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Abstract
AIM: To investigate the association between the tag 
single nucleotide polymorphisms (TagSNPs) of NOD1 
and NOD2 and the risk of developing gastric cancer.

METHODS: We conducted a hospital-based case-con-
trol study including 296 incident gastric cancer patients 
and 160 gastritis controls. Eight TagSNPs in the NOD1 
and NOD2 genes were selected from the Hapmap da-

tabase using the haploview software and genotyped by 
the Sequenom MassArray system. The serum levels of 
anti-Helicobacter pylori  (H. pylori ) IgG were measured 
by enzyme-linked immunosorbent assay to indicate H. 
pylori  infection. The odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated by unconditional 
logistic regression, including sex and age as confound-
ing factors.

RESULTS: The NOD1 rs2907749 GG genotype showed 
a decreased risk for gastric cancer (OR 0.50, 95% CI: 
0.26-0.95, P  = 0.04) while the rs7789045 TT genotype 
showed an increased risk (OR 2.14, 95% CI: 1.20-3.82, 
P  = 0.01). An elevated susceptibility to gastric cancer 
was observed in the subjects with H. pylori  infection and 
the NaOD1 rs7789045 TT genotype (OR 2.05, 95% CI: 
1.07-3.94, P = 0.03) or the NOD2 rs7205423 GC genotype 
(OR 2.52, 95% CI: 1.05-6.04, P  = 0.04). Haplotype anal-
ysis suggested that the distribution of AGT (rs2907749, 
rs2075820 and rs7789045) in NOD1 between the cases 
and control groups was significantly different (P  cor-
rected: 0.04), and the diplotype AGT/AGT was associ-
ated with an elevated gastric cancer risk (OR 1.98, 95% 
CI: 1.04-3.79, P  = 0.04). The association of the NOD1 
rs7789045 TT genotype and the diplotype AGT/AGT 
was significant with H. pylori -related diffuse-type gastric 
cancer (OR 3.00, 95% CI: 1.38-6.53, P  = 0.01; OR 4.02, 
95% CI: 1.61-10.05, P  < 0.01, respectively).

CONCLUSION: Genetic polymorphisms in NOD1 and 
NOD2 may interact with H. pylori  infection and may 
play important roles in promoting the development of 
gastric cancer in the Chinese population.
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INTRODUCTION
The average prevalence of  Helicobacter pylori (H. pylori) in-
fection in people worldwide is approximately 50%. An 
epidemiology meta analysis has indicated that the H. pylori 
prevalence ranges from 35% to 81% in different districts 
within China, and the average infection rate is 58%[1]. H. pylori 
was estimated to be responsible for approximately 65% 
of  all stomach cancers worldwide[2]. It has been reported 
that gastric cancer-associated mortality rates accounted for 
nearly one-quarter of  the total malignant tumor-related 
mortalities in China[3]. Together with H. pylori infection, 
host genetic susceptibility, diet, a high salt intake and smok-
ing have all been proposed to be risk factors for gastric 
cancer.

Clinical and epidemiologic studies have suggested a 
strong association between chronic infection, inflamma-
tion, and cancer[4-6]. Gastric cancer develops very rarely 
in the normal gastric mucosa. Most of  the H. pylori-
infected individuals showed gastritis, but very few people 
develop gastric cancer. The genetic variations between 
the gastritis and gastric cancer patients may play impor-
tant roles in the H. pylori-related clinical outcomes[7]. The 
host immune response has a strong role in determining 
the outcome of  H. pylori infection, and the polymor-
phisms in genes that control this immune response have 
been shown to affect the risk of  gastric cancer[8-11]. H. 
pylori trigger inflammation through activation of  the 
receptors that recognize pathogen-associated molecular 
patterns (PAMPs), and these PAMPs are recognized 
through a set of  germline-encoded pattern recognition 
receptors (PRRs). The activation of  PRRs leads to rapid 
production of  a range of  pro-inflammatory cytokines 
with a profound impact on both the innate and adaptive 
immune responses.

Among the cytosolic PRRs is the nucleotide-binding 
oligomerization domain (NOD)-like receptor family. Two 
members of  this family, known as NOD1 and NOD2, 
have been recently identified[12]. NOD1 and NOD2 are 
characterized by a central NOD, an N-terminal effector-
binding domain (CARD) and a C-terminal ligand recog-
nition domain that is comprised of  leucine-rich repeats 
(LRR)[13]. NOD1 senses a muropeptide found mostly in 
Gram-negative bacterial peptidoglycans, whereas NOD2 
senses bacterial molecules produced during peptidoglycan 
synthesis or degradation[14]. NOD1 and NOD2 are be-

coming known as key regulators of  chronic inflammatory 
conditions[15]. The NODs ultimately activate transcription 
factors such as nuclear factor (NF)-κB, STAT1 and so 
on, which play important roles in inflammation-linked 
tumor development. It is important to understand how 
the NOD family proteins work together in coordinating 
the host response to a given pathogen. Direct evidence 
for NOD family-mediated host defense derived mostly 
from an in vivo study in which NOD1-deficient mice were 
reported to be more susceptible to infection by H. pylori 
strains with functional type Ⅳ secretion systems[16]. Ad-
ditionally, NOD2 was reported to regulate antimicrobial 
peptide synthesis as part of  the host defense strategies 
against L. monocytogenes infection in vivo[17].

There are several reports that demonstrated that the 
polymorphisms of  the NOD1 and NOD2 genes in dif-
ferent populations were related to variant clinical out-
comes of  H. pylori infection. Although two studies have 
shown that the NOD1 E266K (rs2075820) mutation in-
creased the risk of  peptic ulceration, antral atrophy and 
intestinal metaplasia[18,19], there is little research related 
to the association between NOD1 polymorphisms and 
gastric cancer. NOD2 polymorphisms have been proven 
to significantly correlate with the incidence of  gastric 
cancer in European populations[20-22], whereas all of  the 
SNPs studied proved to be monomorphic sites in the 
Chinese population. To verify that the polymorphisms 
of  the H. pylori-recognized NOD1 and NOD2 contrib-
ute to gastric cancer carcinogenesis through gene-gene 
and gene-environment interactions, we performed a hos-
pital-based case-control study with 296 incident gastric 
cancer patients (hospital case subjects) and 160 gastritis 
patients (hospital control subjects).

MATERIALS AND METHODS
Study population
The hospital-based case-control study consisted of  466 
hospitalized patients recruited sequentially in the China 
People’s Liberation Army General Hospital from Janu-
ary 2009 to June 2010. The 296 case subjects were histo-
pathologically verified gastric cancer patients (GC group) 
and the 160 control subjects were gastritis patients (GA 
group) who had undergone gastroscopy. All subjects were 
unrelated Han Chinese. The exclusion criteria for the hos-
pital control subjects included previous cancer and previ-
ous chemotherapy or radiotherapy. Upon recruitment, 
informed consent was obtained from each subject or their 
relatives, and this study was approved by the Institutional 
Review Board of  the Institute of  Biotechnology.

Genotyping and tag single nucleotide polymorphisms 
selection
Eight TagSNPs for the NOD1 and NOD2 genes were 
chosen from the designable set of  common SNPs [mi-
nor allele frequency (MAF) ≥ 0.05] genotyped in the 
Han Chinese (CHB) population samples of  the HapMap 
Project (Data Release 24/Phase Ⅱ, NCBI B36 assembly, 
dbSNP b126). The TagSNPs selection was done using 
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the software Haploview version 4.0 with pairwise tagging 
mode. For the NOD1 gene, four TagSNPs were selected 
(rs17159048, rs2907749, rs2075820 and rs7789045), 
which captured 36 out of  45 (80%) of  the SNPs cover-
ing the whole gene. For the NOD2 gene, four TagSNPs 
were selected (rs2067085, rs1861759, rs3135500 and 
rs72054230), which captured 17 out of  21 (80%) of  the 
SNPs covering the whole gene, and the 3’-flanking 2 kb 
regions; TagSNPs were selected with pairwise r2 ≥ 0.80.

The genotypes of  all the SNPs were determined by 
the MassArray system (Sequenom iPLEXassay, San Di-
ego, United States). The polymerase chain reaction (PCR) 
primers (MassExtend; Sequenom) used in this study were 
listed in Table 1. Briefly, approximately 15 ng of  genomic 
DNAs isolated from the peripheral blood lymphocytes 
of  the study subjects were used to genotype each sample. 
Locus-specific PCR and detection primers were designed 
using the MassARRAY Assay Design 3.0 software (Se-
quenom, San Diego, United States). The sample DNA 
was amplified by a multiplex PCR reaction, and the PCR 
products were then used for locus-specific single-base 
extension reaction. The resulting products were desalted 
and transferred to a 384-element SpectroCHIP array. 
The alleles were discriminated by mass spectrometry. 
(Sequenom, San Diego, United States). Genotyping was 
performed without knowledge of  the case or control sta-
tus. Twenty random samples were tested in duplicate by 
different persons, and the reproducibility was 100%.

Helicobacter pylori detection
The H. pylori infection status was evaluated by the detec-
tion of  serum-specific IgG antibodies against H. pylori 
in duplicate with enzyme-linked immunosorbent assay 
procedures. The sonicated H. pylori strain SS1 antigen 
was used to coat 96-well microplates at a concentration 
of  2 μg/mL. The sera of  the samples were diluted 1:100 
when measured. Twenty serum samples, which were veri-
fied by H. pylori histology culture, rapid urease test and 

Carbon-14-Urea Breath Test, were considered the can-
didate positive controls, whereas twenty serum samples 
were considered candidate negative controls by the same 
three tests. Six serum samples were ultimately confirmed 
as the negative control criteria, the mean absorbance of  
which was identical to that of  the 20 candidate negative 
controls. Finally, the samples with a mean absorbance 
2.1-fold or greater than the mean absorbance of  the six 
negative reference samples were considered to be positive 
reactions. The sensitivity of  the H. pylori detection system 
was 100% (20 of  20) in the control groups.

Haplotype construction and statistical analysis
The Pearson’s χ 2 test was used to examine the differences 
between the case and the control groups in sex, H. pylori 
infection and age groups. The genotype frequencies in 
the cases and controls were compared and both the OR 
and 95% CI: of  each genotype were estimated by apply-
ing unconditional logistic regression adjusting for age, 
sex and H. pylori infection when it was appropriate. The 
homozygotes of  the most frequent allele in controls were 
used as the reference group. The Hardy-Weinberg equi-
librium was performed using PLINK version1.07[23]. The 
haplotypes were inferred using Haploview 4.0[24]. The 
pairwise linkage disequilibrium (LD) among the SNPs 
was assessed using Haploview 4.0. The case-control com-
parisons of  the haplotype distributions were carried out 
by applying the inbuilt permutation test based on 10 000 
permutations. SPSS, version 15.0 (Chicago, IL, United 
States) was used for all the statistical analyses.

RESULTS
Characteristics of the study population
A total of  296 incident patients with gastric cancer and 
160 incident patients with gastritis were enrolled in this 
case-control study. Table 2 shows that the distributions 
of  sex between the two groups were not significantly dif-
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Table 1  Primer details for genotyping of single nucleotide polymorphisms from NOD1 and NOD2 genes

SNP ID PCR 1st primer PCR 2nd primer Amplication 
length (bp)

Extension sequence primer

rs17159048 ACGTTGGATGTCAAGAGGAGGGT
ATTAGGC

ACGTTGGATGCTGTGTGCTTGGG
CAGTAAC

  93 TTTGGCAGTAACAGTGACAAG

rs2907749 ACGTTGGATGGCTGTGAAGAACA
GCAAATC

ACGTTGGATGCACACAGCAGGTT
GTACCAC

  99 GTAGGTTGTACCACATACATCC

rs2075820 ACGTTGGATGAAGCGCAGCAGG
AAGGCAAA

ACGTTGGATGACCTGCTCTTCAA
GCACTAC

  90 CACTCCTGCTACCCAGAGCGGGAC
CCC

rs7789045 ACGTTGGATGAGCAGACACAGA
CAGGGTTC

ACGTTGGATGTTGAGATTGCTGA
CTGGTGG

  95 GTGGTCTCTTCCAGC

rs2067085 ACGTTGGATGATCAGGTTGCCGA
TCTTCAC

ACGTTGGATGCCTTTCCTGAGAA
CTCTGTG

  95 GTGCCTCACCCTCTG

rs1861759 ACGTTGGATGTGACATTTCTCTTG
GCTTCC

ACGTTGGATGTGATGTGAAGGAA
TTCCAGG

100 AAGACACGACACCTTTGGC

rs3135500 ACGTTGGATGGGCCATGTTGTCT
ATAAGAG

ACGTTGGATGGATGTGTGAAAAC
TGGTTAA

  99 ATTTGTGAAAACTGGTTAATATTTA
TAG

rs7205423 ACGTTGGATGCTTGGCTCCAGCC
CATTTTG

ACGTTGGATGTATGGCTGCTGCA
GGAAATG

  99 CACAAATTATCCCCTTATAGTC

SNP: Single nucleotide polymorphism; PCR: Polymerase chain reaction. 
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ferent. The age groups distribution between the gastric 
cancer patients and gastritis controls was also similar. 
The percentage of  patients having H. pylori infection was 
almost the same in both the cases and controls. Among 
the gastric cancer cases, 129 (44%) were intestinal-type 
cancer, 125 (42%) were diffuse-type cancer, and 42 (14%) 
were unknown histology-type cases.

Genetic association of the polymorphisms in NOD1 and 
NOD2 with gastric cancer
The distribution of  each of  the eight SNPs genotyped 
in the gastric cancer and gastritis group fitted the Hardy-
Weinberg equilibrium law except for NOD1 rs7789045. 
For rs7789045, this Hardy-Weinberg equilibrium op-
tion is available for the gastritis subjects (χ 2 = 0.735, P 
= 0.391) but not for the gastric cancer subjects (χ 2 = 
5.221, P = 0.022). The major allele homozygotes in all 
the SNPs were used as the reference genotypes. There 
were no significant differences between the gastric can-
cer case and gastritis control in the genotype frequency 
of  the 4 polymorphisms of  NOD2 gene. For NOD1 
gene, the rs2907749 GG homozygote genotype and the 
recessive model (genotype GG vs GA + AA) showed a 
reduced risk for gastric cancer (adjusted OR, 0.50, 95% 
CI: 0.26-0.95, P = 0.04 and adjusted OR, 0.52, 95% CI: 
0.28-0.96, P = 0.04, respectively), whereas the rs7789045 
TT homozygote genotype and both the dominant model 
(genotype TT + TA vs AA) and the recessive model 
(genotype TT vs TA + AA) showed an elevated risk for 
gastric cancer ( adjusted OR, 2.14, 95% CI: 1.20-3.82, P 
= 0.01; adjusted OR, 1.50, 95% CI: 1.01-2.22, P = 0.04 
and adjusted OR, 1.87, 95% CI: 1.09-3.20, P = 0.02, re-
spectively) (Table 3). 

We next examined the joint effects of  NOD1, NOD2 
polymorphisms and H. pylori infection. Because of  the 
limited number in H. pylori seronegative subjects (with 
75 and 41 subjects in gastric cancer and gastritis groups, 
respectively), only the H. pylori seropositive subjects 
were considered for analysis. Logistic regression analysis 

showed that the NOD1 rs7789045 TT homozygote and 
the recessive model (genotype TT vs TA+AA) carriers 
had an elevated risk for gastric cancer, with adjusted OR, 
2.05, 95% CI: 1.07-3.94, P = 0.03 and adjusted OR, 2.06, 
95% CI: 1.13-3.76, P = 0.02, respectively. For the NOD2 
gene, the rs3135500 AG heterozygote genotype had an 
increased risk for gastric cancer in H. pylori-positive sub-
jects (adjusted OR, 2.65, 95% CI: 1.02-6.89, P = 0.05). 
Both the GC heterozygote and the dominant model 
(genotype CC+GC vs GG) of  rs7205423 showed an 
elevated risk for gastric cancer (adjusted OR, 2.52, 95% 
CI: 1.05-6.04, P = 0.04 and adjusted OR, 2.38, 95% CI: 
1.03-5.48, P = 0.04, respectively). We examined the asso-
ciation of  the gene variations in NOD1 and NOD2 with 
intestinal-type and diffuse-type gastric cancer as well. The 
results showed that the NOD1 rs2907749 AA homo-
zygote and the dominant model (genotype AA+GA vs 
GG) carriers (adjusted OR, 2.66, 95% CI: 1.10-6.44, P = 
0.03 and adjusted OR, 2.47, 95% CI: 1.05-5.81, P = 0.04, 
respectively) together with the rs7789045 TT homozy-
gote and the recessive model (genotype TT vs TA+AA) 
carriers (adjusted OR 2.97, 95% CI: 1.49-5.95, P < 0.01 
and adjusted OR 2.53, 95% CI: 1.35-4.74, P < 0.01, re-
spectively ) had a significantly elevated risk for developing 
diffuse-type gastric cancer. When H. pylori infection and 
the gastric cancer type were considered simultaneously, 
both the recessive model of  rs2075820 (genotype GG 
vs GA+AA) and the rs7789045 TT homozygote or the 
recessive model (genotype TT vs TA+AA) in the NOD1 
gene showed a significantly elevated risk for developing 
diffuse-type gastric cancer in H. pylori-positive subjects 
(adjusted OR 1.89, 95% CI: 1.07-3.32, P = 0.03; adjusted 
OR 3.00, 95% CI: 1.38-6.53, P < 0.01; and adjusted OR 
2.91, 95% CI: 1.45-5.87, P < 0.01, respectively ) (Table 4).

Haplotype and diplotype analysis of NOD1 tag single 
nucleotide polymorphisms selection
In a linkage disequilibrium analysis for all of  the polymor-
phisms, we found suggestive evidence for the linkage of  
rs2907749, rs2075820 and rs7789045 polymorphisms (for 
rs2907749 and rs2075820, D′:0.935, LOD:19.93, r2:0.168; 
for rs2075820 and rs7789045, D′:1.0, LOD:49.28, r2:0.307; 
for rs2907749 and rs7789045, D′:0.949, LOD:38.97, 
r2:0.251) in the NOD1 gene. The five common haplo-
types (AGT, AAA, GGA, GAA and AGA) in the gastritis 
control group accounted for 99% of  all haplotypes (Table 
5). The most common haplotype was AGT, occurring in 
42% and 33% of  the case and control groups, respective-
ly, and the distribution of  AGT was significantly different 
between cases and controls (P = 0.01). 

For the NOD1 gene, the diplotypes with frequencies 
> 5% include AGT/AAA, AAA/GGA, AGT/GGA, 
AGT/AGT, GGA/GGA and AAA/AAA, which ac-
counted for 94% of  all the diplotypes in the controls. 
Using the most common diplotype AGT/AAA as a ref-
erence group, our data showed that diplotype AGT/AGT 
was significantly associated with elevated gastric cancer 
risk, with OR, 1.98, 95% CI: 1.04-3.79, P = 0.04 (Table 6). 
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Table 2  Baseline clinical characteristics of cases and controls  
n  (%)

GC group 
(n  = 296)

GA group 
(n  = 160)

P 1

Sex 0.455
   Male 222 (75.0) 125 (78.1)
   Female   74 (25.0)   35 (21.9)
Helicobacter pylori infection 0.946
   Positive 221 (74.7) 119 (74.4)
   Negative   75 (25.3)   41 (25.6)
Age (yr) 0.193
   ≤ 55 131 (43.9)   81 (50.6)
   > 55 165 (56.1)   79 (49.4)
Histological type
   Intestinal 129 (43.6)
   Diffuse 125 (42.2)
   Unknown   42 (14.2)

1Two-sided χ 2 test. GC: Gastric cancer group; GA: Gastritis group.
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The distribution of  the NOD1 diplotypes between 
gastric cancer and gastritis subjects infected with H. pylori 
was significantly different from when the H. pylori infec-
tion status was not considered. The results showed that 
the diplotypes AGT/GGA, AGT/AGT and AAA/AAA 
were significantly associated with elevated gastric cancer 
risk when compared with the diplotype AGT/AAA, with 
adjusted OR, 2.14, 95% CI: 1.01-4.51, P = 0.05, adjusted 
OR, 3.07, 95% CI: 1.47-6.41, P < 0.01, adjusted OR, 2.96, 
95% CI: 1.10-7.92, P = 0.03, respectively. The risks of  
intestinal-type and diffuse-type gastric cancer associated 
with diplotypes in the NOD1 and NOD2 genes were 
also estimated. The results showed that AGT/AGT was 

significantly associated with elevated diffuse-type gastric 
cancer risk compared with the diplotype AGT/AAA, 
with adjusted OR, 2.56, 95% CI: 1.17-5.58, P = 0.02. The 
risk of  diffuse-type gastric cancer related to the NOD1 
diplotype AGT/AGT was further examined with strati-
fication by H. pylori infection. As expected, the OR value 
of  diffuse-type gastric cancer with H. pylori infection for 
subjects carrying the AGT/AGT diplotype was 4.02, 
95% CI: 1.61-10.05, P < 0.01, which was higher than that 
of  the H. pylori infection group or diffuse-type group 
alone (Table 7). The NOD2 polymorphism was associ-
ated with neither the intestinal-type nor the diffuse-type 
gastric cancer in this study.
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Table 3  Adjusted odds ratios for gastric cancer associated with NOD1 and NOD2 polymorphisms

Gene rsID Chr 11 21 GC group GA group AOR2 (95% CI)

Heterozygote Homozygote Dominant Recessive

11/12/22 11/12/22
NOD1 rs17159048   7 G T 1/62/233 3/38/1183 0.82 (0.52-1.31) / 0.78 (0.49-1.22) /

rs2907749   7 G A 23/117/156 22/62/76 0.92 (0.61-1.39)  0.50 (0.26-0.95)a 0.81 (0.55-1.19)  0.52 (0.28-0.96)a

rs2075820   7 A G 32/118/1453 12/78/683 0.70 (0.47-1.06) 1.27 (0.62-2.64) 0.78 (0.53-1.16) 1.51 (0.75-3.04)
rs7789045   7 T A 65/126/105 21/67/72 1.30 (0.85-1.99)  2.14 (1.20-3.82)a  1.50 (1.01-2.22)a  1.87 (1.09-3.20)a

NOD2 rs2067085 16 G C 0/46/250 0/24/136 1.04 (0.61-1.78) / / /
rs1861759 16 C A 8/69/219 3/43/114 0.79 (0.50-1.23) 1.29 (0.33-4.97) 0.82 (0.53-1.27) /
rs3135500 16 A G 16/111/169 12/51/97 1.22 (0.80-1.85) 0.73 (0.33-1.61) 1.13 (0.76-1.67) 0.68 (0.31-1.47)
rs7205423 16 G C 20/135/141 14/61/85 1.31 (0.87-1.96) 0.82 (0.39-1.72) 1.22 (0.82-1.79) 0.72 (0.35-1.48)

1"1"designates the minor allele,"2"designates the major allele; 2ORs were adjusted for the covariates (age, sex and Helicobacter pylori infection); 3One or two 
subjects failed to be genotyped. GC: Gastric cancer group; GA: Gastritis group. aP < 0.05, GC vs GA. 

Table 4  Association of the risk single nucleotide polymorphisms in NOD1and NOD2 with two major gastric cancer types and Heli-
cobacter pylori  infection status

Type Genotype Heterozygote Homozygote Dominant model       Recessive model

 AA1 Aa aa AOR2 (95% CI) P AOR (95% CI) P AOR (95% CI) P AOR (95% CI) P

NOD1 rs2907749 risk allele:A
   Diffuse 125 cases   68 49   8 2.24 (0.91-5.53) 0.08   2.66 (1.10-6.44)  0.03a 2.47 (1.05-5.81)  0.04a 1.39 (0.86-2.24) 0.18
   Intestinal 129 cases   66 52 11 1.61 (0.71-3.67) 0.26   1.58 (0.71-3.55) 0.27 1.59 (0.73-3.46) 0.24 1.09 (0.68-1.75) 0.72
   160 controls   91 61   8 / / / / / / / /
NOD1 rs2075820 risk allele:G
   Diffuse 125 cases   60 55 13 0.45 (0.19-1.07) 0.07   0.82 (0.36-1.90) 0.65 0.63 (0.28-1.41) 0.26 1.55 (0.96-2.51) 0.08
   Intestinal 128 cases   68 41 16 0.54 (0.22-1.31) 0.17   0.77 (0.32-1.85) 0.56 0.65 (0.28-1.51) 0.32 1.29 (0.79-2.08) 0.31
   158 controls   68 78 12 / / / / / / / /
   HP+ 220 cases 119 78 23 0.39 (0.16-0.99) 0.05 0.674 (0.27-1.68) 0.40 0.53 (0.22-1.28) 0.16 1.47 (0.93-2.31) 0.10
   HP+ diffuse 93 cases   56 27 10 0.38 (0.13-1.13) 0.08   0.85 (0.29-2.46) 0.76 0.60 (0.21-1.70) 0.34 1.89 (1.07-3.32)  0.03a

   HP+ 117 controls   52 58   7 / / / / / / / /
NOD1 rs7789045 risk allele:T
   Diffuse 125 cases   32 51 42 1.36 (0.79-2.33) 0.26   2.97 (1.49-5.95)    0.00a,b   1.719 (1.045-2.828)  0.03a 2.53 (1.35-4.74)    0.00a,b

   Intestinal 129 cases   22 60 47 1.39 (0.83-2.32) 0.21   1.55 (0.76-3.16) 0.23 1.42 (0.88-2.31) 0.15 1.31 (0.67-2.53) 0.43
   160 controls   20 85 55 / / / / / / / /
   HP+ 221 cases   56 86 79 0.99 (0.60-1.62) 0.96   2.05 (1.07-3.94)  0.03a 1.24 (0.79-1.97) 0.35 2.06 (1.13-3.76)  0.02a

   HP+ diffuse 93 cases   28 34 31 1.06 (0.56-2.01) 0.87   3.00 (1.38-6.53)    0.01a,b 1.50 (0.84-2.69) 0.17 2.91 (1.45-5.87)    0.00a,b

   HP+ 119 controls   17 53 49 / / / / / / / /
NOD2 rs3135500 risk allele:G
   HP+ 221 cases 132 79 10 2.65 (1.02-6.89)  0.05a   2.20 (0.88-5.51)   0.091 2.35 (0.96-5.79) 0.06 0.98 (0.62-1.55) 0.92
   HP+ 119 controls   73 35 11 / / / / / / / /
NOD2 rs7205423 risk allele:C
   HP+ 221 cases 112 97 12 2.52 (1.05-6.04)  0.04a   2.26 (0.96-5.35) 0.06 2.38 (1.03-5.48)  0.04a 1.04 (0.66-1.63) 0.88
   HP+ 119 controls   61 45 13 / / / / / / / /

1Genotypes are shown as AA for risk allele homozygotes, Aa for heterozygotes and aa for the nonrisk allele homozygotes; 2ORs were adjusted for the 
covariates (age, sex and/or Helicobacter pylori infection). aP < 0.05, bP < 0.01, cases vs controls.
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DISCUSSION
In the present study, we investigated the association be-
tween NOD1 and NOD2 gene polymorphisms and the 
risk of  gastric cancer in a Chinese population. To clarify 
the impact of  genetic variation in NOD1 and NOD2 
on the difference of  H. pylori-related clinical outcomes, 
gastritis patients and gastric cancer patients were selected 
as cases and controls. We found that subjects who carried 
the NOD1 rs7789045 TT genotype had an increased risk 
for gastric cancer. Furthermore, the risk was even more 
distinct when stratified by H. pylori infection and in the 
diffuse-type gastric cancer group. Moreover, individuals 
with certain haplotypes and diplotypes derived from three 
TagSNPs of  the NOD1 gene had a significantly elevated 
risk of  gastric cancer, suggesting that the combined ef-
fects of  several SNPs may be detected by haplotype-
based analyses. To our best knowledge, this is the first 
study investigating the impact of  the NOD1 and NOD2 
polymorphisms on susceptibility to gastric cancer in a 
Chinese population.

NOD1 consists of  a C-terminal LRR (Leucine-rich 
region), a central NOD, and an N-terminal CARD (cas-
pase-activating domain) domain[14]. NOD1 has emerged 
as a crucial factor for maintaining a basal level of  im-
mune activation. Clarke et al[25] showed the important role 
for peptidoglycan in priming systemic innate immunity 
and for NOD1 as a homeostatic regulator. The majority 
of  patients with H. pylori-associated gastritis have higher 
NOD1 expression in gastric epithelial cells as compared 

with controls or H. pylori-non-associated gastritis[21], 
which suggests the involvement of  NOD1 signaling in 
the development of  human gastric inflammation. Re-
cently, it has been demonstrated that H. pylori virulence 
factors and the NOD1 receptor ubiquitin-activating en-
zyme E1 accumulated in human superficial-foveolar epi-
thelium and its metaplastic or dysplastic foci in a discrete 
cytoplasmic structure named the particle-rich cytoplasmic 
structure (PaCS). PaCS modulates immune-inflammatory 
and proliferative responses of  the gastric epithelium of  
potential pathologic relevance[26]. Therefore, the function 
alteration of  NOD1 due to the gene polymorphisms may 
contribute to the development of  H. pylori-related gastric 
cancer.

It has been suggested that the AA homozygote of  
the E266K (rs2075820) NOD1 gene polymorphism in-
creases the risk of  peptic ulceration in H. pylori-positive 
patients in the Hungarian population[18]. Another report 
indicated that E266K A allele carriers have an increased 
risk of  occurrence of  intestinal metaplasia and atrophy 
and eradication failure in the Turkish population[19]. The 
rs2075820 SNP was chosen in the coding sequence of  
the NOD1 gene in exon 3 as it was earlier reported to 
encode a changed protein (E266K) in the nucleotide-
binding domain altering a glutamic acid residue, suggest-
ing a potential functional effect of  the mutation[27]. Our 
result indicated that the AG heterozygote of  rs2075820 
was protective against the risk of  gastric cancer (P = 
0.026) while the AA homozygote showed moderate risk 
of  gastric cancer (P = 0.397) in the H. pylori-positive sub-
jects. There are no exact data that demonstrate how the 
NOD1 polymorphism alters the function of  NOD1, but 
our results suggest that the change of  negatively-charged 
glutamine to positively-charged lysine may cause a drastic 
change in the structure or regulation of  the NOD1 pro-
tein that alters the reactivity to H. pylori or the nature of  
downstream inflammatory pathways.

Two studies focusing on the association of  several 
NOD1 polymorphisms with colorectal and endometrial 
cancer, which include SNP rs2907749, did not find any 
relationship between individual NOD1 genotypes and 
the susceptibility to these cancers[28,29]. However, an asso-
ciation of  the NOD1 polymorphisms with atopic eczema 
in the German population has been reported in a study 
that examined the effects of  11 SNPs, which covering 
the complete NOD1 gene, on atopy phenotypes[30]. One 
NOD1 haplotype and three polymorphisms (rs2907748, 
rs2907749, and rs2075822) were significantly associ-
ated with atopic eczema in a population-based cohort, 
case-control population, and/or family-based associa-
tion analysis. The results indicated that genetic variants 
within the NOD1 gene were important determinants of  
atopy susceptibility. Especially, it showed that the A al-
lele at rs2907749 is significantly associated with elevated 
IgE levels. Similarly, our study found that the A allele at 
rs2907749 elevated the risk of  gastric cancer; moreover, 
the risk association was strengthened in diffuse-type gas-
tric cancer patients. Rs2907749 is located in intron 9 of  
the NOD1 gene where two putative transcription factor-
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Table 5  Frequencies of haplotype of NOD1

Haplotype1 Frequency P P  corrected2

GC (n  = 296) GA (n  = 160)

AGT 0.42    0.33  0.01a 0.04
AAA 0.29    0.32 0.37 0.84
GGA 0.25    0.32  0.02a 0.08
GAA 0.02 < 0.01 0.05 0.23
AGA 0.01    0.01 0.55 0.96

1The order of the haplotype is rs2907749, rs2075820 and rs7789045; 
2Corrected by 10 000 times permutation test. GC: Gastric cancer group; 
GA: Gastritis group. aP < 0.05, GC vs GA.

Table 6  Associations of NOD1 diplotypes and gastric cancer 
risk  n  (%)

Diplotype GC 
(n  = 296) 

GA 
(n  = 160) 

AOR1 
(95% CI)

P

AGT/AAA   58 (20)   38 (24) 1
AAA/GGA   47 (16)   35 (22) 0.87 (0.48-1.59) 0.65
AGT/GGA   54 (18)   25 (16) 1.45 (0.77-2.74) 0.25
AGT/AGT   63 (21)   21 (13) 1.98 (1.04-3.80)  0.04a

GGA/GGA 22 (7)   20 (13) 0.72 (0.34-1.50) 0.38
AAA/AAA   30 (10) 12 (8) 1.69 (0.76-3.72) 0.20
Others 22 (7)   9 (6) 1.58 (0.65-3.81) 0.31

1ORs were adjusted for the covariates (age, sex and Helicobacter pylori 
infection). GC: Gastric cancer group; GA: Gastritis group. aP < 0.05, GC vs GA.
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binding sites for Pax1 are found. The alteration of  the al-
lele changes the computer-predicted Pax1-binding proba-
bility next to exon 9, which may influence the T-regulatory 
cell development[30].

The NOD1 rs7789045 TT genotype was at a signifi-
cantly elevated risk for gastric cancer in this study. Few 
studies have addressed the relationship of  the polymor-
phism in rs7789045 with clinical diseases before, whereas 
our result indicated that this polymorphism was worthy 
to be further studied because it may play important roles 
in the H. pylori-related gastric carcinogenesis. Rs7789045 
is located in intron 5 of  the NOD1 gene, which is in the 
splicing region. The possible significance of  T/A altera-
tion was predicted by NetGene2 and SpliceView com-
puter programs[31-33]. Different splicing may lead to the 
alteration of  NOD1 caspase activity in the CARD do-
main; therefore, this may imply a difference in the signal 
pathway regulation downstream.

Because haplotype analyses may be of  higher informa-
tive value to draw associations between the phenotypes 
and genetic variation than SNPs[34], we also assessed the 
effects of  haplotypes and diplotypes in our studies. Analy-
ses revealed significant association between the NOD1 
haplotype AGT (rs2907749, rs2075820, and rs7789045) 
and gastric cancer, and the difference remained significant 
after a 10 000-times permutation test. Our results also 
showed that the AGT/AGT diplotype was associated with 
an increased risk of  diffuse-type gastric cancer, and the 
risk was more evident in H. pylori-positive subjects. Some 
studies have observed the inverse associations of  H. pylori 
and atopic diseases such as asthma and atopic eczema[35,36]. 
Epidemiological observations are consistent with the hy-
pothesis that H. pylori, which has been colonizing the hu-
man stomach for ≥ 58 000 years and is usually acquired 
within the first few years of  life, may play distinct roles in 
the maturation of  the immune system[37]. Weidinger et al[30] 
demonstrated that the haplotype A-G-T-A-C-C-G-T-A-

C-G, defined by the eleven polymorphic alleles of  NOD1 
including rs2907749 A allele and rs2075818 C allele, 
rs2235099 C allele, rs2075821 G allele, the last three of  
which are in a linkage with rs2075820 G allele in the AGT 
haplotype, is significantly protective against the develop-
ment of  atopic eczema, whereas haplotype AGT is associ-
ated with an increased risk of  H. pylori-related gastric can-
cer in this study. The different relationships of  the similar 
haplotype of  NOD1 between two diseases may imply the 
distinct roles of  NOD1 in the pathogenesis of  atopy and 
gastric cancer.

Some studies have investigated the relationships 
among the three major mutations, R702W (rs2066844), 
G908R (rs2066845) and 3020insC (rs5743293), in the 
coding region of  the NOD2 gene with colorectal can-
cer[38], gastric cancer[20] and gastrointestinal diseases[22] 
in the European population. The results showed that 
NOD2 polymorphisms increase the susceptibility to 
gastrointestinal cancer. These three polymorphisms were 
shown to be monomorphic sites in the Chinese popula-
tion due to the ethnic difference (Hapmap and Genome 
Variation Server). In this study, the association between 
the other four NOD1 SNPs and gastric cancer was inves-
tigated in the Chinese population. Although no significant 
differences on genotype distribution were found between 
gastric cancer and gastritis patients, our results indicated 
that the AG heterozygote genotype of  rs3135500 and CC 
genotype of  rs7205423 were associated with an increased 
risk for gastric cancer in H. pylori-positive subjects. It is 
notable that rs3135500 is located in the 3’UTR of  the 
NOD2 gene while rs7205423 is located in the intergenic 
region between the NOD2 gene and the CYLD gene. 
The latter is a de-ubiquitinating enzyme that inhibits the 
activation of  the NF-κB, which has key roles in inflam-
mation, immune responses, carcinogenesis, and protec-
tion against apoptosis[39]. And the G allele of  rs7205423 
may be at a splice site, which was predicted by NetGene2 

1ORs were adjusted for the covariates (age, sex and/or Helicobacter pylori infection); 2Remained significant after Bonferroni adjustment for multiple 
comparisons. GC: Gastric cancer group; GA: Gastritis group. aP < 0.05, bP < 0.01, GC vs GA.

Table 7  Associations of NOD1 diplotypes and gastric cancer with two major types and Helicobacter pylori  infection status

Diplotype

AGT/AAA AAA/GGA AGT/GGA AGT/AGT GGA/GGA AAA/AAA Others

HP+ GC (n = 221) 34 (15) 35 (16) 41 (19) 54 (24) 18 (8)   22 (10) 17 (8)
HP+ GA (n = 119) 32 (27) 22 (18) 18 (15) 17 (14)   16 (13)   7 (6)   7 (6)
AOR1 (95% CI) 1 1.49 (0.72-3.08)  2.14 (1.01-4.51)a  3.07 (1.47-6.41)a 1.09 (0.47-2.53)  2.96 (1.10-7.92)a 2.44 (0.89-6.71)
P 0.28  0.05a      0.002,a,b 0.83  0.03a 0.08
Diffuse GC (n = 125) 21 (17) 17 (14) 26 (21) 30 (24)   8 (6)   16 (13)   7 (6)
GA (n = 160) 38 (24) 35 (22) 25 (16) 21 (13)   20 (13) 12 (8)   9 (6)
AOR (95% CI) 1 0.84 (0.38-1.88) 1.66 (0.76-3.61)  2.56 (1.17-5.58)a 0.66 (0.24-1.77) 2.01 (0.78-5.16) 1.33 (0.43-4.14)
P 0.68 0.20  0.02a 0.41 0.15 0.62
Intestinal GC (n = 129) 29 (23) 22 (17) 25 (19) 22 (17) 11 (9) 12 (9)   8 (6)
GA (n = 160) 38 (24) 35 (22) 25 (16) 21 (13)   20 (13) 12 (8)   9 (6)
AOR (95% CI) 1 0.83 (0.40-1.73) 1.64 (0.76-3.54) 1.43 (0.65-3.14) 0.84 (0.34-2.06)   1.62 (0.619-4.26) 1.13 (0.38-3.34)
P 0.62 0.20 0.38 0.69 0.32 0.83
HP+ diffuse GC (n = 93) 12 (13) 13 (14) 19 (20) 26 (28)   7 (8)   10 (11)   6 (7)
HP+ GA (n = 119) 32 (27) 22 (19) 18 (15) 17 (14)   16 (13)   7 (6)   7 (6)
AOR (95% CI) 1 1.42 (0.53-3.76) 2.36 (0.91-6.08)    4.02 (1.61-10.05)a 1.09 (0.35-3.38)   3.12 (0.94-10.40) 2.30 (0.63-8.44)
P 0.48 0.08      0.002,a,b 0.88 0.06 0.21
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and SpliceView computer programs[31-33]. Another article 
of  Weidinger et al[40] showed that the presence of  the A 
allele at rs3135500 was significantly associated with an 
increased risk of  developing asthma. On the contrary, 
our results showed that A allele at rs3135500 was associ-
ated with a slightly reduced risk of  developing gastric 
cancer. The results of  the two association studies of  the 
NOD2 polymorphisms were in accordance with those of  
the NOD1 polymorphisms we mentioned above. These 
results emphasized that polymorphisms of  NOD1 and 
NOD2 may contribute differently to the development of  
atopic diseases and gastric cancer.

Our study has some limitations. The number of  par-
ticipants in this study was relatively small, and thus, future 
replication studies with large cohorts are needed. Further 
expression analysis and transcription factor-binding stud-
ies are needed to clarify the functional role of  NOD1 
and NOD2 polymorphisms. Finally, H. pylori is genetically 
a highly diverse bacteria, and the virulence of  H. pylori is 
related to different subtypes that contribute differently to 
clinical outcomes. However, anti-CagA antibodies were 
not available in our study.

In conclusion, to our knowledge, this study is the first 
one to indicate that the NOD1 rs7789045 polymorphism 
increases the genetic susceptibility of  gastric cancer in a 
Chinese population, and it is observed to be enhanced in 
H. pylori-positive and diffuse-type gastric cancer subjects. 
The other two polymorphisms, rs2907749 and rs2075820, 
showed an association with gastric cancer as well. In ad-
dition, H. pylori-positive subjects carrying the NOD2 
rs7205423 C allele have an increased risk of  gastric cancer. 
These findings suggest that the polymorphisms of  the 
NOD1 and NOD2 genes may play a role between H. pylori 
infection and development of  gastric cancer. The underly-
ing mechanism needs further investigation. 
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