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Abstract: Background: It has been reported that one single nucleotide polymorphisms (SNPs) rs5743708 in TLR2
gene might be associated with the susceptibility to tuberculosis disease. Owing to mixed and inconclusive results,
we conducted a meta-analysis to systematically summarize and clarify the association between the rs5743708
gene polymorphism in the TLR2 gene and the risk of tuberculosis disease. Methods: A systematic search of stud-
ies on the association of the rs5743708 gene polymorphism in the TLR2 gene with susceptibility to tuberculosis
disease was conducted in PubMed. Odds ratios (ORs) and 95% confidence intervals (95% Cls) were used to pool
the effect size. Results: A total of nineteen case-control studies from 13 articles on rs2910164 and 3 studies on the
rs5743708 gene polymorphism in the TLR2 gene and the risk of tuberculosis disease were included. A significant
relationship between the rs5743708 gene polymorphism in the TLR2 gene and tuberculosis disease was discovered
in an allelic genetic model (OR: 2.801, 95% Cl: 2.130-3.683, P=0.000), a homozygote model (OR: 5.795, 95% ClI:
1.982-16.941, P=0.001), a heterozygote model (OR: 2.628, 95% Cl: 1.888-3.569, P=0.000), a dominant genetic
model (OR: 2.786, 95% Cl: 2.003-3.877, P=0.000) and a recessive genetic model OR: (5.568, 95% CI: 1.907-
16.255, P=0.002). In sub-group analysis base on ethnicity, significance was observed between the Caucasian group
and the Asian group. Conclusions: The rs5743708 gene polymorphism in the TLR2 gene contributes to the risk of
tuberculosis disease. Individuals with the rs5743708 gene polymorphism in the TLR2 gene are under a higher risk
for tuberculosis disease.
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Introduction Toll-like receptors (TLRs) are a class of proteins
that play a key role in the innate immune sys-

Tuberculosis in the past also called phthisis, tem. They are single, membrane-spanning, non-

phthisis pulmonalis, or consumption, is a wide-
spread, and in many cases fatal, infectious dis-
ease caused by various strains of mycobacte-
ria, usually Mycobacterium tuberculosis. One-
third of the world’s population is thought to
have been infected with M. tuberculosis, and
new infections occur in about 1% of the popula-
tion each year [1]. A number of factors make
people more susceptible to TB infections [2].
The exact reasons as to why only some of the
individuals exposed to M. tuberculosis develop
uncontrolled disease and others eradicate or
limit the disease remains unknown. The evi-
dence suggests that genetic factors may be
important determinants of increased suscepti-
bility to progressive disease development [3].

catalytic receptors usually expressed in senti-
nel cells such as macrophages and dendritic
cells, that recognize structurally conserved mol-
ecules derived from microbes. Once these
microbes have breached physical barriers such
as the skin or intestinal tract mucosa, they are
recoghized by TLRs, which activate immune cell
responses. The TLRs include TLR1, TLR2, TLR3,
TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10,
TLR14, TLR12, and TLR13.

Toll-like receptor 2 also known as TLR2 is a pro-
tein that in humans is encoded by the TLR2
gene. TLR2 has also been designated as CD282
(cluster of differentiation 282). TLR2 is one of
the toll-like receptors and plays a role in the
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immune system. TLR2 is a membrane protein,
a receptor, which is expressed on the surface
of certain cells and recognizes foreign sub-
stances and passes on appropriate signals to
the cells of the immune system [4]. Various
single nucleotide polymorphisms (SNPs) of the
TLR2 have been identified and for some of
them an association with faster progression
and a more severe course of sepsis in critically
ill patients was reported [5]. The genetic poly-
morphism of TLR2 (arginine to glutamine sub-
stitution at residue 753 (Arg753GIn)) has been
associated with a negative influence on TLR2
function.

To date, a number of molecular epidemiological
studies have been done to evaluate the asso-
ciation between the rs5743708 gene polymor-
phism in the TLR2 gene and the risk of tubercu-
losis disease [6-17]. Ogus et al indicated that
the arginine to glutamine substitution at resi-
due 753 polymorphism of the Toll-like receptor
2 gene influences the risk of developing tuber-
culosis [6]. However, a study done in Indian
showed that TLR2 polymorphisms are not
responsible for the increased prevalence of TB
in the Indian population [10]. Thus, the results
were inconsistent or even contradictory, par-
tially because of the possible small effect of
the polymorphism on tuberculosis risk and the
relatively small sample size in each of pub-
lished study. Therefore, we performed a com-
prehensive meta-analysis by including the most
recent and relevant articles to identify statisti-
cal evidence of the association between the
rs5743708 gene polymorphism in the TLR2
gene and risk of tuberculosis that have been
investigated. Meta-analysis is an outstanding
tool for summarizing the different studies. It
can not only overcome the problem of small
size and inadequate statistical power of genetic
studies of complex traits, but also can provide
more reliable results than a single case-control
study.

Materials and methods
Publication search

Eligible articles were identified by searching
PubMed, Wang Fang (Chinese literature data-
base) and CNKI (China National Knowledge
Infrastructure), using combination of the follow-
ing Medical Subject Headings (MeSH) terms in
PubMed database without a language limita-
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tion: “Toll-Like Receptor 27, “mycobacterium
tuberculosis” and “Polymorphism, Genetic” In
addition, we manually checked the reference
lists of all eligible articles to identify other eligi-
ble studies. If more than one article were pub-
lished using the same case series, the study
with the largest sample size was prior to be
selected. The latest research was updated on
March 30, 2015, with publication years ranging
from 1997 to 2015.

Inclusion criteria and exclusion criteria

To be included in the meta-analysis, the studies
must meet the following inclusion criteria: (1)
case-control studies comparing tuberculosis
cases with healthy or non- tuberculosis con-
trols, (2) evaluation of the association between
rs5743708 gene polymorphism in the TLR2
gene and tuberculosis risk, and (3) report of
sufficient genotype data of rs5743708 gene
polymorphism in the TLR2 gene. Case-only
studies, case reports, abstract, reviews, animal
studies, or studies containing overlapping data
were all excluded. All records were selected by
two authors independently according to the
inclusion criteria and reached consensus on
each record.

Data extraction

The data were manually extracted from each
study by two authors independently according
to a standard protocol. Studies that did not fol-
low the inclusion criteria, those considered
double publications, or those that provided
inadequate data were excluded. If the same
data appeared in different studies, the data
were intended for use only once. The abstract-
ed data comprised the following items: the first
author’'s name, publication year, region, the
number of genotypes, genotyping, study design,
total number of cases and controls and HWE.
Disagreements were resolved by discussion
between the two authors. When necessary,
another author was consulted to resolve the
dispute.

Statistical analysis

The reviewers calculated the risks the rs-
5743708 gene polymorphism in the TLR2 gene
directly from the data given in the eligible stud-
ies. The association between the rs5743708
gene polymorphism in the TLR2 gene and
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Results
Study characteristics

A total of 13 publications in-
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teria and were ultimately ana-
lyzed (Figure 1). Table 1 pres-
ents the main characteristics
of these studies. Of the 13
publications, 10 were publi-
shed in English and only 3
were written in Chinese. The
sample sizes ranged from
141 to 1087. There were 9
groups of Asians, 13 groups
of Caucasians. All polymor-
phisms in the control subjects
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Figure 1. Flow chart of the study selection process.

tuberculosis diseases risk was examined under
homozygote model (AA versus GG), dominant
model (AA + AG versus GG), recessive model
(AA versus AG+GG), and heterozygote model
(AG versus GG contrast) [18]. The reviewers
also checked the association between allele A
of the rs5743708 gene polymorphism in the
TLR2 gene and lung cancer risk. Subgroup
analyses by ethnicity were performed subse-
quently. Summary of the OR was obtained using
fixed-effect model with the Mantel-Haenszel
method. For each meta-analysis performed, a
x%>-based Q-statistic test was employed to
assess the between-study heterogeneity, and
an 12 value larger than 50% was defined as het-
erogeneity. In the case of heterogeneity, ran-
dom-effects model with the DerSimonian and
Laird method was then used to pool the results.
The significance of the pooled OR was deter-
mined by the Z test with 95 % CIl. Sensitivity
analysis was implemented by excluding each
single study. Funnel plot, together with Egger’s
regression test, was used to detect any publica-
tion bias in the meta-analysis [19].
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except the paper of Ogus et
al in 2004 were in Hardy-
Weinberg equilibrium.

Main meta-analysis results

An estimation of the associa-

tion between the rs5743708

gene polymorphism in the

TLR2 gene and the risk of

tuberculosis disease was pre-
sented in Table 2. Besides, Figure 2 showed
the relationship of tuberculosis disease risk
with the rs5743708 gene polymorphism in the
TLR2 gene in the form of forest plots with allele
model. Overall, meta-analyses of total studies
showed that the variant allele A of TLR2
Arg753GIn was associated with increased risk
of tuberculosis disease when compared with
the allele model (OR: 2.801, 95% Cl: 2.130-
3.683, P=0.000) (Table 2 and Figure 2). The
pooled results of total studies suggested that
the rs5743708 gene polymorphism in the TLR2
gene was significantly associated with tubercu-
losis disease susceptibility in five genotypic
contrast models.: an allelic genetic model (OR:
2.801, 95% Cl: 2.130-3.683, P=0.000) (Table
2 and Figure 2), a homozygote model (OR:5.795,
95% Cl: 1.982-16.941, P=0.001), a heterozy-
gote model (OR: 2.628, 95% CI: 1.888-3.569,
P=0.000) (Table 2 and Figure 3), a dominant
genetic model (OR: 2.786, 95% Cl: 2.003-
3.877, P=0.000) (Table 2 and Figure 4) and a
recessive genetic model OR: (5.568, 95% ClI:
1.907-16.255, P=0.002). In sub-group analysis
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Table 1. Characteristics of studies of TLR2 rs5743708 gene polymorphism included in this pooled
analysis

Author Year  Region Ethnicity Cases Controls Genotyping 5;;2{1 Sample size HWE
GG GA AA GG GA AA Cases Controls
Ogus 2004 Turkey Caucasian 124 13 14 107 7 2 PCR-RFLP Case-control 151 116  0.000
Ogus 2004 Turkey Caucasian 106 12 11 107 7 2 PCR-RFLP Case-control 129 116  0.000
Jin 2006 China Asian 99 71 0 168 31 O PCR-SSP Case-control 170 199 0.233
Ma 2007 USA Caucasian 337 2 0 194 0O O Sequencing Case-control 339 194 0.986
Ma 2007 USA Caucasian 171 9 0 105 5 O Sequencing Case-control 180 110  0.807
Ma 2007 USA Caucasian 374 1 0 110 4 O Sequencing Case-control 375 114  0.849
Strapagiel 2008 Poland Caucasian 74 5 0 60 2 O PCR-RFLP Case-control 79 62 0.897
Yu 2008 China Asian 7 1 0 75 0O O Sequencing Case-control 77 75 0.977
Biswas 2009 India Asian 100 0 O 100 O O PCR-RFLP  Case-control 100 100  0.980
Xue 2010 China Asian 204 1 0O 202 1 O Sequencing Case-control 205 203 0.972
Selvaraj 2010 Indian Asian 192 1 0 198 1 O PCR-RFLP Case-control 193 199 0971
Ma 2010 China Asian 543 0 O 544 0 O Sequencing Case-control 543 544  0.991
Etokebe 2010 Croatia Caucasian 102 1 O 104 1 O Tagman Case-control 103 105 0.961
Sanchez 2011 Colombia Caucasian 463 3 0 296 4 O MALDI-TOF MS Case-control 466 300 0.684
Dalgic 2011 Turkey Caucasian 100 38 0O 186 14 O PCR-RFLP  Case-control 138 200 0.608
Dalgic 2011 Turkey Caucasian 52 8 0 186 14 O PCR-RFLP  Case-control 60 200 0.608
Dalgic 2011 Turkey Caucasian 103 35 0 186 14 O PCR-RFLP  Case-control 138 200 0.608
Dalgic 2011 Turkey Caucasian 49 11 0 186 14 O PCR-RFLP Case-control 60 200 0.608
Dalgic 2011 Turkey Caucasian 152 46 0 186 14 O PCR-RFLP Case-control 198 200 0.608
Wu 2015 China Asian 216 9 0 418 4 O PCR-RFLP  Case-control 422 225 0.922
Wu 2015 China Asian 103 0 418 4 O PCR-RFLP  Case-control 422 109 0.922

Wu 2015 China Asian 319 15 0 418 4 O PCR-RFLP  Case-control 422 334 0.922

PCR-RFLP: Polymerase Chain Reaction-Restriction Fragment Length Polymorphism; PCR-LDR: Polymerase Chain Reaction ligase detection; FP:
Fluorescence Polarization; HWE: Hardy-Weinberg Equilibrium; MALDI-TOF MS: Matrix-Assisted Laser Desorption/lonization Time-Of-Flight Mass
Spectrometry; BMI: Body Mass Index; NA: Not Applicable.

Table 2. Meta-analysis of the association between TLR2 rs5743708 gene polymorphism and tubercu-
losis disease risk

Polymorphism Population Number of studies Test of association Test of heterogeneity
OR 95% Cl Pvalue Model Pvalue 12
Averse G Caucasian 13 2.394 1.633-3.511 0.000 REM 0.022 49.5%
Asian 9 3.422 23724939 0.000 REM 0.824 0.0%
Overall 22 2.801 2.130-3.683 0.000 REM 0.096 30.6%
AA versus GG Caucasian 13 5795 1.982-16.941 0.001 REM 0.939 0.0%
Asian 9 NA NA NA NA NA NA
Overall 22 5.795 1.982-16.941 0.001 REM 0.939 0.0%
AG versus GG Caucasian 13 2.099 1.332-3.309 0.001 REM 0.005 57.2%
Asian 9 3.985 2.704-5.873 0.000 REM 0.869 0.0%
Overall 22 2.628 1.888-3.569 0.000 REM 0.022 42.9%
AA+AG versus GG Caucasian 13 2.225 1.390-3.559 0.001 REM 0.007 57.6%
Asian 9 3.985 2.704-5.873 0.000 REM 0.869 0.0%
Overall 22 2.786 2.003-3.877 0.000 REM 0.034 40.8%
AA versus AG+GG  Caucasian 13 5.568 1.907-16.255 0.002 REM 0.933 0.0%
Asian 9 NA NA NA NA NA NA
Overall 22 5.568 1.907-16.255 0.002 REM 0.933 0.0%

OR odds ratio; Cl confidence interval; REM: random effects model; NA: not applicable.
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Figure 2. Forest plot of tuberculosis disease associated with TLR2 rs5743708

gene polymorphism under an allele genetic model.

Egger’s tests were more than
0.05, providing statistical evi-
dence of funnel plots’ symme-
try [21].
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I bacterial cell wall compone-
nts activate macrophages th-
rough Toll-like receptor (TLR)
2, suggesting that this innate
immune receptor plays a role
in the host response to M.
tuberculosis infection. Several
studies have found that the
N TLR2 single nucleotide poly-
N morphisms were associated
\ with susceptibility to tubercu-
N losis disease. Previous stud-
N ies published to assess the
N association between the rs-
N 5743708 gene polymorphism
in the TLR2 gene and tubercu-

losis disease risks in different

ethnic populations have pro-
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Figure 5. Funnel plot about studies of the association
and TLR2 rs5743708 gene polymorphism.

tuberculosis disease susceptibility in Asians
and Caucasians. The heterogeneity analysis
suggested that ethnicity was one main source
of heterogeneity. Thus, the meta-analysis of all
available data showed that the rs5743708

11926

4 vided contradictory results.
Interestingly, we found that
The rs5743708 gene poly-
morphism in the TLR2 gene
was significantly associated
with tuberculosis disease risk
in Asian population and Caucasian population.
In our meta-analyses of total studies, the
pooled ORs revealed that the rs5743708 gene
polymorphism in the TLR2 gene in homozygote
model, dominant model, recessive model, and

of tuberculosis disease
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heterozygote model was associated with
increased risk of tuberculosis disease.

The data described above do have limitations.
Firstly, almost all the articles were retrospec-
tive; it is possible that other unknown con-
founders may bias the data. Secondly, the deri-
vation of phenotypes from these tests also var-
ies from study to study which could be argued
that it is not absolutely appropriate. Further-
more, uncertainty in the clinical evidence is
compounded further from heterogeneity across
the studies in terms of patient populations,
alleles tested, and the manner in which pheno-
types are defined. The fourth consideration is
that all recruited case-control studies were
from Asians and Caucasians; thus, our results
may only be suitable for these populations.

In conclusion, in spite of the limitations men-
tioned above, our meta-analysis supports the
growing body of evidence that the rs5743708
gene polymorphism in the TLR2 is emerging as
a protective factor for tuberculosis in Asian and
Caucasians populations. The importance of
stratifying by ethnicity, cancer type, study de-
sign, and sample size needs to be standardized
in future studies, together with consideration of
the association between the TLR2 polymor-
phism and tuberculosis disease risk. Further-
more, the linkage of the rs5743708 gene poly-
morphism in the TLR2 with other polymor-
phisms of TLR2 may help explain the variability
in findings association between the rs5743708
gene polymorphism in the TLR2 and tuberculo-
sis disease risk. Furthermore, the linkage of the
rs5743708 gene with other polymorphisms
of TLR-2 may help explain the variability in
findings.
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