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ABSTRACT

Background/Aims: Toll-like receptors (TLRs), particularly TLR2 and TLR4, take part in elicitation of immune responses against Helico-
bacter pylori (H. pylori). This study aimed to investigate the relationship between single nucleotide polymorphisms (SNP) rs3804099 in
the TLR2 gene and rs4986790 in the TLR4 gene with H. pylori infection and peptic ulcer (PU).

Materials and Methods: Blood specimens were obtained from 350 individuals, including 100 H. pylori-infected patients with PU, 125 H.
pylori-infected asymptomatic subjects (AS), and 125 non-infected healthy subjects (NHS). The DNA was extracted, and the SNPs were
determined using ARMS-PCR method.

Results: The frequency of CT genotype at TLR2 SNP rs3804099 in both the PU and AS groups was significantly higher than in the NHS
group (p<0.05). In total H. pylori-infected individuals (PU+AS), the frequency of the CT genotype at rs3804099 was also significantly
higher than in the NHS group (p<0.005). The frequency of the CC genotype at rs3804099 in PU+AS was markedly lower than in the NHS
group (p=0.066). PU patients carried CT genotype more frequently than total healthy individuals (AS+NHS) (p<0.03). The distribution
of the TT genotype was lower, whereas the frequency of the CT genotype was higher in AS individuals infected with CagA+ strains than
those infected with CagA- strains (p<0.03). No significant differences were found among the PU, AS, and NHS groups regarding the
genetic differences at rs4986790 in the TLR4 gene.

Conclusion: These results provide evidence regarding the association of the rs3804099 in the TLR2 gene with H. pylori infection and PU.
The rs3804099 may affect vulnerability to H. pylori infection, particularly to CagA+ strains of bacteria.
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INTRODUCTION

Colonization of the human stomach by Helicobacter py-
lori causes the development of peptic ulcers (PU), gastric
cancer, and mucosa-associated lymphoid tissue lympho-
ma in approximately 15%-20%, 0.1%-3%, and less than
0.01% of H. pylori-infected individuals, respectively (1,2).
Moreover, association of H. pylori infection with various
extra-gastrointestinal diseases such as hematologic, car-
diovascular, metabolic, neurologic, and dermatologic disor-
ders has been also reported (3-5). The interplay between
H. pylori-related virulence factors as well as genetic back-
ground of the host, such asimmune system-related genes,
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has a prominent role in the clinical outcomes of H. pylori
infection (2,6). The cytotoxin-associated gene A (CagA) is
considered to be the strongest virulence parameter of H.
pylori; therefore, the infection with CagA* strains of bacte-
ria is correlated with a higher risk of PU and gastric cancer
development than the infection with CagA-strains (7-9).

Toll-like receptors (TLRs) are an important subset of the
sensors of immune cells that recognize pathogen-associ-
ated molecular patterns (DAMP) (10,11). TLR-related im-
mune response may influence the infection outcome in
the direction of pathogen deletion or its persistence (12). H.
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pylori-derived components are recognized by some types
of TLRs, particularly TLR2, TLR4, TLR5, and TLR9 (10,12).

Under physiological situations, the expression of TLR2
and TLR4 on the gastrointestinal epithelium is low; how-
ever, their expression is raised after infection with H. pylori
(11). The binding of TLR2 and TLR4 to the H. pylori-derived
components results in the quick production of various
proinflammatory mediators, such as cytokines, chemok-
ines, and nitric oxide (NO) (11,12). Enhanced production of
different proinflammatory cytokines was indicated in gas-
tric biopsies collected from H. pylori-positive patients (13).

The polymorphisms in a TLR gene may influence its expres-
sion, thereby altering its capability for binding to ligand and
changing its related signaling pathways (14). Several single
nucleotide polymorphisms (SNPs) in the TLR2 and TLR4
genes were linked with H. pylori-associated gastrointesti-
nal diseases (14,15). The SNP +597T>C (rs3804099) is a
synonymous polymorphism placed in the third exon of the
TLR2 gene on the chromosome 432 (16). The association
of the SNP rs3804099 with a number of infectious diseas-
es such as bacterial meningitis and pulmonary tuberculosis
was reported in previous studies (17,18).

The SNP +896T/C (rs4986790) is a non-synonymous
polymorphism located in the third exon of the TLR4 gene
on the chromosome 9, and it leads to the substitution of
amino acids Asp299Gly. The replacement of Asp299Gly
amino acids changes the extracellular part of TLR4 and
may cause diminished ligand binding, low responsiveness
to lipopolysaccharide, and reduced transporting of TLR4
to the cellular surface (19). The results from a meta-anal-
ysis study indicated that the SNP rs4986790 in TLR4
exhibits an increased risk, decreased risk, or no associ-
ation with different infectious diseases (20). There are
also controversies regarding the association of the SNP
rs4986790 in TLR4 with H. pylori-related diseases be-
cause no association or positive association was reported
in studies from different countries (19,21-24).

The polymorphisms in the TLR genes may affect the human
immune responses against pathogens and influence their
clinical outcomes (14). There is no report about the associa-
tion of the SNPs rs3804099 in TLR2 gene and rs4986790 in
TLR4 gene with H. pylori and its-related PU in Iranian popu-
lations. This investigation aimed was to evaluate the associ-

ation of aforementioned SNPs with H. pylori and its-related
PU in a population from southeastern Iranian, Kerman.

MATERIALS AND METHODS

Subjects

In total, 100 H. pylori-infected patients with PU (age: 40.6
+ 8.7 years) and 250 healthy individuals [including 125 H.
pylori-infected asymptomatic (AS) carriers (age: 39.1+9.3
years) and 125 non-infected healthy individuals (age:
40+10.13 years)] were recruited in the study. The PU group
was selected among patients referred to the Afzalipoor
hospital affiliated with Kerman University of Medical Sci-
ences (Kerman, Iran) from October 2016 to January 2017.
The diagnostic procedures of PU were performed by di-
gestive specialist, according to the upper gastrointestinal
endoscopic observations, and none of the patients were
taking medications (including nonsteroidal anti-inflamma-
tory drugs) at the time of investigation. In PU patients, the
status of H. pylori infection was assessed by rapid urease
test (RUT) and seropositivity for bacterium-specific immu-
noglobulin G (IgG) was assessed using an enzyme-linked
immunosorbent assay (ELISA) method. The RUT test was
performed on a biopsy specimen taken from the gastric
antrum during endoscopic observation. For PU patients,
the status of H. pylori infection was considered positive if
both tests (RUT and H. pylori-specific IgG) were reactive.

The AS carriers were seropositive for H. pylori-specific IgG,
as described below. The NHS were seronegative for both
specific IgG and IgA against H. pylori. The AS carriers as well
as the NHS were recruited among blood donors and inter-
viewed concerning the gastrointestinal clinical signs, and
none of them had previous history of gastrointestinal or
other relevant abnormalities. The Ethical Committee of the
Kerman University of Medical Sciences evaluated and ap-
proved the protocol of investigation. Moreover, sample was
collected after obtaining written informed consent from
patients. A blood specimen of the peripheral blood (5 mL)
was obtained from each individual, and the serum sample
was separated and stored at -70°C until analyzed.

Measurement of H. pylori-specific antibodies

The serum levels of H. pylori-specific IgG and IgA were
measured using the commercial ELISA kits (Euroimmun,
Libeck, Germany), according to the manufacturer's in-
structions. The serum IgG levels against CagA were also
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assessed using the commercial ELISA kit (Diagnostic Bi-
oprobes, Milano, Italy).

DNA extraction

The salting out protocol was used for genomic DNA sepa-
ration from the peripheral blood leukocytes, as previously
described by Miller et al. (25). The DNA concentrations
and their purity were checked using a spectrophotometry
system (Ependorf, Germany) according to the calculation
of the optical density at 260 and 280 nm wavelengths.
Notably, 200 pl sample of whole peripheral blood yields
5.70£2.40 pg of DNA with A /A . of 1.88+80.0. DNA
specimens were stored at -20°C until used.

Determination of the TLR2 gene polymorphism at
position of rs3804099

The TLR2 SNP rs3804099 was genotyped by the ampli-
fication refractory mutation system-polymerase chain
reaction (ARMS-PCR) method (18).

The PCR reaction was prepared by mixing the following
reagents in a microcentrifuge tube on ice: 10xTaq poly-
merase buffer (2.5 pL), 2 units of Tag DNA polymerase,
0.5 pL of MgCI2 (stock concentration 1.5 mM), 0.5 pL of

Ladder (bp) Blank TT

each dNTP [dATP, dCTP, dGTP, and dTTP (stock concen-
tration of 10 mM)], 1 pL of each primer, 1 pL of genomic
DNA, and sterile double-distilled water to make up a total
volume of 25 pL. The sequences of the used primers and
the product sizes are demonstrated in Table 1.

The amplification program was designed as follows: an ini-
tial denaturation stage (at 94°C for 5 minutes), followed by
30 cycles of denaturation (at 95°C for 30 seconds), anneal-
ing (at 53°C for 30 seconds), and extension (at 72°C for 40
seconds). A final extension stage was also performed (at
72°C for 10 minutes) to terminate the PCR process.

The product sizes of the PCR reaction were determined
by electrophoresis on a 2% agarose gel. The common
PCR control product was 349 bp, and the allele-specific
products were 228 bp and 173 bp for the presence of T
and C alleles, respectively (Figure 1a).

Determination of the TLR4 gene polymorphism at posi-
tion of rs4986790

The TLR4 SNP rs4986790 was also determined using
ARMS-PCR, as described previously (25). The common
PCR product was 385 bp, and the allele-specific products

Ladder (bp) Blank AA

Figure 1. a, b. Determination of TLR2 gene polymorphism at the position of rs3804099 using the ARMS-PCR method The first column shows
a ladder pattern; the second column is blank; the third, fourth, and fifth columns represent the TT, TC, and CC genotypes, respectively (a);
Detecting of TLR4 gene polymorphism at the position of rs4986790 using the ARMS-PCR method The first column shows a ladder pattern; the
second column is blank; the third, fourth, and fifth columns represent the AA, AG, and GG genotypes, respectively (b)
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Table 1. Primers used for the determination of SNP rs4986790 and SNP rs3804099 in the TLR2 and TLR4 genes, respectively

PCR products Primer

Gene

TLR2 rs3804099

Reverse outer: 5-CAAACTTTCATCGGTGATTTTCACA-3
Forward inner(T allele): 5-CCAAAAAGTTTGAAGTCAATTCAGAAT-3

Reverse inner(C allele): 5-TCATATGAAGGATCAGATGACTTCCG-3

TLR4 rs4986790

Reverse outer: 5'-GTTAACTAATTCTAAATGTTGCCATC-3'
Forward inner(A allele): 5'-GCATACTTAGACTACTACCTCGATGA-3'

Reverse inner(G allele): 5'-CAAACAATTAAATAAGTCAATAATAC-3'

Forward outer: 5-ATTGCAAATCCTGAGAGTGGGAA-3

Forward outer: 5'-TGAACCCTATGAACTTTATCC-3'

Common product size: 349 bp
TT: 228 bp

CC:173 bp

CT: 228 bp and 173 bp
Common product size: 383 bp
AA: 147 bp

GG:287 bp

AG:147 bp and 287 bp

PCR: Polymerase chain reaction; SNP: Single nucleotide polymorphism; TLR: Toll-like receptors

were 292 bp and 147 bp for the presence of G and A al-
leles, respectively (Table 1) (Figure 1b) (25).

Statistical analysis

The genotype and allele frequencies were computed in
PU patients and control individuals by direct gene enu-
merating. The variables were compared using x2 test, and
a p-value of less than 0.05 was considered to be signifi-
cant. The data were analyzed using the Statistical Pack-
age for Social Sciences (SPSS) software, version 22 (IBM
Corp.; Armonk, NY, USA).

RESULTS

No significant difference was observed among the PU,
PS, and NHS groups concerning their ages (p=0.32). The
men/women ratios were similarly distributed in three
groups [70 men (70.0%) and 30 women (30.0%) in PU
patients, 87 men (69.6%) and 38 women (30.4%) in both
AS and NHS groups].

H. pylori-specific immunoglobulins

The seroprevalence of anti-H. pylori I|gG antibodies in PU
patients and healthy subjects was 96.0% and 58.2%, re-
spectively. The PU patients who were positive for both
RUT and H. pylori-specific IgG tests were enrolled in the
study. The seropositivity for anti-CagA IgG in H. pylo-
ri-infected PU patients and asymptomatic subjects was
85.0% and 62.3%, respectively. The determination of the
anti-H. pylori IgA performed in seronegative subjects for
lgG against H. pylori. The NHS were seronegative for both
specific IlgG and IgA against H. pylori.

Association of TLR2 SNP rs3804099 with PU and

H. pylori infection

The frequencies of the TT, CC, and CT genotypes at
rs3804099 in the TLR2 gene were 34.0%, 16.0%, and
50.0% in the PU group; 40.0%, 16.0%, and 44.0% in
the AS group; and 44.8%, 24.0%, and 31.2% in the
NHS group, respectively. A significant difference in
genotype frequencies at SNP rs3804099 in the TLR2
gene was observed among the PU, AS, and NHS groups
(p<0.05). The prevalence of the CT genotype at TLR2
SNP rs3804099 in both the PU and AS group was
found to be significantly higher than that in the NHS
group (p<0.05). The distribution of the CT genotype at
SNP rs3804099 did not significantly differ between the
PU and AS group (Table 2).

To evaluate the association of a given SNP with H. pylo-
riinfection, we compared the genetic variations in that
SNP, between total H. pylori-infected subjects (PU+AS
groups) and the NHS group. In total H. pylori-infected
individuals (PU+AS groups), the frequencies of the TT,
CC, and CT genotypes at rs3804099 in the TLR2 gene
were 37.3%, 16.0%, and 46.7%, respectively (Table 3).
In all H. pylori-infected individuals (PU+AS groups), the
frequency of the CT genotype at SNP rs3804099 in
the TLR2 gene was also significantly higher than that
in the NHS group (p<0.005). However, the frequency of
the CC genotype at SNP rs3804099 in the TLR2 gene
was markedly lower in total H. pylori-infected subjects
(PU+AS groups) than in the NHS group (p=0.066) (Ta-
ble 3).
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Table 2. Frequencies of the genotypes and alleles at TLR2 SNP rs4986790 in PU, AS, and NHS, total infected subjects

(PU+AS), and total healthy subjects (AS+NHS)

Total infected

Total healthy

Genotype PU AS NHS subjects (PU+AS)  subjects (AS+NHS) p

TT 34 (34.0%) 50 (40.0%) 56 (44.8%) 84 (37.3%) 106 (42.4%) *0.25; **0.17; ***0.14
CT 50 (50.0%) 55 (44.0%) 39 (31.2%) 105 (46.7%) 94 (37.6%) *0.05; **0.005; ***0.03
cc 16 (16.0%) 20 (16.0%) 30 (24.0%) 36 (16.0%) 50 (20.0%) *0.54; **0.06; ***0.38
T 118 (569.0%) 155 (62.0%) 151 (60.4%) 273 (60.7%) 306 (61.2%) *0.80; **0.94; ***0.59
C 82 (41.0%) 95 (38.0%) 99 (39.6%) 177 (39.3%) 194 (38.8%) *0.80; **0.94: ***0.59

*comparison of genetic variations between the PU and NHS groups

**comparison of genetic variations between total infected subjects (PU+AS)
comparison of genetic variations between total healthy subjects (AS+NHS) and the PU group

*kk

AS: asymptomatic subjects; NHS: non-infected healthy subjects; PU: peptic ulcer; SNP: single nucleotide polymorphism; TLR: Toll-like receptors

Table 3. The frequencies of the genotypes and alleles at TLR2 SNP rs4986790 in H. pylori-infected subjects according to

the CagA status of bacteria

TLR2 gene polymorphism Alleles

Groups  CagA status TT CT CcC Total C T p

PU CagA+ 27 (38.6%) 34 (48.6%) 9 (12.9%) 70 (100.0%) 52 (37.1%) 88(62.9%) *0.22
CagA- 7 (23.3%) 16 (63.3%) 7 (23.3%) 30 (100.0%) 30 (50.0%) 30 (50.0%) **0.09
Total 34 (34.0%) 50 (50.0%) 16 (16.0%) 100 (100.0%) 82 (41.0%) 118 (59.0%)

AS CagA+ 24 (31.6%) 40 (52.6%) 12 (15.8%) 76 (100.0%) 64 (42.1%) 88 (57.9%) *0.03
CagA- 26 (52.6%) 15 (30.6%) 8 (16.3%) 49 (100.0%) 31 (31.6%) 67 (68.4%) **0.09
Total 50 (40.0%) 55 (44.0%) 20(16.0%) 125 (100.0%) 95 (38.0%) 155 (62.0%)

NHS -—-- 56 (44.8%) 39 (31.2%) 30 (24.0%) 125(100.0%) 99 (39.6%) 151 (0.4%)

*, **comparison of the genotypes and alleles distribution at SNP rs4986790 between subjects infected with CagA+ strains of H. pylori and those

infected with CagA- strains of bacteria in specified group

AS: asymptomatic subjects; CagA: cytotoxin-associated gene A; NHS: non-infected healthy subjects; PU: peptic ulcer; SNP: single nucleotide polymor-

phism; TLR: Toll-like receptors

To evaluate the association of a given SNP with PU dis-
ease, we compared the genetic variations in that SNP
between PU patients and total healthy subjects (AS+N-
HS groups). The comparison of the genetic variations at
SNP rs3804099 in the TLR2 gene between PU patients
and total healthy subjects (AS+NHS groups) was demon-
strated in Table 4. The frequencies of the TT, CC, and CT
genotypes at rs3804099 in the TLR2 gene were 42.4%,
20.0%, and 37.6% in total healthy subjects (AS+NHS
groups), respectively. The CT genotype frequency at SNP
rs3804099 in the TLR2 gene in PU group was significant-
ly higher than total healthy subjects (AS+NHS groups)
(p<0.03).

The C and T allele frequencies at SNP rs3804099 in the
TLR2 gene in the PU, AS, NHS, total H. pylori-infect-
ed subjects (PU+AS groups) and total healthy subjects
(AS+NHS groups) are also summarized in Table 2. No as-
sociation was found between the presence of the alleles
Cand T at SNP rs3804099 in the TLR2 gene with PU and
H. pylori infection.

The genetic differences at SNP rs3804099 in the TLR2
gene in H. pylori-infected subjects according to the CagA
status of bacteria are summarized in Table 3. Regarding
the genotype and allele frequencies at SNP rs3804099,
there was no significant difference identified between
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Table 4. The frequencies of the genotypes and alleles at TLR4 SNP rs3804099 in PU, AS, and NHS, total infected subjects

(PU+AS), and total healthy subjects (AS+NHS)

Total infected

Total healthy

Genotype PU AS NHS subjects (PU+AS)  subjects (AS+NHS) p

AA 77 (77.0%) 103 (82.4%) 95 (76.5%) 180 (80.0%) 198 (79.2%) *0.42; **0.38; ***0.65
AG 18 (18.0%) 15 (12.0%) 25 (20.0%) 33(14.7%) 40 (16.0%) *0.21; **0.20; ***0.64
GG 5 (5.0%) 7 (5.6%) 5 (4.0%) 12 (5.3%) 12 (4.8%) *0.83; **0.57; ***0.93
A 172 (86.0%) 221 (88.4%) 215 (86.0%) 393 (87.3%) 436 (87.2%) *0.66; **0.61; ***0.67
G 28 (14.0%) 29 (11.6%) 35 (14.0%) 57 (12.7%) 64 (12.8%) *0.66; **0.61; ***0.67

*comparison of genetic variations between the PU and NHS groups

**comparison of genetic variations between total infected subjects (PU+AS) and the NHS group

*kk

comparison of genetic variations between total healthy subjects (AS+NHS) and the PU group

AS: asymptomatic subjects; NHS: non-infected healthy subjects; PU: peptic ulcer; SNP: single nucleotide polymorphism; TLR: Toll-like receptors

PU patients infected with H. pylori CagA* strains and pa-
tients infected with CagA- strains. In the AS group, the
distribution of the TT genotype was lower, whereas the
prevalence of the CT genotype was higher in individuals
infected with CagA* strains than in those infected with
CagA- strains of H. pylori (p<0.03).

Association of TLR4 SNP rs4986790 with PU and

H. pylori infection

The AA, AG, and GG genotype frequencies and the A and
G allele frequencies at SNP rs4986790 in the TLR4 gene
in the PU, AS, and NHS groups are demonstrated in Table
4. The differences of genotype and allele frequencies at
SNP rs4986790 in the TLR4 gene between the PU, AS,
and NHS groups were not significant.

We also assessed the association between TLR4 SNP
rs4986790 and H. pylori infection. The genetic differenc-
es at SNP rs4986790 in the TLR4 gene in total H. pylo-
ri-infected subjects (PU+AS group) and the NHS group
are presented in Table 4. Regarding the genotype and
allele frequencies TLR4 SNP, no significant differences
were found between total H. pylori-infected subjects and
the NHS group (Table 4).

The comparison of the genetic differences at SNP
rs4986790 in the TLR4 gene between patients with PU
and total healthy subjects (AS+NHS group) is demon-
strated in Table 4. The distribution of genotypes and al-
leles in TLR4 SNP was similarly expressed in total healthy
subjects and the patient with PU.

The genetic differences at SNP rs4986790 in the TLR4
gene in H. pylori-infected subjects according to the CagA
status of bacteria are summarized in Table 5. In both the PU
and AS groups, no significant differences were identified
between individuals infected with CagA* H. pylori strains
and those infected with CagA- strains with respect to the
genotype and allele distribution at TLR4 SNP rs4986790.

DISCUSSION

The results show an association between a SNP in the
TLR2 gene (rs3804099) with H. pylori infection and PU.
However, no significant relationship was found between
TLR2 rs3804099 and H. pylori-associated gastritis in a
study from Thailand (22). TLR2 is expressed by various
lymphoid and non-lymphoid cells and binds to various
microbial-derived components as a result of its capa-
bility to make heterodimers with TLR1, TLR6, and per-
haps TLR10 (12). Various H. pylori-originated molecules,
such as lipopolysaccharide (HP-LPS), heat shock pro-
tein 60 (HP-HSP60), and neutrophil-activating protein
(HP-NAP), contribute to the induction of TLR2-linked
responses. The stimulation of TLR2 results in the acti-
vation of NF-«kB and induction of cytokine expression in
epithelial cells, monocytes/macrophages, dendritic cells,
neutrophils, and B cells that play a critical role in the
regulation of immune response to H. pylori (10,12). The
TLR2-related immune response elicited by H. pylori-orig-
inated components may play a determinative role in the
outcome of the infection toward the eradication or per-
sistence of bacteria or the occurrence of immunopatho-
logical consequences (12).
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Table 5. The frequencies of the genotypes and alleles at TLR4 SNP rs3804099 in H. pylori-infected subjects according to

the CagA status of bacteria

TLR4 gene polymorphism Alleles

Groups  CagA status TT CT cC Total C T p

PU CagA+ 53 (75.7%) 13 (18.6%) 4 (5.7%) 70 (100.0%) 119 (85.0%) 21(15.0%) *0.847
CagA- 24 (80.0%) 5 (16.7%) 1(3.3%) 30 (100.0%) 53 (88.3%) 7 (11.7%) **0.535
Total 77 (77.0%) 18 (18.0%) 5 (5.0%) 100 (100.0%) 172 (86.0%) 118 (59.0%)

AS CagA+ 63 (82.9%) 9 (11.8%) 4 (5.3%) 76 (100.0%) 135 (88.8%) 17 (11.2%) *0.975
CagA- 40 (81.6%) 6 (12.2%) 3 (6.1%) 49 (100.0%) 86 (87.75%) 12 (12.25%) **0.798
Total 103 (82.4%) 15 (12.0%) 7 (5.6%) 125 (100.0%) 221 (88.4%) 29 (11.6%)

NHS 95 (76.5%) 25 (20.0%) 5(4.0%) 125 (100.0%) 215 (86.0%) 35 (14.0%)

*, **comparison of the genotypes and alleles distribution at SNP rs4986790 between subjects infected with the CagA+ strains of H. pylori and those

infected with CagA- strains of bacteria in specified group

AS: asymptomatic subjects; CagA: cytotoxin-associated gene A; NHS: non-infected healthy subjects; PU: peptic ulcer; SNP: single nucleotide polymor-

phism; TLR: Toll-like receptors

The actual mechanisms by which TLR2 rs3804099 in-
fluences the susceptibility to H. pylori and PU remain to
be clarified in further studies. The TLR2 rs3804099 may
affect the susceptibility to H. pylori and PU by influenc-
ing the immune responses. The stimulation of TLR2 leads
to the induction of pro- or anti-inflammatory reactions
that may influence the fate of H. pylori infection (12). It
has been reported that PBMCs from healthy subjects
with the CT/TT genotypes at TLR2 rs3804099 produced
higher amounts of TNF-q, IL-1(3, and IL-6 after the Legio-
nella pneumophila stimulation, representing a stronger
immune response to bacterial antigens (26). Chen et al.
(27) reported that the peripheral leukocytes from trau-
matic patients who have the C allele in the position of
rs3804099 produce higher amounts of IL-10, IL-8, and
TNF-a than those having T allele. Therefore, it is possible
that TLR2 rs3804099 influence vulnerability to H. pylori
infection through the cytokine production.

The SNP rs3804099 may also influence the expression
of TLR2. The peptidoglycan-stimulated PBMCs from pa-
tients with Behcet's disease who carried rs3804099 TT
genotype expressed higher amounts of TLR2 mRNA than
those who carried the CC or CT genotypes after stimu-
lation with peptidoglycan (28). The influences of TLR2
rs3804099 on the TLR2-related immunomodulatory
and inflammatory properties during H. pylori infection
need to be considered in future studies. The stimulation

of PBMCs from individuals with various genotypes at
rs3804099 by H. pylori-derived antigens and then after
the detection of the cytokine profiles in the supernatant
of cells would clear the possible influences of this SNP on
the immune response to bacteria.

The results of this investigation also demonstrated that
the distribution of the TT genotype was lower, whereas
the prevalence of the CT genotype was higher in AS in-
dividuals infected with H. pylori CagA* strains than those
infected with CagA- strains. These findings represent an
association between TLR2 SNP rs3804099 and strain
type of H. pylori (CagA* or CagA") that infects a person.
Therefore, the TLR2 rs3804099 CT genotype can be
considered as a risk factor for PU by increasing the sus-
ceptibility to infection with H. pylori CagA* strains. We
have observed that the existence of a homozygosity sit-
uation (CT) at TLR2 rs3804099 was related to H. pylori
infection and PU disease. These observations represent
the presence of C and T alleles in a Trans situation with
each other may have reciprocal effects that lead to higher
risk of H. pylori infection and PU development.

In this study, no association was found between the
genetic variations in TLR4 SNP rs4986790 with H. py-
lori infection and PU. As mentioned, there are contro-
versies about the relationship between the TLR4 SNP
rs4986790 and H. pylori-related disorders. The results of
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the studies from India and Hungary showed no associa-
tion between TLR4 SNP rs4986790 and gastritis or PU
diseases (21,22). However, a positive association was in-
dicated between TLR4 SNP rs4986790 and H. pylori in-
fection, PU, and gastric cancer in other studies from Fin-
land, India, and Brazil (19,23,24). Both TLR2 and TLR4 are
involved in the induction of the initial immune response
to H. pylori (10, 12). TLR2 may play more important roles
than TLR4 in regulating the immune responses against H.
pylori (12). There are some differences between TLR2 and
TLR4 during H. pylori infection. In opposition to TLR4,
which forms homodimer, the transmission of signals
from TLR2 initiates after its homodimerization as well
as its heterodimerization with either TLR1 or TLR6, and
possibly TLR10, providing more capability to recognize
more ligands molecules and induce different responses
(10,12). Hence, more H. pylori-originated components,
such as HP-LPS, HP-NAP, HP-HSP60, Urease, and CagA
bind to TLR2, while only HP-LPS is identified through
TLR4 (12). Moreover, there are some differences be-
tween TLR2 and TLR4 in signaling pathways so that the
TLR2-related signaling pathways may exhibit more plas-
ticity regarding the outcome of signals toward inflamma-
tory or anti-inflammatory responses (12). It was indicated
that H. pylori-induced IL-8 synthesis needs TLR2 rather
than TLR4. In addition, the H. pylori-induced COX-2 pro-
duction is suppressed in TLR2-negative cells but not in
TLR4-deficient cells, showing that bacteria induce the
COX-2 expression via a TLR2-linked manner (12,29). The
neutralizing antibodies targeting the TLR2 but not TLR4
also diminish the H. pylori-induced cytokine release from
the gastric epithelial cells (30). Therefore, it appears that
TLR2 is more prominent than TLR4 in regulating of the
immune responses to H. pylori. The significant plastici-
ty in the TLR2-related signals during H. pylori infection is
attributable to the variation in the components that act
as TLR2 ligands (12).

As mentioned, there are several SNPs in the TLR2 and
TLR4 genes. Evaluating the other SNPs give better in-
sights regarding the possible association of the TLR2-
and TLR4-linked genetic variations with H. pylori and rel-
evant diseases.

In conclusion, our findings in a sample of Iranian population
provide evidence that polymorphism +597T>C (rs3804099)
in the TLR2 gene [but not SNP +896T/C (rs4986790) in the

TLR4 gene] with H. pylori infection and PU disease. TLR2
SNP rs3804099 may influence the vulnerability to H. pylori
infection, especially to CagA* strains of bacteria.
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