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Association of the interleukin-1 � genetic polymorphism and
gastric cancer risk in Japanese
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Helicobacter pylori infection is associated with many
kinds of gastric diseases, including gastroduodenal ul-
cers and gastric cancer.1 According to previous reports,
inflammation associated with active gastritis can be
caused by H. pylori infection. Over a period of decades,
active gastritis can lead to gastric mucosal atrophy,
which is thought to be a high-risk factor for the develop-
ment of gastric cancer.1–3 Recently, genetic polymor-
phisms of interleukin-1 (IL-1) �, which is a 100-fold
more potent inhibitor of gastric secretion than a proton
pump inhibitor, have been found to be associated with
functional differences in the effect of IL-1 � on gastric
secretion among individuals.4 In addition, genetic poly-
morphisms involving a C-to-T base transition (�31) and
a T-to-C base transition (�511) in the intron of the IL-
1 � gene have been associated with a risk of gastric
cancer in H. pylori-infected individuals in a study in-
volving a Western population.5

Subjects and methods

In this study, the �511 T-to-C genetic polymorphism
was analyzed, using polymerase chain reaction (PCR)
amplification with AvaI enzyme digestion to investigate
its association with gastric diseases in a Japanese
population. Briefly, genomic DNA was amplified using
primers 5�-GCCTGAACCCTGCATACCGT and 5�-
GCCAATAGCCCTCCCTGTCT under the following
PCR conditions: an initial melting temperature of 94°C
(10min), followed by 5 cycles of melting (94°C, 30s),
annealing (65°C, 30s), and extension (72°C, 30s), fol-
lowed by 30 cycles of melting (94°C, 30s), annealing
(60°C, 30s), and extension (72°C, 30 s), and, finally, 5
cycles of melting (94°C, 30s), annealing (55°C, 30s), and
extension (72°C, 30s).5–7 The PCR product was subjected
to AvaI restriction enzyme digestion (5 units; Takara,
Tokyo, Japan) in a buffer at 37°C for 18h, and analyzed
by electrophoresis in an agarose gel (3%). The digestion
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produced two fragments, of 88 and 67 base pairs, repre-
senting the homozygous C allele (CC), the heterozygote
(CT), and the homozygous T allele (TT) (Fig. 1).

Six hundred and sixty-nine patients with gastric dis-
eases were classified into five subgroups according to
the presence or absence of H. pylori infection: (1) H.
pylori-negative noncancer controls, including those
with superficial gastritis (SG) or erosive gastritis (EG)
(n � 114; men, 36; women, 78; average age, 43.1 � 16.7
years); (2) H. pylori-positive noncancer controls, in-
cluding those with SG, EG, and chronic active gastritis
(CAG) without atrophy (n � 210; men, 111; women, 99;
average age, 48.7 � 14.6 years), (3) CAG with H. pylori
infection (n � 45; men, 21; women, 24; average age, 59.8
� 14.0 years), (4) intestinal metaplasia (IM) or CAG
without H. pylori infection (n � 19; men, 78; women, 41;
average age, 58.5 � 12.0 years), and (5) gastric cancer
patients (GCA) (n � 127; men, 81; women, 46; average
age, 59.8 � 10.8 years). In all patients, diagnosis was
done by gastrointestinal endoscopy and by histological
findings of biopsy specimens, or by detection of serum
anti-H. pylori IgG antibody positivity (Silenus Labora-

tories, Sydney, Australia), and all those with chronic
atrophic gastritis had type B gastritis.8 In CAG patients
without H. pylori infection, the extensive mucosal atro-
phy of the stomach prevented H. pylori from colonizing
the gastric mucosa.9,10 All patients were seen at our hos-
pital (in Tokyo, Japan) between 1993 and 1999; oral
informed consent was obtained from each patient. The
data were analyzed using a �2 test, and the SPSS statis-
tical analysis program for the PC (SPSS, Tokyo, Japan).

Results

The genotypes of the �511 genetic polymorphism are
summarized in Table 1. The allelic frequencies of the
C allele, which indicates low acidic secretion and is a
component of a supposedly high-risk genotype for
gastric cancer compared with the homozygous T or
heterzygote genotype, were 0.48, 0.52, 0.57, 0.58, and
0.52 for the five subgroups (1)–(5) above, respectively.
In combination analysis, significant differences were
observed between the IM or CAG without H. pylori

Fig. 1. Detection of interleukin 1
(IL-1) � T Æ C transition at �511
by polymerase chain reaction
(PCR)-restriction fragment length
polymorphism (RFLP). C/C (homo-
zygons C allele) and C/T (heterozy-
gote) are expected to be the
low-acid (high pH) genotypes in
Helicobacter pylori infected gastric
diseases

Table 1. Interleukin-1 (IL-1) � genotypes and the status of gastric mucosa

genotype

Cases TT CT CC C allele (%)

(1) HP negative non-cancer controls 29 61 24 48
(Superficial Gastritis or Erosive Gastritis
without HP infection)

(2) HP positive non-cancer controls 50 110 61 52 *
(3) Chronic atrophic gastritis (CAG) 9 21 15 57

with HP
(4) Intestinal metaplasia or CAG without 25 51 43 58

*HP
(5) Gastric cancer with HP 25 73 29 52

* P � 0.05
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infection and the GCA group (P � 0.05), and between
the IM or CAG without H. pylori group and the H.
pylori-negative noncancer control group (P � 0.05),
but, in the study overall, the specific genotypes of the
IL-1 � �511 polymorphism were no associated with
gastric cancer.

In this study, we could not find any associations be-
tween the IL-1 � specific genotypes of the patients with
H. pylori-positive gastric cancer and the H. pylori-
negative noncancer controls in our Japanese popula-
tion. The H. pylori infection rate in Japan is higher than
that in other populations, especially those in Western
countries.1–3 According to previous reports, 60% to 70%
of the population over 60 years of age in Japan are
infected with H. pylori. This positivity rate is close to the
H. pylori positivity rate of gastric cancer cases in Japan.
According to epidemiological studies, high-risk factors
for gastric cancer have been reported to be sex differ-
ences, H. pylori infection, high salt intake and low
ascorbic acid intake, exposure to exogenous or endog-
enously induced nitroso compounds, and intramucosal
changes from a precancer-cancer sequence in the
stomach.11–13

Discussion

Recently, IL-1 � has been reported to be an important
proinflammatory cytokine that is highly expressed in
the gastric mucosa of H. pylori-positive hosts; gastric
acid secretion is low in this population.4,5 El-Omar et al.5

examined the association of particular genotypes with a
low acid state in Scottish and Polish gastric cancer pa-
tients and controls. They suggested that individuals with
the �31 TT or CT genotypes overexpress gastric IL-1 �
in response to H. pylori infection, which leads to an
increase in inflammation and a lower stomach acidity.
This hypothetical scheme is suitable for the precancer-
cancer sequence of gastric carcinogenesis. Indeed, the
pH of gastric juice depends on the IL-1 � �511 poly-
morphism genotype in Japanese gastric cancer patients;
the pH of gastric juice is significantly higher in these
with the TT genotype than in those with either the CT
or the CC genotype (T. Furuta and H. Sugimura, per-
sonal communication), but the most recent publication
revealed that the �31 C-to-T base transition was in-
verted, in association with the �511 T-to-C base tran-
sition this means �31C equal to �511-T similar to the
�511 T-to-C base transition in Japanese;14 the El-Omar
group also confirmed this inversion in their study
subjects (E.M. El-Omar, personal communication).
According to the these studies, the C allele could be the
risk factor for low acid secretion in the stomach. Neu-
tralization of acid in the stomach is one of several im-
portant factors in gastric carcinogenesis.13 Pepsinogen I

(�50 to 70 ng/ml) and the pepsinogen I/pepsinogen II
ratio (�3.0) are good markers for the degree of mucosal
atrophy in the stomach of Japanese patients,15 and
mucosal atrophy is believed to be an important cause of
acid neutralization in the stomach, especially in the
presence of an H. pylori infection.10 Moreover, the pos-
sibility of inter-individual differences in gastric cavity
pH, depending on the IL-1 � polymorphism, should be
emphasized. In this study, we could not find any associa-
tion between the existence of the C allele and a risk
of gastric cancer in the precancer-cancer sequence,
although the sample numbers for the disease categories
were limited. A rigorous case-control study is needed to
obtain definitive results, but our study suggests that this
polymorphism may not contribute to the risk of gastric
cancer in the Japanese population. However, the differ-
ence in C allele frequencies between the IM or CAG
without H. pylori group (58%) and the gastric cancer
group (52%), and the difference between the IM or
CAG without H. pylori group (58%) and the H. pylori-
negative noncancer control group (48%) were
significant. H. pylori is known to be unable to survive in
the mucosa of an IM region. In patients with extensive
mucosal atrophy, the spontaneous disappearance of H.
pylori was also observed, indicating that the mucosa of
IM or CAG patients without H. pylori infection had
undergone precancerous mucosal changes.10,16 In this
study, the frequency of the C allele in the IM or CAG
without H. pylori infection group was significantly
higher than that in the H. pylori-negative noncancer
controls. This result indicated that this �511 T-to-C
base transition may be important for the mucosal atro-
phy of the stomach. IM and CAG represent a potent
carcinogenic state for gastric cancer, but, according to a
cohort follow-up study, only 2% of patients with IM
mucosa develop gastric cancer.17 In this population, i.e.,
those with 1m or CAG, long-term acid neutralization in
the stomach of individuals with the C allele may induce
the growth of certain intestinal bacteria that produce
carcinogenic nitroso-compounds in the stomach,18

and other factors, including activation enzymes for
nitrosamines or detoxification enzymes for specific car-
cinogenic compounds, may be important for stomach
carcinogensis.19

In conclusion, the C allele of the IL-1 � �511 genetic
polymorphism was not associated with gastric cancer in
our Japanese population. However, a possibility does
exist that populations who possess the C allele of the IL-
1 � polymorphism may be more likely to progress to
mucosal atrophy with IM.
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