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Abstract

AIM: To investigate toll-like receptor 2 (7LR2) -196 to
-174 del, and 7LR4 (+896A/G rs4986790 and +1196C/
T rs4986791) polymorphisms at risk of chronic gastritis
and gastric cancer in a Brazilian population and associ-
ation of gastric lesions with risk factors such as smok-
ing, alcohol intake and Helicobacter pylori infection.

METHODS: In this case-control study, polymorphism
at 7LR2 -196 to -174 del was investigated by using the
allele-specific polymerase chain reaction (PCR) meth-
od, while the PCR-restriction fragment length polymor-
phism technique was carried out to identify the 7.R4
(rs4986790 and rs4986791) genotypes in 607 Brazilian
individuals (208 with chronic gastritis-CG, 174 with
gastric cancer-GC and 225 controls -C).

RESULTS: The single nucleotide polymorphisms
7LR4+1196C/T was not associated with risk of chronic
gastritis or gastric cancer and the homozygous geno-
types 7LR4+896GG and 7LR4+1196TT were absent
in the studied population. However, the frequency of
7LR2 -196 to -174 ins/del + del/del and 7/R4+896AG
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genotypes was significantly higher (P < 0.01 and P =
0.01, respectively) in the cancer group (33.4% and
11.5%, respectively) than in the control group (16.9%
and 4.5%, respectively). It was also observed that
the G-C haplotype of the 7.R4+896A/G+1196C/T (P
= 0.02) and the combination of variant alleles of the
TLRZ|TLR4+896G (P = 0.02) are associated with sus-
ceptibility to gastric cancer. In addition, the multiple
logistic regression showed that male gender [odds
ratio (OR) = 2.70; 95% CI: 1.66-4.41; P < 0.01], alco-
hol intake (OR = 2.93; 95% CI: 1.76-4.87; P < 0.01),
7LR2 -196 to -174 del (OR = 2.64; 95% CI: 1.56-4.44;
P < 0.01) and 7LR4+896G (OR = 3.19; 95% CI: 1.34-
7.61; P < 0.01) polymorphisms were associated with a
higher susceptibility to developing this neoplasm.

CONCLUSION: Our data indicate that 72R2 -196 to
-174 del and 7LR4+896G may increase the risk of gas-
tric cancer in a Brazilian population.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most serious health problems
in many countries, including Brazil, which ranks third in
incidence and mortality, and with an estimated incidence
in 2010 of about 21 500 new cases, with an incidence of
14.25 per 100 000 males and 7.70 per 100 000 females',
The Helicobacter polori (H. pylori) is the major etiological
risk factor for this malignancy, which progresses through
a multi-step process, developing from gastritis, to gastric
atrophy, intestinal metaplasia, dysplasia, and finally to
carcinoma”. Tt is widely accepted that chronic H. pylori
infection induces a gastric atrophy and hypochlorhydria,
which are precursors of all pathophysiological changes
of gastric carcinogenesis | However, colonization with
H. pylori can lead to various outcomes. Nearly all H. pylori
positive subjects have chronic gastritis, and only 1%-2%
development of stomach cancer among infected".
Hence, other factors are likely to be involved in gastric
tumorigenesis such as host genetic factors, as well as the
diversity of H. pylori virulence genes.

Host genetic factors, as polymorphisms in inflam-
matory and immune response genes, are mainly related
to the recognition of the bacteria by the immune system
and the variation in the level of cytokine responsem.
Among host factors, several inflaimmatory proteins in-
cluding cytokines, growth factors, and chemokines have
been known to control immune response against H. pylori
infection®”. Therefore, many studies have focused on the
analyses of polymorphisms in genes associated with the
inflammatory response in the gastric mucosa and risk for
malignancy®"". Other mediators also have polymorphic
variants that modulate the innate immune response pat-
tern, as the toll-like receptors (TLRs), which provide first
line of host defense against harmful pathogens'?.,

Among the TLRs, it has been reported that the
TLR2, lipoproteins bacterial receptor and the TLR4, the
lipopolysaccharide (LLPS) receptor, are involved in the
response to infection by H. pylori on gastric epithelial
cells™ ", Both the TLR2 and the TLR4 promote tran-
scription of genes involved in immune activation includ-
ing nuclear factor kappa B (NI'kB) and also mintage-
activated protein (MAP) kinase pathways'”. TLR4 is
up regulated in gastric epithelial cell lines infected with
H. pylori and in macrophages and expression of TLR4
protein has been demonstrated in chronic active gastritis,
in precancerous lesions, and also in gastric tumor cells.
TLR2 activates NF-kB in epithelial cells, in response to
H. pylori infection, causing the expression of interleu-
kin (IL)-8, macrophage inflammatory protein-3a, and
growth-regulated oncogene alpham. Thus, it is conceiv-
able that functionally relevant polymorphisms in TLK
genes can alter the host immune response to pathogens
as infection induced by H. pylor.

Single nucleotide polymorphisms (SNPs) in TL.R2
have been associated with susceptibility to various infec-
tious and inflammatory diseases such as leprosym, in-
creased risk of Gram-negative sepsis“sj |

19
, asthma'” recur-
- . - 20 .
rent bacterial infections”™ and sporadic colorectal cancer
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susceptibility”. The specific polymorphism TI.R2 -196
to -174 del/del genotype has been reported to show
decreased transcriptional activity of the TL.R2 genelzz],
Such fact aroused the interest for this polymorphism,
and previous studies in the Japanese population dem-
onstrated its association with increased susceptibility to
non-cardia gastric cancer™ and intestinal metaplasiaml.

Likewise, the TI.LR4 presents some polymorphisms
implicated in increased susceptibility to various diseases
P asthma
infection with the H. pylori associated with gastric can-
cer and its precursors”. Two SNPs in TLR4+896A/G
(rs4986790) and +1196C/T (rs4986791) have received
special attention in some studies, although the results are
still controversial ™,

Therefore, the aim of this study was to evaluate the
influence of the 22-bp nucleotide deletion -196 to —
174 del, in the promoter region of the gene TI.R2 and
+896A/G and +1196C/T polymorphisms (Asp299Gly
and Thr3991le) respectively in TI.R4 gene on the risk of
chronic gastritis and gastric cancer in a Brazilian popula-
tion and whether there is an association of gastric le-
sions with risk factors such as smoking, alcohol intake
and H. pylori infection.

. . 126
such as atherosclerosis , malaria™ and also

MATERIALS AND METHODS
Subjects

This was a case-control study on chronic gastritis and
gastric cancer, in which a total of 607 DNA samples from
petripheral blood leukocytes were genotyped. The case
groups comprised 208 individuals (102 men and 106
women) with a histopathologically confirmed diagno-
sis of chronic gastritis - CG (Sidney System)™, with a
mean age of 52.8 + 14.5 years (range 19 to 84 years),
and 174 individuals (134 men and 40 women) with a his-
topathologically confirmed diagnosis of gastric cancer -
GC (Lauren’s classification)”!!, with a mean age of 62.2
+ 12.2 years (range 28 to 93 years). All subjects were
recruited from the Hospital de Base in Sao José do Rio
Preto, SP, and from the Pio X II Foundation in Barretos,
SP, Brazil. H. pylori infection was histologically estab-
lished either by the Giemsa staining technique or by the
urease test, performed at the Pathology Services of the
Hospital de Base and the Pio X1 Foundation. Results
of H. pylori infection were obtained for the available cas-
es. The cancer-free control group (C) with no previous
history of gastric disease was composed of 225 healthy
individuals (112 men and 113 women), mainly blood do-
nors, with a mean age of 560.5 + 18.1 years (range 20 to
93 years). Epidemiological data on the study population
wete collected using a standard interviewer-administered
questionnaire, with questions about current and past oc-
cupation, smoking habits, alcohol intake and family his-
tory of cancer. All the individuals were ethnically classi-
fied on their visual appearance as Caucasians in the three
groups evaluated. The few cases of African descent were
excluded from the study (about 10%).
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Table 1 Primer sequences, restriction enzymes and fragment sizes for toll-like receptor 2 and toll-like receptor 4 gene polymor-

phisms and interleukin-1p gene

Genes Primers Enzyme T°/time Fragment (bp) Ref.
TLR2 F: 5-CACGGAGGCAGCGAGAAA-3" - 286 [24]
del -196 to -174 R: 5-CTGGGCCGTGCAAAGAAG-3 ins/ins: 286

ins/del: 286, 264
del/del: 264

TLR4+896A/G F: 5-AGCATACTTAGACTACCACCTCGATG 3’ BstXI 131 [34]
154986790 R: 5-GTTGCCATCCGAAATTATAAGAAAAG 3’ 37°C,1h A/A:131
A/G: 131,108
G/G:108
TLR4+1196C/T F: 5-GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA-3’ Hinfl 407 [33]
154986791 R: 5-ACCTGAAGACTGGAGAGTGAGTTAAATGCT-3' 37°C,1h C/C: 407
C/T: 407, 378
T/T: 378
IL1B F: CATGTGACCTGCTCGTCAGT Hinfl 370 [47]
R: CCCTAGGGATTGAGTCCACA 37°C,1h 195,175
TLR2 F: 5-CACGGAGGCAGCGAGAAA-3' BstXI 286 [24]
R: 5-CTGGGCCGTGCAAAGAAG-3' 37°C,1h 188, 98

TLR: Toll-like receptor; IL: Interleukin; T°: Temperature.

The National Research Ethics Committee approved
this work, and written informed consent was obtained
from all individuals.

Genotyping
About 5 ml. of whole blood were collected from all
study participants in sterile EDTA-coated vacutainers.
DNA was extracted according to a previous reportm],
and stored at -20 C until use for genotyping;
Polymorphism at TI.LR2 -196 to -174 del was inves-
tigated using the allele-specific polymerase chain reac-
tion (PCR) method”, and the PCR-restriction fragment
length polymorphism (RFLP) technique was carried out
in order to identity the TL.R4 (rs4986790 and rs4986791)
genotype[33’34] in cases and control groups. In brief, the
procedure was carried in a total reaction volume of 25
pL, containing 2.5 pl. 10 X PCR buffer, 2 pul. deoxy-
ribonucleotide triphosphatess (1.25 umol/L), 0.5 pL
MgClz (25 mmol/L), 1.25 pL of each primer (25 mmol/
L, Sigma-Aldrich, United States), 15.3 ul. dH20, 2 pL
DNA (100 ng/uL), and 0.2 pl. Taq DNA polymerase
(5 U/pL, Invitrogen, United States). PCR for TLLR2
-196 to -174 de/ was as follows: initial denaturation step
at 95 C for 5 min, amplification was carried out by 35
cycles at 95 °C for 30 s, at 60 C for 40 s, and at 72 C for
40 s, followed by a final elongation cycle at 72 'C for 7
min (Table 1). PCR for both TILR4 polymorphisms were
as follows: after an initial denaturation step at 94 C for
3 min, amplification was carried out by 30 cycles at 94 'C
for 30 s, at 62 C for 30 s, and at 72 C for 30 s, followed
by a final elongation cycle at 72 ‘C for 7 min. Then, 10
uL of TLR4 +896 A/G and TLR4 +1196 C/T poly-
morphism PCR products were digested with 0.5 pl. (5
U/uL) of the Bs/XI and Hinfl specific enzymes, respec-
tively in a 10 pl. volume including 2.5 ul. 10 X buffer 1
(New England Biolabs, United States) and 7.0 pl. dH20
(Table 1). The products were then electrophoresed on a
3% agarose 1000 (Invitrogen, United States) gel, to allow
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detection by ethidium bromide staining.

In order to confirm the veracity of the results, one
confirmed polymorphic case was used as positive control
for every RFLP procedure, to attest the good function-
ing of the restriction enzyme. For the TI.R4+896A/G
(£s4986790) and +1196C/T (rs4986791) polymorphisms,
we also used other fragments of the TILR2 and I.-7f3
gene that was known to have the enzyme recognition site
to verify the correct functioning of the enzymes BsZXI
and Hinfl (Table 1), considering we did not detect any
polymorphic homozigous subjects.

Statistical analysis

Fisher’s exact test was used to compare the groups re-
garding genotype and allele frequencies, and the chi-
square test for determining Hardy-Weinberg equilibrium.
Multiple logistic regression models were used to deter-
mine the effects of the variables in gastric cancer and
chronic gastritis. The models included age (reference: <
61 and 53 years old - median of the groups), gender (ref-
erence: female), smoking habits (reference: nonsmokers),
drinking habits (reference: nondrinkers), and H. pylori
infection (reference: H. pylori-negative). The results are
shown as odds ratio (OR), showing 95% CI. ORs were
calculated using a dominant model due to low frequency
of polymorphic homozygous (i.e., combining heterozy-
gous and homozygous for the minor allele s homozy-
gous for the major allele) for all SNPs. The haplotype
frequencies of TI.R4 were inferred by Haploview pro-
gram (4.0 version). Statistical analyses were performed
using the GraphPad Instat, and SPSS (11.5 version)
computer software programs. A probability level (P) of
less that 0.05 was adopted as a significance criterion.

RESULTS

The samples of the 607 subjects were genotyped for the
TILLR2 -196 to -174 de/ and TL.R4 (+896A/G rs4986790
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Table 2 Genotype and allele frequencies of toll-like receptor
2 (-196 to -174 de/) and toll-like receptor 4 (rs4986790

and rs4986791) polymorphisms in gastric cancer, chronic
gastritis and control groups

GC C CG

Genotypes/allel
enoypesialeles = 174 (%) n = 225(%) 1 = 208 (%)

TLR2 -196 to -174

ins/ins 116 (66.6) 189 (84.0) 160 (76.9)
del/ins 50 (28.7) 34 (15.1) 41 (19.7)
del/del 8(4.7) 2(0.9) 7 (3.4)
OR (95% CI) 2.62 (1.63-4.22) 1.57 (0.97-2.54)
P value <0.01 0.06
Alleles
ins 81.0 91.5 87.0
del 19.0 8.5 13.0
OR (95% CI) 2.53 (1.65-3.88) 1.65 (1.06-2.55)
P value <0.01 0.02
TLR4 +896A/G
(rs4986790)
AA 154 (88.5) 215 (95.5) 187 (89.9)
AG 20 (11.5) 10 (4.5) 21 (10.1)
GG 0 0 0
OR (95% CI) 2.79 (1.27-6.13) 2.41 (1.10-5.25)
P value 0.01 0.02
Alleles
A 94.0 97.0 95.0
G 6.0 3.0 5.0
OR (95% CI) 2.68 (1.23-5.81) 2.33 (1.08-5.02)
P value 0.01 0.02
TLR4 +1196C/T
(rs4986791)
CcC 165 (94.8) 219 (97.3) 202 (97.1)
CT 9(5.2) 6(2.7) 6(2.9)
TT 0 0 0
OR (95% CI) 1.99 (0.69-5.70) 1.08 (0.34-3.41)
P value 0.28 1.00
Alleles
C 98.0 99.0 98.0
T 2.0 1.0 2.0
OR (95% CI) 1.96 (0.69-5.57) 1.08 (0.34-3.38)
P value 0.29 1.00

OR: Odds ratio; GC: Gastric cancer; CG: Chronic gastritis; C: Control.

and +1196C/T 1s4986791). The genotype and allele
frequencies for these polymorphisms are presented in
Table 2. The genotype and allele frequency distribu-
tion of the three polymorphisms complied with Hardy-
Weinberg equilibrium in both cases and control groups
(data not shown). The banding patterns of these SNPs
are represented in Figure 1.

For TLLR2 -196 to -174 del, the genotype (ins/del
and del/del) and allele (del) frequencies were increased
statistically (P < 0.01) in gastric cancer group (33.4% and
19% respectively) than in control group (16.0% and 8.5%
respectively). In addition, among the groups of chronic
gastritis (13.0%) and control (8.5%), the allele frequen-
cies (del) was statistically significant (P = 0.02).

Similatly, for TT.LR4+896A/G (rs4986790), the geno-
types (A/G) and allele (G) frequencies were increased
statistically in gastric cancer group (11.5% and 6.0%,
respectively; P = 0.01) and chronic gastritis (10.1% and
5.0%, respectively; P = 0.02) than in control group (4.5%
and 3%, respectively). This results due to the higher
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Figure 1 Eletrophoretic pattern of fragments generated by polymerase
chain reaction-allele specific and polymerase chain reaction-restriction frag-
ment length polymorphism for the polymorphisms. A: Toll-like receptor (TLR)2
-196 to -174 del: insfins = 286 bp; ins/del = 286 + 264 bp; del/del = 264 bp; B:
TLR4 + 896A/G: A/A = 131 bp; A/G = 131 + 108 bp and positive control of enzyme
BstXI, TLR2 gene fragment of 286 bp with the enzyme cutting site: 188 + 98 bp (last
lane); C: TLR4 + 1196 C/T: C/C = 407 bp; C/T: 407 + 378 bp and positive control
of enzyme Hinfl, interleukin-1B gene fragment of 370 bp with the enzyme cutting
site: 195 + 175 bp (last lane). M: Molecular weight marker of 100 bp.

Table 3 Toll-like receptor 4 haplotype frequency distribution

between gastric cancer, chronic gastritis and control groups

Haplotypes

TLR4 G cow  Foccomecowm » Fo
+896/+1196

A-C 914 95.7 6.802 <0.01 94.0 95.7 1361 024
G-C 63.0 31.0 5247 0.02 46.0 31.0 1598 0.20
A-T 21.0 11.0 1461 022 NF NF NF NF

Haplotype G-T not found. NF: Not found; GC: Gastric cancer; CG: Chronic
gastritis; C: Control.

frequency of polymorphic allele (TLR4 +896G) in the
gastric cancer and chronic gastritis groups.

In contrast, for TLR4+1196C/T (rs4986791), no
significant difference was found between gastric cancer
and control group (Table 2). Homozygous genotypes
TILR4+896GG and TLR4+1196TT were absent in the
studied population. We also compared the genotype and
allele frequencies between gastric cancer and gastritis
groups and no significant difference was found for the
polymorphisms studied (data not shown).

The TL.R4 haplotype analysis (Table 3) demonstrated
higher frequency of both wild alleles (haplotype A-C)
in control subjects compared with gastric cancer (95.7%
and 91.4%, respectively; P < 0.01). However, the op-
posite was observed for frequency of variant haplotype
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Table 4 Combined effect of toll-like receptor 2 (-196 to -174 de/) and toll-like receptor 4 (rs4986790 and rs4986791) poly-

morphisms on risk of gastric cancer and chronic gastritis

Groups
Risk genotype GC C OR (95% CI) C OR (95% CI) GC CcG OR (95% CI)
(n=174) (n = 225) P value (n = 208) (n = 225) P value (n =174) (n = 225) P value

Neither 113 187 1.00 (reference) 187 1.00 (reference) 113 160 1.00 (reference)
TLR2 ins/del or del/ 10 4 4.13 (1.26-13.50) 4 3.21 (1.00-10.29) 10 11 1.28 (0.52-3.13)
del/TLR4+896 AG 0.02 0.06 0.64

TLR?2 ins/del or del/ 4 1 6.61 (0.73-59.99) 1 1.16 (0.07-18.84) 4 1 5.66 (0.62-51.37)
del/ TLR4+1196 CT 0.07 1.00 0.16
TLR4+896 AG/ 1 1 1.65 (0.10-26.73) 1 3.50 (0.36-34.05) 1 3 0.47 (0.04-4.59)
+1196 CT 1.00 0.34 0.64

C: Control group; OR: Odds ratio; GC: Gastric cancer; CG: Chronic gastritis; TLR: Toll-like receptor.

Table 5 Distribution of risk factors, genotypes of toll-like receptor 2 (-196 to -174 de/) and toll-like receptor 4 (rs4986790 and

rs4986791), and odds ratios for gastric cancer, chronic gastritis and control groups

Variables F (GC/C) % OR (95% CI) P value F (CG/C) % OR (95% CI) P value

Gender
Female 23/49.7 Reference <0.01 51.0/50.3 Reference 0.96
Male 77/50.3 2.70 (1.66-4.41) 49.0/49.7 0.99 (0.66 -1.48)

Age (yr)
<6l 40.9/56.0 Reference 0.30 52.8/43.5 (<53 yr) Reference 0.03
=61 59.1/44.0 1.26 (0.81-1.98) 47.2/56.5 (= 53 yr) 0.64 (0.43-0.95)

Smoking
Nonsmokers 30.5/34.3 Reference 0.13 44.8/34.3 Reference 0.01
Smokers 69.5/65.7 0.67(0.39-1.13) 55.2/65.7 0.57 (0.37-0.87)

Alcohol
Nondrinkers 46.6/74.3 Reference <0.01 68.2/74.3 Reference 0.06
Drinkers 53.4/25.7 2.93 (1.76-4.87) 31.8/25.7 1.54 (0.97-2.44)

TLR2
ins/ins 66.6/84.0 Reference <0.01 76.9/84.0 Reference 0.18
ins/del 33.4/16.0 2.64 (1.56-4.44) 23.1/16.0 1.39 (0.84 -2.28)
del/del

TLR4 +896A /G (rs4986790)
AA 88.5/95.5 Reference <0.01 89.9/95.5 Reference 0.04
AG 11.5/4.5 3.19 (1.34-7.61) 10.1/4.5 2.29 (1.02-5.13)

TLR4 +1196C/T (rs4986791)
CC 94.8/97.3 Reference 0.63 97.1/97.3 Reference 0.91
CT 5.2/27 1.33 (0.41-4.33) 29/27 0.93 (0.28-3.05)

F: Frequency of individual (%); OR: Odds ratio; GC: Gastric cancer; CG: Chronic gastritis; C: Control; TLR: Toll-like receptor.

G-C, which was higher in the gastric cancer group com-
pared with control group (63.0% and 31.0%, respective-
ly; P =0.02).

In another statistical analysis, which evaluated the
combined effect between the three polymorphisms
(TLR2 -196 to -174 del, TLR4+896A/G and +1196C/T),
the combination of variant alleles of the polymorphisms
TILR2 ins/del and del/del with TI.R4 +896 AG showed
a higher risk of gastric cancer compared to healthy indi-
viduals (OR = 4.13; 95% CI: 1.26-13.50; P = 0.02). The
other combinations of variant alleles did not show any
significant difference (Table 4). The combination of the
three variant alleles was found in only one individual of
the group of chronic gastritis (data not shown).

The potential associations between the distributions
of TLLR2 -196 to -174 del and TLLR4 (+896A/G and
+1196C/T) genotypes adjusting for risk factors for gas-
tric cancer and chronic gastritis in comparison of con-

144
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trol group are presented in Table 5.

In the gastric cancer group, the multiple logistic re-
gression shows that male gender (OR = 2.7; 95% CI:
1.66-4.41; P < 0.01), alcohol intake (OR = 2.93; 95% CI:
1.76-4.87; P < 0.01), TLR2 -196 to -174 ins/del+del/del
(OR = 2.64; 95% CI: 1.56-4.44; P < 0.01) and TLR4
+896AG (OR = 3.19; 95% CI: 1.34-7.61; P < 0.01) were
associated with a higher susceptibility to developing this
neoplasm. The comparison between gastritis and control
group showed that only TLLR4+896AG polymorphism
was associated with risk of chronic gastritis (OR = 2.29;
95% CI: 1.02-5.13; P = 0.04), while age above 53 years
(OR = 0.64; 95% CI: 0.43-0.95; P = 0.03) and smoking
(OR = 0.57; 95% CI: 0.37-0.87; P = 0.01) were negatively
associated with the development of gastritis. In another
multiple logistic regression analysis considering also the
individuals tested for H. pylori infection (95 with gastric
cancer and 177 with gastritis), there was no statistically
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significant association (OR = 0.73, 95% CI: 0.29-1.78;
P = 0.49, data not shown in Table 5). There was also no
association of three polymorphisms with H. pylor; when
evaluated negative and positive individuals within a group
of gastric cancer and gastritis (data not shown).

DISCUSSION

TLRs participate in H. pylori bacterium recognition in
gastric mucosa, and SNPs in TLRs are associated with
impaired immune response, inducing a potent inflamma-
tory response. Therefore, it is relevant to carry out stud-
ies on host genetic factors that can be associated with
susceptibility of gastric diseases. Hence, we investigated
whether TILR2 -196 to —174 del and TL.R4 (+896A/G
4986790 and +1196C/ T 1s4986791) polymorphisms
affect the risk of developing gastric cancer and chronic
gastritis in a Brazilian population. Our results have dem-
onstrated for the first time in this population, an asso-
ciation of TI.R2 -196 to -174 del and of TI.LR4+896 G
polymorphisms with susceptibility to gastric cancer. The
polymorphism TILR4+1196 T was not associated with
risk to the gastric lesions evaluated, and the homozygous
genotypes TLR4+896GG and TL.R4+1196TT were ab-
sent in the studied population.

Some studies that investigated the association of
TILR2 -196 to -174 del polymorphisms at risk of devel-
oping diseases related to an inflammatory process have
shown conflicting results. For instance, del allele or del/
del genotype of TILLR2 -196 to-174 polymorphism was
significantly associated with cervical cancer susceptibil-
ityl35J and risk of non-cardia gastric cancer in a Japanese
population, but not for gastritis, gastric ulcer and duo-
denal ulcer™, while TLLR2 -196 to -174 ins allele was as-
sociated with more severe intestinal metaplasia in older
patientsm. However, Wang ez al” failed to show associa-
tion of TLLR2 -196 to -174 del/del and ins/del carriers
with ulcerative colitis.

The -196 to -174 del polymorphism in TT.R2 gene
located on chromosome 4, causes a 22-bp nucleotide
deletion that alters the promoter activity of gene. The
TIR2 del/del genotype is reported to show decreased
transcriptional activity this genem]. In our study, we
observed significantly higher frequencies of genotypes
TILR2 ins/del and del/del in the gastric cancer group
compared to the healthy individuals, emphasizing its role
in the gastric carcinogenesis._

The TIL.R4 gene is mapped on chromosome 9 and
consists of three exons. In exon 3, two non-synonymous
SNPs TL.R4+896A/G and +1196C/T allows the sub-
stitution of amino acids Asp299Gly and Thr3991le, re-
spectively. In the analysis by Haploview, the frequencies
of TIL.R4 G-C (299Gly-399Thr) and G allele were higher
in patients with gastric cancer indicating an association
of this haplotype with increased risk of gastric cancer to
its carriers. The substitution of Asp299Gly amino acids
disrupt the normal structure of the extracellular region
of the TLR4 and may cause decreased ligand recogni-
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tion or protein interaction, and decreased responsiveness
to lipopolysaccharide, disrupting transport of TLR4 to
the cell membrane ", This change leads to an exagger-
ated inflammatory response with severe tissue destruc-
tion, likely due to a failure in stimulating regulatory cells
and production of 1L-10 cytokineps]. Arbour ef al" were
the first to report that individuals having either the Asp-
299Gly and/or Thr3991le polymorphisms had a blunted
response towards inhaled LPS. Thus, during the cascade
of progression of gastric carcinogenesis, the subjects
with this polymorphism can have an increased risk of
severe inflammation followed by development of hypo-
chlorhydria and gastric atrophy, which are regarded as
important precursor alterations of gastric cancer'”.

Both SNPs in TI.R4 are presented in about 10% of
Caucasian and African populations and are reported to
have a positive correlation with susceptibility to infec-
tious diseases, whereas studies in Asian populations have
shown the absence of these polymorphjsmslzc’m. How-
evet, in our study with a Southeastern Brazilian popula-
tion, we found that both SNPs TILR4 (+896A/G and
+1196C/T) were present in heterozygous in about 4.5%
to 11.5% and 2.7% to 5.2% respectively in the gastric
cancer and control groups. Other studies in the Brazilian
population found similar frequencies of heterozygous
TILR4+896A/G polymorphism in Chagas disease (5.6%),
ulcerative colitis (7.1%) and Crohn’s disease (7%)"**".
But, to the best of our knowledge, there are not studies
on TL.R2 and TI.R4 polymorphisms in gastric cancer of
Brazilian population.

With regards to TLR4+896A/G and +1196C/T
polymorphisms, Garza-Gonzalez et al” showed no as-
sociation with the risk of gastric cancer in the Mexican
population, while Trejo de la O ef al” observed that both
SNPs in TI.LR4 had an association with duodenal ulcer
and gastric cancer also in Mexican patients. Yet, other
studies have demonstrated association with only one of
these polymorphisms and risk of gastric cancer and pre-
cancerous lesions, either TLLR4+1196C/T (Thr3991le)"**
or TLR4+896A/G (Asp299Gly) polymorphisms' are
associated with susceptibility to gastric carcinogenesis.
In addition, in this study in Caucasian populationm, ho-
mozygous polymorphic TI.R4+896 GG was not found,
corroborating our results.

Concerning H. pylori infection, we evaluated the asso-
ciation between TT.R2 and TI.R4 polymorphisms in the
case groups with the available information in their medi-
cal records (95 with gastric cancer and 177 with gastritis)
and no association was found. The reduced number of
samples available for statistical analysis may have harmed
these results. Rad ez a/” studied the role of various TLRs
(2/4/7 and 9) in response to H. pylori using mice mu-
tants lacking these receptors. The results demonstrated
the importance of the TLR2 in response to this bacte-
rium, unlike the TLR4. TLR4-receptor lacking mice had
little or no change in response to H. pylori compared
with controls. Although the role that the effect of poly-
morphism in TI.LR2 in the activity of this receptor in
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gastric cells is not fully understood, this deletion is likely
to alter their activity. Since TIL.R2 has an important role
in immune response against the H. pylori bacterium, the
change of its function becomes relevant in carcinogen-
esis of the stomach'™.

Besides the influence of the H. pylori, other risk fac-
tors as gender, age, smoking and alcohol intake were an-
alyzed. There are statistically significant results for male
gender and alcohol intake in the gastric cancer group
compared with the control group. According to the Na-
tional Cancer Institute the highest incidence of gastric
cancer occurs in men around age 70 years, and about
65% of patients diagnosed with this type of cancer were
over 50 years'. Another risk factor well established in
the literature in relation to gastric carcinogenesis is the
excessive consumption of alcohol™ ™. Really, ethanol
oxidation generates acetaldehyde, which presents carci-
nogenic effects, since it interferes with many DNA syn-
thesis and repair sites, leading to tumor developmentw.

In conclusion, our findings indicate a significant
role of both TLLR2 -196 to -174 del and TIL.R4+896G
(Asp299Gly) polymorphic variant with susceptibility
to gastric cancer in the Southeastern Brazilian popula-
tion evaluated, whetreas no association was observed
for TL.LR4 +1196T polymorphism. Thus, it is feasible to
highlight that host genetic factors as the interaction of
polymorphisms in genes of toll-like receptors can play
an important role in gastric carcinogenesis.
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Background

Gastric cancer (GC) has high rate of incidence and mortality in Brazilian popu-
lation. Thus is important to establish host genetic factors, as polymorphisms
in genes related with inflammatory and immune response associated with
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for the first time association of toll-like receptor (TLR)2 -196 to -174 del and
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Innovations and breakthroughs

In this study it was possible to make the combined analysis of three polymor-
phisms (TLR2 -196 to -174 del, TLR4+896A/G and +1196C/T) and to show that
the combination of single nucleotide polymorphisms TLR2 ins/del and del/del
with TLR4 +896 AG led to a higher risk of gastric cancer.

Applications

Considering the high incidence of gastric cancer in the Brazilian population, the
data show that carriers of polymorphisms in genes involved with immune re-
sponse as TLR2 ins/del and del/del and TLR4 +896 AG, together with other ge-
netic and environmental factors constitute a risk group to gastric carcinogenesis.
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This is a cross sectional study on the role of the TLR2 and TLR4 polymor-
phisms in GC in a Brazilian population. The main point that needs to be further
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