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Purpose
The current study investigated whether the combined effects of soy intake and genetic poly-
morphisms of interleukin (/L) genes modify gastric cancer risk.

Materials and Methods

A total of 377 cases and 754 controls of Korean origin were included in the analysis. Soy
consumption was assessed using a semi-quantitative food frequency questionnaire. Seven
variants of IL10 (rs1800871), IL2 (rs2069763 and rs2069762), IL13 (rs6596090 and
rs20541), and IL4R (rs7205663 and rs1805010) were genetically analyzed. To analyze the
combined effect of soy intake and genetic polymorphisms, a low-intake group and high-intake
group of each type of soy were categorized based on the intake level of the control group.
Interactions between soy products and these genetic variants were analyzed by a likelihood
ratio test, in which a multiplicative interaction term was added to the logistic regression
model.

Results

A higher intake of nonfermented soy products was associated with a reduced cancer risk
(odds ratio [OR], 0.62; 95% confidence interval [Cl], 0.43 to 0.90), and the reduced risk
was only apparent in males (OR, 0.44; 95% CI, 0.27 to 0.71). None of the IL genetic poly-
morphisms examined were independently associated with gastric cancer risk. Individuals
with a minor allele of IL2 rs2069762 and a higher intake of nonfermented soy food had a
decreased risk of gastric cancer (OR, 0.46; 95% Cl, 0.31 to 0.68) compared to those with
a lower intake (Pinteraction=0.039).

Conclusion
Based on the genetic characteristics of the studied individuals, the interaction between IL2
rs2069762 and nonfermented soy intake may modify the risk of gastric cancer.
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Introduction

cer, although a gradual decline in incidence has been noted,
with annual changes of -0.6% occurring between 1999 and
2013. For Korean males, the incidence of gastric cancer is the

Gastric cancer is the fifth most commonly diagnosed can-
cer worldwide [1]. The incidence rates of gastric cancer are
the highest in East Asian countries, including Korea [2]. In
Korea, gastric cancer is the second most common type of can-
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highest among all types of cancer [3].

Gastric inflammation is a prerequisite for the development
of gastric cancer in the multistage model of gastric carcino-
genesis [4]. One of the main risk factors for gastric cancer is
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Helicobacter pylori infection, which has been classified by the
International Agency for Research on Cancer as “carcino-
genic to humans (Group 1)” [5]. H. pylori infection causes a
chronic gastric inflammatory response and oxidative stress
with a high chance of bacterial proliferation in the stomach
that leads to diverse clinical outcomes in humans (e.g., gas-
tritis, peptic ulcers, and gastric cancer) [6]. It has been recog-
nized that gastric adenocarcinomas have frequently been
found in areas of inflammation in which chronic H. pylori
progresses over time [7]. However, clinical outcomes may
differ depending on both genetic (intrinsic) and environmen-
tal (extrinsic) factors such as genetic variability of the H.
pylori strain, genetic background of the infected host with dif-
ferent ethnic groups, and diversity of the diet or lifestyle
[6,8]. Specifically, the inflammatory response can be induced
by the virulence properties of H. pylori pathogenicity and by
the genetic predisposition of inflammatory cytokines related
to host immunity [9]. The cytokines encoded by the inter-
leukin (IL) genes are thought to contribute to induction of the
precancerous stage of gastric atrophy by regulating immune
responses and gastric acid secretion and by inhibiting H.
pylori infection [10]. Additionally, the dietary consumption
of specific foods and their active constituents may impact the
progression of gastric inflammation and carcinogenesis [11].
Among diverse foods consumed abundantly in Asian diets,
soy products have been reported to have anti-inflammatory
properties, and previous studies have confirmed that high
soy consumption may reduce the risk of gastric cancer [12].

In this context, gastric cancer is believed to be affected by
various factors, including genetic susceptibility, cultural
diversity, ethnicity, sex, and other environmental influences,
such as diets that differ among geographic regions [13]. The
present study was conducted to investigate whether the com-
bined effect of dietary soy consumption and inflammation-
related genetic polymorphisms (IL10, IL2, IL13, and IL4R)
alters gastric cancer risk.

Materials and Methods

1. Study participants and data collection

The study subjects were recruited for a gastric cancer
research project of the National Cancer Center (NCC), Korea
between March 2011 and December 2014. The patients, who
were diagnosed with early-stage gastric cancer three months
prior to recruitment, were defined as the cases. Patients
diagnosed with other cancers within 5 years, advanced gas-
tric cancer, diabetes mellitus, severe systemic or mental dis-
ease, women who were pregnant or breastfeeding, and

patients who stated that they had changed their dietary pat-
tern due to illnesses were excluded. The controls of this study
were recruited among individuals who visited the Center for
Cancer Prevention and Detection at the same hospital as the
beneficiaries of the National Health Insurance program, were
in attendance to receive health examinations, and agreed to
participate in the study. Individuals with a history of cancer,
diabetes mellitus, gastric ulcers, and H. pylori treatment in
the control group were excluded. Participants were asked to
complete a set of self-administered surveys to obtain infor-
mation regarding the demographics, medical history, life-
style, and dietary intake habits. The frequency of cases and
controls were matched for gender and 5-year age distribu-
tions. A total of 377 gastric cancer cases and 754 healthy con-
trols for whom data on soy product intake and genetic
characteristics were available were included in this study,
and all of the participants were of Korean origin (Fig. 1). The
infection status of H. pylori was evaluated using the rapid
urease test (Pronto Dry, Medical Instruments Corp., Solo-
thurn, Switzerland) and a histological /serological assess-
ment. All of the participating subjects provided written
informed consent, and the study protocol was approved by
the Institutional Review Board of the National Cancer Center
(NCCNCS 11-438).

2. Dietary measurement

Individuals were asked to complete a semi-quantitative
food frequency questionnaire [14] consisting of 106 food
items to obtain information regarding regular dietary intake
habits from the past 12 months (participants were asked
about the average frequency of intake and portion size of
specific foods to assess their regular intake during the previ-
ous year using the validated food frequency questionnaire).
The soy food items measured were legumes, tofu, soymilk,
sprouts, and doenjang (Korean traditional fermented soybean
paste and soybeans), and the intake amount of each item was
calculated using CAN-PRO 4.0 (Computer Aided Nutritional
Analysis Program, The Korean Nutrition Society, Seoul,
Korea). The isoflavone intake level from the five types of soy
food consumption was estimated using the Korean Iso-
flavone database [15].

3. Genotype measurement

Genomic DNA was extracted using peripheral blood
leukocytes isolated from whole-blood samples obtained from
the participants. The Affymetrix Axiom Exom 319 Array
(Affymetrix Inc., Santa Clara, CA) platform, including
318,983 variants, was used for genotyping. Genetic markers
with deviation from Hardy-Weinberg equilibrium p-values
< 1x107, a minor allele frequency (MAF) < 0.01, and a low
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A total of 500 gastric cancer patients agreed to
participate in the study among the subjects
recruited from March 2011 to December 2014
at Center for Gastric Cancer, National Cancer
Center (NCC) in Korea

A total of 1,227 eligible controls agreed to
participate in the study among the subjects
recruited from NCC Screenee Cohort between
March 2011 and December 2014 at Center for
Cancer Prevention, NCC in Korea

Exclusion of 50
non-genotyped subjects

v

Exclusion of 91
non-genotyped subjects

v

Participants selected (n=1,136) |

Exclusion of 2 subjects with
»  non-satisfactory result of
a quality control of genotyping

A 4

‘ Participants selected (n=450)

Participants selected (n=1,134) |

Subjects excluded (n=28)
Missing dietary data (n=22)
Missing questionnaire (n=1)
Implausible total energy intake (n=5)
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v

‘ Participants selected (n=422)

v

v

‘ 1:2 frequency matching based on gender and a 5-year age distribution

Exclusion of subjects due to
lack of matched control pairs
within the age range (n=45)

'y

v
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‘ Participants selected (n=377)

Participants selected (n=754) |

Fig. 1. Flowchart for the selection of study subjects in the study.

call rate (< 90%) were discarded. The genotype imputation
was performed using the Asian population (n=504) of 1000
Genome haplotypes phase III integrated variant set release
GRch37/hg19 (http:// www.1000genomes.org/) as a refer-
ence panel. Phasing was performed using SHAPIT (v2.r837),
and single-nucleotide polymorphism (SNP) imputation was
completed using IMPUTE2 (2.3.2). The same quality control
criteria were applied after filtering for an INFO score over
0.6. A total of seven variants of IL10, IL2, IL13, and IL4R (rs18-
00871, rs2069763, 1s2069762, rs6596090, rs20541, rs7205663,
and rs1805010, respectively) were selected. The MAFs of all
variants were over 0.15, and imputed variants (rs2069762,
1rs6596090, rs7205663) had an INFO score above 0.95. Detailed
information regarding the variants analyzed in this study can
be found in S1 Table.
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4. Statistical analyses

The demographics and general characteristics of the study
participants were compared between the case and control
subjects using the Student’s t test for continuous variables
and the chi-square test for categorical variables. The dietary
variables were adjusted for total daily calorie intake for sta-
tistical analysis using the regression residual method [16].
The legume, tofu, soymilk, and sprout intakes were com-
bined to represent nonfermented soy products, and the total
soy product intake was calculated by adding all five types of
soy foods. Based on the distribution of the control samples,
the food intakes were categorized into tertiles for further
analysis. Odds ratios (OR) and 95% confidence intervals (CI)
of gastric cancer risk were calculated for each soy food group
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Table 1. General characteristics of study participants, stratified by cancer status

Characteristic Case (n=377) Control (n=754) p-value?
Age (yr) 53.9049.19 53.83+9.05 0.900
Sex
Male 246 (65.25) 492 (65.25) >0.999
Female 131 (34.75) 262 (34.75)
Histological type
Intestinal 144 (38.20)
Diffuse 151 (40.05)
Mixed 53 (14.06)
Missing 29 (7.69)
Alcohol drinking status
Non-drinker 111 (29.44) 218 (28.91) 0.358
Ex-drinker 38 (10.08) 58 (7.69)
Current drinker 228 (60.48) 478 (63.40)
Smoking status
Non-smoker 152 (40.32) 344 (45.62) 0.001
Ex-smoker 110 (29.18) 256 (33.95)
Current smoker 115 (30.50) 154 (20.42)
Education
Elementary 54 (14.36) 43 (5.97) <0.001
Middle-high 237 (63.03) 295 (40.97)
University 85 (22.61) 382 (53.06)
Regular exercise
Yes 136 (36.07) 416 (55.39) <0.001
No 241 (63.93) 335 (44.61)
Helicobacter pylori infection
Negative 28 (7.43) 288 (38.20) <0.001
Positive 349 (92.57) 466 (61.80)
Dietary intake”
Isoflavone (mg/day) 13.8249.74 15.56+12.22 0.009
Legumes (g/day) 3.99+7.07 5.80+10.97 0.001
Tofu (g/day) 36.10+30.73 38.45+33.30 0.252
Soymilk (g/day) 122.76+1,210.09 337.615,904.90 0.338
Sprouts (g/day) 14.08+16.18 16.49+19.92 0.029
Soybean paste (g/day) 6.32+7.81 5.99+7.21 0.482
Total soy product (g/day) 71.75451.61 82.88+77.25 0.005

Values are presented as meantstandard deviation or number (%). “Significant difference between case and control obtained

by Student's t test and chi-square test, ¥ Adjusted for total daily calorie intake.

and for isoflavone using multiple logistic regression, with
the lowest tertile as a reference group. The estimates of ORs
and 95% Cls were adjusted for education level, alcohol con-
sumption status, smoking status, H. pylori infection, and
engagement in regular exercise. Each genetic variant’s risk
of gastric cancer was assessed under the dominant model.
To analyze the combined effects of soy food intake and
genetic polymorphism, a low-intake group and a high-intake
group for each type of soy food were categorized according
to the median intake level of the control group. OR and the

95% CI of each of the stratified groups were estimated, and
the interactions between soy products and SNPs were ana-
lyzed by a likelihood ratio test, where the multiplicative
interaction term of the genetic polymorphism and soy food
intake was added to the logistic regression model. The cases
and their individually matched controls were stratified by
histological type and the interactions between nonfermented
soy product intake and IL polymorphisms were further
analyzed. All of the statistical analysis was performed using
SAS ver. 9.3 (SAS Institute Inc., Cary, NC).
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Table 2. Continued

D e Results
B 23255 ¢
el = | g
2 AL ATy
~ é g ;, —? é ﬁ ug Daily intakes (g/day) of total soy products, legumes, and
O s SS &8 mab 3 sprouts and isoflavone levels (mg/day) were higher in the
§ . g § = ? control group. There were no age or gender differences
= E E T @ D3 between the cases and controls because the participants were
© 2 & & = %D "§ matched for frequency. The cases had a higher proportion of
% - \Z—’ % § é E E: H. pylori infection, nonregular physical exercisers, and cur-
& - E % % 2 rent smokers and a lower proportion of college graduates
= oxcl §8% £ (Table 1).
% 2 % 5 § ES 'fz\ ;gn Male individuals with the highest tertile total soy product
gl ;0/ i \g/ ”qé o & E intake had a lower risk for gastric cancer than the lowest ter-
5 SR ; ”X g tile group (OR, 0.64; 95% CI, 0.43 to 0.95) in the crude model,
E i f § S § Q\ % but the association was null in the fully adjusted model. A
5 % \2 E/ 2 N g .é higher intake of nonfermented soy products was associated
i A= - = with reduced cancer risk in the total population (OR, 0.62;
- ﬁ § = o o 2 95% CI, 0.42 to 0.89), and the reduced risk was only apparent
> E T § N e 5 in males (OR, 0.44; 95% CI, 0.27 to 0.71). However, a higher
_ E E E ;', ﬁ 8 ?\.\\ :c:> intake of legumes, which is a subgroup of nonfermented soy,
o ® 8282 VU was associated with reduced gastric cancer risk in the total
§ - : i § i = TS population (OR, 0.67; 95% CI, 0.47 to 0.96) and in females
= E § IS _5";% 2 (OR, 0.40; 95% CI, 0.21 to 0.73). Soymilk intake was also
& @ g o =7 § inversely associated with gastric cancer risk, but a protective
se| v = ¥ effect of isoflavone was only observed in males (Table 2).
§ E § E u.é\ % 2 None of the interleukin genetic polymorphisms examined in
ceal B2 ci:‘ ks this study were independently associated with al.l-type gas-
2 ; § 2 o P = 3 tric cancer risk (Table 3); however, increased diffuse-type
‘ o N - E %0 N Z gastric cancer risk was observed for IL2 rs2069763, and IL13
; T = é =) a2 i; rs$6596090 was associated with mixed-type gastric cancer
—= TP 29 xE (S2 Table).
“E 8 8 8 E 5 ; 5;-3'\ A higher intake of nonfermented soy food among individ-
S R § e = uals with the C allele of rs2069762 displayed a significant
== -g ) 2 E association (OR, 0.46; 95% CI, 0.31 to 0.68), whereas OR was
% iy % ‘:/*l ; 2 estimated as 0.84 (95% CI, 0.54 to 1.29) among AA homozy-
s 3 2 £e3 'é gotes. The interacting effects for IL2 rs2069762 and nonfer-
g £ 5 o= 2R é mented soy product intake were significant (pinteraction=0.039).
] = S =2 S < B = Several protective effects of nonfermented soy intake were
S sol = B observed for groups stratified by other remaining interleukin
E -3l 58325 SNPs, but no significant interaction was observed. When the
= g 5 '% § %D k) effect was assessed according to histological type of cancer,
= o % % s i’o § s stronger evidence of an interaction between nonfermented
g Sl = F = v :L = soy intake and 152069762 was observed for intestinal-type
T..; FICES) 2 2 i Fg\ gastric cancer (Pinteraction=0.001). A possible interaction
= 238 §. é t;\‘) % between nonfermented soy food and IL10 rs1800871 was also
S 53R go 5 0 3 g obse1jvec'1 'for m'testmalttype gastric cancer (.pinteraction=0.033).
2‘ S T ! No s1gn1f1ca1T1t interaction was fot.md for.dlffuse-type, and
?s (%; ?} £ oo N Z there was evidence of a marginal interacting effect between
JoC8 g S ; E nonfermente.:d soy produc.ts and IL13 rs20541 (pinteraction=
§ &8 8 s § @ zw 9.050) fc_)r mixed-type gastric cancer (Taple 4). No apparent
S oo _;2 o N D = interaction was observgq for total soy,.lsoﬂ:f:lvone, and fer-
2 O xR & mented paste when stratified by IL genetic variants (S3 Table).
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Table 3. Associations of interleukin genetic polymorphisms (dominant model) with gastric cancer risk

OR (95% CI)

IL10 rs1800871 AA 368 (48.81)
G+ 386 (51.19)

IL2 152069763 AA 226 (29.97)
C+ 528 (70.03)

152069762 AA 358 (47.73)

C+ 392 (52.27)

IL13 156596090 GG 517 (70.24)
A+ 219 (29.76)

rs20541 GG 366 (48.54)

A+ 388 (51.46)

IL4R 157205663 TT 259 (34.35)
C+ 495 (65.65)

rs1805010 GG 253 (33.55)

A+ 501 (66.45)

Crude Fully adjusted?
173 (45.89) 1 1
204 (54.11) 1.12 (0.88-1.44) 1.06 (0.80-1.41)
1111 (29.44) 1 1
266 (70.56) 1.03 (0.78-1.35) 1.19 (0.88-1.62)
165 (43.77) 1 1
212 (56.23) 1.17 (0.92-1.51) 1.23 (0.93-1.64)
255 (69.29) 1 1
113 (30.71) 1.05 (0.80-1.37) 1.04 (0.77-1.43)
185 (49.07) 1 1
192 (50.93) 0.98 (0.76-1.25) 0.86 (0.65-1.14)
126 (33.42) 1 1
251 (66.58) 1.04 (0.80-1.35) 0.99 (0.73-1.33)
126 (33.42) 1 1
251 (66.58) 1.01 (0.77-1.31) 0.95 (0.70-1.28)

OR, odds ratio; CI, confidence interval. Y Adjusted by education, alcohol consumption, smoking status, Helicobacter pylori

infection, and regular exercise.

The association between soy product intake, IL genetic
polymorphism, and gastric cancer risk was further analyzed
after stratification by H. pylori infection status (S4 Table-
S6 Table). For the association with each type of soy product,
only the H. pylori positive groups showed a protective asso-
ciation with nonfermented soy products, legumes, soymilk,
and isoflavone, which is consistent with the association
results for the total study population. However, uninfected
individuals did not display any significant association after
adjustment for covariates. Additionally, when the effect of
IL genetic polymorphisms was analyzed, IL2 rs2067962 had
a significant relationship with the disease among members
of the H. pylori infection—negative group (OR, 2.88; 95% CI,
1.14 to 7.26).

Discussion

Our findings demonstrate that the dietary intake of non-
fermented soy food items was associated with a decrease in
gastric cancer risk, whereas there was no independent asso-
ciation between IL genetic polymorphisms and intestinal-
type gastric cancer in contrast to the associations observed
for diffuse-type and mixed-type gastric cancer risk. Among
individuals with higher intake of nonfermented soy prod-
ucts, only those carrying the minor allele C of IL2 rs2069762
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showed a protective effect of soy against gastric cancer risk
compared to individuals with different genetic characteris-
tics. This trend was more apparent for intestinal-type gastric
cancer risk than diffuse-type.

Gastric cancer is a common diet-related cancers with an
etiology that can be explained based on differences in envi-
ronmental risk factors. Diet has been regarded as a complex
environmental factor, with diversity in the common diets of
each culture due to different major food sources, cooking or
storing methods, and recipes [11]. Soy products are abun-
dantly used in Korean dishes, and soybeans and soybean-
derived foods are a rich source of bioactive phytochemicals
with anti-inflammatory or anti-cancer activity in different
types of carcinogenesis [17]. Our study demonstrated that
consumption of nonfermented soy, including legumes and
soymilk, was associated with a significant decrease in gastric
cancer risk. However, there was no evidence of an associa-
tion between gastric cancer risk and the intake of fermented
soy products, such as soybean paste, which is frequently
used in Korean recipes and known to have a high salt con-
tent. According to a comprehensive literature review pub-
lished by the World Cancer Research Fund and the American
Institute for Cancer Research [18], salted and salty foods are
“probable” factors that increase the risk of gastric cancer, and
soy products are classified as “limited suggestive” foods to
decrease gastric cancer risk. Recommendations suggest that
the dietary intake of nonfermented soy products may pro-
vide greater preventive effects against gastric cancer than the
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consumption of fermented soy products that include high
levels of salt, such as preserved vegetables and condiments
(e.g., Kimchi, pickles, soy sauce, doenjang) according to tra-
ditional Korean recipes. Stratification of our results by H.
pylori infection status suggest that the anti-inflammatory and
anti-oxidative effects of soy intake (e.g., nonfermented soy
product, legumes, soymilk, and isoflavone) are helpful for
individuals who are already susceptible to chronic inflam-
mation or gastritis due to H. pylori infection. We hypothe-
sized that dietary nonfermented soy intake may reduce the
risk of gastric cancer by modulating immune parameters in
favor of anti-cancer immune responses in humans [4,19]. Soy
is well known as a beneficial food containing phytochemicals
(e.g., isoflavone) that have anti-inflammatory and anti-oxida-
tive effects. Phytochemicals generated in plants may over-
come inflammation and infection by immune modulation
through its components [20]. Specifically, soy is known to
potentiate immunological functions of lymphocyte prolifer-
ation, cellular and humoral immune responses, thymocyte
differentiation, and tumor immunity [21]. We expected that
soy isoflavone would benefit individuals by inhibiting the
progression of inflammation and gastric carcinogenesis
through the anti-carcinogenic properties of phytochemicals
(e.g., phytoestrogens) [22]. Our findings demonstrate that the
intake of soy isoflavone is associated with a decrease in gas-
tric cancer risk, particularly in males, whereas there was no
association of risk in females. Moreover, reduced gastric can-
cer risk was shown in females consuming legumes, although
no association was observed in males. Further studies are
required to support the role of soy phytochemicals as phy-
toestrogens in association with gastric cancer and to reveal
the related biological mechanism, gender difference, and
genetic susceptibility.

Genetic variants encoding cytokines may influence an
individual’s inflammatory response and health or clinical
outcomes [4]. Genetic polymorphisms of cytokines have been
associated with variations in the level of transcription and
expression of cytokines that can exert activities in human dis-
eases [23]. Many candidate gene studies have been con-
ducted, and the results have indicated that polymorphisms
in cytokine genes influence the susceptibility to gastric cancer
and clinical outcomes (e.g., the course, symptoms, and treat-
ments related to gastric cancer) [23,24]. Cytokine production
generated by immune and inflammatory cells is one of the
major tumor-promoting mechanisms. Cytokines can have
either pro- or anti-inflammatory activity and may be
involved in immunomodulatory activity depending on the
microenvironment [24]. The immunomodulatory response is
served by the balance between anti-inflammatory cytokines
(e.g., IL4, IL10, and IL13) and pro-inflammatory cytokines
(e.g., IL2) [25]. With regard to gastric cancer, cytokine poly-
morphisms of the host are the most studied risk factor and

1054  CANCER RESEARCH AND TREATMENT

resultin an increased risk of gastric cancer by decreasing the
anti-inflammatory host reaction or increasing the pro-inflam-
matory response [26]. We hypothesized that the risk for gas-
tric cancer may be modified by IL genetic variations, which
result in differences in immunomodulatory activity among
individuals. Independent risk associations between IL poly-
morphisms and intestinal-type gastric cancer were not
observed in this study, but an association between IL2 rs20-
69763 and diffuse-type gastric cancer risk was observed. Dif-
ferent effects of IL genetic polymorphisms for different
histological types of gastric cancer are anticipated since the
etiology of cancer development is diverse [7,27]. Diffuse-type
gastric cancer is more closely associated with genetic suscep-
tibility, whereas environmental factors, such as lifestyle and
dietary patterns, reportedly have a greater influence on
intestinal-type gastric cancer [27,28]. In addition, the genetic
susceptibility to immune responses may be a strong risk fac-
tor for the development of gastric cancer among individuals
without H. pylori infection.

A suggestive interaction was detected between nonfer-
mented soy intake and IL2 polymorphism (rs2069762) for
gastric cancer risk, especially for intestinal-type. The IL2 gene
is an important cytokine family member that plays a critical
role in carcinogenesis through the proliferation of activated
T lymphocytes and participates in termination of the lym-
phocyte response by inducing suppressive T cells [29]. The
IL2 gene polymorphism, which is associated with an
increased risk of gastric atrophy induced by H. pylori infec-
tion, might predispose individuals to gastric cancer [10]. Pre-
vious studies have investigated the association between
rs2069762 polymorphism and cancer risk, but the results
remain controversial [10,29]. We found a suggestive interac-
tive effect between by rs2069762 and nonfermented soy con-
sumption on intestinal-type gastric cancer risk, which sug-
gests a possible interactive role between soy phytochemicals
and the pro-inflammatory properties of IL2 cytokines. No
previous epidemiological studies have examined the effects
of the interaction between soybean product intake and IL2
genetic variants on modification of gastric cancer risk, which
is one of the strengths of this study. rs1800871 of IL10 also
showed a suggestive interacting effect with nonfermented
soy product intake on intestinal-type gastric cancer risk,
which confirms the results of a previous study that examined
the interactive effect between soy and IL10 [30] and sug-
gested a possible interaction between the anti-inflammatory
properties of cytokines and soybean products. Further epi-
demiological and experimental studies are required to sup-
port this unclear interactive effect.

It should be noted that this study has several strengths
and limitations. The dietary data used in the analysis were
more robust than those employed in previous studies focus-
ing on the interactive effect between soy consumption and
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inflammatory genes with regard to gastric cancer risk. In
addition, the dietary data included various types of soy
products that were all quantitatively comparable (e.g.,
g/day), whereas similar studies utilized dietary data that
represented only the frequency of intake (e.g., times per
week). Although the dietary data including detailed soy
items strengthened this study, recall or reporting bias may
be present. Thus, this study was limited with regard to rep-
resenting changes in dietary or lifestyle habits due to illness
(whether the change preceded of followed illness). Addition-
ally, our statistical p-values were not significant if a strict
multiple comparison adjustment was applied. Nonetheless,
our findings imply a suggestive interaction between soy
intake and IL2 genotypes.

In conclusion, our study of a Korean population suggested
that the interaction between IL2 rs2069762 and nonfermented
soy intake may modify the risk of gastric cancer. The findings
of this study suggest that an interaction between a variant of
the IL2 gene and phytochemicals in nonfermented soy prod-
ucts has a preventative effect on gastric cancer, and that this

observation may support the promotion of dietary interven-
tion against gastric cancer on the basis of potential gene-
environment interactions. Further studies are required to
replicate the results and to clarify the corresponding biolog-
ical mechanisms involved in gastric carcinogenesis.
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