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Host immune responses are known determinants of gastric cancer susceptibility. We pre-
viously reported an increased gastric cancer risk associated with common variants of several
T helper type 1 (Th1) cytokine genes in a population-based case–control study in Warsaw,
Poland. In the present study, we augmented our investigation to include additional Th1 genes
as well as key genes in the Th2 and Th3 pathways. Analysis of 378 cases and 435 age- and
sex-matched controls revealed associations for polymorphisms in the Th1 IL7R gene and one
polymorphism in the Th2 IL5 gene. The odd ratios (ORs) for IL7R rs1494555 were 1.4 [95%
confidence interval (CI), 1.0–1.9] for A/G and 1.5 (95% CI, 1.0–2.4) for G/G carriers relative
to A/A carriers (P ¼ 0.04). The ORs for IL5 rs2069812 were 0.9 (95% CI, 0.7–1.3) for C/T
and 0.6 (95% CI, 0.3–1.0) T/T carriers compared with C/C carriers (P ¼ 0.03). These results
suggest that IL5 rs2069812 and IL7R rs1389832, rs1494556 and rs1494555 polymorphisms
may contribute to gastric cancer etiology.
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INTRODUCTION

Helicobacter pylori infection is a major risk factor for

gastric cancer (1–3). The infection usually causes chronic

gastritis, but only a small proportion of the infected subjects

develop gastric cancer (1,4). Host immune responses are

known determinants of gastric cancer susceptibility (3,5,6).

Cytokines produced by a variety of activated T cells act as

regulators and mediators of immune responses. Cytokines

have been classified into several different groups based on

their functions, including T helper type 1 (Th1)

pro-inflammatory cytokines, such as IL2, IL12, IFN and

TNFa; T helper type 2 (Th2) anti-inflammatory cytokines,

such as IL4, IL6, IL10 and T helper type 3 (Th3) regulatory

cytokine such as TGF (7).

Most data have suggested that H. pylori infection trig-

gers a predominant Th1 response (3,8), which has been

demonstrated to promote gastric atrophy and carcinogenic

processes (9,10). The role of Th2 cytokines in H. pylori

infection-related gastric carcinogenesis is less studied

(10), and there are conflicting reports regarding their etio-

logic role. On the one hand, a shift toward a Th2

response against H. pylori has been shown to favor

gastric mucosal protection, with a clearance of infection

(11). On the other hand, a shift from a Th1 to a Th2 cell
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pattern had been linked to gastric carcinoma (12,13). It is

now well-established that immune responses driven by

Th1 and Th2 cells can be influenced by Th3 cells. Th3

cells produce high levels of TGF, whose main function is

counter-regulation or suppression of immune responses

mediated by Th1 and Th2 cells (14,15). Th3 cells that

produce TGF have been observed in experimental models

of colitis, diabetes and HgCl2-induced autoimmune

disease and are believed to play a role in the prevention

and treatment of these diseases (16 – 18). Since genetic

control plays a role in modulating cytokine production

(19,20), we hypothesize that inter-individual variations in

single nucleotide polymorphism (SNP) profiles may con-

tribute to variability in immune responses, leading to

variability in outcomes. We previously reported an

increased risk of gastric cancer associated with poly-

morphisms of TNFA-308 A.G and IFNGR2 Ex7-128

C.T, IL-1B-31, IL-1B-511 and IL-1RN *2/*2 may

increase the risk of gastric cancer in a high-risk Polish

population (5,21).

In the present study, three additional Th1 genes (i.e.

IL7R, a membrane receptor for the Th1 cytokine

interleukin-7, IL15 and LTA, two pro-inflammatory cyto-

kines) were examined. We also examined five Th2 genes,

including IL4, IL5, IL6, IL10 and IL13. IL4 plays a

key role in the differentiation of helper T cells to the Th2

type, regulates production of IgE by B lymphocytes and

regulates mast cell expression of leukotriene C4 synthase

(22,23). IL4 levels were correlated with H. pylori infection

and levels of mucosal anti-H. pylori immunoglobulin G in

gastric biopsy culture supernatants from gastric cancer

patients (22,23). Increased IL4 has been detected in antral

tissue of H. pylori infected adults (24). IL5 is a major

determinant of the Th2 response and the serum levels of

IL5 have been found to be increased in H. pylori-infected

subjects with chronic gastritis, a precursor to gastric cancer

(25). IL6 is a key mediator of the Th2 response and

increased levels of IL6 are associated with worsening prog-

nosis in advanced gastric cancer (26). IL10 regulates B-cell

proliferation and differentiation (27). Lower IL10 levels

could result in higher TNFa expression, shifting the

balance toward Th2 humoral immunity (28). IL13 has been

shown to inhibit the production of other pro-inflammatory

cytokines (29).

In addition, we also examined one Th1/Th2 gene, CTLA4,

an essential inhibitor of T-cell activity and thus is a strong

candidate gene for studies of autoimmune and inflammatory

diseases (30), and one Th3 gene, TGF1, a growth factor that

normally inhibits cell growth, but in cancer cells enhances

tumor progression and metastases (31).

The selection of the genes included in the present study

was based on the biological function of these genes, and pre-

vious literatures report that polymorphisms in these genes

are associated with cancer risks or chronic infectious

conditions.

SUBJECTS AND METHODS

SUBJECTS

The present population-based case–control study of gastric

cancer was carried out in Warsaw, Poland, between 1994

and 1996. The study population has been described in detail

previously (21,32,33). Residents aged 21 – 79 years who

were newly diagnosed with gastric cancer (ICD-O 151 or

ICD-O-2 C16) were identified by collaborating physicians in

each of the 22 hospitals serving the Warsaw area. All diag-

noses were pathologically confirmed by study pathologists.

Controls were randomly selected among Warsaw residents

from a computerized registry of all legal residents in Poland,

and were frequency-matched to cases by sex and age in 5-year

groups. The registry was updated monthly, and the complete-

ness of registration was estimated to be nearly 100%.

The study protocol was approved by all appropriate insti-

tutional review boards. Detailed information on demographic

characteristics and history of exposures to potential risk

factors was recorded during a personal interview, after

written consent was obtained. Among the 464 gastric cancer

cases and 480 controls eligible for the study, genomic DNA

from blood was obtained from 378 (81.5%) cases and 435

(90.1%) controls.

GENOTYPING

We assessed 12 SNPs in three Th1-related genes, 10 SNPs

in five Th2-related genes, 1 SNP in a gene related to both

Th1 and Th2 pathways and 3 SNPs in a gene related to the

Th3 pathway. Non-synonymous and promoter SNPs were

selected based on the literature evidence regarding the func-

tion and disease associations of each polymorphism.

Synonymous SNPs in coding and non-coding regions were

also selected to improve coverage of candidate genes.

TaqManTM (Applied Biosystems, Inc. Foster City, CA, USA)

and MGB EclipseTM assays were used to assess SNPs in

IL7R [IVS1þ1560 G.A, rs1389832; IVS3þ1472 A.C,

rs1494556; Ex4þ33 A.G (I138V), rs1494555; Ex4-43

C.T (H165H), rs7737000], LTA [Ex1þ49 C.A,

rs2239704; IVS1þ90 A.G, rs909253; IVS1-82 G.C,

rs746868; Ex2þ46 T.C (C13R), rs2229094], IL15 (Ex3-92

C.T, rs2254514; Ex9-181 T.A, rs1057972; Ex9-95 G.T,

rs9282743; Ex9-66 C.T, rs10833), IL5 (-745 C.T,

rs2069812), IL10 (23584 T.A, rs1800890), IL13 (IVS3-24

C.T, rs1295686; 21069 C.T, rs1800925; Ex4þ98 G.A,

rs20541), CTLA4 [Ex1-61 A.G (T17A), rs231775], and

TGF1 [2509 C.T, rs1800469; Ex1-327 T.C (L10P),

rs1982073; Ex5-73 C.T (T263I), rs1800472]. These assays

were conducted at the Core Genotyping Facility (CGF),

National Cancer Institute and National Institutes of Health

(NIH). Assays were validated and optimized as described in

the SNP500 Cancer website (34). Assay-specific primer/

probe concentrations and thermo-cycling conditions for these

SNPs are available on the CGF website (http://snp500cancer.
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nci.nih.gov). For each genotype, as a lab internal quality

control, four human DNA controls (Coriell DNA) as well as

no template controls were run with study samples.

Approximately 8% blind quality control samples from two

individuals were interspersed with the study samples,

showing .99% concordance. Genotyping data for each

tested SNP were successfully obtained for �95% of the sub-

jects. The remaining five SNPs, IL4 (2589 C.T,

rs2243250), IL6 (2174 G.C, rs1800795) and IL10 (21082

A.G, rs1800896 and 2592 C.A, rs1800872), were also

determined by 50-nuclease polymerase chain reaction assays

(TaqManTM) using methods as described previously (5,35) at

the Viral Epidemiology Section, Science Applications

International Corporation-Frederick, NIH. The sequences of

the primers and probes used for these SNPs in the

TaqManTM assays are provided elsewhere (35).

STATISTICAL METHODS

Hardy–Weinberg equilibrium in controls was confirmed for

all SNPs using the asymptotic Pearson’s chi-square test. The

Fisher’s exact test was used to assess the difference in the

distributions of categorical variables between cases and con-

trols. Unconditional logistic regression was conducted using

Stata version 8 (Stata Corporation, College Station, TX,

USA) to calculate odd ratios (ORs) and 95% confidence

intervals (CIs) for gastric cancer in association with specific

genotypes. For all genotypes, the homozygote of the

common allele was used as the reference group. Haplotype

analysis was conducted on genes for which multiple SNPs

were genotyped, including IL15, LTA, IL7R, IL10, IL13,

IL15, TGF1, as well as for genes in close proximity to each

other, such as IL4, IL5 and IL13. HaploView was used to

assess pairwise linkage disequilibrium between polymorph-

isms within each gene (36). Haplotypes were constructed

from genotype data by means of the Haplo.Stats package

(R version 2.2.1) (37). All ORs were adjusted for age, gender,

education and smoking. Further adjustment for other poten-

tial confounding variables, including family history of

cancer, pack-years of cigarette smoking, dietary intake and

use of ulcer medications, did not affect the risks meaning-

fully. We tested the statistical significance of multiplicative

gene–gene interaction terms using the likelihood ratio test,

comparing logistic regression models with and without the

appropriate interaction term. All tests were two-sided at the

0.05 significance level.

RESULTS

Demographic characteristics of the study population have

been published previously (33).

Genotype distribution for each assessed SNP was in

Hardy–Weinberg equilibrium among controls. The associa-

tions between SNPs tested and gastric cancer risk are shown

in Table 1. Of the Th1 SNPs tested, three in IL7R were

Table 1. Gastric cancer risk and polymorphisms in genes in Th1, Th2 and
Th3 pathways in a Polish population

Cases
(n ¼ 378)1

Controls
(n ¼ 435)1

OR2 95% CI P
value

Th1 genes

IL15 Ex3-92 C.T (rs2254514)

CC 167 221 1.0

CT 107 155 0.9 0.6–1.2

TT 23 26 1.2 0.6–2.1 0.82

IL15 Ex9-181 T.A (rs1057972)

TT 80 101 1.0

TA 150 203 0.9 0.6–1.3

AA 67 99 0.8 0.5–1.3 0.35

IL15 Ex9-95 G.T (rs9282743)

GG 248 323 1.0

GT 47 73 0.8 0.5–1.2

TT 2 3 0.7 0.1–4.3 0.29

IL15 Ex9-66 C.T (rs10833)

CC 139 203 1.0

CT 133 159 1.2 0.9–1.7

TT 21 40 0.8 0.4–1.4 0.95

LTA Ex1þ49 C.A (rs2239704)

CC 85 105 1.0

CA 138 223 0.8 0.5–1.1

AA 76 85 1.1 0.7–1.6 0.87

LTA IVS1 þ 90 A.G (rs909253)

AA 137 201 1.0

AG 135 174 1.1 0.8–1.6

GG 29 38 1.1 0.7–2.0 0.44

LTA IVS1-82 G.C (rs746868)

GG 83 108 1.0

GC 143 220 0.9 0.6–1.2

CC 74 84 1.1 0.7–1.7 0.72

LTA Ex2 þ 46 T.C (C13R) (rs2229094)

TT 206 247 1.0

TC 74 150 0.6 0.4–0.8

CC 21 18 1.6 0.8–3.1 0.22

IL7R IVS1þ1560 G.A (rs1389832)

GG 105 175 1.0

GA 141 177 1.3 0.9–1.9

AA 55 60 1.6 1.0–2.6 0.03

IL7R IVS3þ1472 A.C (rs1494556)

AA 106 181 1.0

AC 142 174 1.4 1.0–1.9

CC 52 56 1.7 1.1–2.7 0.01

IL7R Ex4 þ 33 A.G (I138V) (rs1494555)

AA 107 177 1.0

Continued
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significantly associated with gastric cancer risk (for SNP of

rs1389832, OR ¼ 1.6, 95% CI: 1.0 – 2.6 for A/A carriers

relative to G/G carriers, and P ¼ 0.03; for rs1494556, OR ¼

1.7, 95% CI: 1.1–2.7 for C/C carriers relative to A/A car-

riers, P ¼ 0.01; and for rs1494555, OR ¼ 1.5, 95% CI: 1.0–

2.4 for G/G carriers relative to A/A carriers, P ¼ 0.04). Of

the nine Th2 SNPs tested, only IL5 rs2069812 polymorphism

was significantly related to gastric cancer risk. Compared

with carriers of the most common C/C genotype, carriers of

the T/T genotypes had a reduced risk of borderline signifi-

cance (OR ¼ 0.5, 95% CI, 0.3 – 1.0). The CTLA4 SNP

rs231775 was marginally associated with gastric cancer risk.

None of the TGF1 SNPs significantly influenced the risk.

Although none of the tested polymorphisms on IL13 was

significantly associated with gastric cancer risk, haplotype

analyses on IL13 showed that CTG haplotype conferred a

decreased risk when compared with the most frequent haplo-

type (CCG) (Table 2). Haplotype analysis of IL7R SNPs

showed that the haplotype containing the ‘at-risk’ alleles at

positions rs1389832, rs1494556 and rs1494555, i.e. the

ACGC haplotype, resulted in an increased risk when com-

pared with the most frequent haplotype. We did not observe

any meaningful haplotype-related results on IL10, LTA or

IL15 (data not shown). In addition, there was no evidence of

Table 1. Continued

Cases
(n ¼ 378)1

Controls
(n ¼ 435)1

OR2 95% CI P
value

AG 141 169 1.4 1.0–1.9

GG 51 58 1.5 1.0–2.4 0.04

IL7R Ex4-43 C.T (H165H) (rs7737000)

CC 242 323 1.0

CT 56 81 0.9 0.6–1.4

TT 3 6 0.7 0.2–3.1 0.58

Th2 genes

IL4-589 C.T (rs2243250)

CC 241 278 1.0

CT 99 133 0.8 0.6–1.2

TT 16 14 1.4 0.6–2.9 0.79

IL5-745 C.T (rs2069812)

CC 161 210 1.0

CT 115 163 0.9 0.7–1.3

TT 20 44 0.5 0.3–1.0 0.03

IL6-174 G.C (rs1800795)

GG 98 104 1.0

CG 164 197 0.9 0.6–1.2

CC 80 87 1.0 0.6–1.5 0.88

IL10-592 C.A (rs1800872)

CC 216 253 1.0

AC 118 145 1.0 0.7–1.3

AA 25 24 1.3 0.7–2.4 0.63

IL10-1082 A.G (rs1800896)

AA 109 141 1.0

AG 170 191 1.1 0.8–1.6

GG 80 91 1.1 0.7–1.6 0.59

IL10-3584 T.A (rs1800890)

TT 116 172 1.0

AT 150 197 1.1 0.8–1.5

AA 34 45 1.1 0.7–1.9 0.54

IL13-1069 C.T (rs1800925)

CC 160 197 1.0

CT 116 187 0.8 0.5–1.0

TT 19 28 0.9 0.5–1.6 0.15

IL13 IVS3-24 C.T (rs1295686)

CC 177 244 1.0

CT 99 138 1.1 0.8–1.5

TT 20 30 0.9 0.5–1.7 0.98

IL13 Ex4 þ 98 G.A (rs20541)

GG 174 245 1.0

AG 100 138 1.1 0.8–1.5

AA 19 28 1.0 0.5–1.8 0.86

Continued

Table 1. Continued

Cases
(n ¼ 378)1

Controls
(n ¼ 435)1

OR2 95% CI P
value

Th1/Th2 genes

CTLA4 Ex1-61 A.G (T17A) (rs231775)

AA 89 152 1.0

AG 153 189 1.4 1.0–1.9

GG 59 70 1.5 0.9–2.3 0.06

Th3 Genes

TGF1-509 C.T (rs1800469)

CC 139 174 1.0

CT 114 173 0.8 0.6–1.2

TT 32 45 0.9 0.5–1.4 0.37

TGF1 Ex1-327 T.C (L10P) (rs1982073)

TT 118 146 1.0

TC 129 207 0.8 0.6–1.1

CC 47 70 0.8 0.5–1.3 0.23

TGF1 Ex5-73 C.T (T263I) (rs1800472)

CC 283 393 1.0

CT 16 30 0.7 0.4–1.4

TT 0 1 — — 0.30

OR, odd ratio; CI, confidence interval; Th1, T helper type 1; Th2, T helper
type 2; Th3, T helper type 3.
1Numbers do not add up to column totals due to missing genotyping
information.
2Adjusted for sex, age, education and smoking.
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haplotype effect for SNPs tested in three genes (i.e. IL4, IL5

and IL13) that are located on the same chromosomal region

(5q31–33).

Except for IL7R, analyses stratified by other risk factors

and tumor characteristics, including age, smoking, alcohol

consumption, H. pylori infection status, Lauren classifi-

cation, site of tumor origin, tumor grade and tumor stage,

produced comparable results (not shown). Carriers of the

’at-risk’ IL7R alleles at positions rs1389832, rs1494556 and

rs1494555 tended to have a more pronounced risk of cancers

that originated in the distal subsite and that were poorly dif-

ferentiated (data not shown).

Gene–gene interaction tests for SNPs from genes in the

three pathways, i.e. IL7R in the Th1 pathway, IL5 in the Th2

pathway, TGF1 in the Th3 pathway, did not reveal any

meaningful results, although power was low to detect such

effects (data not shown). Nor were significant results

observed in interaction tests conducted between the afore-

mentioned SNPs and the Th1 genes IL1B and TNF pre-

viously determined to be associated with gastric cancer risk

(data not shown).

DISCUSSION

In this study, we examined SNPs in 10 genes along the Th1,

Th2 and Th3 pathways in relation to gastric cancer risk. Of

the genes investigated in the Th1 pathway, we found signifi-

cant associations only with three variants in the IL7R gene

(rs1389832, rs1494556 and rs1494555). Deficiency in

expression of IL7R has been associated with severe com-

bined immunodeficiency (38) and several polymorphisms

have been linked with multiple sclerosis (39). However,

polymorphisms in IL7R have seldom been studied with

respect to cancer risk. To our knowledge, though a

non-Hodgkin lymphoma (NHL) case–control study found no

association with rs1494555 polymorphism (40), this is the

first study to investigate whether IL7R genetic variants affect

the risk of a solid cancer. Replication of our findings in

larger studies with more complete coverage of this gene is

needed before we can draw further inference about the role

of this gene in gastric carcinogenesis.

LTA rs909253, which affects expression of LTA (41), has

been linked with immune and inflammatory-related diseases

such as atopic asthma (42) and celiac disease (43). However,

null associations with rs909253 have been reported for NHL

(40,44), gastric cancer (45) and colorectal cancer (46).

Increased levels of IL15 have been implicated in rheumatoid

arthritis (47), but IL15 rs10833 was not associated with NHL

(40). Consistent with previous studies of cancer, we did not

observe an effect of either LTA or IL15 SNPs or haplotypes

on gastric cancer risk.

Of the polymorphisms in Th2 genes examined, only one

IL5 polymorphism (rs2069812) was significantly associated

with gastric cancer risk. Although the biological function of

rs2069812 is unclear and, to our knowledge, no data on its

association to cancer risk are available, it has been associ-

ated with immune response-related diseases, such as atopic

bronchial asthma and blood eosinophilia (48,49). These

observations raise the possibility that this polymorphism

plays a role in the etiology of gastric cancer.

Although IL13 SNPs were not associated with gastric

cancer risk individually, a significant reduction in risk was

observed for the CTG haplotype when compared with the

most common haplotype (CCG) in our study. However, as

the T allele at rs1295686 was not associated with gastric

cancer risk in the TTA haplotype, the observed result with

the CTG haplotype may be due to linkage disequilibrium

with an unknown variant. Among the three SNPs studied,

rs20541 has been associated with asthma and type 1 diabetes

in several populations (50,51), but no data on cancer risk are

available.

The IL4 rs2243250 promoter polymorphism is known to

increase transcriptional activity of IL4 (52) and has been

associated with asthma (52) and a number of inflammation-

related diseases (53,54). However, two gastric cancer studies

that examined this promoter polymorphism have reported

null associations (35,55), which is in agreement with our

findings.

The IL6 promoter SNP (rs1800795) was associated with

increased IL6 production (26). To date, this polymorphism

has not been associated with chronic gastritis, inflammatory

process in gastric mucosa or gastric cancer (35,56,57). This

study did not observe an association with gastric cancer risk.

Three IL10 promoter SNPs (rs1800896, rs1800871 and

rs1800872) have been linked with differences in mucosal

IL10 expression in the course of chronic H. pylori infection

(58). However, the associations between these polymorph-

isms and gastric cancer risk have been inconsistent (35,59).

In this study, we did not observe an association with gastric

cancer risk.

CTLA4 rs231775 polymorphism has been associated with

Type 1 diabetes (60), Crohn’s disease (61) and Graves’

Table 2. Gastric cancer risk by haplotypes in IL13 and IL7R

Haplotype1 Case (%) Control (%) OR2 95% CI

IL13

CCG 67.4 63.0 1.0 Reference

CTG 9.1 13.0 0.6 0.4–0.9

TCA 6.3 7.1 0.9 0.5–1.3

TTA 17.0 16.5 1.0 0.7–1.3

IL7R

GAAC 48.1 52.4 1.0 Ref

GAAT 10.3 11.4 1.0 0.7–1.5

ACGC 41.0 35.3 1.3 1.0–1.6

1The order of single nucleotide polymorphisms (SNPs) in IL13 is
rs1800925, rs1295686 and rs20541. The order of SNPs in IL7R is
rs1389832, rs1494556, rs1494555 and rs7737000.
2Adjusted for sex, age, education and smoking.
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disease (62). It has also been implicated in the etiology of

gastric mucosa-associated lymphoid tissue lymphoma (63),

colorectal cancer (64) and NHL (65), although another study

has reported a null finding with NHL (40). In this study, we

found an association of borderline significance of this gene

with gastric cancer risk.

TGF1 is the only Th3 gene we examined in this study.

There has been much focus on the role of this gene in

carcinogenesis. A number of cancers are characterized by

elevated TGF1 production, including prostate, gastric, color-

ectal, breast (66). Several polymorphisms are known to alter

the expression or function of TGF1, including rs1800469

and rs1982073 (67). Despite the strong biologic rationale,

the results of association studies between TGF1 SNPs and

cancer outcomes are inconsistent (68,69). We found no sig-

nificant associations between TGF1 polymorphisms and

gastric cancer risk in this study.

The present study is based on a relatively large study of

gastric cancer conducted in a high risk population. The fact

that this study was population-based and had high-

participation rates strengthens its findings. Misclassification

was minimal due to the high reproducibility and accuracy of

genotyping. However, the gene coverage of our SNP selec-

tion was limited. The observed associations between IL5

rs2069812 and IL7R rs1389832, rs1494556 and rs1494555

and gastric cancer risk could be due to the influence of other

alleles, which are in linkage disequilibrium with these poly-

morphisms. These observations could also be due to chance

as a result of multiple comparisons. Our finding by H. pylori

infection status could be false because of (i) the small

number of H. pyori-positive controls (79 positive and 336

controls) and H. pylori-negative cases (227 positive and 73

controls) and minor allele carries, our stratified analysis by

H. pylori status had very limited power and (ii) being case–

control study, our information on the prevalence of H. pylori

infection among cases may not be accurate owing to clear-

ance of H. pylori colonization with tumor progression. Still,

our findings in these key immune function genes in relation

to gastric cancer risk provide intriguing leads that can be

further investigated in larger studies. In conclusion, the

present study suggests that the IL5 rs2069812 and IL7R

rs1389832, rs1494556 and rs1494555 polymorphisms may

contribute to the etiology of gastric cancer. Further studies

will be needed to analyze additional SNPs for the full cover-

age of the genes across different populations.

Funding

This work was supported by the Intramural Research

Program of the National Cancer Institute, National Institutes

of Health.

Conflict of interest statement

None declared.

References

1. Peek RM, Blaser MJ. Helicobacter pylori and gastrointestinal tract
adenocarcinomas. Nat Rev Cancer 2002;2:28–37.

2. Parsonnet J, Vandersteen D, Goates J, Sibley RK, Pritikin J, Chang Y.
Helicobacter pylori infection in intestinal- and diffuse-type gastric

adenocarcinomas. J Natl Cancer Inst 1991;83:640–3.
3. D’Elios MM, Amedei A, Benagiano M, Azzurri A, Del Prete G.

Helicobacter pylori, T cells and cytokines: the “dangerous liaisons”.
FEMS Immunol Med Microbiol 2005;44:113–9.

4. Houghton J, Fox JG, Wang TC. Gastric cancer: laboratory bench to
clinic. J Gastroenterol Hepatol 2002;17:495–502.

5. El Omar EM, Carrington M, Chow WH, McColl KE, Bream JH,
Young HA, et al. Interleukin-1 polymorphisms associated with
increased risk of gastric cancer. Nature 2000;404:398–402.

6. Padol IT, Hunt RH. Effect of Th1 cytokines on acid secretion in
pharmacologically characterised mouse gastric glands. Gut 2004;53:
1075–81.

7. Rabinovitch A. An update on cytokines in the pathogenesis of
insulin-dependent diabetes mellitus. Diabetes Metab Rev 1998;14:
129–51.

8. Lehmann FS, Terracciano L, Carena I, Baeriswyl C, Drewe J,
Tornillo L, et al. In situ correlation of cytokine secretion and apoptosis
in Helicobacter pylori-associated gastritis. Am J Physiol Gastrointest

Liver Physiol 2002;283:G481–G488.
9. Tiwari S, Ghoshal U, Ghoshal UC, Dhingra S, Pandey R, Singh M,

et al. Helicobacter pylori-induced apoptosis in pathogenesis of gastric
carcinoma. Indian J Gastroenterol 2005;24:193–6.

10. Wu MS, Wu CY, Chen CJ, Lin MT, Shun CT, Lin JT. Interleukin-10
genotypes associate with the risk of gastric carcinoma in Taiwanese
Chinese. Int J Cancer 2003;104:617–23.

11. D’Elios MM, Manghetti M, Almerigogna F, Amedei A, Costa F,
Burroni D, et al. Different cytokine profile and antigen-specificity
repertoire in Helicobacter pylori-specific T cell clones from the antrum
of chronic gastritis patients with or without peptic ulcer. Eur J Immunol

1997;27:1751–5.
12. Ren Z, Pang G, Clancy R, Li LC, Lee CS, Batey R, et al. Shift of the

gastric T-cell response in gastric carcinoma. J Gastroenterol Hepatol

2001;16:142–8.
13. Ren Z, Borody T, Pang G, Li LC, Dunkley M, Clancy R. Selective

reduction of anti-Helicobacter pylori IgG subclass antibody in gastric
carcinoma. J Gastroenterol Hepatol 2005;20:1338–43.

14. Chen Y, Kuchroo VK, Inobe J, Hafler DA, Weiner HL. Regulatory T

cell clones induced by oral tolerance: suppression of autoimmune
encephalomyelitis. Science 1994;265:1237–40.

15. Fukaura H, Kent SC, Pietrusewicz MJ, Khoury SJ, Weiner HL,
Hafler DA. Induction of circulating myelin basic protein and proteolipid
protein-specific transforming growth factor-beta1-secreting Th3 T cells
by oral administration of myelin in multiple sclerosis patients. J Clin

Invest 1996;98:70–7.
16. Neurath MF, Fuss I, Kelsall BL, Presky DH, Waegell W, Strober W.

Experimental granulomatous colitis in mice is abrogated by induction
of TGF-beta-mediated oral tolerance. J Exp Med 1996;183:2605–16.

17. Bridoux F, Badou A, Saoudi A, Bernard I, Druet E, Pasquier R, et al.
Transforming growth factor beta (TGF-beta)-dependent inhibition
of T helper cell 2 (Th2)-induced autoimmunity by self-major

histocompatibility complex (MHC) class II-specific, regulatory CD4(þ)
T cell lines. J Exp Med 1997;185:1769–75.

18. Han HS, Jun HS, Utsugi T, Yoon JW. A new type of CD4þ suppressor
T cell completely prevents spontaneous autoimmune diabetes and
recurrent diabetes in syngeneic islet-transplanted NOD mice.
J Autoimmun 1996;9:331–9.

19. Daly AK, Day CP, Donaldson PT. Polymorphisms in immunoregulatory
genes: towards individualized immunosuppressive therapy? Am

J Pharmacogenomics 2002;2:13–23.
20. Martin AM, Athanasiadis G, Greshock JD, Fisher J, Lux MP,

Calzone K, et al. Population frequencies of single nucleotide
polymorphisms (SNPs) in immuno-modulatory genes. Hum Hered

2003;55:171–8.
21. Hou L, El-Omar EM, Chen J, Grillo P, Rabkin CS, Baccarelli A, et al.

Polymorphisms in Th1-type cell-mediated response genes and risk of
gastric cancer. Carcinogenesis 2007;28:118–23.

Jpn J Clin Oncol 2008;38(9) 631



22. Lucey DR, Clerici M, Shearer GM. Type 1 and type 2 cytokine
dysregulation in human infectious, neoplastic, and inflammatory

diseases. Clin Microbiol Rev 1996;9:532–62.
23. Yssel H, Schneider P, Spits H. Production of IL4 by human T cells and

regulation of differentiation of T-cell subsets by IL4. Res Immunol

1993;144:610–6.
24. Lindholm C, Quiding-Jarbrink M, Lonroth H, Hamlet A,

Svennerholm AM. Local cytokine response in Helicobacter pylori-

infected subjects. Infect Immun 1998;66:5964–71.
25. Bartuzi Z, Zbikowska-Gotz M, Romanski B, Sinkiewicz W. Evaluating

the profile of selected cytokines in patients with food allergy and
chronic gastritis. Med Sci Monit 2000;6:1128–35.

26. De Vita F, Romano C, Orditura M, Galizia G, Martinelli E, Lieto E,
et al. Interleukin-6 serum level correlates with survival in advanced

gastrointestinal cancer patients but is not an independent prognostic
indicator. J Interferon Cytokine Res 2001;21:45–52.

27. Volk H, Asadullah K, Gallagher G, Sabat R, Grutz G. IL-10 and
its homologs: important immune mediators and emerging
immunotherapeutic targets. Trends Immunol 2001;22:414–7.

28. Wanidworanun C, Strober W. Predominant role of tumor necrosis

factor-alpha in human monocyte IL-10 synthesis. J Immunol

1993;151:6853–61.
29. Minty A, Chalon P, Derocq JM, Dumont X, Guillemot JC, Kaghad M,

et al. Interleukin-13 is a new human lymphokine regulating
inflammatory and immune responses. Nature 1993;362:248–50.

30. Gough SC, Walker LS, Sansom DM. CTLA4 gene polymorphism and
autoimmunity. Immunol Rev 2005;204:102–15.

31. Li H, Xu D, Toh BH, Liu JP. TGF-beta and cancer: is Smad3 a
repressor of hTERT gene? Cell Res 2006;16:169–73.

32. Chow WH, Swanson CA, Lissowska J, Groves FD, Sobin LH,
Nasierowska-Guttmejer A, et al. Risk of stomach cancer in relation to
consumption of cigarettes, alcohol, tea and coffee in Warsaw, Poland.
Int J Cancer 1999;81:871–6.

33. Baccarelli A, Hou L, Chen J, Lissowska J, El Omar EM, Grillo P, et al.
Mannose-binding lectin-2 genetic variation and stomach cancer risk. Int

J Cancer 2006;119:1970–5.
34. Packer BR, Yeager M, Burdett L, Welch R, Beerman M, Qi L, et al.

SNP500Cancer: a public resource for sequence validation, assay
development, and frequency analysis for genetic variation in candidate

genes. Nucleic Acids Res 2006;34:D617–D621.
35. El Omar EM, Rabkin CS, Gammon MD, Vaughan TL,

Risch HA, Schoenberg JB, et al. Increased risk of noncardia gastric
cancer associated with proinflammatory cytokine gene polymorphisms.
Gastroenterology 2003;124:1193–201.

36. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and

visualization of LD and haplotype maps. Bioinformatics 2005;21:
263–5.

37. Schaid DJ, Rowland CM, Tines DE, Jacobson RM, Poland GA. Score
tests for association between traits and haplotypes when linkage phase
is ambiguous. Am J Hum Genet 2002;70:425–34.

38. Okamoto Y, Douek DC, McFarland RD, Koup RA. Effects of
exogenous interleukin-7 on human thymus function. Blood

2002;99:2851–8.
39. Zhang Z, Duvefelt K, Svensson F, Masterman T, Jonasdottir G,

Salter H, et al. Two genes encoding immune-regulatory molecules
(LAG3 and IL7R) confer susceptibility to multiple sclerosis. Genes

Immun 2005;6:145–52.
40. Lan Q, Zheng T, Rothman N, Zhang Y, Wang SS, Shen M, et al.

Cytokine polymorphisms in the Th1/Th2 pathway and susceptibility to
non-Hodgkin lymphoma. Blood 2006;107:4101–8.

41. Messer G, Spengler U, Jung MC, Honold G, Blomer K, Pape GR, et al.
Polymorphic structure of the tumor necrosis factor (TNF) locus: an
NcoI polymorphism in the first intron of the human TNF-beta gene
correlates with a variant amino acid in position 26 and a reduced level

of TNF-beta production. J Exp Med 1991;173:209–19.
42. Sharma S, Sharma A, Kumar S, Sharma SK, Ghosh B. Association of

TNF haplotypes with asthma, serum IgE levels, and correlation with
serum TNF-alpha levels. Am J Respir Cell Mol Biol 2006;35:488–95.

43. Garrote JA, Arranz E, Telleria JJ, Castro J, Calvo C, Blanco-Quiros A.
TNF alpha and LT alpha gene polymorphisms as additional markers of

celiac disease susceptibility in a DQ2-positive population.
Immunogenetics 2002;54:551–5.

44. Rothman N, Skibola CF, Wang SS, Morgan G, Lan Q, Smith MT, et al.
Genetic variation in TNF and IL10 and risk of non-Hodgkin lymphoma:
a report from the InterLymph Consortium. Lancet Oncol 2006;7:27–38.

45. Lee SG, Kim B, Yook JH, Oh ST, Lee I, Song K. TNF/LTA
polymorphisms and risk for gastric cancer/duodenal ulcer in the Korean
population. Cytokine 2004;28:75–82.

46. Gunter MJ, Canzian F, Landi S, Chanock SJ, Sinha R, Rothman N.
Inflammation-related gene polymorphisms and colorectal adenoma.
Cancer Epidemiol Biomarkers Prev 2006;15:1126–31.

47. Zwerina J, Redlich K, Schett G, Smolen JS. Pathogenesis of rheumatoid
arthritis: targeting cytokines. Ann N Y Acad Sci 2005;1051:716–29.

48. Yamamoto N, Sugiura H, Tanaka K, Uehara M. Heterogeneity of
interleukin 5 genetic background in atopic dermatitis patients:
significant difference between those with blood eosinophilia and normal
eosinophil levels. J Dermatol Sci 2003;33:121–6.

49. Hong SJ, Lee SY, Kim HB, Kim JH, Kim BS, Choi SO, et al. IL-5 and
thromboxane A2 receptor gene polymorphisms are associated with
decreased pulmonary function in Korean children with atopic asthma.
J Allergy Clin Immunol 2005;115:758–63.

50. Heinzmann A, Mao XQ, Akaiwa M, Kreomer RT, Gao PS, Ohshima K,
et al. Genetic variants of IL-13 signalling and human asthma and atopy.
Hum Mol Genet 2000;9:549–59.

51. Howard TD, Koppelman GH, Xu J, Zheng SL, Postma DS, Meyers DA,
et al. Gene– gene interaction in asthma: IL4RA and IL13 in a Dutch
population with asthma. Am J Hum Genet 2002;70:230–6.

52. Shirakawa I, Deichmann KA, Izuhara I, Mao I, Adra CN, Hopkin JM.
Atopy and asthma: genetic variants of IL-4 and IL-13 signalling.
Immunol Today 2000;21:60–4.

53. Cinek O, Vavrincova P, Striz I, Drevinek P, Sedlakova P, Vavrinec J,
et al. Association of single nucleotide polymorphisms within cytokine
genes with juvenile idiopathic arthritis in the Czech population.
J Rheumatol 2004;31:1206–10.

54. Choi EH, Lee HJ, Yoo T, Chanock SJ. A common haplotype of
interleukin-4 gene IL4 is associated with severe respiratory syncytial
virus disease in Korean children. J Infect Dis 2002;186:1207–11.

55. Lai KC, Chen WC, Jeng LB, Li SY, Chou MC, Tsai FJ. Association of
genetic polymorphisms of MK, IL-4, p16, p21, p53 genes and human
gastric cancer in Taiwan. Eur J Surg Oncol 2005;31:1135–40.

56. Savage SA, Abnet CC, Haque K, Mark SD, Qiao YL, Dong ZW, et al.
Polymorphisms in interleukin -2, -6, and -10 are not associated with
gastric cardia or esophageal cancer in a high-risk chinese population.
Cancer Epidemiol Biomarkers Prev 2004;13:1547–9.

57. Lobo GL, Zambaldi TM, de Labio RW, Silva LC, Arruda
Cardoso SM, Marques Payao SL. Interleukin-6 polymorphism and
Helicobacter pylori infection in Brazilian adult patients with chronic
gastritis. Clin Exp Med 2005;5:112–6.

58. Rad R, Dossumbekova A, Neu B, Lang R, Bauer S, Saur D, et al.
Cytokine gene polymorphisms influence mucosal cytokine expression,
gastric inflammation, and host specific colonisation during Helicobacter

pylori infection. Gut 2004;53:1082–9.

59. Lee JY, Kim HY, Kim KH, Kim SM, Jang MK, Park JY, et al.
Association of polymorphism of IL-10 and TNF-A genes with gastric
cancer in Korea. Cancer Lett 2005;225:207–14.

60. Zalloua PA, Abchee A, Shbaklo H, Zreik TG, Terwedow H, Halaby G,
et al. Patients with early onset of type 1 diabetes have significantly
higher GG genotype at position 49 of the CTLA4 gene. Hum Immunol

2004;65:719–24.
61. Machida H, Tsukamoto K, Wen CY, Narumi Y, Shikuwa S, Isomoto H,

et al. Association of polymorphic alleles of CTLA4 with inflammatory
bowel disease in the Japanese. World J Gastroenterol 2005;11:
4188–93.

62. Vaidya B, Imrie H, Perros P, Young ET, Kelly WF, Carr D, et al. The
cytotoxic T lymphocyte antigen-4 is a major Graves’ disease locus.
Hum Mol Genet 1999;8:1195–9.

63. Cheng TY, Lin JT, Chen LT, Shun CT, Wang HP, Lin MT, et al.
Association of T-cell regulatory gene polymorphisms with
susceptibility to gastric mucosa-associated lymphoid tissue lymphoma.
J Clin Oncol 2006;24:3483–9.

64. Solerio E, Tappero G, Iannace L, Matullo G, Ayoubi M, Parziale A,
et al. CTLA4 gene polymorphism in Italian patients with colorectal
adenoma and cancer. Dig Liver Dis 2005;37:170–5.

65. Piras G, Monne M, Uras A, Palmas A, Murineddu M, Arru L, et al.
Genetic analysis of the 2q33 region containing CD28-CTLA4-ICOS

632 T helper cell pathways and gastric cancer risk



genes: association with non-Hodgkin’s lymphoma. Br J Haematol
2005;129:784–90.

66. Lin Y, Kikuchi S, Tamakoshi A, Obata Y, Yagyu K, Inaba Y, et al.
Serum transforming growth factor-beta1 levels and pancreatic cancer
risk: a nested case – control study (Japan). Cancer Causes Control
2006;17:1077–82.

67. Park KH, Lo Han SG, Whang YM, Lee HJ, Yoo YD, Lee JW, et al.
Single nucleotide polymorphisms of the TGFB1 gene and lung cancer
risk in a Korean population. Cancer Genet Cytogenet 2006;169:39–44.

68. Jin G, Wang L, Chen W, Hu Z, Zhou Y, Tan Y, et al. Variant alleles
of TGFB1 and TGFBR2 are associated with a decreased risk of
gastric cancer in a Chinese population. Int J Cancer 2007;120:
1330–5.

69. Le Marchand L, Haiman CA, van den BD, Wilkens LR, Kolonel LN,
Henderson BE. T29C polymorphism in the transforming growth
factor beta1 gene and postmenopausal breast cancer risk: the
Multiethnic Cohort Study. Cancer Epidemiol Biomarkers Prev 2004;13:
412–5.

Jpn J Clin Oncol 2008;38(9) 633


