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Abstract 

 

 We investigated the association between a polymorphism of a 

key innate immunity receptor, Toll-like receptor 1 (TLR1) N248S, and 

susceptibility to leprosy and its clinical presentation. TLR1 N248S has 

been shown elsewhere to diminish TLR1 signaling and subsequent 

leprosy disease. The homozygous genotype SS was more frequent (P = 

0.012) and the heterozygous SN genotype was less frequent (P = 

0.015) in patients with leprosy than in control subjects. Additional 

observed differences in allelic frequency in patients who experienced 

reversal reactions and/or erythema nodosum leprosum reactions 

indicates that altered TLR1 function, or at least a TLR1 N248S–linked 

trait, may affect the progression from infection to disease as well as the 

disease course and the risk of debilitating reactional episodes in this 

population. 
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Introduction 

 

 The mechanisms underlying immune responses to pathogens are 

relevant to our understanding of human susceptibility to infectious 

diseases. The Toll-like receptors (TLRs) are of prime importance, 

because they recognize the pathogen-associated molecular patterns that 

initiate inflammatory responses. [1] Each TLR is able to recognize a 

specific class of pathogen ligands, after which it initiates cellular 

responses that contribute to host defense. First, stimulation of monocyte 

differentiation into macrophages leads to activation of antimicrobial 

activity and stimulation of phagocytosis. [2, 3] Second, stimulation of 

dendritic cell (DC) maturation enables adaptive immune responses. [4] 

Leprosy offers an opportunity to investigate the association between TLR 

functioning and these 2 mechanisms, because leprosy presents itself as 

an immunological spectrum that ranges from tuberculoid to lepromatous 

leprosy, which correlates with the 2 types of adaptive immune response 

to Mycobacterium leprae. [5] Patients with tuberculoid leprosy are 

relatively resistant, with a low bacterial load, localized infection, and 

relatively strong cell-mediated immunity involving T helper (Th) 1 

cytokines, [6] whereas patients with lepromatous leprosy are 

characterized by a high bacterial load, systemic disseminated infection, 

and a propensity for nonprotective humoral response involving Th2 

cytokines. The disease is not static, because reactions occur. Reversal 

reactions are the result of increased T cell reactivity, and patients may 

(temporarily) shift toward the tuberculoid pole of the spectrum; 

erythema nodosum leprosum (ENL) reaction is a systemic inflammatory 

reaction with immune complex and tumor necrosis factor–α 

involvement. 

 

 The course of leprosy is known to be influenced by host factors 

and genetic variation. [7] We hypothesize that the different clinical 

presentations of leprosy may be caused, completely or in part, by 
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differential TLR signaling. M.leprae is an intracellular mycobacterium, 

and macrophages have to be activated for its destruction by antigen-

specific Th1 cells, which in turn are activated by DCs. Krutzik et al. 

showed, in vitro, that lepromatous patients fail to produce such CD1b+ 

DCs after stimulation of the heterodimer formed by TLR1 and TLR2. [8] 

However, they could produce macrophages positive for DC-specific 

intercellular adhesion molecule 3–grabbing nonintegrin (DC-SIGN). In 

vivo, in patients with tuberculoid leprosy and patients who were 

experiencing reversal reactions, both CD1b+ DCs and DC-SIGN+ 

macrophages were present in cutaneous lesions. In patients with 

lepromatous leprosy, DC-SIGN+ macrophages, in which M.leprae was 

abundantly present, were found in the lesions. 

 

 M.leprae predominantly activates the TLR heterodimer TLR1/2. 

[9] Thus, alterations in either the TLR1 or TLR2 genes may alter 

susceptibility to M.leprae. Several studies report single-nucleotide 

polymorphisms (SNPs) in these 2 genes, which are involved in 

susceptibility and/or resistance to other infectious diseases. Omueti et 

al. described 3 SNPs in the TLR1 gene, P315L, N248S, and H305L, which 

impaired the response to several bacterial agonists for this receptor. 

[10] All 3 SNPs are located in the extracellular domain, which is required 

for sensing bacterial lipopeptides, and do not influence cell surface 

expression. Johnson et al. reported that the I602S SNP in the TLR1 gene 

is associated with abnormal trafficking of TLR1 to the cell surface, 

resulting in a reduced blood monocyte response to bacterial agonists. 

[11] Remarkably, the S602 allele was found to be associated with a 

decreased incidence of leprosy in a Turkish population. The authors 

suggested that “M.leprae subverts the TLR system as a mechanism of 

immune evasion”. [11, p. 7520] Recently, Misch et al. added the finding 

that the S602 allele protects against reversal reactions. [12] However, 

no association was seen with the tuberculoid or lepromatous forms of 

leprosy. Bochud et al. analyzed polymorphisms in TLR2 in Ethiopian 

patients with leprosy and control subjects. [13] A SNP 597T allele was 
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shown to protect against reversal reactions, and a homozygous 280-bp 

allelic-length microsatellite increased the risk of such reactions, 

indicating that TLR2-mediated pathways influence the occurrence of 

reversal reactions. 

 

 In this study, we focused on analyzing functionally relevant SNPs 

in the coding regions of TLR1 and TLR2. Because the other SNPs were 

either absent or equally distributed, we studied the association of the 

TLR1 N248S SNP and leprosy in a Bangladeshi population and performed 

an in-depth analysis of patient characteristics. 

 

Materials and methods 

 

 The study population consisted of participants in a prospective 

(sero-) epidemiological study on contract transmission and 

chemoprophylaxis in leprosy (the COLEP study; International Standard 

Randomised Controlled Trials Number 61223447), which studied the 

effect of chemoprophylaxis in persons who have had regular contact 

with patients with leprosy. Written approval was granted by the Ethical 

Review Committee of the Bangladesh Medical Research Council 

(reference numbers BMRC/ERC/2001– 2004/799 and BMRC/ERC/2004–

2007/120). All participants provided written informed consent. 

For the study described here, 842 patients with leprosy who were 

registered with the Rural Health Program of the Leprosy Mission 

Bangladesh in 2002 and 2003, were followed up for 4 years and 

assessed for reactions. Patients were classified as having paucibacillary 

or multibacillary leprosy, in accordance with the 1998 World Health 

Organization classification. The control subjects were selected through a 

multistage cluster sampling procedure. Twenty clusters of approximately 

1000 people each were randomly selected from 13 subdistricts in the 

study area. From 1 of 9 control subjects (n = 2203), a finger prick blood 

sample was collected on blotting paper (GB002 [0.37-mm thickness]; 
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Schleicher & Schuell); the sample was air dried and stored in a plastic 

zip bag with silica gel at -20°C until use. Of these samples, 543 

randomly selected samples were used for genetic analysis. 

 

 DNA isolation was performed using guanidium thiocyanate and 

silica particles, as described by Boom et al. [14] Genotyping of the SNPs 

TLR1 N248S, TLR1 I602S, and TLR2 R753Q was achieved by melting 

curve analysis on genomic DNA using fluorescencelabeled hybridization 

fluorescent resonance energy transfer (FRET) probes and the LightCycler 

480 system (Roche Diagnostics). The polymerase chain reaction for 

TLR1 N248S contained primers for the sequences 5'-

TTGGATGTGTCAGTCAAGACTGTAG-3' and 5'-GCTTCACGTTTGAAATT- 

GAG-3', along with FRET probes 5'-TTAAGGTAAGACTTGATAACTTTGG-3' 

(3'-labeled with fluorescein) and 5'-GTTTGAAGTTTCGCCAGAATACT- 

TAGG-3' (5'-labeled with LCRed60). The TLR1 S248 (G allele) and TLR1 

N248 (A allele) gave rise to melting peaks at 58.2°C and 50.0°C, 

respectively. 

 

 The control population was evaluated for Hardy-Weinberg 

equilibrium by comparison of the expected and observed frequency of 

genotypes in a 2 Χ 3 Χ2 table. The TLR1 N248S SNP frequency of the 

control group was in Hardy-Weinberg equilibrium (Χ2 = 0.74; P = 

0.346). Furthermore, there was no indication that patients from certain 

geographical regions in the study area had a different allele distribution 

(data not shown). To determine the risk associated with the TLR1 SNP, 

odds ratios (ORs) were calculated using the observed genotypes of the 

case patients, compared with those of the control subjects. Subgroup 

analysis of the patient population was performed using leprosy 

classification, reactional status, and serologic status as variables. 

 



N248S TLR1 is related to leprosy and leprosy reactions 

65 

Results 

 

 The TLR2 R753Q SNP, which occurs with an allelic frequency of 

0.05 in Europe, was completely absent in the populations studied (not 

shown). The TLR1 I602S was found with an allelic frequency of 0.064 in 

the patients with leprosy and 0.054 in the control subjects (P = 0.54). 

Further analysis also failed to show any correlation of this SNP with the 

clinical course of disease. 

 

 TLR1 N248S is a common SNP in our Bangladeshi study 

population (table 1). We found the S allele to be slightly more frequent 

among the patients with leprosy than among the control subjects (54% 

vs. 51%; OR, 1.12 [95% confidence interval {CI}, 0.97–1.31]). Analysis 

of genotype frequencies revealed that homozygous S248 was 

significantly associated with leprosy per se (OR, 1.34 [95% CI, 1.06–

1.70]) (table 1). The heterozygous SN genotype was found to be 

protective against leprosy (OR, 0.78 [95% CI, 0.63–0.96]). In contrast, 

the homozygous N248 genotype was equally distributed among patients 

and control subjects (25%; OR, 1.01 [95% CI, 0.79–1.29]). 

 

 In-depth analysis of patient characteristics included leprosy 

classification, leprosy reactions, and serologic status (table 1). No 

difference in allele frequency or genotype was seen when patients with 

multibacillary or paucibacillary leprosy were compared or when 

seropositive and seronegative patients were compared. However, we 

observed an association between the TLR1 N248S SNP and leprosy 

reactions; the S248 allele was more frequent among patients with 

reversal reaction (60% frequency) than among patients who had no 

reaction (54% frequency), but this difference failed to reach statistical 

significance (OR, 1.28 [95% CI, 0.91–1.81]). However, a significant 

association was found for patients who experienced ENL reactions, who 

were less likely to have the S248 allele (32% frequency) than were 
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patients who had no reaction (54% frequency)(OR, 0.40 [95% CI, 0.16–

0.99]). 

 

 

Table 1. Frequency of N and S alleles at aa 248 in Toll-like receptor 1 in 
study subjects, according to subgroup. 

Allele 

frequency,  

no. (%) 

 

Genotype,  

no. (%) of subjects 

                                 Total 

                           subjects, 

Group                          no. S N  SS SN NN 

Control subjects 543 553 (51) 533 (49) 146 (27) 261 (48) 136 (25) 

Case patients 842 908 (54) 776 (46) 278 (33) 352 (42) 212 (25) 

Comparison of patients  

and control subjects,  

OR (95% CI) 

1.12  

(0.97–1.31) 

    1.34 

   (1.06–1.70) 

0.78 

(0.63–0.96) 

1.01 

(0.79–1.29) 

Case patient subgroups       

Leprosy classification       

Paucibacillary 702 760 (54) 644 (46) 232 (33) 296 (42) 174 (25) 

Multibacillary 140 148 (53) 132 (47) 46 (33) 56 (40) 38 (27) 

Comparison of MB and 

PB, OR (95% CI) 

0.95  

(0.73–1.23) 

    0.99 

   (0.67–1.46) 

0.91 

(0.63–1.32) 

1.13 

(0.75–1.70) 

Leprosy reaction statusa       

None 656 707 (54) 605 (46) 211 (32) 285 (43) 160 (24) 

Reversal reaction 75 90 (60) 60 (40)  32 (43) 26 (35) 17 (23) 

ENL reaction 11 7 (32) 15 (68)  1 (9) 5 (45) 5 (45) 

Comparison of RR and no 

reaction, OR (95% CI) 

1.28  

(0.91–1.81) 

    1.57  

   (0.97–2.55) 

0.69  

(0.42–1.14) 

0.91  

(0.51–1.61) 

Comparison of ENL and 

no reaction,OR (95% CI) 

0.40  

(0.16–0.99) 

    0.21  

   (0.03–1.66) 

1.09  

(0.33–3.59) 

2.58  

(0.78–8.58) 

Serologic statusb       

Negative 597 646 (54) 548 (46) 199 (33) 248 (42) 150 (25) 

Positive 235 251 (53) 219 (47) 76 (32) 99 (42) 60 (26) 

Comparison of positive  

and negative,OR(95% CI) 

0.97  

(0.78–1.20) 

    0.96  

   (0.69–1.32) 

1.02  

(0.75–1.39) 

1.02  

(0.72–1.45) 

NOTE. CI, confidence interval; ENL, erythema nodosum leprosum; OR, 
odds ratio. a Reaction status was unknown for 100 patients. b Serologic 
status was unknown for 10 patients. 
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Discussion 

 

 Amino acid 248 of TLR1 is located in the external ligand binding 

site of the receptor. The S248 variant enables normal functioning of 

TLR1, whereas the N248 variant diminishes the response of TLR1 to 

bacterial agonists. [10] We found an association between the N248S 

SNP in the TLR1 gene and leprosy in a Bangladeshi population. 

Genotype analysis of patients and control subjects revealed that the 

presence of the homozygous S248 genotype was positively associated 

with leprosy, whereas the heterozygous SN genotype was negatively 

associated. These findings are in line with the results of 2 recent reports 

concerning the I602S SNP in TLR1; [11, 12] a nonfunctional TLR1 

(variant S602) was shown to lack cell surface expression and was found 

more frequently in control subjects. Surprisingly, the homozygous N248 

genotype was equally distributed in patients and control subjects; this 

finding is unexpected, because the frequency of this genotype should be 

higher in control subjects. We currently have no explanation for this 

finding, but it indicates that the homozygous N248 genotype does not 

influence leprosy susceptibility. 

 

 Our analyses failed to reveal any differences in allele frequencies 

or genotypes associated with leprosy classification or serologic status. 

However, patients who experienced ENL reactions were more likely to 

have the N248 allele (68%) than were patients who had no reactions 

(46%); 10 of 11 patients who experienced ENL reactions had ≥1 N248 

allele. Clearly, the function diminishing SNP TLR1 N248 is strongly 

associated with ENL reactions. 

In contrast, patients who experienced reversal reactions had a higher 

S248 allele frequency than did patients who had no reactions (60% vs. 

54%). In line with these results, Misch et al. found that the normal-

functioning TLR1 I602 allele is more frequent among patients who 

experience reversal reactions. [12] Both findings indicate that the TLR1 

signaling pathway accommodates reversal reactions. 
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 The N allele and genotype SN, associated with decreased 

signaling function of TLR1, seems to give some protection against 

leprosy. The differences in allele frequency among patients who 

experienced different reaction types indicates that the distinct functions 

of TLR1 may influence the chance of these debilitating episodes. The 

genetic effect that has been detected may be related to another gene 

mutation in the vicinity of the N248S SNP. Various TLR1 and TLR2 SNPs 

have been repeatedly studied, and the association with leprosy per se is 

evident. Krutzik et al. showed that TLR1/2 is the major TLR mediator for 

the response to M.leprae; [8] this makes it very plausible that any 

functionally relevant SNP in these TLR genes alters the immune 

response against this pathogen and thus the risk of infection and course 

of disease. It was shown by Wurfel et al. that the N248S SNP was in 

strong linkage disequilibrium with 2 TLR1 SNPs that predispose patients 

to excessive inflammation during sepsis. [15] A clear relationship was 

expected between TLR1 functionality (as determined by SNPs) and 

infection risk. However, we could not find this in our study; the 

homozygous S248 genotype increases susceptibility to leprosy, and the 

SN genotype decreases it, but the NN genotype showed no influence on 

susceptibility. 

 

 There are 3 possible explanations for this result. First, N248 

diminishes rather than abolishes the function of TLR1, leading to a 

moderate effect in comparison to a completely nonfunctional TLR1. 

However, if this were the case we would expect no effect for the 

heterozygous genotype. Second, the potentially protective effect of the 

NN genotype might be overcome by the evolutionary pressure of 

another disease affected by TLR1 N248S. Third, Krutzik et al. showed 

that, although no difference in the expression or function of TLR1 and 

TLR2 was found in the peripheral monocytes of patients with tuberculoid 

or lepromatous leprosy, the local expression of TLR1 and TLR2 in the 

lesions of such patients was different, and the expression of TLR1 and 

TLR2 can be influenced by interleukins. [9] Therefore, local disruption of 
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TLR1/2 expression and/or function can apparently create a 

microenvironment in which M.leprae can proliferate. This local alteration 

of TLR1 and TLR2 expression and/or function would be far more 

disruptive than the TLR1 SNP N248S, which only diminishes function. 

Further research is needed to elucidate how M.leprae influences the local 

functioning and/or expression of TLRs. 
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