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Introduction
Rheumatoid arthritis (RA), the most common 
inflammatory joint disease, exacts a huge toll of disability, 
deformities, quality-of-life alterations, premature 
deaths, and economic costs [1]. RA is an autoimmune 
disease characterized by chronic inflammation of the 
synovial membrane, which is infiltrated by activated 
immune cells including CD4+ T cells, B cells, and 
antigen-presenting cells such as dendritic cells and 
macrophages. The factors responsible for RA induction 
and progression are poorly understood but may involve 
interactions between innate and adaptive immunity [2]. 
It has been suggested that viruses and bacteria may 
contribute to initiate or exacerbate RA by binding to 
toll-like receptors (TLRs) [3].

Systemic lupus erythematosus (SLE) is a chronic 
multisystem and autoimmune disease characterized by 
the production of autoantibodies against a relatively 
limited range of nuclear antigens. These autoantibodies 

result in the formation of immune complexes that 
deposit in the tissues and induce inflammation, thereby 
contributing to disease pathology [4]. Growing 
evidence suggests that recognition of nucleic acid 
motifs by TLRs may play a role in both the activation 
of antinuclear B cells and in the subsequent disease 
progression after immune complex formation. The 
endosomal localization of the nucleic acid-sensing 
TLRs is believed to contribute to the distinction 
between endogenous nucleic acids and those of foreign 
origin [4].

TLRs constitute a family of transmembrane proteins 
expressed by various cell types, including immune 
cells, to identify pathogens and initiate inflammatory 
signaling pathways [5]. Stimulation of the TLR 
pathway culminates in nuclear factor κB activation 
and the transcription of immune response genes [6]. 
To date, at least 10 human TLRs have been discovered; 
they recognize a variety of molecules, including 
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lipoproteins, flagellin, and viral RNA or DNA [7]. 
Furthermore, the administration of endogenous 
RNA or DNA has been shown to activate TLRs and 
induce autoimmune reactions [8]. On the basis of the 
immune-regulating and immune response-initiating 
effects of TLRs, they are considered candidate genes 
for RA [9].

Associations between different polymorphisms within 
the TLR2 and TLR4 genes or within the promoter 
region of the TLR9 gene and susceptibility for RA and 
SLE are subjects of great controversy [10]. Few studies 
exist to date on the importance of innate immunity 
and of, in particular, TLRs in the pathogenesis 
of juvenile idiopathic arthritis ( JIA) and SLE. 
Recently, two common cosegregating missense 
mutations, Asp299Gly and Thr399Ile, affecting 
the extracellular domain of the TLR4 protein have 
been characterized [11]. Both mutations lead to an 
attenuated efficacy of lipopolysaccharide signaling and 
a reduced capacity to elicit inflammation [12].

This study was designed to detect the TLR4 
(Asp299Gly and Thr399Ile) gene polymorphism in 
Egyptian patients with RA and SLE and its correlation 
with disease activity.

Participants and methods
The study protocol was agreed by ethical committee 
of Beni-Suef University. Participants who were 
interviewed received information about our study 
idea and signed written consent for the study. This 
study enrolled 50 participants who were attending the 
internal medicine and immunology out-patient clinic 
of Beni-Suef University Hospital during the period 
between October 2010 and December 2011. They 
comprised two groups: patients and the control group.

Group I included 20 patients with RA. Group II 
included 20 patients with SLE. Group III included 
10 healthy volunteers of matched age and sex, without 
history of chronic or acute arthritis or any chronic 
illnesses such as hypertension, diabetes mellitus, and 
liver or renal diseases. Patients below 16 years or above 
60 years, who were pregnant, taking oral contraceptive 
pills, and having infections were excluded from this 
study.

All patients and control group were subjected to the 
following:

(1) Clinical evaluation including identification data: 
age, sex, body weight and height, BMI (kg/m2), 
complete history taking, and proper physical 

examination. Diagnosis of RA according to 
the American College of Rheumatology [13] 
and of SLE according to the American College 
of Rheumatology [14]. Disease activity in our 
patients with RA was assessed by the DAS28 
scoring system [15], and in patients with SLE was 
assessed by the SLEDAI scoring system [16].

(2) Laboratory evaluation: ESR, C-reactive protein, 
complete blood profile, alanine transaminase 
(ALT), aspartate transaminase (AST), rheumatoid 
factor, anti-CCP, antinuclear antibody (ANA), 
anti-ds DNA, C3 levels, and C4 levels.

(3) Radiological investigation: radiograph on the 
affected joints needed for diagnosis and follow-up.

(4) Laboratory specific test for the study: detection of 
mutation in TLR4 (Asp299Gly and Thr399Ile) by 
PCR.

Methods
Blood sampling: The skin was cleaned with an alcoholic 
swab and the vein was palpated and punctured with 
the needle; 5 ml of venous blood was drawn into a 
syringe, then the sample was placed in a laboratory 
sampling tube containing 15% EDTA anticoagulant. 
DNA isolation: Genomic DNA was extracted from 
peripheral blood leukocytes [17] using the QUIamp 
blood kit (Qiagen, Hilden, Germany). Allele-specific 
PCRs were used to detect TLR4 Asp299Gly and 
Thr399Ile polymorphisms in DNA samples extracted 
from 5 ml of total blood samples, as reported by 
Lorenz et al. [18]. The TLR4 polymorphism was 
amplified by PCR. Briefly, a fragment containing the 
repeats was amplified using the following primers 
(Table 1).

After DNA extraction, genomic DNA was detected 
by 1% agarose gel electrophoresis. Two microliters of 
loading dye was mixed with gDNA, and then loaded 
in each well and the electrophoresis was performed 
with 100 V for 1 h. The gDNA in the gel was 
stained with ethidium bromide and visualized by UV 
transilluminator (Fig. 1).

Statistical	analysis
The following tests were used: Descriptive analysis of 
the results was in the form of percentage distribution 
for qualitative data. Minimum, maximum, mean, 

Table	1	TLR4	(ASP299Gly,	Thr399lle)	primers
TLR4 (ASP299Gly) primers

Forward: 5'-GATTAGCATACTTAGACTACTACCTCCATG-3'
Reverse: 5'-GATCAACTTCTGAAAAAGCATTCCCAC-3'

TLR4 (Thr399lle) primers
Forward: 5'-TTGCTGTTCTCAAAGTGATTTTGGGAGAA-3'
Reverse: 5'-ACCTGAAGACTGGAGAGTGAGTTAAATGCT-3'
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and SD were calculated for quantitative data. Cross-
tabulation test was performed for comparison between 
percentage values. The Student t-test was performed 
for comparison between means of two groups. The 
F-test (one-way analysis of variance), a test statistics, 
was calculated for comparison between means of three 
groups. The probability/significance value: P value 
greater than 0.05 was considered nonsignificant, P value 
less than 0.05 was considered significant at 0.05 level, 
and P value less than 0.01 was considered significant at 
0.01 level. The χ2-test was used to determine whether 
there is a significant difference between the expected 
frequencies and the observed frequencies in one or more 
categories. For statistical analysis, statistical package for 
social science software, version 15 (SPSS v15, Chicago, 
IL, USA) was used.

Results
Fifty participants enrolled in this study were classified 
into three groups: group I included 20 patients with 
RA (19 women and one man) with mean age of 
39 ± 14 years; group II included 20 patients with 
SLE (18 women and two men) with mean age of 
26.1 ± 6.6 years; and group III included 10 healthy 
volunteers of matched age and sex (six women and 
four men) with mean age of 26.1±5.8 years (Figs 2–4 
and Tables 2–4).

No individual in the RA patients group, SLE patients 
group, or control population was identified carrying the 
Asp299Gly and Thr399Ile polymorphisms; in other 
words, all RA patients, SLE patients, and controls were 
with the same wild genotype (Table 5 and Fig. 5).

Discussion
The roles of TLRs in development of autoimmune 
diseases have been studied recently. Autoreactive 
B cells are present in the lymphoid tissues of healthy 
individuals, but as they are subject to self-tolerance 
mechanisms, they remain silent. However, when 
tolerance to self-antigens fails, a complex of self-
reactive antibodies against self-reactive or cross-reactive 
DNA coengage the antigen receptor and the TLRs, 
leading to a continuous activation of these autoreactive 
B cells and the development of autoimmune diseases. 
The maturation of antigen-presenting cells (APCs), 
in response to signals received by the innate immune 
system, may lead to the breakdown of tolerance. This 
process is mainly activated by TLRs that have been 
triggered by self-antigens [19].

TLRs are a key link between infection, injury, and 
inflammation [20]. They recognize pathogen-associated 
and danger-associated molecular patterns (PAMPs and 
DAMPs), and subsequently trigger a proinflammatory 

Figure 1

TLR4 gDNA expression visualized by UV – transilluminator.

Table 2 Demographic data of all studied groups
Group

Variables RA group (n = 20) SLE group (n = 20) Control group (n = 10) P value
Age (years) 39 ± 14 26.1 ± 6.6 26.1 ± 5.8 P1: 0.01*P2: 1.0 (NS)
Sex [n (%)]

Males 1 (5) 2 (10) 4 (40) P1: 0.002*
Females 19 (95) 18 (90) 6 (60) P2: 0.223 (NS)

Disease duration (years) 6.8 ± 6.6 1.6 ± 1.3 – –

RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; P1, Comparison between the RA and control groups; P2, Comparison between 
the SLE and control groups; *P < 0.05, significant; P > 0.05, NS.

Figure 2

DAS28 score of the rheumatoid arthritis (RA) group.
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cascade, which induces the transcription of multiple 
proinflammatory cytokine genes as well as dendritic cell 
maturation [21]. Cell wall components of various Gram-
positive and Gram-negative pathogens, stress proteins, 
and cell decomposition products are predominantly 
identified by the TLRs 2 and 4 [22]. Although TLR-
mediated inflammation is an important aspect of host 
defense, it is also linked to pathogenesis of several 
autoimmune diseases, such as RA and SLE [23].

Given the known genetic predisposition displayed in 
RA patients, TLR polymorphism studies have been 
conducted to determine whether TLR is involved in 
the pathogenesis of RA [9].

The TLR4 Asp299Gly (rs4986790) polymorphism 
is the most frequently studied polymorphism in RA, 
and it displays ethnic differences. Africans have the 
highest frequency (16%) [24] followed by Europeans 
(4–10%) [25], whereas Asians do not have this 
polymorphism [26].

Most studies either deal with the Asp299Gly or the 
Thr399Ile polymorphism but neglect the fact that 
these polymorphisms also exist in a cosegregated 
(Asp299Gly/Thr399Ile) way [27].

In our study, 50 participants were included: 20 with 
RA, 20 with SLE, and 10 healthy control individuals.

The aim of our study was to detect the polymorphism 
of TLR4 gene in Egyptian patients with RA and SLE 
and its correlation with disease activity. Disease activity 
in our patients with RA was assessed by the DAS28 
scoring system and in patients with SLE was assessed 
by the SLEDAI scoring system.

In the present study, no individual in the RA patients 
group, SLE patients group, or control population was 
identified carrying the Asp299Gly and Thr399Ile 

Table	3	DAS28	score	of	the	rheumatoid	arthritis	group
DAS28 score RA group (n = 20) [n (%)]
≤3.2 remission 0 (0)
>3.3 and ≤5.1 low disease activity 4 (20)
>5.1 high disease activity 16 (80)

RA, rheumatoid arthritis.

Table	4	Systemic	lupus	erythematosus	disease	activity	index	
SLEDAI
SLEDAI SLE group (n = 20) [n (%)]
Inactive ≤2 5 (25)
Persistent active ≥8 14 (70)
Flare ≥3 change in SLEDAI 1 (5)

SLE, systemic lupus erythematosus.

Table	5	Toll-like	receptor	4	genotype	frequencies	in	the	RA,	
SLE, and control groups
Parameters RA group 

(n = 20)
SLE group 

(n = 20)
Control group 

(n = 10)
TLR4 [n (%)]

Thr399lle
Normal 2020 (100) 20 (100) 10 (100)
Abnormal 0 0 0

Asp299Gly
Normal 20 (100) 20 (100) 10 (100)
Abnormal 0 0 0

RA, rheumatoid arthritis; SLE, systemic lupus erythematosus.

Figure	3

Clinical characteristics of the systemic lupus erythematosus (SLE) 
group.

Figure 4 

SLEDAI in the systemic lupus erythematosus group.

Figure 5 

Toll-like receptor 4 genotype frequencies in the rheumatoid arthritis 
(RA), systemic lupus erythematosus (SLE), and control groups.
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polymorphisms; in other words, all RA patients, 
SLE patients, and controls were with the same wild 
genotype. The similarity in the genotype between the 
patients group and control population concluded that 
these two missense polymorphisms do not contribute 
to RA and SLE in Egyptian population.

TLR gene polymorphisms have been tested in several 
cohorts. A case–control study was conducted in Spain 
on 122 patients with SLE, 224 patients with RA, and 
a control group of 199 healthy individuals to evaluate 
the possible association between the polymorphisms 
of TLR4 (Asp299Gly and Thr399Ile) genes with the 
susceptibility or severity of RA and SLE. They found 
no statistically significant differences in the TLR4 
Asp299Gly and the TLR4 Thr399Ile genotype or 
allele distribution between SLE patients, RA patients, 
and control individuals. However, they observed a 
difference in the distribution of TLR4 Asp299Gly 
heterozygous individuals between RA patients (9%) 
and controls (13%), which did not reach statistical 
significance [28].

Another case–control study to determine whether 
TLR4 Asp299Gly polymorphism influences 
susceptibility to RA was conducted on 212 RA patients 
and 879 healthy controls in Northern England, which 
also found no association, even in the subgroup of 
patients negative for the shared epitope [29].

Interestingly, heterozygous Asp299Gly status was 
protective in early untreated RA in a case–control study 
performed in the Netherlands. They presented data 
showing a lower frequency of the TLR4 heterozygous 
condition for the polymorphism in 282 patients with 
RA (10.6%) than in 314 control individuals (17.2%). 
They found that the TLR4 Asp299Gly functional 
variant is associated with decreased RA disease 
susceptibility but does not influences disease severity 
and/or outcome [30].

The aim of the case-only study, which was performed 
on 169 RA patients by Kuuliala et al. [31], 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 without this polymorphism who 
were treated with a disease-modifying antirheumatic 
drug (P = 0.019) but not in RA patients with and 
without this polymorphism who were treated with 
three disease-modifying antirheumatic drugs and 
prednisolone (P = 0.31).

Another French Caucasians study ruled out a major 
contribution of the tested TLR polymorphisms 
(TLR1, TLR2, TLR4, TLR6, TLR9) to RA and found 

no association between RA and TLR polymorphisms 
in more severe subgroups with RF, or anti-CCP 
antibodies, or joint erosions. In addition, they ruled out 
a protective role for TLR4 Asp299Gly in their French 
Caucasian cohort [3].

Enevold et al. [32] supposed that an important way 
to investigate the role of TLRs themselves in RA 
is to study genetic variants [e.g. single nucleotide 
polymorphism (SNP)] in the TLR genes that might 
lead to an altered ligand binding capacity and/
or expression leading to an altered TLR-mediated 
response that might subsequently translate into 
variations in disease activity and/or severity. 
Nevertheless, a well-documented prospective 
cohort was unable to show any significant effect of 
studied TLR SNP on RA disease variability and/or 
severity [32].

Both TLR4 gene Asp299Gly (rs4986790) and 
Thr399Ile (rs4986791) polymorphisms with RA were 
investigated in two Asian studies, one Korean [33], 
and one Chinese study [26], but in agreement with our 
results these polymorphisms were not detected in all 
RA patients and controls.

Meta-analysis, performed by Lee et al. [9], of the TLR4 
Asp299Gly polymorphism and RA in three European 
studies [29,30,34] failed to reveal any association with 
RA in terms of disease susceptibility and severity in 
Europeans.

Recently, in a case–control study conducted in 
Germany 2013, there was no correlation between 
the TLR4 genotypes and the observed significant 
reduction in the level of TLR4 expression (P ≤ 0.001) 
on monocytes of patients with JIA and SLE 
compared with that of healthy control individuals. 
This finding indicates that the observed reduced 
TLR4 protein expression on monocytes of JIA and 
SLE patients is not due to a known functional SNP 
in the TLR4 gene, but instead, it is supportive of 
a kind of tolerance to PAMPs and cellular danger 
signals [12].

Conclusion
The present study is, to our knowledge, the first to 
demonstrate no association between the common 
Asp299Gly and Thr399Ile variant and SLE and RA in 
Egyptian population. Despite the fact that our results 
were negative, the role for TLR4 in the pathogenesis of 
RA and SLE remains uncertain. Altogether, published 
data and our data lead to the prediction that, to improve 
these data, analyses in larger cohorts with more than 
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500 patients would be required. As this sample size is 
not easy to reach in single-center or even multicenter 
studies, meta-analytic analysis could probably be the 
only feasible approach. With that method, our results 
might help to spread light on the overall contribution 
of TLR genes in RA and SLE.

Recommendation
We recommend that further studies with extended 
SNPs within TLR4 should be performed to disclose 
its possible role in the common autoimmune diseases 
in Egyptian patients .

Acknowledgements
Conflicts	of	interest
There are no conflicts of interest.

References
 1 Rat AC, Boissier MC. Rheumatoid arthritis: direct and indirect costs. Joint 

Bone Spine 2004; 71:518–524.

 2 Falgarone G, Jaen O, Boissier MC. Role for innate immunity in rheumatoid 
arthritis. Joint Bone Spine 2005; 72:17–25.

	 3	 Jaen O, Petit-Teixeira E, Kirsten H, Ahnert P, Semerano L, Pierlot C, et al. No 
evidence of major effects in several toll-like receptor gene polymorphisms 
in rheumatoid arthritis. Arthritis Res Ther 2009; 11:R5. 

 4 Rahman AH, Eisenberg RA. The role of toll-like receptors in systemic 
lupus erythematosus. Springer Semin Immunopathol 2006; 28:131–143.

 5 Takeda K, Kaisho T, Akira S. Toll-like receptors. Annu Rev Immunol 2003; 
21:335–376.

 6 Drexler SK, Foxwell BM. The role of toll-like receptors in chronic 
inflammation. Int J Biochem Cell Biol 2010; 42:506–518.

 7 Roelofs MF, Abdollahi-Roodsaz S, Joosten LA, van den Berg WB, 
Radstake TR, et al. The orchestra of toll-like receptors and their potential 
role in frequently occurring rheumatic conditions. Arthritis Rheum 2008; 
58:338–348.

 8 Hurst J, von Landenberg P. Toll-like receptors and autoimmunity. 
Autoimmun Rev 2008; 7:204–208.

	 9	 Lee YH, Bae SC, Song GG. Meta-analysis demonstrates assossiation 
between TLR polymorphisms and rheumatoid arthritis. Genet Mol Res 
2013; 12:328–334.

10 Etem EO, Elyas H, Ozgocmen S, Yildirim A, Godekmerdan A. The 
investigation of toll-like receptor 3, 9 and 10 gene polymorphisms in 
Turkish rheumatoid arthritis patients. Rheumatol Int 2011; 11:1369–1374.

11 Arbour NC, Lorenz E, Schutte BC, Zabner J, Kline JN, Jones M, et al. 
TLR4 mutations are associated with endotoxin hyporesponsiveness in 
humans. Nat Genet 2000; 11:187–191.

12 Kirchner M, Sonnenschein A, Schoofs P, Schmidtke P, Umlauf VN, 
Mannhardt-Laakmann W, et al. Surface expression and genotypes of 
Toll-like receptors 2 and 4 in patients with juvenile idiopathic arthritis and 
systemic lupus erythematosus. Pediatr Rheumatol Online J 2013; 11:9.

13	 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3rd, 
et al. 2010 rheumatoid arthritis classification criteria: an American College 
of Rheumatology/European League Against Rheumatism collaborative 
initiative. Ann Rheum Dis 2010; 69:1580–1588.

14 Hochberg MC. Updating the American College of Rheumatology revised 
criteria for the classification of systemic lupus erythematosus. Arthritis 
Rheum 1997; 8:1725.

15 Inoue E, Yamanaka H, Hara M, Tomatsu T, Kamatani N. Comparison 
of disease activity score (DAS)28- erythrocyte sedimentation rate and 
DAS28- C-reactive protein threshold values. Ann Rheum Dis 2007; 
66:407–409.

16 Gladman DD, Ibanez D, Urowitz MB. Systemic lupus erythematosus 
disease activity index 2000. J Rheumatol 2002; 29:288–291.

17 Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for 
extracting DNA from human nucleated cells. Nucleic Acid Res 1988; 
16:1215.

18 Lorenz E, Frees KL, Schwartz DA. Determination of the TLR4 genotype 
using allele-specific PCR. Biotechniques 2001; 31:22–24.

19	 Pradhan VD,Das S, Surve P, Ghosh K. Toll-like receptors in autoimmunity 
with special reference to systemic lupus erythematosus. Indian J Hum 
Genet 2012; 18:155–160.

20 Tapping RI. Innate immune sensing and activation of cell surface toll-like 
receptors. Semin Immunol 2009; 11:175–184.

21 Trinchieri G, Sher A. Cooperation of Toll-like receptor signals in innate 
immune defence. Nat Rev Immunol 2007; 11:179–190.

22 Kawai T, Akira S. The role of pattern-recognition receptors in 
innate immunity: update on toll-like receptors. Nat Immunol 2010; 
11:373–384.

23	 Drexler SK, Foxwell BM. The role of toll-like receptors in chronic 
inflammation. Int J Biochem Cell Biol 2010; 11:506–518.

24 Mockenhaupt FP, Cramer JP, Hamann L, Stegemann MS, Eckert J, 
Oh NR, et al. Toll-like receptor (TLR) polymorphisms in African children: 
Common TLR-4 variants predispose to severe malaria. Proc Natl Acad Sci 
USA 2006; 103:177–182.

25 Adam R, Sturrock RD, Gracie JA. TLR4 mutations (Asp299Gly and 
Thr399Ile) are not associated with ankylosing spondylitis. Ann Rheum Dis 
2006; 65:1099–1101.

26 Zheng B, Li Q, Wei C, Qin J, Shou T, Zhou R, et al. Lack of association 
of TLR4 gene Asp299Gly and Thr399Ile polymorphisms with rheumatoid 
arthritis in Chinese Han population of Yunnan Province. Rheumatol Int 
2010; 30:1249–1252.

27 Smirnova I, Poltorak A, Chan EK, McBride C, Beutler B.  Phylogenetic 
variation and polymorphism at the toll-like receptor 4 locus (TLR4). 
Genome Biol. 2000;1(1):RESEARCH002. Epub 2000 Apr 27.

28 Sanchez E, Orozco G, Lopez-Nevot MA, Jimenez-Alonso J, Martin J, et al. 
Polymorphisms of toll-like receptor 2 and 4 genes in rheumatoid arthritis 
and systemic lupus erythematosus. Tissue Antigens 2004; 63:54–57.

29	 Kilding R, Akil M, Till S, Amos R, Winflied J, Iles MM, Wilson AG, et al. 
A biologically important single nucleotide polymorphism within the toll-
like receptor-4 gene is not associated with rheumatoid arthritis. Clin 
Exp Rheumatol 2003; 21:340–342.

30	 Radstake TR, Franke B, Hanssen S, Netea MG, Welsing P, Barrera P, 
et al. The toll-like receptor 4 Asp299Gly functional variant is associated with 
decreased rheumatoid arthritis disease susceptibility but does not influence 
disease severity and/or outcome. Arthritis Rheum 2004; 50:999–1001.

31	 Kuuliala K, Orpana A, Leirisalo-Repo M, Kautiainen H, Hurme M, 
Hannonen P, et al. Polymorphism at position +896 of the toll-like receptor 
4 gene interferes with rapid response to treatment in rheumatoid arthritis. 
Ann Rheum Dis 2006; 65: 1241–1243.

32	 Enevold C, Radstake TR, Coenen MJ, Fransen J, Toonen EJ, 
Bendtzen K, van Riel PL, et al. Multiplex screening of 22 single-
nucleotide polymorphisms in 7 Toll-like receptors: an association study 
in rheumatoid arthritis. J Rheumatol 2010; 37: 905–910.

33	 Kang ES, Lee J. Genotypic analysis of Asp299Gly and Thr399Ile 
polymorphism of Toll-like receptor 4 in systemic autoimmune diseases of 
Korean population. Rheumatol Int 2007; 27:887–889.

34	 Sheedy FJ, Marinou I, O’Neill LA, Wilson AG. The Mal/TIRAP S180L and 
TLR4 G299D polymorphisms are not associated with susceptibility to, or 
severity of, rheumatoid arthritis. Ann Rheum Dis 2008; 67:1328–1331.


