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Meta-analysis demonstrates association 
between TLR polymorphisms and 
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ABSTRACT. We investigated whether Toll-like receptor (TLR) 
polymorphisms confer susceptibility to rheumatoid arthritis and 
whether they influence clinical characteristics of rheumatoid arthritis. 
Studies were considered relevant for our meta-analysis if at least two 
comparisons of an issue were available. Eleven studies with 2078 
patients with rheumatoid arthritis and 2581 controls were included, 
encompassing European and Asian studies. Meta-analysis of three 
European studies showed no significant association between the TLR4 
Asp299Gly (rs4986790) polymorphism and rheumatoid arthritis (odds 
ratio = 0.897, 95% confidence interval = 0.734-1.096, P = 0.289). One 
Turkish study showed a significant difference between TLR9 rs187084 
allele frequencies and rheumatoid arthritis patients and controls, while 
another study revealed a significant association between rheumatoid 
factor and TLR8 rs5741883. A Korean study on the numbers of 
guanine-thymine [(GT)n] repeats in intron II of the TLR2 gene found a 
significantly higher S-allele frequency in rheumatoid arthritis patients 
than in controls (30.3 vs 23.0%). Overall findings for the meta-analysis 
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including all the studies conclude that TLR polymorphism is associated 
with development and clinical characteristics of rheumatoid arthritis in 
Asian and Middle East populations.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects predomi-
nantly synovial joints, causes significant morbidity, and shortens life expectancy. RA affects 
up to 1% of the world population. Although the etiology of RA is undetermined, a genetic 
component has been established, and human leukocyte antigen class II molecules are the most 
powerful genetic factors identified to date (Wordsworth and Bell, 1991). However, this as-
sociation accounts for only one-third of the genetic susceptibility, and non-human leukocyte 
antigen genes are also known to be involved (Deighton et al., 1989).

Toll-like receptors (TLRs) constitute a family of transmembrane proteins expressed 
by various cell types, including immune cells, to identify pathogens and initiate inflamma-
tory signaling pathways (Takeda et al., 2003). Stimulation of the TLR pathway culminates 
in nuclear factor κB activation and the transcription of immune response genes (Drexler and 
Foxwell, 2010). To date, at least 10 human TLRs have been discovered; they recognize a 
variety of molecules, including lipoproteins, flagellin, and viral RNA or DNA (Roelofs et 
al., 2008). Furthermore, the administration of endogenous RNA or DNA has been shown to 
activate TLRs and induce autoimmune reactions (Hurst and von Landenberg, 2008). Based on 
the immune-regulating and immune-response-initiating effects of TLRs, they are considered 
candidate genes for RA.

Several studies have examined the potential contributions of TLR polymorphisms to 
RA, but the results have been variable (Kilding et al., 2003; Radstake et al., 2004; Sanchez 
et al., 2004; Kuuliala et al., 2006; Lee et al., 2006; Kang and Lee, 2007; Sheedy et al., 2008; 
Jaen et al., 2009; Enevold et al., 2010; Zheng et al., 2010; Etem et al., 2011). In the present 
study, we used a systematic review approach to explore whether TLR polymorphisms confer 
susceptibility to RA or are related to its clinical characteristics.

MATERIAL AND METHODS

Identification of eligible studies and data extraction

A MEDLINE search was performed for studies published before October 2010 that 
examined associations between TLR polymorphisms and RA with respect to susceptibility 
or disease severity. Combinations of key words such as Toll-like receptor, TLR, polymor-
phism, rheumatoid arthritis, and RA were entered as both medical subject headings and text 
words. References in identified studies were also examined to identify additional studies 
not indexed by MEDLINE. Studies on genetic or clinical associations that determined the 
distributions of TLR alleles in RA patients or controls were eligible for inclusion in our 
systematic review. Meta-analysis was performed if at least 2 comparisons of an issue were 
available.
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RESULTS

Studies included in the meta-analysis

Eleven studies met the study inclusion criteria (Kilding et al., 2003; Radstake et al., 
2004; Sanchez et al., 2004; Kuuliala et al., 2006; Lee et al., 2006; Kang and Lee, 2007; Sheedy 
et al., 2008; Jaen et al., 2009; Enevold et al., 2010; Zheng et al., 2010; Etem et al., 2011 (Table 
1). These studies involved 2078 patients with RA and 2581 controls. Eight studies were case-
control studies (Kilding et al., 2003; Radstake et al., 2004; Sanchez et al., 2004; Lee et al., 2006; 
Kang and Lee, 2007; Sheedy et al., 2008; Zheng et al., 2010; Etem et al., 2011), two were case-
only studies (Kuuliala et al., 2006; Enevold et al., 2010), and one was a family study (Jaen et al., 
2009). Relevant features of the studies included in this systematic review are provided in Table 1.

Association between TLR polymorphisms and RA susceptibility and clinical findings

Etem et al. (2011) found a significant difference between TLR9 rs187084 allele fre-
quencies in Turkish RA patients and controls (P = 0.003) but not between TLR3 rs3775290 
and TLR10 rs4129009 polymorphisms. No associations were found between disease activity 
score 28 (DAS28) or autoantibodies and TLR3, 9, or 10 polymorphisms. Enevold et al. (2010) 
genotyped 22 polymorphisms in TLR2, 3, 4, 5, 7, 8, and 9 in 319 RA patients to investigate 
the relationship between these TLR polymorphisms and disease phenotype and RA severity. A 
moderate association was found between RF positivity and TLR8 rs5741883 (P = 0.001), but no 
other TLR polymorphism was found to be associated with the clinical characteristics of RA. Lee 
et al. (2006) counted numbers of guanine-thymine repeats in intron II of the TLR2 gene in 183 
Korean RA patients and 148 controls. In this study, alleles were classified as 12-16 GT repeats 
(S allele) and 17-28 repeats (L allele), and the results revealed that the S allele had a frequency in 
RA patients that was significantly higher than that in controls (30.3 vs 23.0%, P = 0.03).

Meta-analysis of the TLR4 Asp299Gly (rs4986790) polymorphism and RA

Six studies (4 European and 2 Asian studies), including 5 case-control studies (Kild-
ing et al., 2003; Radstake et al., 2004; Kang and Lee, 2007; Sheedy et al., 2008; Zheng et 
al., 2010) and 1 case-only study (Kuuliala et al., 2006), addressed the TLR4 Asp299Gly 
(rs4986790) polymorphism. Both TLR4 Asp299Gly (rs4986790) and Thr399Ile (rs4986791) 
were investigated in the 2 Asian studies (1 Korean and 1 Chinese), but these polymorphisms 
were not detected (Kang and Lee, 2007; Zheng et al., 2010).

Owing to the limited number of studies on polymorphisms, meta-analysis was per-
formed only on the TLR4 Asp299Gly (rs4986790) polymorphism. Three studies examined the 
association between this polymorphism and RA, and all were conducted in Europe (Kilding 
et al., 2003; Radstake et al., 2004; Sheedy et al., 2008). One study identified a difference in 
genotype frequency between patients and controls (P = 0.025) (Radstake et al., 2004), but the 
other 2 found no significant association between this polymorphism and RA (Kilding et al., 
2003; Sheedy et al., 2008). Furthermore, we also failed to find an association between this 
polymorphism and RA in Europeans through meta-analysis (odds ratio = 0.897, 95% confi-
dence interval = 0.734-1.096, P = 0.289; Figure 1). In terms of clinical findings, the 3 Euro-
pean studies included in the meta-analysis found no association between this polymorphism 
and clinical characteristics.
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The aim of the case-only study, which was performed with 169 RA patients by Kuu-
liala et al. (2006), was to determine whether the TLR4 Asp299Gly (rs4986790) polymorphism 
influences treatment response. The authors found that DAS28 was significantly different in RA 
patients with and those without this polymorphism who were treated with a disease-modifying 
anti-rheumatic drug (P = 0.019) but not between RA patients with and those without this poly-
morphism treated with 3 disease-modifying anti-rheumatic drugs and prednisolone (P = 0.31).

DISCUSSION

Viruses and bacteria are known to increase RA susceptibility and exacerbate RA by 
binding to TLRs (Drexler and Foxwell, 2010). Furthermore, TLRs have been suggested to 
play a role in responses to pathogens in RA based on findings obtained in animal models of 
arthritis in which bacterial cell wall components were used to induce experimental arthritis 
(Cromartie et al., 1977). In addition, TLR2, 3, 4, 7, and 9 are expressed in human RA synovial 
tissues (Radstake et al., 2004). Given the known genetic predisposition displayed in RA pa-
tients (Choi et al., 2006; Moon et al., 2010), TLR polymorphism studies have been conducted 
to determine whether TLR is involved in the pathogenesis of RA.

In the present study, we undertook a systematic review and meta-analysis of asso-
ciations between TLR polymorphisms and RA in terms of disease susceptibility and severity. 
Some polymorphisms have been shown to be associated with susceptibility and clinical find-
ings, but only 1 study has been conducted to date on each of these associations. For example, 
a significant difference in TLR9 rs187084 allele frequencies was found between Turkish RA 
patients and controls. Etem et al. (2011) found a moderate association between rheumatoid 
factor and TLR8 rs5741883, and an increased S allele frequency in RA patients. However, no 
confirmatory study has been conducted to date.

The TLR4 Asp299Gly (rs4986790) polymorphism is the most frequently studied 
polymorphism in RA, and it displays ethnic differences. Africans have the highest frequency 
(16%) (Mockenhaupt et al., 2006), followed by Europeans (4-10%) (Adam et al., 2006), 
whereas Asians do not have this polymorphism (Zheng et al., 2010). In the present study, 

Figure 1. Odds ratio and 95% confidence interval (95%CI) of individual studies and pooled data for the 2 vs 1 TLR4 
Asp299Gly (rs4986790) polymorphism allele comparison with respect to rheumatoid arthritis (RA) susceptibility 
in Europeans.
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meta-analysis of the TLR4 Asp299Gly polymorphism failed to reveal any association with RA 
susceptibility in Europeans. The single case-only study found that DAS28 differed significantly 
in RA patients according to the presence of this polymorphism (Kuuliala et al., 2006), but the 
3 case-control studies failed to identify an association between this polymorphism and the 
clinical characteristics of RA (Kilding et al., 2003; Radstake et al., 2004; Sheedy et al., 2008).

The present study has some limitations. First, the number of studies included in the 
systematic review might have been too small to detect slight associations within ethnic groups. 
Second, our meta-analysis included data from European patients, and thus, our results are ap-
plicable only to this ethnic group. Furthermore, only 3 studies were conducted in Europeans 
(Kilding et al., 2003; Radstake et al., 2004; Sheedy et al., 2008), which may mean that our 
investigation was underpowered (Sung et al., 2009; Wang et al., 2010).

Although we found no major contribution of TLR polymorphisms to RA, our results 
suggest that the TLR polymorphism is associated with the development and clinical charac-
teristics of RA. However, because only a relatively small number of studies have investigated 
the roles of TLR polymorphisms in the pathogenesis of RA, further research is required to 
determine whether the polymorphisms of TLR contribute to RA susceptibility and severity.
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