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Association between receptor interacting serine/threonine
kinase 2 polymorphisms and gastric cancer susceptibility
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Abstract. The present study aimed to investigate whether
single nucleotide polymorphisms in receptor interacting
serine/threonine kinase 2 (RIPK?2), which encodes a component
of the nucleotide binding oligomerization domain containing
2-RIP2 pathway, may compromise the innate immune
response to Helicobacter pylori infection, leading to increased
susceptibility to gastric cancer in the Japanese population.
The present case control study investigated the associations
between RIPK?2 single nucleotide polymorphisms and gastric
mucosal inflammation, atrophy and cancer susceptibility
in 528 patients with gastric cancer and 697 patients without
gastric malignancies on upper gastro-duodenal endoscopy.
Overall, the RIPK?2 rs16900627 minor allele was significantly
associated with the susceptibility to gastric cancer [OR, 1.37,
95% confidence interval (CI), 1.06-1.77; P=0.016], particularly
of the intestinal type (OR, 1.53;95% CI, 1.13-2.07; P=0.0062). It
was also significantly associated with gastric mucosal atrophy
(OR, 1.83; 95% ClI, 1.14-2.93; P=0.011). When assessing the
severity of chronic gastritis using the updated Sydney system,
the activity and inflammation scores, as well as atrophy and
metaplasia scores, were significantly higher in rs16900627
minor allele carriers compared with wild-type homozy-
gotes. In patients younger than 60 years old, the pepsinogen
I/1I ratio was significantly lower in rs16900627 minor allele
carriers compared with wild-type homozygotes (P=0.037).
The rs16900627 minor allele is associated with the severity of
gastric mucosal inflammation and the development of gastric
mucosal atrophy. Carriers of this allele may have an increased
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risk for the development of gastric cancer, particularly of the
intestinal type.

Introduction

Helicobacter pylori (H. pylori) infection is now accepted as
a crucial event in the development of atrophic gastritis, and
is implicated in the development of gastric carcinoma (1-3).
Gastric cancer develops incrementally, beginning with chronic
inflammation, and progressing to atrophic inflammation, intes-
tinal metaplasia, dysplasia and finally, frank malignancy (4).
Whereas the majority of infected individuals are asymptom-
atic, chronic H. pylori infection in susceptible individuals is
associated with variable degrees of mucosal damage (4). As a
result, only a small percentage of infected individuals develop
gastric cancer. The clinical outcome appears to be determined
by the interplay of bacterial virulence factors, host gastric
mucosal components and the environment. More specifically,
a previous study revealed that genetic variability affecting
elements of the mucosal immune system pivotally influences
the clinical course of H. pylori infection (5).
Nucleotide-binding oligomerization domain-containing
protein 2/caspase recruitment domain-containing protein 15
(NOD2/CARDI5) is a member of the NOD-like receptor gene
family. It functions as an intracellular receptor for bacterial
lipopolysaccharide, and is involved in signal transduction
leading to the activation of the nuclear transcription factor-kB
(NF-xB) (6). Dysregulation of NOD?2 signaling is associated
with the pathogenesis of numerous inflammatory disorders (7).
Indeed, NOD2 mutations are related to the occurrence of
chronic inflammation of the gastric mucosa associated with
H. pylori infection, development of intestinal metaplasia and
dysplasia and ultimately gastric cancer (6). Previously, it
was reported that the H. pylori bacterial Cag pathogenicity
island and a cooperative interaction between the Toll-like
receptor 2 (TLR2) /NOD2 and NOD-like receptor pyrin
domain containing 3 protein, regulate interleukin-1p produc-
tion in H. pylori infected dendritic cells (8). Initiation of NOD2
signaling is mediated by receptor-interacting protein 2 (RIP2),
and the RIP2 interaction with NOD2 enhances NF-«B activity,
making it an important player in cellular immune response (9).
One study suggested that the innate immune system, including
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the NOD2-RIP2 signaling pathway, is involved in the patho-
genesis of gastric inflammation and the development of gastric
cancer (10).

RIP2isanintracellularserine/threonine kinase thatcontains
a caspase recruitment domain at its carboxy terminus. Single
nucleotide polymorphisms (SNPs) of the receptor interacting
serine/threonine kinase 2 (RIPK?2) gene, encoding RIP2, are
associated with systemic lupus erythematosus (SLE) (11), and
with the severity of childhood atopic asthma (12). However,
although the association of NOD2 and TLR polymorphisms
with gastric cancer susceptibility have been described, RIPK?2
polymorphisms have not been studied in this context (13,14).

The present study investigated the association between
RIPK?2 gene polymorphisms and gastric cancer susceptibility
in a Japanese population. The present study also investigated
the association between RIPK?2 polymorphisms and the
severity of chronic gastritis in subjects without gastric cancer.

Materials and methods

Study subjects. All patients with gastric cancer attended
the Endoscopy Center of Kanazawa Medical University
(Uchinada-machi, Japan) or Fujita Health University
(Kutsukake-cho, Japan) from April 2005 to March 2015, and
were diagnosed by endoscopy and pathological examination
of biopsy samples. Gastric cancer was classified according to
Lauren's classification (15). Non-cancer patients complaining
of abdominal discomfort underwent endoscopic examination,
and were diagnosed as having a gastric ulcer, duodenal ulcer,
gastritis or no apparent gastric disease. Patients who had severe
systemic disease and received non-steroidal anti-inflammatory
drugs were excluded from the present study. Finally, the study
population comprised 1,221 subjects whose polymorphisms
could be clearly analyzed, including 524 patients with gastric
cancer (GC group, mean age, 65.4+11.4; age range, 23-94;
male/female, 371/133) and 697 subjects without gastric cancer
(non-GC group; mean age, 60.9+13.6; age range, 22-93;
male/female, 400/297). In 428/697 patients in the non-GC
group (mean age, 60.0+13.3; age range, 26-93; male/female,
254/174), the severity of chronic gastritis was assessed using
antral biopsy specimens and classified according to the updated
Sydney system (16). All pathology assessment was performed
by a pathologist at Fujita Health University Hospital who was
blinded to any clinical information. According to the esti-
mated histological gastritis scores, the atrophic gastritis group
(AT group) was defined as atrophy score =2 or metaplasia
score =1, and the others were classified into the non-atrophy
group. In addition, serum pepsinogen (PG) I/II levels were
evaluated in 134/428 subjects without gastric cancer. The
Ethics Committees of Fujita Health University and Kanazawa
Medical University approved the protocol. Written informed
consent was obtained from all of the participating patients
prior to enrollment in the present study.

SNP selection and detection. A significant association
between the rs16900627 SNP and SLE susceptibility has been
previously reported (11). The polymorphism is located in the
3' untranslated region of RIPK2, a region rich in microRNA
binding sites, and is associated with other SNPs, including
rs7844627, 10504881. In addition, rs2230801, encoding a
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non-synonymous substitution (I1e259Thr), was identified
in RIPK2. The distribution of the two SNP genotypes were
confirmed using the HapMap database (https://snpinfo
.niehs.nih.gov/snpinfo/snptag.html) and National Centre
for Biotechnology Information (NCBI) SNP database
(http://www.ncbi.nlm.nih.gov/snp/) (17). The present study
selected the rs16900627 and rs2230801 SNPs for further
investigation on the basis that they may affect innate immune
signaling. For genotype determination, the present study
used polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) methods using DNA samples
prepared from peripheral blood as reported previously (18). All
PCRs were performed in a volume of 20 ul containing 0.1 ug
of genomic DNA. Primer pairs used to detect rs16900627 were
as follows: Forward, 5'-CTGATGGAAGCCATTTTCACA
TTCAT-3' and reverse, 5-TCTGTCTCTGGTGGGTAAAGG
GTAT-3. The DNA was denatured at 95°C for 3 min, followed
by 35 cycles at 96°C for 15 sec, 50°C for 40 sec and 72°C for
30 sec, with a final extension at 72°C for 5 min. Primer pairs
used to detect rs2230801 were as follows: Forward, 5'-TCC
TTTGCAGATAATGTATAGTGTGTCA-3' and reverse,
5-AGAGATCATACGTGCTCGGTGAGGT-3". The DNA was
denatured at 95°C for 3 min, followed by 35 cycles at 96°C
for 15 sec, 58°C for 40 sec and 72°C for 30 sec, with final
extension at 72°C for 5 min. Subsequently, 2 ul of both PCR
products was denatured with 10 1 formamide (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) at 90°C for 5 min. SSCP
was performed at 18°C using a GenePhor DNA separation
system with GeneGel Excel 12.5/24 (GE Healthcare, Chicago,
IL, USA), after which the denatured single strand DNA was
stained using a DNA Silver Staining kit (GE Healthcare)
according to the manufacturer's protocol.

Statistical analysis. Hardy-Weinberg equilibrium was
assessed by y? statistics. The age data are presented as the
mean + standard deviation. Mean ages between two groups
was compared by Student's t-test. The ratios of H. pylori
infection status and gender were compared by Fisher's exact
test. Differences of genotype frequencies were determined by
two-sided Fisher's exact test. The odds ratios (OR) and 95%
confidence intervals (CI) were also determined by logistic
regression with adjustment for age, sex and H. pylori infection
status. The Sydney system scores and PG I/II ratio between
two groups were compared by Mann Whitney U-test. P<0.05
was considered to indicate a statistically significant difference.
Analyses were performed using STATA Version 13 (StataCorp
LP, College Station, TX, USA).

Results

Characteristics of the study subjects and the frequencies of
genotypes. The characteristics of subjects in the present study
are summarized in Table I. The mean age, male:female ratio
and H. pylori positivity of the GC group were significantly
higher compared with those of the non-GC group. Single strand
DNAs of 1516900627 and rs2230801 were clearly separated by
SSCP (Fig. 1). The distribution of the rs16900627 genotype
in 697 subjects without gastric cancer was 554AA, 130AG
and 13GG (Table I), and that of rs2230801 was 681TT and
16TC. The CC genotype of rs2230801 was not identified. The



3774

Table I. Characteristics of the subjects and frequencies of
genotypes.

Characteristic Non-GC group GC group P-value
No. of subjects 697 524
Mean age + SD 60.9+13.6 654+114 <0.001
Male:female 400:297 371:133  <0.001
H. pylori positivity 430/697 457/524  <0.001
rs16900627
(*351A>G)
AA 554 395 0.029
AG 130 115
GG 13 14 0432
G allele frequency 11.2% 13.6% 0.071
1rs2230801
(776T>C, 11e259Thr)
TT 681 517 0.289
TC 16 7
CcC 0 0
C allele frequency 1.15% 0.67% 0.291

SD, standard deviation; GC, gastric cancer.
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Figure 1. Polymerase chain reaction-SSCP images using clinical samples.
Single strand DNAs were separated by SSCP. The genotype could be
determined. SSCP, single strand conformation polymorphism.

distribution of genotypes was in Hardy-Weinberg equilibrium
(rs16900627 and rs2230801; P=0.12 and P=1.0, respectively).
The wild-type rs16900627 homozygote frequency was signifi-
cantly lower in the GC group compared with in the non-GC
group (P=0.029), whereas the frequencies of other genotypes
were not significantly different (Table I).

Association between gene polymorphisms and gastric cancer
susceptibility. By logistic regression analysis following adjust-
ment for age, sex and H. pylori infection status, the rs16900627
AG+GG genotypes were revealed to be significantly associ-
ated with susceptibility to gastric cancer (OR, 1.38; 95% ClI,
1.03-1.84; P=0.032; Table II), and more strongly associated
with the intestinal type of gastric cancer (OR, 1.56; 95%
CI, 1.11-2.20; P=0.011). In addition, if the number of minor
alleles was considered to be a co-variable (GG=2, AG=1 and
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AA=0), it was also significantly associated with gastric cancer
susceptibility (OR, 1.37; 95% CI, 1.06-1.77; P=0.016), particu-
larly with the intestinal type (OR, 1.53; 95% CI, 1.13-2.07,
P=0.0062; Table II). Conversely, the rs2230801 genotype was
not significantly associated with gastric cancer susceptibility
(Table III).

Association between gene polymorphisms and severity of
chronic gastritis. The characteristics of 428 subjects without
gastric cancer whose histological severity was assessed are
presented in Table IV. The genotype distribution in this sample
was not significantly different from that of the non-GC group
(rs16900627 and rs2230801; P=0.11 and P=1.0, respectively).
As the mean values of atrophy and metaplasia scores were 1.13
and 0.652, respectively, the AT group was defined as atrophy
score =2 or metaplasia score =1. On this basis, mean age,
male:female ratio and H. pylori positivity in the AT group were
significantly higher compared with those in the non-AT group.
Furthermore, the frequency of the rs16900627 AA genotype
was significantly lower, and the minor allele frequency
was also significantly higher in the AT group (P=0.011 and
P=0.0060, respectively). By logistic regression analysis, the
r$16900627 minor allele carriers had a significantly increased
risk for gastric mucosal atrophy (OR, 1.72; 95% CI, 1.01-2.96;
P=0.048) and the significance was increased when the
number of minor alleles was set as a co-variable (OR, 1.83;
95% CI, 1.14-2.93; P=0.011, Table V). Conversely, there was
no significant association between rs2230801 and severity of
gastric mucosal atrophy. In addition, all Sydney system scores
were significantly higher in rs16900627 minor allele carriers
compared with in AA homozygotes (Fig. 2). The rs16900627
genotype distribution in 134 subjects whose serum pepsino-
gens were determined was 102AA, 28AG and 4GG, which
was not significantly different from that in the non-GC group
(P=0.56). Overall, there was no significant difference in PG
I/II ratio between rs16900627 AA homozygotes and minor
allele carriers (Fig. 3). However, in subjects younger than
60 years, the ratio was significantly lower in minor allele
carriers compared with in AA homozygotes (P=0.037).

Discussion

The immune system is composed of innate and adaptive
parts, and H. pylori infection induces both parts of the host
immune response (19). Recently, the innate immune response
to H. pylori was revealed to be an important factor affecting
gastric mucosal inflammation (8,20). The present study previ-
ously reported a significant association between the TLR2-196
to -174 deletion polymorphism and gastric cancer suscepti-
bility in Japanese patients (21), which was consistent with
other Japanese studies associating TLR gene polymorphisms
to gastric cancer (14). NOD2 polymorphisms are also asso-
ciated with changes in gastric mucosa, which lead to gastric
cancer susceptibility (13,22,23). This suggested that genetic
variations affecting the innate immune response may impact
gastric cancer susceptibility. RIP2 is involved in both innate
and adaptive parts of the immune response (24). Therefore,
RIPK?2 genetic variation may influence the severity of gastric
mucosal inflammation, the progression of gastric atrophy and
the development of gastric cancer.
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Table II. Association between rs16900627 polymorphisms and gastric cancer.

A, G allele carriers vs. the others

rs16900627* AA AG GG AG+GG vs. AA, OR (95% CI) P-value
Non-GC (697) 554 130 13 Reference

Overall GC (524) 395 115 14 1.38 (1.03-1.84) 0.032
Intestinal (309) 227 74 8 1.56 (1.11-2.20) 0.011
Diffuse (212) 166 40 6 1.15(0.778-1.69) 0.491
Unknown 2 1 0 - -

B, Co-variable: The number of G allele

rs16900627* AA AG GG No. of G allele, OR (95% CI) P-value
Non-GC (697) 554 130 13 Reference

Overall GC (524) 395 115 14 1.37 (1.06-1.77) 0.016
Intestinal (309) 227 74 8 1.53(1.13-2.07) 0.006
Diffuse (212) 166 40 6 1.20 (0.857-1.68) 0.288
Unknown 2 1 0 - -

“The number of subjects following logistic regression analysis after adjustment for age, gender and H. pylori infection status. CI, confidence

interval; GC, gastric cancer; OR, odds ratio.

Table III. Association between rs2230801 polymorphisms and gastric cancer.

rs2230801* TT TC CC TC vs. TT, OR (95% CI) P-value
Non-GC (697) 681 16 0 Reference

Overall GC (524) 517 7 0 0.531 (0.210-1.34) 0.18
Intestinal (309) 304 5 0 0.664 (0.229-1.92) 0.45
Diffuse (212) 210 2 0 0.344 (0.077-1.53) 0.16
Unknown 3 0 0 - -

“The number of subjects following logistic regression analysis after adjustment for age, gender and H. pylori infection status. CI, confidence

interval; GC, gastric cancer; OR, odds ratio.

Il AA homozygotes (n=318)

(Scores) [] AG+GG genotype (n=110)

3 P=00016

25 P=0.0035

F=0.0018

Activity Inflammation Atrophy Metaplasia

Figure 2. Comparison of each updated Sydney system score among
rs16900627 AA homozygotes and AG+GG genotypes. All of the updated
Sydney system scores were significantly higher in the AG+GG genotype than

the AA homozygotes.

The results of the present study provide the first evidence, to
the best of our knowledge, that RIPK?2 genetic polymorphisms

are significantly associated with susceptibility to gastric cancer
in the Japanese population. The rs16900627 A>G minor allele
was associated with an increased risk for the development of
gastric cancer, particularly the intestinal type. The frequency
of rs16900627 in the Japanese population is reported in the
HapMap database. However, in the present study the distribu-
tion of the genotype was different from the controls without
gastric cancer (P=0.045), even though the genotype distribution
in the control subjects was in Hardy-Weinberg equilibrium.
Conversely, the genotype distribution of 232 subjects without
histological gastric mucosal atrophy was the same as that in the
HapMap database (P=0.13). This discrepancy may be explained
by the fact that all of the control subjects included were patients
who had an endoscopic examination due to various symp-
toms, including abdominal symptoms and abnormal findings
revealed by a health check. The frequency of rs2230801 is not
reported in HapMap, but the genotype distribution was in the
Hardy-Weinberg equilibrium in the control subjects.
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Table I'V. Characteristics and genotype frequencies in the subjects that underwent severity of gastritis evaluation.

Characteristic Total Non-AT group AT group P-value
No. of subjects 428 232 196
Mean age + SD 60.0+13.3 57.8+14.2 62.5+11.6 <0.001
Male: Female 254:174 123:109 131:65 0.004
H. pylori positive rate 278/428 94/232 184/196 <0.001
rs16900627 A>G

AA 318 184 134 0.011

AG 98 44 54

GG 12 4 8

G allele frequency 14.1% 11.2% 17.9% 0.006
rs2230801 T>C

TT 416 228 188

TC 12 4 8

CcC 0 0 0

C allele frequency 1.40% 0.86% 2.04%
AT, atrophic gastritis.
Table V. Association between RIPK2 polymorphisms and gastric mucosal atrophy.
A, 1516900627, G allele carriers vs. the others
rs16900627* AA AG GG AG+GG vs. AA, OR (95% CI) P-value
Non-AT group (232) 184 44 4 Reference
AT group (196) 134 54 8 1.72 (1.01-2.96) 0.048
rs16900627, co-variable: the number of G allele
B, rs16900627* AA AG GG No. of G allele, OR (95% CI) P-value
Non-AT group (232) 184 44 4 Reference
AT group (196) 134 54 8 1.83 (1.14-2.93) 0011
C,rs2230801, TC vs. TT
rs2230801* TT TC CC TC vs. TT, OR (95% CI) P-value
Non-AT group (232) 228 4 0 Reference
AT group (196) 188 8 0 1.70 (0.441-6.99) 0472

“The number of subjects following logistic regression analysis after adjustment for age, gender and H. pylori infection status. RIPK2, receptor
interacting serine/threonine kinase 2; CI, confidence interval; OR, odds ratio; AT, atrophic gastritis.

To date, there have been few studies associating
RIPK?2 genetic variations and clinical disease suscepti-
bility (11,12,25). Li et al (11) reported that the rs16900627
minor allele was significantly associated with SLE suscep-
tibility. This suggested that the mutant rs16900627 genotype
may be associated with an increased risk of chronic inflam-
mation via an alteration of innate immune responses,

although the detailed mechanisms remain unclear. Similarly,
in the present study, activity and inflammation scores based
on the Sydney system were higher in AG+GG genotypes
compared with in AA homozygotes, although H. pylori
positivity was not significantly different (67.3 and 64.1%,
respectively). Atrophy and metaplasia scores were also
significantly higher in AG+GG genotypes compared with in
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Figure 3. The serum PG I/IT ratio and rs16900627 A>G genotype. Overall, serum PG I/II ratio did not differ between AA homozygotes and AG+GG genotypes.
However, in the subjects younger than 60 years, it was significantly lower in the AG+GG genotypes compared with in the AA homozygotes. PG, pepsinogen.

AA homozygotes, and logistic regression analysis indicated
that the rs160900627 minor allele genotype was associ-
ated with an increased risk with the progression of gastric
mucosal atrophy.

However, by serological examination, significant differ-
ences of PG I/II ratio between AG+GG genotypes and AA
homozygotes were not observed in older patients (age >60 years
old), although it was significantly different in younger age
groups (age <60 years old). Sydney system scores express the
severity of gastritis at a biopsy point, whereas PG I/II ratio
express the spread of mucosal atrophy (16,26). It has been
reported that the significant association between serum and
histological atrophy is more strongly observed in the corpus
compared with in the antrum (27). The present study assessed
the histological gastritis only in the antrum, as the antrum
is affected by H. pylori infection for the longest period (4).
This may be the reason for the difference of results between
histological and serum atrophy. The present study suggested
that the results of PG I/II ratio indicated that the mucosal
atrophy progressed more extensively in AG+GG genotypes
compared with in AA homozygotes at an earlier stage of H.
pylori infection, and that the difference of the value of PG I/I1
ratio between the two groups may be obscured by the mucosal
atrophy spreading following a long period. In addition, when
the comparatively large deviation of the PG I/II ration was
considered, the sample size of the present study may be too
small.

The results of the present study demonstrated a significant
association between the rs16900627 minor genotype and the
intestinal type of gastric cancer. The intestinal type consists
of gland-like structures that mimic the intestinal glands, and a
series of precancerous intestinal type lesions are recognized,
beginning with chronic inflammation of the stomach and
passing through the intermediate stages of atrophic gastritis
or intestinal metaplasia (28). The results of the present study

suggested that the rs16900627 minor allele genotype may be
associated with the severity of gastric mucosal atrophy, and
may increase the risk for developing gastric mucosal atrophy
associated disorders, including intestinal type gastric cancer.

There was no significant association between rs2230801,
and gastric mucosal atrophy and gastric cancer susceptibility.
This polymorphism causes an Ile-to-Thr substitution at amino
acid 259, but is a minor variant in the NCBI SNP database
(http://www.ncbi.nlm.nih.gov/snp/). Furthermore, there was
no minor allele homozygote in the present study. Overall, these
findings suggested that this polymorphism had little, if any,
association with gastric disorders.

There were certain clinical limitations to the present study.
The present study included patients who visited the Fujita
Health University Hospital to undergo endoscopic examina-
tion due to specific symptoms or further checks after a general
health check. The subjects who had no symptoms were
included in the control group. In addition, endoscopy is limited
in its ability to detect small histological neoplasia. The present
study was not able to confirm whether very small histological
neoplasia were present in the control group. Another limita-
tion was that the present study assessed histological gastritis
using biopsy samples only from the antrum. Further results
may be provided if the severity of gastritis in the corpus
was assessed at the same time. The main disadvantage was
the relatively small sample size used in the present study,
particularly with respect to the number of subjects that had
their serum pepsinogen levels assessed. Due to the relatively
large deviation of pepsinogen levels, a greater sample size will
be required to assess the PG I/II ratio. The final limitation of
the study design was that only using samples stored in a single
center were analyzed retrospectively.

In conclusion, the results of the present study suggest that
the rs16900627 minor allele is associated with the severity of
gastric mucosal inflammation and the development of gastric
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mucosal atrophy, and carriers of this allele may have an
increased risk for the development of gastric cancer, particu-
larly of the intestinal type. These results will be useful in
predicting which H. pylori infected patients will be at a higher
risk of developing gastric cancer.
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