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Abstract 
Objectives: 
To determine if polymorphisms within the Toll-like receptor 4 (TLR4) gene are 
associated and linked with juvenile idiopathic arthritis (JIA). To investigate any 
possible gene-gene (epistatic) interaction between TLR4 and macrophage migration 
inhibitory factor (MIF) gene polymorphisms. 
Methods: 
Three hundred and thirteen simplex families (each containing one affected JIA 
proband) were available for genotyping. Two known functionally important single 
nucleotide polymorphisms (SNPs) within the TLR4 gene (Asp299Gly and Thr399Ile) 
were genotyped by SNaPshotTM ddNTP primer extension and capillary 
electrophoresis.   
Single-point and multipoint transmission disequilibrium tests (TDT) were carried out 
through the ETDT and TDTPHASE packages for the two TLR4 SNPs. Epistatic 
interaction between TLR4 haplotypes and the previously JIA associated MIF CATT7-
MIF-173*C promoter haplotype was investigated using the χ2 test and unconditional 
logistic regression in Stata v.7.  
Results: 
No distortion from random inheritance was observed by single point analysis for 
TLR4 Asp299Gly (p=0.89) or TLR4 Thr399Ile (p=0.40). Similarly, no distortion in 
transmission was seen when the TLR4 haplotypes were studied (p=0.54). In addition, 
no evidence for gene-gene interaction between the TLR4 polymorphisms and the 
previously associated MIF gene polymorphisms were found in this cohort (p=0.40). 
Conclusions: 
No linkage or association was observed for either the Asp299Gly or the Thr399Ile 
SNPs of TLR4 with JIA susceptibility. Also, no evidence of an epistatic interaction 
between these TLR4 polymorphisms and MIF polymorphisms was found.  
 
Key words: TLR4, MIF, JIA, Epistasis 
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Introduction: 
Juvenile idiopathic arthritis (JIA) represents a complex, clinically heterogeneous 
group of arthritides, which present before the age of 16 years. We have recently 
shown macrophage migration inhibitory factor (MIF), a pro-inflammatory cytokine, 
to be both linked and associated with JIA in two separate cohorts [1;2]. A relationship 
between MIF and Toll-like receptor 4 (TLR4) was found in a study of MIF deficient 
mice, which were resistant to endotoxic shock. MIF deficient macrophages were 
hyporesponsive to lipopolysaccharide (LPS) and to gram negative bacteria due to a 
down-regulation of TLR4 [3]. TLR4 is involved in the adaptive and innate immune 
responses by binding to pathogens, microbial toxins or endogenous ligands such as 
LPS, heat-shock proteins (Hsp), fragments of hyaluronic acid, and fibronectin. 
Formation of TLR-ligand complexes activates signal transduction pathways and the 
transcription of immune genes resulting in the release of inflammatory mediators 
reviewed in [4]. T cell reactivity to human Hsp60 has been shown in oligoarticular 
JIA, and activated T cells found to be regulatory and contribute to disease remission 
[5]. Furthermore, TLR4 knockout mice have been reported to have significantly 
reduced joint swelling and cell influx compared with wild type mice [6]. These 
observations support the hypothesis that TLR4 is a candidate gene for investigation in 
JIA, although the mechanism by which TLR4 may contribute to JIA pathology has yet 
to be fully determined.  
Two single nucleotide polymorphisms (SNPs) of TLR4 have been described 
previously, [7;8] an amino acid (aa) change at aa 299 of aspartic acid to glycine 
(Asp299Gly) and a mis-sense mutation replacing threonine with isoleucine at aa 399 
(Thr399Ile). These polymorphisms are associated with a blunted response to inhaled 
LPS in humans and furthermore, the Asp299Gly interrupts TLR4-mediated LPS 
signalling [7].  
We have investigated the Asp299Gly and the Thr399Ile TLR4 polymorphisms in a 
cohort of JIA probands and their parents. Positive linkage and association with the 
CATT7-MIF-173*C haplotype has previously been described in this cohort [2]. As a 
biological pathway relating MIF and TLR4 has been detailed [3], it is possible that a 
combination of particular polymorphisms of these two genes could lead to a manifold 
increase in the risk of  JIA susceptibility. For this reason we have looked for any such 
epistatic relationship between MIF and the TLR4. 
 
Patients and Methods: 
Blood samples were obtained with informed written consent. Ethical approval has 
been obtained from MREC (99/8/84) and The University of Manchester committee on 
the ethics of research on human beings (8/92/(i) (b)). Three hundred and thirteen UK 
Caucasian simplex families (each simplex family contained one affected JIA proband 
and healthy parent(s)) from the BSPAR national repository for JIA were genotyped 
for the two TLR4 SNPs Asp299Gly and Thr399Ile (with reference to Genbank 
Accession No: U93091). All JIA cases had been classified according to the ILAR 
classification criteria. Table 1 shows the number of JIA patients in each ILAR 
subgroup. Genotyping was by SNaPshotTM ddNTP primer extension and capillary 
electrophoresis as previously described [1]. Briefly, PCR reactions (10µl final 
volume) contained 10ng of genomic DNA, 0.4µl of each primer (25 pmoles/µl), 1µl 
of dNTPs (Bioline, 2mM), 0.3µl of MgCl2 (Bioline, 1.5mM), 1µl of NH4 buffer 
(Bioline, 10x) and 0.2µl of Taq polymerase (Bioline, 5u/µl) using the following 
primers and probes, all written 5’-3’:- 299 forward primer CCA TTG AAG AAT TCC 
GAT TAG CAT, 299 reverse primer GGG AAA ATG AAG AAA CAT TTG TCA A, 
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299 probe AAT TAA ATA AGT CAA TAA TA, 399 forward primer TCT CAG TAG 
AAA TGG CTT GAG, 399 reverse primer CTC ACT CAT TTG TTT CAA ATT G 
and 399 probe AGC TCA GAT CTA AAT ACT TTA GGC TG.  
The fluorescent peaks obtained were detected with the use of the GENESCAN 3.7® 
analysis software package. The GENOTYPER 3.7® software package was then used 
to assign allele names. 
 
Statistical Methods: 
Deviation from Hardy-Weinberg equilibrium was tested using Stata v.7 (Stata 
Corporation, College Station, Texas, USA). The extended transmission disequilibrium 
test (ETDT) [9] that detects linkage and association was performed for the two TLR4 
SNPs Asp299Gly and Thr399Ile.  Empirical p values were obtained by running 10000 
Monte Carlo simulations. This study had 80% power to detect, at a single locus, an 
odds ratio of 2 at the 0.05 significance level (QUANTO ver 0.4). LD between the 
SNPs was calculated using HelixTree® (GoldenHelix, Inc, Montana, USA). 
Multipoint linkage and association for the TLR4 Asp299Gly and Thr399Ile 
haplotypes were investigated through the TDTPHASE programme, which tests for the 
distortion of transmission of haplotypes from parents to affected offspring [10]. The 
case-only design was employed to estimate gene-gene (GxG) interaction effects 
between MIF and TLR4 [11]. The TLR4 haplotypes and the previously associated 
MIF CATT7-MIF-173*C promoter haplotype were estimated and assigned to affected 
individuals through snphap (David Clayton, Cambridge, UK). This study had 80% 
power to detect a GxG interaction conferring a relative risk of at least 4, (QUANTO 
version 0.4) [12]. The presence of an interactive effect was tested through a standard 
χ2 test and through unconditional logistic regression in Stata v.7. 
 
Results: 
The minor allele frequencies in JIA patients for the two SNPs of TLR4 Asp299Gly 
and Thr399Ile were 5% and 6% respectively. No significant deviation from Hardy-
Weinberg equilibrium was observed for either of the TLR4 SNPs (Asp299Gly, p=1 
Thr399Ile, p= 0.61). Single point analysis using the ETDT showed no distortion from 
random inheritance for either the TLR4 Asp299Gly or the Thr399Ile SNP.  Non-
significant empirical p values were observed for the TLR4 Asp299Gly (p=0.89) and 
the Thr399Ile (p=0.40) SNPs.  
Strong LD was observed between the two SNPs in the JIA cases, with a D’ value of 
0.88 (D’ values can range from 0 to 1, reflecting no and complete LD respectively). 
However, no significant distortion in transmission was seen for the TLR4 haplotypes 
(empirical p=0.54). The results show that these two TLR4 SNPs are not linked or 
associated with JIA as a whole. Furthermore, subgroup specific analysis revealed no 
linkage and association with either of the TLR4 SNPs, or their haplotypes. However, 
power to detect an effect was very limited due to the low number of informative 
transmissions when individual subgroups were considered. 
No evidence for an epistatic effect between TLR4 haplotypes and the associated MIF 
promoter haplotype (CATT7-MIF-173*C) was observed (p=0.40). 
 
Discussion: 
Only a limited number of genetic associations with JIA have stood the test of 
replication. MIF is one such locus. Promoter polymorphisms of MIF have now been 
found to be linked and associated with JIA susceptibility in two independent disease 
cohorts [1;2]. The mechanism by which MIF acts as a susceptibility locus has not yet 
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been determined (reviewed in [13]). Clearly MIF has multiple actions that could be 
contributory to its role in increasing risk of JIA. However, we were interested to 
pursue further the known observation that MIF regulates immune responses by 
modulating the expression of TLR4 [3;14]. TLR4 is capable of recognising a broad 
variety of pathogen-associated molecular patterns (PAMPS) including LPS [4]. 
Subsequent to the binding of such PAMPS the innate immune response is activated. 
Signalling by means of nuclear factor kappa-B (NFκB) leads to the release of several 
cytokines, including TNFα and IL-1b and matrix metalloproteinases resulting in 
inflammation. In addition, TLR4 has recently been shown to play a role in dendritic 
cell maturation and initiation of the adaptive immune response [15]. Polymorphisms 
of the TLR4 gene may therefore themselves, or in combination with MIF 
polymorphisms, contribute to increased risk of JIA.  
Arbour et al. described two TLR4 SNPs (Asp299Gly and Thr399Ile) and showed 
them to be associated with a blunted response to inhaled LPS [7]. Smirnova et al used 
sequencing to identify potential polymorphisms of TLR4. Their screen included all of 
the TLR4 coding sequence (exons 1-3) (in 141 Caucasians) and 1.1kb of intron 2 
(studied in 50 Caucasians). Only the TLR4 Asp299Gly and Thr399Ile were seen at 
frequencies of >1% [8]. We therefore studied the two TLR4 SNPs, Asp299Gly and 
Thr399Ile in a large sample of JIA simplex families, all of which had previously been 
characterised for MIF gene polymorphisms.  
No association with either the Asp299Gly or Thr399Ile TLR4 SNP was seen in our 
total JIA population. These SNPs are in very strong linkage disequilibrium (D’=0.88). 
We did not find any evidence for altered transmission of TLR4 haplotypes from 
unaffected parents to a child affected with JIA. Our study lacked sufficient power to 
demonstrate any JIA subgroup-specific TLR4 effect.  
Finally, we wished to explore the possibility that a biologically plausible interaction 
between TLR4 and MIF resulted in gene-gene interaction and a subsequent increased 
risk of disease. Our study had sufficient power to detect a gene-gene interaction 
conferring a relative risk of 4 but had only limited power to detect more modest 
relative risks. Following the case only model for gene-gene interaction, no evidence 
for such an interactive relationship and JIA susceptibility was seen. This study has 
utilised the previously identified SNPs within TLR4. We did not perform de novo 
coding region mutation screening of JIA cases, nor did we attempt to identify intronic 
or promoter region SNPs of TLR4 for use in our study. It remains possible, therefore, 
that discrete JIA TLR4 changes exist, or that as yet uncharacterised intronic or 
promoter TLR4 SNPs are important in conferring increased risk of JIA. However, this 
would only be the case if such additional SNPs were not in linkage disequilibrium 
with either the TLR4 Asp299Gly or Thr399Ile SNP that we have investigated. 
Overall, we have not observed any evidence for involvement of the TLR4 Asp299Gly 
or Thr399Ile polymorphisms with JIA susceptibility.  
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Key messages:  
 
The Asp299Gly and Thr399Ile SNPs of the TLR4 gene are not linked or associated 
with JIA susceptibility.  
No evidence exists for gene-gene interaction of TLR4 and MIF with JIA 
susceptibility. 
 
 
 
 
Table 1: JIA probands by ILAR subgroup. 

 
ILAR Group Number of JIA 

families 

Systemic arthritis 
 

50 
 

Persistent 
oligoarthritis 

84 

Extended 
oligoarthritis 

46 

RF* –ve 
polyarthritis 

57 

RF* +ve 
polyarthritis 8 

Enthesitis related 
arthritis 22 

Psoriatic arthritis 20 

Unclassifiable 
 26 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*RF: rheumatoid factor  
Classification according to the International League of Associations for Rheumatology (ILAR) criteria. 
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