
Abstract. Aim: To assess the role of pro- and anti-
inflammatory polymorphisms in gastric cancer susceptibility.
Patients and Methods: We genotyped 12 polymorphisms in
eight cytokine genes (Interleukin-1β -IL1B-, IL8, IL17A,
IL17F, IL32, tumor necrosis factor-α –TNF-, IL1RN, IL10) in
a case–control study of 147 patients with gastric cancer and
172 controls. Results: Single polymorphism analysis revealed
an association between the IL10 -592C>A single nucleotide
polymorphism and cases with moderately- or well-
differentiated tumors [AA vs. GG, odds ratio (OR)=3.01; 95%
confidence interval (CI)=1.08-8.50]. We further analyzed
gene–gene interactions using a combined attribute network
implemented in multifactor dimensionality reduction software.
The analysis revealed an interaction between IL8 -251A>T
and IL32 rs28372698 SNPs among cases with moderately- or
well-differentiated tumors. Homozygosity for both IL8 -251T
and IL32 T alleles increases the odds for developing gastric
cancer up to 2.63-fold (OR=2.63; 95% CI=1.15-6.03). This
association was higher compared to the homozygosity for the
IL8-251 T allele alone (OR=1.11; 95% CI=0.51-2.43) or the
IL32 T allele alone (OR=1.21; 95% CI=0.54-2.72).
Conclusion: These findings suggest that IL10 -592C>A
increases the odds for developing gastric cancer. An
interaction between IL8 -251A>T and IL32 rs28372698 SNPs
is also proposed. 

Gastric cancer (GC) is the sixth most common cancer and the
third leading cause of death due to cancer worldwide (1).
Mortality due to GC varies according to world region, from
15.2 [age-standardized rate (ASR)] per 100,000 in East Asia to
2.3 (ASR per 100,000) in North America. Chile is the 16th
higher mortality country from GC in both sexes (15.0 ASR per
100,000) and the 11th top country for mortality from GC in
men (23.1 ASR per 100,000); therefore, Chile has one of the
highest GC mortality rates worldwide. Risk factors for GC
include high salt intake, low fruit and vegetable consumption,
smoking, Helicobacter pylori infection, and genetic factors (2).

Much attention has been attributed on the role of
inflammation-related polymorphisms after El-Omar et al.
proposed that functional polymorphisms in the interleukin-1
beta gene (IL1B) and a variable number of tandem repeats
(VNTR) located in the interleukin-1 receptor antagonist gene
(IL1RN) are associated with a two- to three-fold increased GC
risk (3). Since that time, many studies have been published
analyzing the contribution of polymorphisms on IL1B, IL1RN,
IL8, IL10, and tumor necrosis factor-α (TNF) to GC
susceptibility (4-7), with conflicting results explained, in part,
by ethnic differences, as well as both tumor localization and
histological type. Other polymorphisms which have gained
attention recently are rs2275913 (-197G>A) of IL17A (also
known as IL17) gene, and rs763780 (p.His161Arg) of IL17F
gene. Both belong to the IL17 family of cytokines produced by
the cluster of differentiation 4 positive (CD4+) effector T-helper
17 (Th17) cell subset. Th17 cells accumulate in the tumor
microenvironment of gastric cancer, and IL17 expression is
related to tumor progression features such as infiltration, lymph
vascular invasion, and lymph node involvement (8, 9). 

In the past decade, IL32 has been described as a pro-
inflammatory cytokine produced by T-cells, natural killer (NK)
cells, and epithelial cells (10) involved in diseases with an
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inflammatory background. Recently, Ishigami et al. found that
IL32 is expressed in gastric adenocarcinoma and concluded
that its expression is associated with tumor depth, lymph node
metastasis, and lymphatic and venous invasion, proposing that
this cytokine is a prognostic marker (11). In general, little is
known regarding the role of IL32 genetic variation in cancer
susceptibility. A recent article by Platinga et al. found that the
promoter polymorphism rs28372698 has functional
consequences for mRNA expression and is associated with
thyroid carcinoma (12). 

In the present study, we assessed the role of polymorphisms
in IL1B, IL1RN, IL8 IL10, TNF, IL17A, IL17F, and IL32 genes
in GC susceptibility.

Patients and Methods

Patients. A total of 147 individuals with preoperative diagnosis of
gastric adenocarcinoma were recruited between December 2010 and
October 2013 from different hospitals located in Santiago de Chile:
University of Chile Clinical Hospital, Salvador Hospital, Barros Luco
Trudeau Hospital, and San Juan de Dios Hospital. Patients were
invited to donate a blood sample for a genetic study regarding GC
susceptibility. Only cases with a histopathological postoperative
diagnosis of gastric adenocarcinoma were included. In all cases, the
tumor was located distally from the cardia. Cases which met criteria
for genetic syndromes including GC were excluded.
Clinicopathological features of included patients are shown in Table I. 

The sample of 172 controls (55 men and 117 women) with a mean
age of 43.5±16.1 (range=20 to 82) years was obtained from individuals
who underwent endoscopy, requested by their physician, at the
Department of Gastroenterology at the University of Chile Clinical
Hospital. Participants were invited to donate a blood sample for a
genetic study regarding gastric cancer susceptibility, participating as
healthy controls. Those with evidence of peptic or duodenal ulcer or
endoscopic evidence suggestive of premalignant lesions (such as
atrophic gastritis or intestinal metaplasia) were excluded. Both cases
and controls declared Chilean ancestry dating from at least two
generations.

Ethical approval. This study was approved by the Ethical Committee
of the following institutions: University of Chile School of Medicine
(#023/2011), University of Chile Clinical Hospital (#029/2011),
Metropolitan South-Santiago Public Health Agency (#MK523B-118),
Metropolitan East-Santiago Public Health Agency (#24/01/2012), and
Metropolitan West-Santiago Public Health Agency (#236/2009). All
participants gave their written informed consent. The study was
performed in accordance with the Declaration of Helsinki.

Genotyping. Genomic DNA was isolated from peripheral blood
leukocytes according to the method described by Chomczynski and
Sacchi (13). Genotyping of SNPs was carried out by TaqMan SNP
assay according to the manufacturer’s protocol (Applied Biosystems,
Foster City, CA, USA). The assays were used for the following SNPs
studied: C_9546517_10 (rs1143634, IL1B 3954C>T); C_1839944_10
(rs1143627, IL1B -31 T>C); C_183943_10 (rs16944, IL1B -511C>T);
C_1839941_10 (rs1143623, IL1B -1473 G>C); C_11748116_10
(rs4073, IL8 -251 T>A); C__15879983_10 (rs2275913, IL-17 -
197G>A); C___2234166_10 (rs763780, IL17F p.His161Arg);

C___7514879_10 (rs1800629, TNF -308G>A); C___1747363_10
(rs1800872, IL10 -592 C>A); C___1747360_10 (rs1800896, IL10 -
1082A>G); C__64281225_10 (rs28372698, IL32). Genotyping of
IL1RN 86-bp VNTR polymorphism was carried out by PCR according
to El-Omar et al. (3).

Statistical analyses. The Hardy–Weinberg equilibrium assumption was
assessed in the control sample using a goodness-of-fit chi-square test
(HWChisq function included in Hardy-Weinberg package v1.4.1,
available from <http:cran.r-project.org/ package=HardyWeinberg>).
Fisher’s exact test (oddsratio.fisher function included in epitools
package v0.5-6, available from <cran.r-project.org/ package=epitools>)
or Pearson’s Chi-squared test for independence (chisq.test function)
was used to test the association of genotypes and alleles in cases and
controls. Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated to estimate the strength of the association in cases and
controls (oddsratio.fisher function included in epitools package v0.5-
6). A two-sided p-value <0.05 was used as the criterion for
significance. Haplotype estimation and linkage disequilibrium (LD)
measures were carried out using UNPHASED v 3.1.6 software, which
uses a maximum likelihood approach (14). A combined attribute
network implemented in multifactor dimensionality reduction (MDR)
3.0.2 (<http://sourceforge.net/projects/mdr/>) was performed to detect
pair of genes which potentially interact. All statistical analyses were
performed using the R statistical environment (available at
<http://www.r-project.org/>), unless otherwise indicated.
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Table I. Clinicopathological characteristics of patients with gastric
cancer.

Variable Gastric cancer (%)

TNM stage
IA 18 (12.2%)
IB 12 (8.2%)
IIA 12 (8.2%)
IIB 8 (5.4%)
IIIA 19 (12.9%)
IIIB 28 (19.0%)
IIIC 39 (26.5%)
IV 11 (7.5%)

Borrmann
0 26 (17.7%)
I 6 (4.1%)
II 14 (9.5%)
III 67 (45.6%)
IV 26 (17.7%)
V 8 (5.4%)

Histological type
Poorly-differentiated with signet ring cells 41 (27.9%)
Poorly-differentiated no signet ring cells 31 (21.1%)
Poorly to moderately-differentiated 18 (12.2%)
Moderately-differentiated 36 (24.5%)
Moderately- to well-differentiated 6 (4.1%)
Well-differentiated 15 (10.2%)

Tumor size
<5 cm 52 (35.4%)
≥5 cm 95 (64.6%)



Results

All 319 participants included in the present study were
successfully genotyped for the 11 SNPs and the IL1RN VNTR
polymorphism. Genotypic frequencies in the control group were
in agreement with those expected under the Hardy–Weinberg
equilibrium. There were no statistically significant differences
in genotypic frequencies between men and women (p>0.371)
and between those aged more or less than 50 years (p>0.455) in
the control group. Genotypic frequencies for each analyzed
polymorphism are described in Table II.

Table III summarizes the association of each polymorphism
with GC. No association was observed for the analyzed
polymorphisms except for the IL10 -592C>A polymorphism.
Homozygosity for the minor allele of IL10 -592C>A increased
the odds for developing GC up to 2.43-fold (AA vs. GG:
OR=2.43, 95% CI=1.01-6.15, p=0.04). Association was higher
in cases with moderately or well-differentiated tumors (AA vs.
GG: OR=3.01, 95% CI=1.08-8.50, p=0.02) than in cases with
poorly-differentiated tumors (AA vs. GG: OR=1.83, 95%
CI=0.54-5.80, p=0.26). 

A total of three haplotypes were estimated for the IL1B loci
for the entire sample cohort, which is consistent with the strong
linkage disequilibrium observed for the three analyzed SNPs
belonging to the IL1B loci (IL1B -511T>C/IL1B -31 C>T:
D’=1.0, r2=0.93; IL1B -31C>T/IL1B +3954C>T: D’=0.90,
r2=0.18; IL1B -511T>C/IL1B +3954C>T: D’=0.90, r2=0.16).
The distribution of haplotype frequencies was not significantly
different between the control and GC samples (p=0.69,
Pearson’s chi-squared test for independence). 

Only three haplotypes were estimated for the IL10 loci: G-C,
A-C, and A-A; haplotype G-A was not observed in our sample.
Both polymorphisms (IL10 -1082A>G and IL10 -592C>A)
were in strong LD (D’=1.0, r2=0.17). No statistically
significant differences were seen in the haplotype frequency
distribution between the GC and control samples (p=0.51,
Pearson’s chi-squared test for independence). 

We finally asked whether there were gene–gene interactions
among the analyzed polymorphisms. To address this issue, we
performed a combined attribute network implemented in MDR
3.0.2 in order to find candidate gene–gene interactions.
Information gain (IG) values between pairs of polymorphisms
were used. IG is a measure of the benefit of considering two
polymorphisms as one unit (a pair) compared to considering
them separately (a measure of synergistic interaction). We
consider values of IG>0.5% as being suggestive of synergistic
interaction. Only the pair IL8 -251A>T and IL32 rs28372698
A>T gave an IG value >0.5%. The frequency of individuals
homozygous for both IL8-251T and IL32 rs28372698 T alleles
was higher in the whole GC sample (17.0%) than in controls
(9.3%) (OR=1.99, 95% CI=0.97-4.19, p=0.05) (Table IV).
When we considered well- or moderately-differentiated GC
cases, the association reached statistical significance (OR=2.63,

95% CI=1.15-6.03, p=0.01). Therefore, homozygosity for both
IL8 -251T and IL32 rs28372698 T alleles increases the odds
for developing GC up to 2.63-fold. The association was higher
compared to the effect of being homozygous for the IL8-251
T allele alone (OR=1.11, 95% CI=0.1-2.43, p=0.86) or the
IL32 rs28372698 T allele alone (OR=1.21, 95% CI=0.54-2.72,
p=0.70). This result led us to propose that IL8 -251T and IL32
rs28372698 T alleles act synergistically to increase the risk for
developing well- to moderately differentiated GC. 

Discussion

Since the finding of the association of pro-inflammatory
polymorphisms with GC by El-Omar et al. (3), much effort has
been made to associate diverse pro- and anti-inflammatory
polymorphisms with GC in different ethnicities. In the present
study, we interrogated 12 polymorphisms in order to find
associations with GC in the Chilean population. 

We did not detect any association with GC for the following
polymorphisms: IL1B -511C>T, IL1B -31T>C, IL1B
+3954C>T, IL1RN VNTR, IL8 -251A>T, IL-17 -197G>A,
IL17F His161Arg, TNF -308G>A, IL10-1082A>G, and IL32
rs28372698 A>T. In 2010, Xue et al. published a meta-analysis
of 18 studies of IL1B -511, 21 studies analyzing IL1B -31, 10
of IL1B +3454, and 20 of IL1RN VNTR (15). They did not find
statistically significant associations for the three
polymorphisms analyzed with GC overall. However, after
stratifying for ethnicity, they found a slightly higher association
for carrying -511 T among Caucasians (n=8 studies) (OR=1.33,
95% CI=1.04-1.71, p=0.02) compared to Asians (n=8 studies)
(OR=1.13, 95% CI=0.97-1.31, p=0.01). The tendency was the
same for IL1RN*2. Six studies on Caucasian subjects analyzing
+3454 revealed no association with GC (OR=1.00, 95%
CI=0.86-1.16, p=0.98). When histological type was considered,
the association of -511 and IL1RN was higher among cases
with intestinal-type (-511: OR=1.55, 95% CI=1.05-2.28,
p=0.03; IL1RN: OR=1.66, 95% CI=1.23-2.25, p=0.001) than
in cases with diffuse-type carcinoma (n=5) (-511: OR=1.09,
95% CI=0.84-1.40, p=0.53; IL1RN: OR=1.11, 95% CI=0.78-
1.58, p=0.56). Our results show that the association for -511
tended to be slightly higher among cases with well- or
moderately-differentiated tumors (OR=1.36, 95% CI=0.67-
2.92, p=0.41) than among cases with poorly differentiated
tumors (OR=1.01, 95% CI=0.51-2.07, p=1.00). 

A meta-analysis published by Xu et al. reported different
frequencies for Asians vs. Caucasians IL1B -511 T allele (4).
Our IL1B -511T frequency finding falls into the distribution of
frequencies described for the Asian population. Zeng et al.
studied IL1B polymorphisms in two Chinese regions: one with
a high GC prevalence (Sanxi, mortality rate 23.6/100,000) and
another with low GC prevalence (Guangdong, mortality rate
7.39/100,000), and found that the frequency of -511T was
higher in the high-prevalence region (0.51) than in the low-
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Table II. Genotypic and allelic frequencies of the analyzed polymorphisms.

n (%)

Controls All GC cases Well- or moderately- Poorly- 
differentiated tumor differentiated tumor 

IL1B +3954C>T (rs1143634) HWE p=0.90
CC 122 (70.9%) 111 (75.5%) 59 (78.7%) 52 (72.2%)
CT 46 (26.7%) 31 (21.1%) 13 (17.3%) 18 (25.0%)
TT 4 (2.3%) 5 (3.4%) 3 (4.0%) 2 (2.8%)
T Allele 54 (0.16) 41 (0.14) 19 (0.13) 22 (0.15)

IL1B -31T>C (rs1143627) HWE p=0.90
TT 36 (20.9%) 31 (21.1%) 14 (18.7%) 17 (23.6%)
TC 87 (50.6%) 72 (49.0%) 36 (48.0%) 36 (50.0%)
CC 49 (28.5%) 44 (29.9%) 25 (33.3%) 19 (26.4%)
C Allele 185 (0.54) 160 (0.54) 86 (0.57) 74 (0.51)

IL1B -511C>T (rs16944) HWE p=0.75
CC 41 (23.8%) 31 (21.1%) 14 (18.7%) 17 (23.6%)
CT 83 (48.3%) 72 (49.0%) 36 (48.0%) 36 (50.0%)
TT 48 (27.9%) 44 (29.9%) 25 (33.3%) 19 (26.4%)
T Allele 179 (0.52) 160 (0.54) 86 (0.57) 74 (0.51)

IL1RN
11 74 (43.0%) 64 (43.5%) 32 (42.7%) 33 (45.8%)
12 74 (43.0%) 57 (38.8%) 30 (40.0%) 27 (37.5%)
22 21 (12.2%) 20 (13.6%) 9 (12.0%) 11 (15.3%)
13 2 (1.2%) 2 (1.4%) 2 (2.7%) 0 (0.0%)
14 1 (0.6%) 2 (1.4%) 0 (0.0%) 2 (2.8%)
23 0 (0.0%) 2 (1.4%) 2 (2.7%) 0 (0.0%)
LL 77 (44.8%) 68 (46.3%) 34 (45.3%) 35 (48.6%)
L2 74 (43.0%) 59 (40.1%) 32 (42.7%) 27 (37.5%)
22 21 (12.2%) 20 (13.6%) 9 (12.0%) 11 (15.3%)
2 Allele 116 (0.34) 99 (0.34) 50 (0.33) 49 (0.34)

IL8 -251A>T (rs4073) HWE p=0.73
AA 26 (15.1%) 22 (15.0%) 11 (14.7%) 11 (15.3%)
AT 78 (45.3%) 56 (38.1%) 28 (37.3%) 28 (38.9%)
TT 68 (39.5%) 69 (46.9%) 36 (48.0%) 33 (45.8%)
T Allele 214 (0.62) 194 (0.66) 100 (0.67) 94 (0.65)

IL10 -592C>A (rs1800872) HWE p=0.10
CC 78 (45.3%) 55 (37.4%) 28 (37.3%) 27 (37.5%)
CA 83 (48.3%) 73 (49.7%) 35 (46.7%) 38 (52.8%)
AA 11 (6.4%) 19 (12.9%) 12 (16.0%) 7 (9.7%)
A Allele 105 (0.31) 111 (0.38) 59 (0.39) 52 (0.36)

IL10 -1082A>G (rs1800896) HWE p=0.91
AA 88 (51.2%) 79 (53.7%) 43 (57.3%) 36 (50.0%)
GA 71 (41.3%) 54 (36.7%) 25 (33.3%) 29 (40.3%)
GG 13 (7.6%) 14 (9.5%) 7 (9.3%) 7 (9.7%)
A Allele 247 (0.72) 212 (0.72) 111 (0.74) 101 (0.70)

IL17 -197G>A (rs2275913) HWE p=0.91
GG 105 (61.0%) 103 (70.1%) 54 (72.0%) 49 (68.1%)
GA 59 (34.3%) 36 (24.5%) 16 (21.3%) 20 (27.8%)
AA 8 (4.7%) 8 (5.4%) 5 (6.7%) 3 (4.2%)
A Allele 75 (0.22) 52 (0.18) 26 (0.17) 26 (0.18)

IL17F c.482A>G, p.His161Arg (rs763780)
TT 160 (93.0%) 136 (92.5%) 71 (94.7%) 65 (90.3%)
TC 12 (7.0%) 11 (7.5%) 4 (5.3%) 7 (9.7%)
CC 0 (0.0%) 0 (0.0%) (0.0%) (0.0%)
C Allele 12 (0.03) 11 (0.04) 4 (0.03) 7 (0.05)

IL32 rs28372698 HWE p=0.19
TT 59 (34.3%) 54 (36.7%) 34 (45.3%) 20 (27.8%)
TA 91 (52.9%) 76 (51.7%) 32 (42.7%) 44 (61.1%)
AA 22 (12.8%) 17 (11.6%) 9 (12.0%) 8 (11.1%)
A Allele 135 (0.39) 110 (0.37) 50 (0.33) 60 (0.42)

Table II. Continued



prevalence region (0.34), concluding that the high frequency of
the -511T allele among inhabitants of the high-prevalence
region could explain the high incidence (16). Zabaleta et al.
also proposed that differences in frequencies of pro-
inflammatory alleles among populations may contribute to
differences in cancer incidence (17). Other studies conducted
in Hispanic countries with GC mortality rates as high as in
Chile have reported a -511T allelic frequency similar to those
obtained in our study: 0.58 in Peru (18), and 0.52 in Costa Rica
(19). Taken together, despite the failure to detect an association
of IL1B polymorphisms with GC, the high frequency of pro-
inflammatory IL1B polymorphisms could contribute to
explaining the high incidence of GC observed in Chile.

Neither IL8 -251A>T nor TNF -308G>A were significantly
associated with GC in our study. A recent meta-analysis
confirms a previous observation that -251A>T (rs4073)
polymorphism is not significantly associated overall with GC
in Caucasians; nevertheless, it is significantly associated with
GC overall in Asians (OR=1.32, 95% CI=1.09-1.99). A meta-
analysis published recently reports that TNF -308G>A AA
genotype is associated with GC (7). Nevertheless, we found
fewer than five AA homozygotes in GC as well as in controls,
a fact that is consistent with the -308A frequency described in
the dbSNP database (http://www.ncbi.nlm.nih.gov/SNP) for
Latino populations. Therefore, we were not able to test the
association of this genotype with GC. 

Much attention has been paid to the role of Th-17 response
in gastric carcinogenesis. We examined two SNPs: rs2275913
(-197G>A) of the IL17A gene (also known as IL17), and
rs763780 (p.H161A) on the IL17F gene. Both belong to the
IL17 family of cytokines produced by the CD4+ effector Th17
cell subset. We did not find an association for either SNP with
GC. There is evidence of a functional effect of rs2275913 (-
197G>A). Stimulated peripheral mononucleated cells from
donors harboring the A allele showed higher IL17 production
than those with the GG genotype (20). Six studies have
investigated the association between this polymorphism and
GC among Chinese (21-23), Japanese (24, 25), and Iranian
(26) populations. All but one of those studies (21) showed that

the AA genotype increases the risk of GC 2- to 3-fold. To the
best of our knowledge, no association studies of rs2275913
with GC have been conducted among Caucasians or Latino
populations. Therefore, it is possible that the risk conferred by
the AA genotype could be restricted to Asian and Middle-
Eastern populations. 

IL17F rs763780 (p.H161A) polymorphism has been
categorized as a risk factor for many diseases with an
inflammatory background, the majority of them studied in
Asian populations. In particular, studies conducted in China
(22, 23) and Japan (25) found an association of the rs763780
minor allele with GC. Intriguingly, studies conducted in
Caucasian or mixed populations have failed to associate this
polymorphism with disease (27-30). Therefore, as proposed for
SNP -197G>A, it is possible that the risk conferred by IL17F
rs763780 could be restricted to Asian populations. 

To the best of our knowledge, no other study has analyzed
the role of IL32 rs28372698 in any type of cancer, except those
published by Platinga et al. (12), who found an association
with epithelial cell-derived thyroid carcinoma. IL32 expression
in gastric adenocarcinoma has been linked to the inflammatory
response occurring in the gastric mucosa (11,31); consequently,
it could be hypothesized that rs28372698 is associated with
GC. Our results failed to detect any significant association with
GC. Nevertheless, there may be a non-significant association
with moderately/well-differentiated GC (TT vs. TA+AA:
OR=1.58, 95% CI=0.88-2.86, p=0.12). Further studies are
required to determine the role of IL32 rs28372698 in GC risk.

A statistically significant association of SNP IL10 -592C>A
was detected. We found that the AA genotype increases the
odds for developing GC up to 3-fold. A meta-analysis published
by Xue et al. reveals that the AA genotype is associated with a
reduced risk of developing gastric cancer among Asians (6);
meanwhile, among Caucasians the results are conflicting. The
discrepancy could be due to the markedly different frequencies
for allele A: 0.7 in Asians, 0.2 in Europeans, and 0.5 in Africans.
Our finding is consistent with those published by El-Omar et
al. (32) and Zambon et al. (33). In the former, conducted on a
sample from the United States, only the AA genotype was
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Table II. Continued

n (%)

Controls All GC cases Well- or moderately- Poorly- 
differentiated tumor differentiated tumor 

TNF -308G>A (rs1800629) 
GG 147 (85.5%) 128 (87.1%) 68 (90.7%) 60 (83.3%)
GA 23 (13.4%) 18 (12.2%) 7 (9.3%) 11 (15.3%)
AA 2 (1.2%) 1 (0.7%) 0 (0.0%) 1 (1.4%)
A Allele 27 (0.08) 20 (0.07) 7 (0.05) 13 (0.09)

HWE: Hardy-Weinberg equilibrium. 



found to increase the risk of noncardia GC (OR=2.4, 95%
CI=1.1-5.1). Zambon et al. also reported that the AA genotype
was over-represented among non-cardia GC cases from Italy. It

should be noted that all GC cases included in the present study
are classified as non-cardia GC. According to Rad et al. (34),
gastric mucosa from Europeans harboring the AA genotype
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Table III. Odds ratios (95% confidence intervals) for gastric cancer in relation to the analyzed polymorphisms.

All GC cases Well- or moderately- Poorly- 
differentiated tumor differentiated tumor

IL1B +3954C>T (rs1143634)
CT+TT vs. CC 0.79 (0.46-1.34), p=0.38 0.66 (0.32-1.30), p=0.27 0.94 (0.48-1.79), p=0.48
TT vs. CT+CC 1.47 (0.31-7.54), p=0.74 1.74 (0.25-10.5), p=0.44 1.19 (0.11-8.54), p=1.00
TT vs. CC 1.37 (0.29-7.10) p=0.74 1.55 (0.22-9.47), p=0.68 1.17 (0.10-8.47), p=1.00
T Allele 0.87 (0.55-1.38), p=0.58 0.78 (0.42-1.40), p=0.41 0.97 (0.54-1.70), p=1.00

IL1B -31C>T (rs1143627)
CC+TC vs. TT 0.99 (0.56-1.77), p=1.00 1.15 (0.56-2.49), p=0.73 0.86 (0.43-1.77), p=0.73
CC vs. TC+TT 1.07 (0.64-1.79), p=0.81 1.56 (0.82-2.97), p=0.45 0.90 (0.46-1.73), p=0.88
CC vs. TT 1.04 (0.53-2.06), p=1.00 1.31 (0.56-3.13), p=0.56 0.82 (0.35-1.94), p=0.69
C Allele 1.00 (0.72-1.39), p=0.87 1.14 (0.76-1.72), p=0.49 0.90 (0.60-1.35), p=0.69

IL1B -511T>C (rs16944)
CT+TT vs. CC 1.17 (0.67-2.07), p=0.59 1.36 (0.67-2.92), p=0.41 1.01 (0.51-2.07), p=1.00
TT vs. CT+CC 1.10 (0.66-1.85), p=0.71 1.29 (0.69-2.40), p=0.45 0.92 (0.47-1.79), p=0.88
TT vs. CC 1.21 (0.62-2.36), p=0.64 1.52 (0.66-3.61), p=0.33 0.95 (0.41-2.24), p=1.00
T Allele 1.10 (0.80-1.52), p=0.58 1.23 (0.83-1.86), p=0.28 0.97 (0.65-1.47), p=0.92

IL1RN
L2+22 vs. LL 0.94 (0.59-1.50), p=0.88 0.97 (0.55-1.75), p=1.00 0.88 (0.49-1.58), p=0.68
22 vs. L2+ LL 1.13 (0.55-2.30), p=0.74 0.98 (0.37-2.38), p=1.00 1.27 (0.52-2.96), p=0.54
22 vs. LL 1.07 (0.51-2.29), p=0.86 0.97 (0.35-2.50), p=1.00 1.15 (0.45-2.83), p=0.83
2 Allele 1.00 (0.71-1.41), p=1.00 0.98 (0.64-1.50), p=1.00 0.99 (0.64-1.52), p=1.00

IL8 -251A>T (rs4073)
TT+AT vs. AA 1.01 (0.55-1.87), p=1.00 1.03 (0.46-2.47), p=1.00 0.99 (0.44-2.36), p=1.00
TT vs. AT+AA 1.35 (0.85-2.16), p=0.21 1.41 (0.79-2.53), p=0.26 1.29 (0.71-2.34), p=0.39
TT vs. AA 1.19 (0.59-2.45), p=0.61 1.25 (0.52-3.14), p=0.69 1.14 (0.48-2.90), p=0.84
T Allele 1.17 (0.85-1.65), p=0.36 1.21 (0.80-1.86), p=0.36 1.14 (0.75-1.76), p=0.53

IL10 -592C>A (rs1800872)
AA+CA vs. CC 1.39 (0.86-2.23), p=0.17 1.39 (0.77-2.54), p=0.27 1.38 (0.76-2.54), p=0.32
AA vs. CA+CC 2.17 (0.94-5.24), p=0.05 2.77 (1.06-7.34), p=0.03 1.57 (0.49-4.67), p=0.42
AA vs. CC 2.43 (1.01-6.15), p=0.04 3.01 (1.08-8.50), p=0.02 1.83 (0.54-5.80), p=0.26
A Allele 1.38 (0.98-1.94), p=0.06 1.47 (0.97-2.24), p=0.06 1.28 (0.83-1.97), p=0.24

IL10 -1082A>G (rs1800896)
GG+AG vs. AA 0.90 (0.56-1.44), p=0.65 0.78 (0.43-1.39), p=0.41 1.05 (0.58-1.89), p=0.89
GG vs. AG+AA 1.26 (0.52-3.02), p=0.55 1.26 (0.41-3.57), p=0.62 1.31 (0.42-3.74), p=0.61
GG vs. AA 1.19 (0.49-2.96), p=0.68 1.10 (0.35-3.23), p=1.00 1.31 (0.40-3.90), p=0.60
G Allele 0.98 (0.69-1.41), p=1.00 0.89 (0.56-1.41), p=0.66 1.08 (0.69-1.69), p=0.74

IL17 -197G>A (rs2275913)
AA+GA vs. GG 0.67 (0.41-1.10), p=0.09 0.61 (0.32-1.14), p=0.11 0.74 (0.39-1.36), p=0.31
AA vs. GA+GG 1.17 (0.38-3.71), p=0.80 1.46 (0.36-5.28), p=0.54 0.89 (0.15-3.86), p=1.00
AA vs. GG 1.02 (0.32-3.25), p=1.00 1.21 (0.30-4.45), p=0.77 0.80 (0.13-3.54), p=1.00
A Allele 0.77 (0.51-1.16), p=0.20 0.70 (0.41-1.16), p=0.27 0.79 (0.46-1.32), p=0.39

IL17F p.His161Arg (rs763780)
AG vs. AA 1.08 (0.42-2.76), p=1.00 0.75 (0.17-2.59), p=0.78 1.43 (0.46-4.16), p=0.44
G Allele 1.07 (0.42-2.71), p=1.00 0.76 (0.18-2.56), p=0.79 1.41 (0.46-3.99), p=0.45

IL32 rs28372698 T>A
TT+TA vs. AA 1.12 (0.54-2.35), p=0.86 1.07 (0.45-2.80). p=1.00 1.17 (0.47-3.21), p=0.83
TT vs. TA+AA 1.11 (0.68-1.81), p=0.72 1.58 (0.88-2.86), p=0.12 0.73 (0.38-1.40), p=0.36
TT vs. AA 1.18 (0.54-2.65), p=0.71 1.40 (0.54-3.88), p=0.52 0.93 (0.33-2.82), p=1.00
T Allele 1.08 (0.77-1.51), p=0.68 1.29 (0.85-1.98), p=0.22 0.90 (0.60-1.37), p=0.68

TNF -308G>A (rs1800629)
AA+AG vs. GG 0.87 (0.43-1.74), p=0.75 0.61 (0.21-1.53), p=0.30 1.17 (0.50-2.62), p=0.70
A Allele 0.86 (0.45-1.63), p=0.65 0.57 (0.21-1.40), p=0.25 1.16 (0.53-2.42), p=0.72



secreted significantly less IL10 (measured as mRNA amount)
as compared to those with the GG genotype. In an animal
model, mice lacking IL10 expression developed gastritis at
higher rates as compared to wild-type mice (35,36), a finding
consistent with the fact that IL10 is considered as a potent anti-
inflammatory cytokine (37). Taken together, the aforementioned
studies in rodents support the findings of El-Omar et al. and
Zambon et al., and those from the present study, suggesting that
the AA genotype of IL10 -592C>A increases GC risk. 

Finally, we asked whether there are gene–gene interactions
between the polymorphisms analyzed. A potential synergistic
interaction was observed between IL8 -251A>T and IL32
rs28372698. The analysis of moderately- or well-differentiated
GC cases showed that homozygosity for both minor alleles had
a higher OR (OR=2.87) than homozygosity for only the minor
allele of IL8 -251A>T (OR=1.11) or IL32 rs28372698
(OR=1.21). Sakitani et al. observed a reduced expression of IL8
in AGS cells knocked-down for IL32, a situation that was
reversed by re-expression of IL32 (31). They concluded that
IL32 functions as an intracellular regulator of IL8. Taken
together, the results from Sakitani et al. support the possible
synergy observed in our study between IL8 -251A>T and IL32
rs28372698. Additional evidence from further studies conducted
in different populations is needed to confirm our finding.

In summary, we performed a case–control study with several
polymorphisms of pro- and anti-inflammatory genes in GC
cases. We detected significant association only for the IL10
polymorphism, possibly due to differences in allelic frequency
among populations. Our results support a possible synergistic
interaction between IL8 -251A>T and IL32 rs28372698 SNPs,
a finding that has not been previously reported and needs
further analysis in other populations. 
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