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Abstract 
Leprosy is an immunopathology caused by M. leprae; its evolution depends 
on immunological and genetic aspects of the host. The objective was verifying 
the relationship between SNPs 2029 and 2258 of the TLR-2 gene and leprosy. 
Blood samples from 127 individuals were analyzed: 45 patients, being 34 mul-
tibacillary (MB) and 11 paucibacillary (PB) and 82 contacts, in the municipal-
ities of the State of Pará-Brazil. SNPs 2029 and 2258 of the TLR-2 gene were 
genotyped by sequencing on the ABI 3130 Genetic Analyzer (Applied Biosys-
tems), analyzed using Fisher’s exact test. Distribution of SNP 2029 genotypes: 
all MB individuals presented the C/C genotype and the mutant (C/T) geno-
type was observed in contacts and PB. Alleles: all MB individuals presented 
only C allele and the mutant allele (T) was observed in contacts and PB. SNP 
2258 genotypes: 79 contacts had G/G genotype and only 3 had G/A genotype, 
the MB group had only G/G genotype and the PB group was predominant 
G/G, with only 1 G/A genotype. Alleles: all MB individuals had allele G and 
the mutant allele (A) was observed in contacts and PB. The association be-
tween the SNPs and the susceptibility or protection to leprosy was not ob-
served. 
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1. Introduction 

Leprosy is an immunopathology caused by Mycobacterium leprae and the evo-
lution of the infection depends on the host’s immunological and genetic factors, 
being the North region considered the area with the highest leprosy endemicity 
in Brazil [1] [2]. 

Its tuberculoid (HT) (paucibacillary) form corresponds to high resistance to 
infection by M. leprae, being related to the Th1 cellular immune response. At the 
other pole, it is the form of high susceptibility, lepromatous leprosy (HV) (mul-
tibacillary), characterized by the deficiency of Th1 cellular immune response, 
consequently, excessive bacillary multiplication and spread of infection. Among 
these polar forms are the dimorphic forms of the disease. In HV, high concen-
trations of specific M. leprae antibodies are found in serum, such as anti-PGL1 
(phenolic glycolipid-1), associated with exacerbation of the Th2 response [3] [4] 
[5]. 

The innate immune response is the first line of defense against M. leprae, be-
ing a crucial step for the development of the response against the bacillus, since 
it has essential effector components in combating the pathogen, and is able to 
target adaptive immunity. Several cells of the immune system are activated 
through their cell receptors to generate an antigenic response, such as Natural 
Killer cells, lymphocytes, among others. Among the receptors expressed by Nat-
ural Killer cells, the Toll-Like receptors (TLR) on the surface and cellular cytop-
lasm stand out in the innate immune response [6] [7]. 

Each member of the TLR family is activated by specific antigens that lead to 
different transcriptional activation profiles, initiating an appropriate immune 
response to the pathogen. These receptors recognize lipoproteins present in the 
bacillus and promote the differentiation of monocytes into macrophages and 
CD1b + dendritic cells, which in turn activate lymphocytes that release cytokines 
such as TNF-α and IL-12, promoting antimicrobial activity. Of all mammalian 
TLRs, TLR2 is the one that detects the broadest repertoire of molecular patterns 
in a wide variety of pathogens, including mycobacteria, which makes it of par-
ticular clinical importance [8] [9]. 

Because M. leprae, in the host, initiates cell signaling by activating the 
TLR1/TLR2 heterodimer, changes in these genes may be able to confer suscepti-
bility to leprosy [8]. Thus, a study involving the detection of SNPs 2029 
(rs121917864; exchange of cytokine to thymine) and 2258 (rs137853176; ex-
change of guanine to adenine) in the TLR2 gene in leprosy patients and their 
healthy contacts, relating to the immune response may elucidate important as-
pects susceptibility of individuals to leprosy. 

Thus, this study aimed to verify the relationship between SNPs 2029 and 2258 
of the TLR-2 gene and leprosy, describing and comparing the genotypes and al-
leles in leprosy cases and their healthy contacts. 

2. Materials and Methods  

The study included individuals from the municipality of Redenção and Altamira, 
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located in the State of Pará-Brazil, who agreed to participate in this study and 
signed a consent form according to Resolution No. 466 of the National Health 
Council. This study was approved by the Ethics and Research Committee of the 
Evandro Chagas Institute with the report number: 2.364.234. Individuals who 
did not sign the consent form and individuals with some immunodeficiency 
were excluded. 

Individuals with a clinical diagnosis of leprosy, undergoing treatment or who 
ended treatment, were designated as a group of patients, who at the time of di-
agnosis were classified according to the Ministry of Health into paucibacillary 
(PB) or multibacillary (MB). Thus, 45 patients were included, 34 MB and 11 PB 
and a group of 82 contact persons who live with the patient (household) and do 
not present clinical symptoms of leprosy. 

In February 2018, blood samples were collected from the participants, at the 
municipal health centers, by venipuncture in 5 ml tubes, and stocked at −20˚C 
for subsequent laboratory procedures. 

DNA extractions were performed at the Evandro Chagas Institute, Bacteriol-
ogy and Mycology Section, Molecular Biology Laboratory, using the DNeasy 
Blood & Tissue kit (QIAGEN), following the manufacturer’s instructions. 

In order to classify polymorphisms, a 736 bp fragment was amplified through 
beginner nucleotides for PCR (Forward: 5’CTGTGCTCTGTTCCTGCTGA3’ 
and Reverse: 5’AAACAGCACCCCAGACAAAA3’), developed by the Primer3Plus 
program from the genomic region “Homo sapiens toll like receptor 2 (TLR2), 
transcription variant X6, mRNA”, deposited on GenBank with a reference 
XM_011532216.2.  

The amplified products were submitted to the ABI 3130 Genetic Analyzer 
(Applied Biosystems®) sequencer with posterior BLAST on the National Center 
for Biotechnology Information (NCBI) website  
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The results were organized in a data-
base of the epi infotm 7 program. The observed presence proportions of the po-
lymorphism within each group studied were analyzed using Fisher’s exact test.  

3. Results 

In this study, the genotypes of 127 individuals were typified, being 82 individuals 
household contacts of patients, 34 MB and 11 PB. Of the 127 individuals ana-
lyzed, 78 were female and 49 male, with most of the contacts being female 
(64.5%), the majority of MB male (56%) and almost all PB female gender (91%) 
(Table 1). 

Regarding the age group, most contacts and individuals in the PB group were 
32 to 46 years old and most individuals in the MB group were older than 46 
years (39%, 54.5% and 42% and respectively) (Table 2). 

As for the distribution of the SNP 2029 genotypes of the TLR2 gene between 
the groups, it was observed that all MB individuals had the C/C genotype and 
the mutant genotype, C/T, was observed only in contacts and paucibacillaries (N 
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= 5 and 1, respectively; Table 3). 
Regarding the distribution of the frequency of alleles for SNP 2029 between 

the groups, it was observed that all MB individuals presented only C allele and 
the mutant (T) allele was observed only in contacts and paucibacillaries (3%, 
4.5%, respectively) (Table 4). 

 
Table 1. Distribution of gender in the studied groups. 

Gender Contact N (%) MB N (%) PB N (%) 

Female 

Male 

Total 

53 (64.5) 

29 (35.5) 

82 

15 (44) 

19 (56) 

34 

10 (91) 

1 (9) 

11 

MB: Multibacillary; PB: Paucibacilar; P < 0.05, Fisher’s exact test. 
 

Table 2. Age group distribution in the studied groups. 

Age Group (years) Contact N (%) MB N (%) PB N (%) 

>46 

0 - 15 

16 - 31 

32 - 46 

Total 

22 (27) 

12 (14.5) 

16 (19.5) 

32 (39) 

82 

19 (56) 

1 (3) 

2 (6) 

12 (35) 

34 

4 (36.5) 

0 (0) 

1 (9) 

6 (54.5) 

11 

MB: Multibacillary; PB: Paucibacilar; P < 0.05, Fisher’s exact test. 
 

Table 3. Distribution of genotypes and alleles in groups for SNP 2029. 

Genotypes Contact N (%) MB N (%) PB N (%) 

C/C 

C/T 

Total 

77 (94) 

5 (6) 

82 

34 (100) 

0 (0) 

34 

10 (95.7) 

1 (4.3) 

11 

Alleles 

C 

T 

Total 

 

159 (97) 

5 (3) 

164 

 

68 (100) 

0 

62 

 

21 (95.5) 

1 (4.5) 

22 

MB: Multibacillary; PB: Paucibacilar; P < 0.05, Fisher’s exact test. 
 

Table 4. Distribution of genotypes and alleles in groups for SNP 2258. 

Gentypes Contact N (%) MB N (%) PB N (%) 

G/A 

G/G 

Total 

Alleles 

A 

G 

3 (3.6) 

79 (96.4) 

82 

 

3 (2) 

161 (98) 

0 

34 (100) 

34 

 

0 

68 (100) 

1 (9) 

10 (91) 

11 

 

1 (4.5) 

21 (95.5) 

Total 164 68 22 

MB: Multibacillary; PB: Paucibacilar; P < 0.05, Fisher’s exact test. 

https://doi.org/10.4236/oji.2020.103004


L. N. G. C. Lima et al. 
 

 

DOI: 10.4236/oji.2020.103004 41 Open Journal of Immunology 
 

In the analysis of the distribution of the SNP 2258 genotypes of the TLR-2 
gene between the groups, it was observed that of the 82 typified contacts, 79 had 
G/G genotype and only 3 had G/A genotype, the MB group had only the G ge-
notype./G and the PB group was predominant G/G (91%), presenting only 1 
G/A genotype (Table 4). 

4. Discussion 

Despite advances in research, diagnosis and the establishment of a free and ef-
fective therapy, leprosy is still endemic in Brazil and other developing countries. 
There have been many efforts by public agencies to eradicate the infection; 
however, in Brazil the disease still has active foci of transmission [10]. 

In recent years, several researches have been carried out in the field of mole-
cular biology in order to ascertain the immunogenetic profile of the host against 
infections caused by mycobacteria, mainly due to the particularities regarding 
genes related to the cellular immune response Th1/Th2, in order to identify ge-
netic components that may provide the opportunity for the infection to install in 
the host organism. Today, some sets of genes have been linked to leprosy sus-
ceptibility and resistance [11]. 

The immune response to leprosy depends on a cascade of factors ranging 
from the recognition of the pathogen by specific receptors that trigger the syn-
thesis of important cytokines to the activation of macrophages and differentia-
tion of Th1 cells. The Virchovian form is characterized by a deficiency in the 
differentiation of Th1 lymphocytes and consequently excessive multiplication of 
bacilli. TLR-2 is important in the response against mycobacteria and according 
to studies carried out with different populations worldwide, polymorphisms in 
the TLR-2 gene may be associated with deficiency in the immune response and, 
consequently, with susceptibility to mycobacterioses [12] [13]. 

The various studies that analyzed possible associations of SNPs in toll-like re-
ceptors with susceptibility to infections caused by mycobacteria showed diver-
gent results from one population to another. According to some researchers, this 
may be a consequence of the genetic background of populations in studies so far 
[14] [15] [16]. The genetic background is the framework of genes of each indi-
vidual, this set of genes can vary over the years and also with the environment 
actions in which it is inserted [17] [18] [19]. 

TLR-2 is located on chromosome 4q32, is composed of 3 exons, two coding 
and one non-coding. One of the known polymorphisms of this gene is in posi-
tion 2029 (rs121917864) and is characterized by the exchange of a cytosine for a 
thymine (C/T), this results in the exchange of the amino acid arginine for a 
tryptophan, in position 677 [20]. When there is no mutation (C/C genotype), 
IL-12 levels are higher than IL-10 levels, however in the presence of the mutation 
(C/T and T/T genotypes) the opposite happens. IL-10 is a macrophage-suppressing 
cytokine found in greater quantities in patients with HV, while IL-12 stimulates the 
production of IFN-γ, induces Th differentiation to become Th1 and is found in 
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greater quantities in HT patients [4] [5]. 
In a study conducted with a Korean population of 45 HV patients, 41 HT and 

45 controls, the mutation was identified only in HV patients, which led the au-
thors to suggest the association of the T allele with the severe form of the disease 
[21] [22]. Contrary results were observed in the present study, since the T allele 
was not observed in any of the 34 HV patients, being quite rare in the population 
of this study, found only in 6 individuals with heterozygous genotype (C/T), be-
ing in 1 HT and in 5 healthy contacts. Thus, in this study, we observed a greater 
similarity between the PB and contact groups, in which the mutation was very 
rare and could be protective against leprosy and or its aggravated form. 

Despite what was shown in the Korean population by Kang et al. [21] and ob-
served in the present study, Malhotra et al. [22] did not identify polymorphism 
at position 2029 in an Indian population and Mikita et al. [23] did not identify in 
Japanese leprosy patients. However, these different results can be explained by 
the different genetic origins among different populations. 

Pioneering study by Lorenz et al. [24] reported a new polymorphism in the 
TLR2 gene, the exchange of a guanine for an adenine at position SNP 2258 
(rs137853176), leading to the substitution of arginine for glutamine in residue 
753 that causes a reduced macrophage response to bacterial peptides, resulting 
in an attenuated immune response in the host. Studies carried out to identify the 
frequency of SNP 2258 in 4 different populations (Americans from Utah, USA 
descended from Europeans; Chinese from Beijing; Japanese from Tokyo and 
Nigerians from Ibadan), published in HapMap [25] demonstrated that the A al-
lele was considered rare and/or absent in these populations. 

In a study carried out with the Amazonian population, by Naveca [26], for a 
possible association with susceptibility to TB, the A allele of SNP 2258, was ab-
sent in the individuals analyzed and not associated with the disease. A study by 
Sanchez et al. [16] in a population in Colombia also demonstrated the A allele as 
rare in patients and controls, (0.64% and 1.33%, respectively), and thus also not 
relevant to the risk of TB in this population involved. 

However, Ogus et al. [27] observed the A allele in 17.9% and 7.7% of patients 
and controls, respectively. When the reasons for the three genotypes were com-
pared between the two groups, the A/A genotype proved to be more significantly 
associated with TB. The risk of developing TB was increased by 6.04 and 1.60 
times for patients with genotypes A/A and G/A, respectively. Therefore, these 
data suggest that the substitution of arginine for glutamine at position 753 of the 
TLR2 gene influences the risk of developing tuberculosis. 

In the present study, during an analysis of the distribution of the SNP 2258 
genotypes of the TLR2 gene, the predominance among the population of the 
G/G genotype (96.4%) was detected, with allele A being found in one of the PB 
and three contacts and not found in MB, ratifying what was found in studies 
carried out on other populations and contributing information that the A allele 
is rare. Thus, in this study, we observed a greater similarity between the PB and 
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contact groups, in which the mutation was very rare and could be protective 
against leprosy or its aggravated form. 

In addition to the similarity observed between the PB and contacts groups in 
relation to the SNPs studied (although without statistical significance), a similar-
ity was also observed in relation to the age group and sex (statistically signifi-
cant), as these two groups are predominantly female with age group from 32 to 
46 years old, while MB is the majority male with age group above 46 years old. 
These data corroborate with other studies carried out by Bakker et al. [28] and 
Lima et al. [29]. 

5. Conclusion 

To date, the results of this research do not indicate associations of SNPs 2029 
and 2258 of the TLR2 gene and protection or susceptibility to leprosy, demon-
strating that the sequences covering these regions are well conserved in the study 
population. Thus, due to the low frequency in the incidence of the SNPs studied 
in the investigated population, it is necessary to intensify the studies, in addition 
to investigating other regions of the genome that aim to clarify the involvement 
of TLR and the immune response triggered in the face of host-pathogen contact. 
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