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Abstract. Leprosy, a human chronic granulomatous disease 
caused by Mycobacterium leprae (M.  leprae), remains 
endemic in certain countries despite the use of multidrug 
therapy. Recently, several host genes modulating the immune 
responses to M.  leprae infection have been suggested to 
influence the acquisition and clinical course of leprosy. 
Lymphoid protein tyrosine phosphatase, encoded by the 
protein tyrosine phosphatase non‑receptor type 22 (PTPN22) 
gene, serves a negative regulatory role in T cell activation. 
The non‑synonymous single‑nucleotide polymorphism 
(SNP) rs2476601 (1858C>T) has been associated with 
autoimmune diseases. Here, the present study investigated 
if rs2476601 polymorphism was associated with leprosy in 
a Mexican mestizo population. Genotyping was performed 
in patients with leprosy (n=189) and control subjects (n=231) 

from regions with higher incidence of leprosy. Genotypic 
(P=0.44) and allelic frequencies (P=0.45) of the rs2476601 
polymorphism were similar between patients and controls; 
genotypic frequencies were 91 vs. 94% for CC and 9 vs. 6% 
for CT, and the TT genotype was absent in both groups. 
Allelic frequencies were 96 vs. 97% for C, and 4 vs. 3% 
for T. In the same way, the genotypic (P=0.46) and allelic 
frequencies (P=0.47) from MB patients and controls were 
similar. In conclusion, there was a lack of association of the 
PTPN22 rs2476601 polymorphism with the development 
of leprosy, which suggests that this SNP was not a genetic 
risk factor for leprosy in the Mexican mestizo population 
studied.

Introduction

Leprosy remains an important health issue worldwide, 
particularly in Asia, Africa and Latin America (1). The disease 
is caused by Mycobacterium leprae, an obligate intracellular 
acid‑fast bacillus that causes a chronic granulomatous 
infection of the skin and peripheral nerves of susceptible 
individuals, triggering irreversible impairment of nerve 
function and consequent chronic disability  (2). Based on 
clinical, histological, bacteriological and immunological 
characteristics, the Ridley‑Jopling (3) classification defines 
leprosy as: i) Lepromatous leprosy (LL); ii) tuberculoid leprosy 
(TT), and three dimorphic (D) forms; iii) borderline tuberculoid 
(BT), iv)  borderline borderline (BB); and v)  borderline 
lepromatous (BL). In addition, the World Health Organization 
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(WHO) defines BB, BL and LL patients as multibacillary 
(MB) and BT and TT patients as paucibacillary (3,4).

Genetic factors, particularly host genes that modulate 
immune responses, have been suggested to favor the acquisition 
of leprosy and the clinical course of the disease (5,6). Lymphoid 
protein tyrosine phosphatase (LYP) is an enzyme encoded 
by the protein tyrosine phosphatase non‑receptor type  22 
(PTPN22) gene located at chromosome  1p13.3‑13.1. This 
protein belongs to the PEST group of nonreceptor classical 
class I PTPs (protein tyrosine phosphatase), characterized 
to be cysteine‑based and restricted to hematopoietic cells, 
mainly lymphoid cells (7‑9). Therefore, LYP is expressed in 
developing T cells and negatively regulates T‑cell signaling by 
acting together with the tyrosine‑protein kinase Csk, a potent 
suppressor of T‑cell activation, to inhibit this activation through 
the T‑cell receptor (TCR) (10,11). The transitional mutation 
rs2476601 in exon 14 of the PTPN22 gene changes a cytosine 
to a thymine at position 1858 (1858C>T), resulting in a single 
amino acid change of an arginine to a tryptophan at codon 620 
(R620W) (12). Consequently, the mutated 1858T allele encodes 
LYP‑Trp620, a more efficient inhibitor of T cell activation than 
the normal LYP‑Arg620. LYP‑Trp620 is a gain‑of‑function 
variant involved in the earliest events of TCR signaling; for 
example, it decreases the leukocyte‑specific protein tyrosine 
kinase‑mediated phosphorylation of the TCRs chain (13).

Bottini et al (12) were the first to report an association 
between polymorphism rs2476601 of PTPN22 and type 1 
diabetes mellitus in North American and Italian populations. 
Further studies have indicated that rs2476601 participates in 
the susceptibility to gram‑positive infections (14), protection 
from tuberculosis (15,16) and susceptibility to leprosy (17,18).

Therefore, the aim of the present study was to analyze the 
association between polymorphism rs2476601 of PTPN22 
gene with the susceptibility to developing leprosy in Mexican 
patients, using TaqMan Pre‑Designed single nucleotide poly-
morphism (SNP) genotyping assays.

Materials and methods

Subjects. A total of 189 leprosy patients from the Mexican 
states with higher incidence of leprosy: Sinaloa, Guadalajara, 
Michoacán, Oaxaca, Guanajuato, Mexico City and Guerrero, 
were recruited from July 2011 to January 2016 and classified 
according to Ridley‑Jopling and WHO criteria (3,4). Of these, 
165 cases were MB (141 LL and 24 D) and 24 cases were PB. 
Patients were 44% female and 56% male with a mean age of 
52±18.8 years old. A control group comprised of 231 healthy 
unrelated subjects matched by ethnicity (42%  female and 
58%  male, with a mean age of 78±12  years). All study 
participants were classified as Mexican mestizos (19,20). The 
investigation was performed according to the ethical guide-
lines of the 2008 Declaration of Helsinki. The Ethics and 
Research Committee of the Faculty of Biological and Chemical 
Sciences, Autonomous University of Sinaloa (Culiacán, 
Mexico), approved the study. Written informed consent was 
provided by all study participants prior to enrollment.

Genotyping. Total genomic DNA, from patients and healthy 
subjects, was extracted from samples of peripheral blood 
(5 ml) following Miller's salting‑out method (21). Genotyping 

for rs2476601 (1858C>T, R620W) in the PTPN22 gene was 
performed using a Real Time Thermocycler (StepOnePlus; 
Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and TaqMan Pre‑Designed SNP genotyping 
assays method. C_16021387_20 was the SNP genotyping 
assay ID (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). Genotyping assays were performed according to 
manufacturer's protocols. Optimization of the TaqMan SNP 
genotyping assay was performed using controls of known CC, 
CT and TT genotypes selected through DNA sequencing.

Statistical analysis. Demographic and clinical variables of 
leprosy patients and controls were presented as mean ± standard 
deviation and frequencies. Hardy‑Weinberg equilibrium and 
genotypic and allelic frequencies were assessed using the 
χ2 test. SNP associations were measured by odds ratio (OR) 
with 95% confidence interval (CI). P<0.05 was considered 
to indicate a statistically significant difference. PASW v18.0 
(SPSS, Inc., Chicago, IL, USA) software was used for analysis.

Results

Population characteristics. We investigated the possible 
association between polymorphism rs2476601 of PTPN22 and 
leprosy in 420 Mexican mestizo individuals (189 patients with 
leprosy and 231 healthy controls). The demographic and clinical 
data of the patients with leprosy are presented in Table I.

Genotypic and allelic frequencies of polymorphism rs2476601 
of PTPN22. The SNP rs2476601 was in Hardy‑Weinberg 
equilibrium in patients and controls (data not shown; P>0.05). 
The distributions of allelic and genotypic frequencies between 
both groups are displayed in Table II. Genotypic frequencies 
did not differ significantly (P=0.44) between patients and 
controls: The frequencies were 91 vs. 94% for CC; 9 vs. 6% for 
CT; and the TT genotype was absent in both groups. Allelic 
frequencies in patients and controls were: 96 vs. 97% for C; 
and 4 vs. 3% for T (P=0.45).

Additionally, the association with MB cases was examined 
as it is the most frequent clinical phenotype of leprosy in the 
Mexican population (22). Table III shows the genotypic and 
allelic frequencies (P=0.46 and P=0.47, respectively) between 
MB patients and controls. The frequencies were the same as 
those observed in leprosy generally (Table II).

Table IV presents the frequencies that correspond to the 
clinical subtypes of MB. Genotypic frequencies between the D 
forms of MB leprosy (BB and BL) and controls were 92 vs. 94% 
for CC, and 8 vs. 6% for CT (P=0.90); between LL patients 
and controls were 91 vs. 94% for CC, and 9 vs. 6% for CT 
(P=0.49); and between LL and D patients were 91 vs. 92% for 
CC, and 9 vs. 8% for CT (P=1.00). As shown, TT genotype was 
absent in patients and controls. Allelic frequencies between 
D patients and controls were 94 vs. 98% for the C allele, and 
6 vs. 2% for the T allele (P=0.49); between LL patients and 
controls were 96 vs. 98% for the C allele, and 4 vs. 2% for 
the T allele (P=0.68); and between LL and D patients were 
96 vs. 94% for the C allele, and 4 vs. 6% for the T allele 
(P=0.76). Thus, overall, no association was observed between 
patients with MB leprosy and the polymorphism rs2476601 of 
PTPN22.
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Discussion

Although leprosy is of infectious etiology, studies have 
demonstrated that a genetic component and its variability 
serve a crucial role in the establishment and progression of 
the disease (5,6). In previous reports, our group observed that 
human leukocyte antigen (HLA)‑DRB1*01 and HLA‑A*28 
alleles were associated with susceptibility to leprosy, whereas 
HLA‑DRB1*08 was associated with resistance, in a Mexican 
mestizo population (23,24). The rs2476601 polymorphism of 
PTPN22 has been associated with a negative regulatory func-
tion in T‑cell signaling and with autoimmune diseases including 
type 1 diabetes (25), rheumatoid arthritis (26) and systemic 
lupus erythematosus  (27), and several infectious diseases 
including tuberculosis and leprosy (15‑18). Reduction of LYP 
activity by the 620W variant may affect the development of 
regulatory T lymphocytes (Tregs), thus affecting the balance 
between effector T cells and Tregs (28). Accordingly, T cells 
appear anergic to M. leprae antigens in leprosy patients (18). 
Patients with LL have been found to exhibit an increase of 
CD25hi cells as compared to tuberculoid and healthy subjects, 
however there were also low levels of interferon (INF)‑γ and 
interleukin (IL)‑17 in patients with CD25hi cells, therefore the 

Tregs may have contributed to the decrease via regulation 
of lymphocytes T (29). By contrast, an increase in forkhead 
box P3 in circulating LL patients has been observed due to 
an increase of transforming growth factor‑β produced by 
T helper 3 cells (30). In this context, the current study analyzed 
the association between rs2476601 polymorphism of PTPN22 
with leprosy in a Mexican mestizo population. The distribu-
tion of the patients was in accordance with that reported by 
Larrea et al (22); among the states with the highest prevalence 
of leprosy were Sinaloa, Guadalajara and Michoacán, and 
there was a higher prevalence in men than in women, with an 
increased proportion of MB cases.

In agreement with one of seemingly only two other works 
studying this polymorphism in leprosy (17,18), the current 
results indicates no association between genotypic and allelic 
frequencies of rs2476601 and susceptibility of developing 
leprosy. Rani et al (18) observed a significant difference in the 
frequency of the 1858T allele between patients with leproma-
tous or tuberculoid leprosy and healthy controls in an Indian 
population, suggesting that this translocation contributes to 
T‑cell signaling malfunction. By contrast, Aliparasti et al (17) 
observed no difference in the distribution of genotypic and 
allelic frequencies of this polymorphism between leprosy 

Table II. Allelic and gene frequencies of 1858C>T polymorphism in PTPN22 in patients with leprosy and healthy controls.

1858C>T	 Leprosy, n (%)	 Controls, n (%)	 P‑value	 OR (95% CI)

Genotype	 n=189	 n=231		
  CC	 173 (91)	 217 (94)	‑	‑ 
  CT	 16 (9)	 14 (6)	 0.44	 0.69 (0.33‑1.46)
  TT	   0 (0)	   0 (0)	‑	‑ 
Allele	 n=378	 n=462		
  C	 362 (96)	 448 (97)	‑	‑ 
  T	 16 (4)	 14 (3)	 0.45	 0.70 (0.34‑1.46)

The values are presented as frequency in percentage and number of the genotype or allele. The frequencies were compared between the groups 
by the χ2 test. Statistical significance was determined at P<0.05. PTPN22, protein tyrosine phosphatase non‑receptor type 22; OR, odds ratio; 
CI, confidence interval.

Table III. Allelic and gene frequencies of 1858 C>T polymorphism in PTPN22 in patients with MB leprosy and healthy controls.

1858C>T	 MB patients, n (%)	 Controls, n (%)	 P‑value	 OR (95% CI)

Genotype	 n=165	 n=231		
  CC	 151 (91)	 217 (94)	‑	‑ 
  CT	 14 (9)	 14 (6)	 0.46	 0.69 (0.32‑1.50)
  TT	   0 (0)	   0 (0)	‑	‑ 
Allele	 n=330	 n=462		
  C	 316 (96)	 448 (97)	‑	‑ 
  T	 14 (4)	 14 (3)	 0.47	 0.70 (0.33‑1.50)

The values are presented as frequency in percentage and number of the genotype or allele. The frequencies were compared between the groups 
was analyzed by the χ2 test. Statistical significance was determined at P<0.05. PTPN22, protein tyrosine phosphatase non‑receptor type 22; OR, 
odds ratio; CI, confidence interval; MB multibacillary leprosy.
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patients and healthy controls in an Iranian population. The 
presence or absence of the 1858T allele may be associated with 
ethnicity, as previous studies have observed high frequency of 
this allele in Europeans (14) and low frequency in Asians (31). 
In agreement, Mexican mestizo patients exhibit a low 
frequency of the TT genotype of this allele (32). In general, 
these conflicting results suggest the existence of more than one 
mechanism leading to the observed T cell anergy in leprosy, 
independent or complementary to TCR regulation by LYP. In 
this sense, Sridevi et al (33) proposed a defective macrophage‑T 
cell interaction as a mechanism leading to the low levels of the 
co‑stimulatory molecules CD28, CD80 and CD86, as well as 
the low production of IL‑2 and INF‑γ, observed in LL patients. 
More studies are required to further evaluate the association 
of polymorphisms of genes participating in immune‑synapse 
interactions as potential risk factors for leprosy.

In conclusion, in the present study, the rs2476601 polymor-
phism of PTPN22 did not appear be a genetic risk factor for 
leprosy in a Mexican mestizo population, perhaps due to the 
low frequency of the T allele and the absence of carriers of the 
TT genotype in both patients and controls. The present report 
is one of few studies that have evaluated the role of rs2476601 
in the development and clinical course of leprosy, and further 
study is required in populations with different ethnic back-
ground.
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