammatory factors along with bacterial virulence factors
may increase the risk for pathological changes leading to
gastric cancer among this group of patients. The highest
prevalence of gastric abnormalities were reported in
patients with both host and bacterial high-risk genotype
vacAs1/cagA/IL-1RN*2/"2/IL-1B511T (Rad et al., 2003).
iceA was identified following transcriptional up
regulation on contact with gastric epithelial cells (Peek et
al., 1998). iceA exists as two distinct genotypes, iceAT
and iceA2, and only iceA1T mRNA is induced following
adherence in vitro. H. pylori iceA1 demonstrates strong
homology to a restriction endonuclease nlalllR in
Neisseria lactamica (Xu et al., 2002), and in vivo carriage
of H. pylori iceA1 strains has been reported to be
associated with peptic ulceration and enhanced acute
neutrophilic infiltration. It has been reported that iceA1
genotype is predominant in the East Asia, while iceA2
genotype is predominant in the USA and Columbia
(Yamaoka et al.,1999). In this study, we have examined
the iceA1 and iceA2 genotypes along with the high-risk
host and bacterial factors. The protein sequences of
iceA1 and iceA2 reveals patterns of repeated protein
cassettes. iceA71 strains have been reported to be
associated with peptic ulceration and enhanced acute

neutrophilic infiltration, while iceA2 strains are more
prevalent among patients with asymptomatic gastritis and
non-ulcer dyspepsia. In our data, 81% showing iceA1
genotype and 19% infected with iceA2 genotype only.
Among this 31% patients infected with both strains. iceA1
and iceA2 strains were present in all the three peptic
ulcer diseases included in this study. It has been reported
that the vacAs1b, m1 and iceA1 were closely linked to
gastric cancer and 40% of these patients had infected
with iceA1 and iceA2 strains, while a higher prevalence of
gastric cancer patients infected with iceA1/vacAs1
genotype in South Africa (Kidd et al.,, 2001). The
presentation pattern of iceA, cagA, vacA and IL-RN
genotypes among dyspeptic patients is shown in the
Table 2. In conclusion, this study emphasize the need for
more population based analysis of the high risk bacterial
and host pathogenic factors such as vacAsi1/cagA/IL-
1RN"2/*2/iceA1/iceA2 combination among H. pylori
infected patients for better management of treatment
strategies.

ACKNOWLEDGEMENT

The work of first author (SKP) was supported by an ICMR
Fellowship.

REFERENCES

Abdelaziz MM, Devalia JL, Khair OA, Calderon M, Sapsford RJ, Davies
RJ (1995). The effect of conditioned medium from cultured human
bronchial epithelial cells on eosinophil and neutrophil chemotaxis and



1066 J. Med. Med. Sci.

adherence in vitro. Am. J. Respir. Cell Mol. Biol., 13: 728-737.

Arend WP, Malyak M, Guthridge CJ, Gabay C (1998). Interleukin-1
receptor antagonist: role in biology. Ann. Rev. Immunol., 16: 27-55.
Bickley J, Owen RJ, Fraser AG, Pounder RE (1993). Evaluation of the
polymerase chain reaction for detecting the urease C gene of
Helicobacter pylori in gastric biopsy samples and dental plaque. J.

Med. Microbiol., 39: 338—-344.

Bioque G, Crusius JB, Koutroubakis |, Bouma G, Kostense PJ,
Meuwissen SG, Pena AS (1995). Allelic polymorphism in IL-1b and
IL-1 receptor antagonist (IL-1RA) genes in inflammatory bowel
disease. Clin. Exp. Immunol., 102: 379-383.

Bruce MG, Maaroos HI (2008). Epidemiology of Helicobacter pylori
Infection. Helicobacter, 13 (supp.1): 1-6.

Carter DB, Deibel MR Jr, Dunn CJ, Tomich CSC, LaBorde AL, Slightom
JL, Berger A E, Bienkowski MJ, Sun FF, McEwan RN, Harris PKW,
Yem AW, Wasak GA, Chosay JG, Sieu LC, Hardee MM, Zurcher-
Neely HA, Reardon IM, Heinrikson RL, Truesdell SE, Shelly JA,
Eessalu TE, Taylor BM, Tracey DE (1990). Purification, cloning,
expression and biological characterization of an interleukin-1 receptor
antagonist protein. Nature, 344: 633-638.

Dripps DP, Brandhuber BJ, Thompson RC, Eisenberg SP (1991). IL-1
receptor antagonist binds to the 80 kDa IL-1 receptor but does not
initiate signal transduction. J. Biol. Chem., 266: 10331-10339.

Eisenberg SP, Brewer MT, Verderber E, Heimdal PL, Brandhuber BJ,
Thompson RC (1991). Interleukin 1 receptor antagonist is a member
of the interleukin 1 gene family: evolution of a cytokine control
mechanism. Proc. Natl. Acad. Sci. USA, 88: 5232-5236.

Eisenberg SP, Evans RJ, Arend WP, Verderber E, Brewer MT, Hannum
CH, Thompson RC (1990). Primary structure and functional
expression from complementary DNA of a human interleukin-1
receptor antagonist. Nature, 343: 341-346.

Ernst PB, Gold BD (2000). The disease spectrum of Helicobacter pylori:
the immunopathogenesis of gastroduodenal ulcer and gastric cancer.
Ann. Rev. Microbiol., 54: 615-640.

Ernst PB. Review article: the role of inflammation in the pathogenesis of
gastric cancer (1999). Aliment Pharmacol. Ther., 13(suppl 1): 13-18.
Hurme M, Helminen M (1998). Resistance to human cytomegalovirus
infection may be influenced by genetic polymorphisms of the tumour
necrosis factor-alpha and interleukin-1 receptor antagonist genes.

Scand. J. Infect. Dis., 30: 447-449.

Hwang IR, Kodama T, Kikuchi S, Sakai K, Peterson LE, Graham DY,
Yamaoka Y (2002). Effect of interleukin 1 polymorphisms on gastric
mucosal interleukin 18 production in Helicobacter pylori infection.
Gastroenterology, 123: 1793-803.

Ito Y, Azuma T, Ito S, Suto H, Miyaji H, Yamazaki Y, Kato T, Kohli Y,
Keida Y, Kuriyama M (2000). Sequence analysis and clinical
significance of the iceA gene from Helicobacter pylori strains in
Japan. J. Clin. Microbiol., 38:,483-488.

Jeremias J, Ledger WJ, Witkin SS (2000). Interleukin 1 receptor
antagonist gene polymorphism in women with vulvar vestibulitis. Am.
J. Obstet. Gynecol., 182: 283-285.

Joos L, Mcintyre L, Ruan J, Connett J E, Anthonisen N R, Weir T D,
Paré P D, Sandford A J (2001). Association of IL-1 beta and IL-1
receptor antagonist haplotypes with rate of decline in lung function in
smokers. Thorax, 56: 863-866.

Kidd M, Peek RM, Lastovica AJ, Israel DA, Kummer AF, Louw JA
(2001). Analysis of iceA genotypes in South African Helicobacter
pylori strains and relationship to clinically significant disease. Gut, 49:
629-635.

Kusters JG, van Vliet AHM, Kuipers EJ (2006). Pathogenesis of
Helicobacter pyloriInfection. Clin. Microbiol. Rev., 19: 449-490.

Macarthur M, Hold GL, EI-Omar EM (2004). Inflammation and cancer.
Il. Role of chronic inflammation and cytokine gene polymorphisms in
the pathogenesis of gastrointestinal malignancy. Am. J. Physiol.
Gastrointest. Liver Physiol., 286: G515-G520.

Matysiak-Budnik T, Mégraud F (2006). Helicobacter pylori infection and
gastric cancer. Eur. J. Cancer., 42: 708-716.

Miehlke S, Kirsch C, Agha-Amiri K, Gunther T, Lehn N, Malfertheiner P,
Stolte M, Ehninger G, Bayerdorffer E (2000). The Helicobacter pylori
vacAs1, m1 genotype and cagA are associated with gastric
carcinoma in Germany. Int. J. Cancer, 87: 322-27.

Noach LA, Bosma NB, Jansen J, Hoek FJ, van Deventer SJ, Tytgat GN
(1994). Mucosal tumour Necrosis factor-a, Interleukin 1-p and
interleukin 8 production in patients with Helicobacter pylori infection.
Scand. J. Gastroenterol., 29: 425-429.

Peek RM Jr, Thompson SA, Donahue JP, Tham KT, Atherton JC,
Blaser MJ, Miller GG (1998). Adherence to gastric epithelial cells
induces expression of Helicobacter pylori gene, iceA, that is
associated with clinical outcome. Proc. Assoc. Phys., 110: 531-544.

Peek-RM J, Miller GG, Tham KT, Perez-perez Gl (1995). Heightened
inflammatory response and cytokine expression in vivo to CagA+
Helicobacter pyloristrains. Lab. Invest., 73: 760-770.

Perez-Perez Gl, Rothenbacher D, Brenner H (2004). Epidemiology of
Helicobacter pyloriinfection. Helicobacter. 9(Suppl. 1): 1-6.

Rad R, Prinz C Neu B, Neuhofer M, Zeitner M, Voland P, Becker I,
Schepp W, Gerhard M (2003). Synergistic Effect of Helicobacter
pylori Virulence Factors and Interleukin-1 Polymorphisms for the
Development of Severe Histological Changes in the Gastric Mucosa.
J. Infect. Dis., 188: 272-281.

Rahman M, Mukhopadhyay AK, Nahar S, Datta S, Ahmad MM, Sarker
S, Masud IM, Engstrand L, Albert MJ, Nair GB, Berg DE (2003).
DNA-level characterization of Helicobacter pylori strains from patients
with overt disease and with benign infections in Bangladesh. J. Clin.
Microbiol., 41: 2008-2014.

Rothenbacher D, Brenner H (2003). Burden of Helicobacter pylori and
H. pylorirelated diseases in developed countries: recent
developments and future implications. Microbes Infect., 5: 693-703.

Rugge M, Busatto G, Cassaro M, Shiao YH, Russo V, Leandro G,
Avellini C, Fabiano A, Sidoni A, Covacci A (1999). Patients younger
than 40 years with gastric carcinoma: Helicobacter pylori genotype
and associated gastritis phenotype. Cancer, 85: 2506-2511.

Shimoyama T, Crabtree JE (1998). Bacterial factors and immune
pathogenesis in Helicobacter pylori infection. Gut, 43(suppl 1): S2-5.

Suerbaum S, Michetti P (2002). Helicobacter pylori Infection. N. Engl. J.
Med., 347: 1175-1186.

Tarlow JK, Blakemore Al, Leonard A, Solari R, Hughes HN,
Steinkasserer A, Duff GW (1993). Polymorphism in human IL-1
receptor antagonist gene intron 2 is caused by variable numbers of
an 86-bp tandem repeat. Hum. Genet., 91: 403-404.

Tsang YT, Neelamegham S, Hu Y, Berg EL, Burns AR, Smith CW,
Simon S| (1997). Synergy between L-selectin signaling and
chemotactic activation during neutrophil adhesion and transmigration.
J. Immunol., 159: 4566-4577.

Van Doorn LJ, Figueiredo C, Sanna R, Plaisier A, Schneeberger P, de
Boer WA, Quint W (1998). Clinical relevance of the CagA, VacA and
IceA status of Helicobacter pylori. Gastroenterology, 115: 58-66.

Xu Q, Morgan RD, Roberts RJ, Xu SY, van Doorn LJ, Donahue JP,
Miller GG, Blaser MJ (2002). Functional analysis of iceA1, a CATG-
recognizing restriction endonuclease gene in Helicobacter pylori.
Nucleic Acids Res., 30: 3839-3847.

Yamaoka Y, Kita M, Kodama T, Sawai N, Imanishi J (1996).
Helicobacter pylori CagA gene expression of cytokine messenger
RNA in gastric mucosa. Gastroenterology, 110: 1744-1752.

Yamaoka Y, Kodama T, Gutierrez O, Kim JG, Kashima K, Graham DY
(1999). Relationship between Helicobacter pylori iceA, cagA, and
vacA status and clinical outcome: studies in four different countries.
J. Clin. Microbiol., 37: 2274-2279.



