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Abstract 
Objective: A genetic variant of the TLR2/4 adaptor protein TIRAP (SNPC539T) was 
identified in a UK and in several African populations. The heterozygous genotype of this SNP 
has been associated with protection from severe infections. This allele results in an attenuated 
response to bacterial pathogens. As an exaggerated innate immune response to pathogens has 
been implicated in spondyloarthritis (SpA) pathogenesis, we analyzed if the heterozygous C/T 
genotype was underrepresented in axial SpA compared to healthy controls.  
Methods: 204 axial SpA patients and 175 population-matched controls were included. SNP 
C539T was determined with a sequence specific PCR and direct sequencing. 
Results: The frequency of the haplotypes was similar in cases and controls (87% for C and 
13% for T in both groups). The C/T genotype, which attenuates TLR signalling, was not 
underrepresented in cases versus controls (19% in controls versus 24% in cases, p=0.44). The 
T/T genotype, was slightly lower in cases than in controls, although this was not significant 
(3.4% in controls versus 1% in cases, p=0.15). Within the cases, there were no differences in 
disease phenotype or activity between patients with the C/C or C/T genotype. 
Conclusion: This study did not show significant associations of SNP S180L of the TLR2/4 
adaptor protein TIRAP with axial SpA.  
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Introduction  
Spondyloarthritis (SpA) is a prevalent form of chronic inflammatory arthritis. Whereas the 
exact pathophysiology remains unknown, the prevention of SpA-like diseases in HLA-B27 
transgenic rats when kept in germ-free conditions (1) and the induction of the reactive arthritis 
subtype of SpA by gastrointestinal infections suggest an important role for bacterial triggers. 
The absence of viable microbes in the joint and the inefficacy of antibiotic treatment suggest 
that an abnormal immune response to the bacteria rather than the infection itself is important 
(2). Extensive histopathological studies (3) support the notion that the innate rather than the 
acquired arm of the immune system may be involved in this exaggerated inflammatory 
response. 
Toll-like receptors (TLR) are pattern recognition receptors of the innate immune system that 
recognise a wide variety of microbial molecules. Binding of these ligands leads to a complex 
signalling cascade resulting in the transcription of proinflammatory genes. The selective 
increase of TLR2 and TLR4 in peripheral SpA (4), the involvement of TLR4 in experimental 
Chlamydia-induced arthritis (5), and the potential association of TLR4 polymorphisms with 
ankylosing spondylitis (AS) (6, 7) suggest that this pathway may also be involved in SpA. Of 
interest for chronic inflammation, TLRs are not only stimulated by microbial ligands but also 
by self motifs such as heat shock proteins and hyaluronic acid, thereby leading to sterile 
inflammation (8). A failure to tightly control the intensity or duration of TLR signalling may 
therefore contribute to the severity and persistence of chronic inflammatory diseases such as 
SpA (9, 10). 
One key molecule involved in the regulation of TLR2/4 signalling is MyD88-adaptor like 
(Mal, encoded by the gene TIRAP). Recently, heterozygous carriage of a genetic variant of 
Mal (SNP C539T,  Serine180Leucine) was shown to be associated with protection against 
invasive pneumococcal disease, bacteremia, malaria and tuberculosis in different UK and 
African populations (11). This SNP leads to an amino acid substitution (Serine to Leucine) in 
Mal which attenuates TLR2/4 signalling and thereby protects against excessive inflammation. 
As the control of excessive TLR-mediated inflammatory responses could also be important in 
SpA, we investigated if Mal the 539T allele was underrepresented in SpA compared to 
healthy controls.  
 
 
Materials and methods 
Patients 
The study included 204 AS patients with proven sacroiliitis on classical X-ray or MRI and 
175 matched controls from the UK (12). In the patient cohort, the median age was 51 (40-60) 
years and the median disease duration 19 (11-29) years. 76.5% were male and 91% were 
HLA-B27 positive. The median disease activity as assessed by the BASDAI score was 4.8 
(3.0-6.8). All patients and controls were white Caucasian subjects who gave written informed 
consent to participate in the study as approved by the local Ethics Committee. 
 
Sequence-specific primer PCR 
DNA was extracted from peripheral blood cells according to standard procedures. 50-100 ng 
DNA was amplified using the T3-thermocycler (Biometra, Goettingen, Germany; 34 cycli, 
hybridisation temperature of 58°C) using sequence-specific primers were designed with the 3’ 
end complementary to SNP C539T in order to detect the C and T variants (forward-C primer 
= CACCATCCCCCTGCTGTC; forward-T primer = CACCATCCCCCTGCTGTT) and a 
reverse primer = GATACAAACCCCGACAGCC. PCR products were analysed on a 1% 
agarose gel stained with ethidium bromide.  
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Direct Sequencing 
All samples containing the rare allele were confirmed by direct sequencing. Genomic DNA 
was amplified using forward primer  5’-TATAGTGTCCGAGCTGTGCC-3’ and reverse 
primer 5’-GATACAAACCCCGACAGCC-3’. Sequencing reaction was performed with 3-10 
ng PCR product according to the manufacturer’s instructions (Big Dye Terminator Cycle 
Sequencing Ready Reaction Kit, Applied Biosystems, Foster City, California, USA) and 
analysed on the 3730 DNA analyser (Applied Biosystems). 
 
Statistics 
Based on the available UK data (11), the cohort size was calculated in order to detect with 
80% power an allele frequency difference of 2% and a genotype frequency difference of 12%. 
Differences in genotype and haplotype frequencies were calculated with chi-square test. The 
magnitude of the association was expressed as odds ratio with 95% confidence interval 
compared to the Ser/Ser genotype. Comparisons between groups were performed with the 
Mann-Whitney U test. A two sided p value <0.05 was considered statistically significant.  
 
Results  
 Mal S180L  haplotypes in axial SpA 
A total of 389 samples (204 cases and 175 controls) were analyzed by SNP specific PCR and, 
in case of inconclusive PCR, by direct sequencing. 90 samples showed a clear band in the T-
specific PCR (Figure 1), which was confirmed by direct sequencing. In controls, the 
frequency of the C alelle was 86.9% (304/350) and of the T alelle 13.1% (46/350). In axial 
SpA, the frequencies were similar with 87.2% (356/408) for the C allele and for 12.7% 
(52/408) for the T allele. 
 
Mal SNP C539T  genotypes in axial SpA 
Both in cases and in controls, the distribution of the genotypes followed the Hardy-Weinberg 
equilibrium. The expected genotype frequencies were 132/175 (75.7%) C/C, 40/175 (22.6 %) 
C/T, and 3/175 (1.7%) T/T for controls and 155/204 (76%) C/C, 45/204 (22%) C/T, and 
4/204 (2%) T/T for cases. As shown in Table 1, the occurrence of the C/T genotype was not 
different in cases (48/204 or 23.5%) versus controls (34/175 or 19.4%) (p=0.44). The T/T 
genotype was slightly lower in cases than in controls (2/204 or 1% versus 6/175 or 3.4%) but 
this did not reach statistical significance (p=0.15) as this study was powered to detect 
significant differences in the C/T genotype rather than in the T/T genotype.  
 
Disease phenotype and activity in Mal SNP C539T C/T versus C/C genotype in axial SpA 
Without affecting susceptibility, the Mal SNP C539T may still affect the phenotype and/or 
activity of axial SpA. In an explorative analysis, we compared patients with C/T versus those 
with C/C for gender distribution, HLA-B27 status, age at onset of symptoms, age at diagnosis, 
peripheral joint disease, as well as BASDAI and serum C-reactive protein levels at time of 
blood sampling. We could not detect any difference in demographic or clinical features in 
patients with the C/C genotype compared to patients with the C/T genotype (table 2) 
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Discussion 
As the Mal SNP C539T has been shown to possibly restrain TLR signalling (11), we 
hypothesized that this polymorphism may be underrepresented in SpA and thereby 
contributes to the putative excessive inflammatory response to bacteria and/or self-molecules. 
In this pilot study, we could not confirm this hypothesis as the frequency of the alleles was 
statistically identical in axial SpA and healthy individuals and, more importantly, there was 
no difference in the C/T genotype between cases and controls.  
However, several issues should be taken into consideration interpreting these results. Firstly, 
as we powered the study to detect similar differences for the allele  frequencies as described 
in previous studies (11), we can not exclude weaker associations that can only be detected in 
larger cohorts. This is of particular relevance for the T/T genotype, which appears to be 
slightly underrepresented in the cases. It should also be noted that the allele frequencies in the 
control groups were slightly different in our study and the previous report (11). Secondly, the 
functional outcome of TLR2/4 triggering is probably related to the functional interaction of 
different SNPs rather than uniquely to Mal SNP C539T. The study of potential interactions 
with independent Mal polymorphisms such as SNP rs671492 (13) or TLR polymorphisms 
(6,7) remains of major interest in SpA. Thirdly, the SNP C539T may affect the phenotype 
rather than susceptibility to axial SpA. A preliminary analysis of the phenotype and cross-
sectional disease activity failed to reveal clear differences between axial SpA with C/T versus 
C/C genotype. However, as our study was not designed to assess this question, more detailed 
longitudinal analyses remain warranted. Finally, our study assessed only axial SpA and not 
other subtypes of SpA. Follow-up studies will have to assess other SpA subtypes as bacterial 
triggers and TLR signalling have mainly been related to gut and peripheral joint inflammation 
(1, 4, 5). Of interest with regard to the association between SpA and gut inflammation, a 
genetic analysis of TLR pathways demonstrated a modest contribution of Mal polymorphisms 
in inflammatory bowel disease (14).   
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Table 1: Numbers and percentages of individuals with the different genotypes of Mal SNP 
C539T. P values were calculated using Chi-square test or * Fisher’s exact test.  Odds ratio’s 
were compared to the C/C genotype.  
 
 

SNP C539T 

Genotype 

Controls 

(n = 175) 

Cases 

(n = 204) 

P value Odds ratio 

(95% CI) 

C/C 135 (77.2 %) 154 (75.5 %) 0.89 1 

C/T 34 (19.4 %) 48 (23.5 %) 0.44 1.23 (0.75-2.03) 

T/T 6 (3.4 %) 2 (1 %) 0.15* 0.29 (0.06-1.47) 
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Table 2: Disease phenotype and severity in Mal SNP C539T C/T versus C/C genotype in 
SpA. Data are presented as median values (interquartile range) or as percentage positive 
patients (gender, HLA-B27, peripheral joint disease).  Age at onset of symptoms and age at 
diagnosis are expressed in years. Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI) and serum C-reactive protein (CRP) levels were assessed cross-sectionally at the 
time of blood sampling for genotyping. 
 

 SNP C539T Genotype 2 sided p value 

 C/C            

N=154 

C/T 

N=48 

 

Gender (male) 80% 79.1% 0.91 

HLA B27 positive  89.5% 94.8  0.31 

Age at onset of symptoms 19 (16-23) 20.5 (16.5-24.5) 0.59 

Age at diagnosis 28 (22.5-38) 28 (21-34)  0.23 

Peripheral joint disease 18% 21% 0.77 

BASDAI 4.9 (3-6.9) 4.3 (2.2-6.6)  0.23 

CRP (mg/L) 9 (5-19) 9 (6-29)  0.38 
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Figure Legend: 
Figure 1: Analysis of Mal SNP C539T by PCR. DNA was amplified with either C or T 
specific forward primers and the specific PCR products were analyzed on a 1% agarose gel 
stained with ethidium bromide. Sample 1 has the T/T genotype, sample 2 the C/T genotype 
and sample 3 the C/C genotype.  
 

 

 

 

 

 

 

 
 

 
 

 on 9 January 2008 ard.bmj.comDownloaded from 

http://ard.bmj.com


 on 9 January 2008 ard.bmj.comDownloaded from 

http://ard.bmj.com

