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Abst rac t
Introduction: Non-segmental vitiligo (NSV) is a depigmentation skin disease with loss of melanocytes in the skin. 
Aim: To evaluate whether the protein tyrosine phosphatase non-receptor type (PTPN22) single nucleotide polymor-
phism at +1858C/T had any association with non-segmental vitiligo in South Indian Tamils.
Material and methods: Genomic DNA was extracted using the phenol-chloroform method, and PTPN22 +1858C/T 
polymorphism was assayed by Taqman 5’allele discrimination assay. Protein levels were quantified by ELISA.
Results: We found that the allelic frequency of variants of PTPN22 (rs2476601) were significantly different between 
controls and cases showing a vitiligo risk in the South Indian Tamil population. PTPN22 levels were higher in the 
heterozygous CT genotype in NSV, when compared with that of the major variant CC genotype of rs2476601. 
Conclusions: This study suggests that the heterozygous CT genotype, of the PTPN22 SNP rs2476601, has a strong 
risk association with non-segmental vitiligo in South Indian Tamils.
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Introduction

Non-segmental vitiligo (NSV) is a depigmenting skin 
disease with loss of melanocytes. Previous reports show 
that the melanocytes die due to infiltration of T lympho-
cytes in the perilesional region [1], due to autoimmune 
mechanisms, where the T lymphocytes recognize the 
melanocyte antigen. Protein tyrosine phosphatase non-
receptor type (PTPN22) gene is mapped in the chromo-
somal region 1p13.3–p13.1 coding for the phosphoprotein 
named lymphoid tyrosine phosphatase (LYP). This intra-
cellular phosphatase acts as a suppressor of C-terminal 
Src kinase (Csk) that mediates T-cell activation by binding 
the proline-rich motif of the Src-homology-3 (SH3) do-
main [2, 3]. The single nucleotide polymorphism from C to 
T allele of PTPN22 causes addition of tryptophan (W), in 
lieu of arginine (R) and interferes in the binding of phos-
phatase and Csk resulting in suppression of T-cell activa-
tion. In several autoimmune diseases like type 1 diabetes 
mellitus, rheumatoid arthritis and other dermatological 
diseases in various populations, a single nucleotide poly-
morphism of the PTPN22 at C1858T has been shown to 
have a strong association [4–7].

Similar to other autoimmune diseases, the immune 
dysregulation in non-segmental vitiligo (NSV) is thought 
to result from the relationship between genetic and en-
vironmental factors that remain largely unworked. Ge-
nome-wide association studies have shown that many 
genetic factors are associated with vitiligo. Hence, ana-
lyzing PTPN22 gene polymorphism will further add to the 
existing knowledge on the autoimmune pathogenesis of 
vitiligo in South Indian Tamils.

Aim

The aim of the study was to evaluate whether 
the protein tyrosine phosphatase non-receptor type 
(PTPN22) single nucleotide polymorphism at +1858C/T 
had any association with non-segmental vitiligo in South 
Indian Tamils.

Material and methods

Patients and controls recruitment

This was a case-control study involving two hundred 
and sixty four patients with NSV of Tamil ethnicity and 
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264 age-, gender- and ethnicity-matched controls. All pa-
tients with non-segmental vitiligo and aged 18–60 years, 
without history of other autoimmune disordes were 
recruited from the dermatology clinic at our hospital, 
a tertiary-care centre in South India. The vitiligo disease 
activity index (VIDA) [8] was used to assess the disease 
activity in patients with NSV. Disease duration, prior 
therapies, and the detailed family history were recorded. 
Age- and gender-matched controls of Tamil ethnicity and 
without family history of vitiligo or of other autoimmune 
disorders were enrolled in the study. 

This project was approved by the Institute Ethics 
Committee for Human Studies. Informed consent was 
taken from all study subjects, before enrollment. The 
study was performed according to the World Medical 
Association Declaration of Helsinki ethical principles for 
medical research involving human subjects [9]. 

DNA extraction and genotyping

Five milliliters of blood sample was withdrawn from 
all study subjects. Extraction of human genomic DNA 
from the blood leucocytes was performed by modified 
phenol-chloroform method [10]. Purified DNA was quan-
tified using the NanoDrop (ND)-1000 spectrophotometer 
(NanoDrop Technologies Inc., USA) diluted to 100 ng/μl 
and stored in Tris-EDTA buffer at –40°C. The PTPN22 
1858C/T genotypes were identified by Taqman 5’ bi-al-
lelic discrimination assay using primers and probes from 
Applied Biosystems, California, USA, on a Bio-Rad CFX 
Real-time system (BioRad CFX, California, USA). Plasma 
PTPN22 was analyzed using ELISA.

Statistical analysis

Direct gene counting was implied to analyze genotype 
frequencies in vitiligo patient and control groups. The fre-
quencies of PTPN22 C1858T genotypes and alleles were 
compared between vitiligo patient and control groups us-
ing a chi-square test on 2 × 2 contingency tables. Odds ra-
tio (OR), and confidence intervals (CIs) were computed us-
ing Graph Pad Prism (Graph Pad Software Inc., San Diego, 
CA, USA). Genetic model analysis was used to confirm the 
association of the genotype further. Within the NSV group, 
the influence of genotypes on the clinical phenotype was 
assessed by c2 test. Protein levels of the respective geno-
types of SNP among cases was compared by Mann-Whit-
ney U test. The observed allele frequencies in cases and 
controls were compared with expected frequencies by c2 

test to check for the Hardy-Weinberg equilibrium. Values 
of p < 0.05 (two-tailed) was considered as significant.

Results

A total of 264 non-segmental vitiligo cases and 
264 unrelated healthy controls were enrolled in our study. 

The demographic and clinical characteristics of the study 
subjects are shown in Table 1.

PTPN22 displayed a significant deviation from the Har-
dy-Weinberg equilibrium (p < 0.05). On analysis of asso-
ciation between the heterozygous CT genotype in NSV and 
controls, we obtained a particularly significant association 
with NSV risk and noted that those with the CT genotype 
had a 4.68 times increased OR of having NSV compared to 
controls (p < 0.0001). Genetic model analysis also confirmed 
the association of the CT heterozygous genotype in NSV 
compared to controls (Table 2). We stratified the patients 

Table 1. Demographic and clinical characteristics of the 
study subjects

Parameter Non-segmental 
vitiligo  

(n = 264)

Controls  
(n = 264)

Demographic details:

Male 133 134

Female 131 130

Gender ratio (male : female) 1 : 1 1 : 1

Mean age [years] 40.34 ±14.27 38.20 ±11.93

Clinical details of non-segmental vitiligo:

Mean VIDA score 1.96 ±1.49

Mean duration of the disease 
[months]

63.60 ±86.82

Mean age of onset of disease 
[years] 

33.58 ±15.80

Family history of vitiligo, n (%) 41 (15.53)

Personal history of thyroid 
disorder, n (%)

11 (4.16)

Early-onset vitiligo  
(age < 30 years), n (%)

107 (40)

Late-onset vitiligo  
(age > 30 years), n (%)

157 (60)

Active vitiligo, n (%) 200 (76)

Stable vitiligo, n (%) 64 (24)

Koebner phenomenon, n (%) 46 (17)

Trichrome sign, n (%) 53 (20)

Leukotrichia, n (%) 6 (2)

Types, n (%):

Vitiligo vulgaris 125 (47)

Acrofacial 102 (39)

Mixed 25 (9.5)

Focal 8 (3)

Universal 4 (1.5)
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based on: (i) constant clinical phenotypes: gender, age of 
disease onset, family history of vitiligo, type of vitiligo (ii) 
variable clinical parameter: VIDA score: disease activity. 

Influence of the CT heterozygous genotypes on the 
phenotypic profile of non-segmental vitiligo is shown 
in Table 3. When we looked for the influence of the CT 

genotype in gender of the NSV group (n = 264), we did 
not find any significant difference between females and 
males. When we checked the association of the CT geno-
type with the onset of disease, type of disease, we did 
not obtain any significant effect, except for the acrofacial 
type of vitiligo with high OR of 2.22 (p = 0.005). When 
we analyzed the association of genotypes with family 
history, we found no significant association with p-value 
of 0.08 and OR of 2.06. In case of the association of the 
genotype with the disease progression, active vitiligo had 
OR of 1.54 (p = 0.18) (Table 3).

The median plasma levels of PTPN22 were compared 
between cases and controls, which showed increased 
levels in cases compared to controls (p < 0.001) (Fig-
ure 1 A). On examining the influence of genotypes of 
rs2476601 on the plasma PTPN22 amongst the cases, 
we found a significant association with heterozygous CT 
genotypes (p = 0.0005) (Figure 1 B).

Discussion

A high frequency of PTPN22 1858C/T genotype has 
been linked with several autoimmune disorders which 

Table 2. PTPN22 (C1858T) genotype and allele frequencies in the study population

PTPN-22
rs2476601

NSV
(n = 264)

Controls
(n = 264)

P-value 
(c2 test)

OR (95% CI)

Genotype:

CT 165 69 < 0.0001* 4.68 (3.23–6.79)

TT – 1 1.000**  0.65 (0.02–16.15)

CC 99 194

Allele:

T 165/528 71/528 < 0.0001* 2.93 (2.14–3.99)

C 363/528 457/528

Dominant model analysis:

CC + CT 264 263 1.000** 3.011 (0.12–74.31)

TT 0 1 1.000** 0.33 (0.013–8.19)

Recessive model analysis:

TT + CT 165 70 < 0.0001* 4.62 (3.19–6.68)

CC 99 194 < 0.0001* 0.22 (0.15–0.31)

Co-dominant model analysis:

CT 165 69 < 0.0001* 4.71 (3.25–6.82)

CC + TT 99 195 < 0.0001*  0.21 (0.14–0.30)

Homozygotic model analysis:

CC 99 194 < 0.0001* 0.21 (0.14–0.30)

TT 0 1 1.000** 1.53 (0.06–38.04)

*p < 0.05 considered as significant, **Fisher’s exact test was done as the sample size was less.

Table 3. Influence of the CT heterozygous genotypes on 
the phenotypic profile of non-segmental vitiligo

Variable CC vs. CT genotypes

P-value OR (95% CI)

Males vs. females 0.39 1.29 (0.79–2.12)

Early onset vs. late onset 0.87 1.07 (0.64–1.79)

Family history + vs. family history – 0.08 2.06 (0.96–4.41)

Acrofacial vitiligo type vs. other types 0.005* 2.22 (1.29–3.80)

Vitiligo vulgaris type vs. other types 0.50 0.81 (0.49–1.34)

Active vitiligo vs. stable vitiligo 0.18 1.54 (0.86–2.72)

*p < 0.05 considered significant.
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have T-cell and humoral components [11]. In this study, 
our interest was to investigate the association between 
NSV and PTPN22, and we found a frequency of 62% of 
the CT heterozygous genotype in the NSV group com-
pared to the control population, which was significantly 
associated with the risk of being susceptible to vitiligo. 
Siminovitchet [12] have reported that there is an adverse 
immune reaction by the T cells against autoantigens 
after immune stresses. PTPN22 variant is associated 
with the risk of several autoimmune diseases [13]. We 
observed that PTPN22 (1858C/T) heterozygous genotype 
was associated with NSV and this indicates that genetic 
variants of PTPN22 could add to the immune dysfunction 
and render vulnerability to the autoimmune mechanism 
in NSV.

In the current research, we found a significantly high-
er odds (OR = 4.68) in the distribution of the CT geno-
type between controls and NSV patients, which indicates 
a predisposition of developing vitiligo in Tamil ethnicity. 
We found that there is an increased risk of the CT geno-
type among patients with acrofacial vitiligo, with OR = 
2.22. When we checked for association of the PTPN22 
genotypes with the disease activity, active vitiligo had 
OR of 1.54 (p = 0.18). The PTPN22 genotypes frequency 
distribution in our population was not concordant with 
Hardy-Weinberg equilibrium. This might have occurred 
due to endogamous marriage in our population. It could 
also be due to procedural error, which was ruled out by 
replicating the assay in 30% of the samples randomly.
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Figure 1. A – Plasma PTPN22 levels in the study population, B – Plasma PTPN22 on genotypes of rs2476601 in cases 
**p < 0.0001 calculated by independent t test, ***p = 0.0005 calculated by independent t test.

Table 4. Association of the PTPN22 gene with vitiligo in other ethnicities

References Ethnicity Sample size SNP/rsID Allele/genotype P-value Odds ratio (95% CI)

Canton et al.,  
2005 [17]

Norwegian 165 rs2476601 T 0.006 1.82 (1.17–2.82)

rs2476601 CT 0.05 1.64 (1.02–2.65)

Laberge et al.,  
2008 [20]

126 Caucasian extended 
families with multiple 

cases of vitiligo

712 rs2476601 CT 0.024 2.35 (1.25–4.43)

Laberge et al.,  
2008 [21]

Romanian 65 rs2476601 T 0.0138 2.92 (1.21–7.03)

rs2476601 CT 0.036 2.69 (1.07–6.80)

Jin et al.,  
2010 [19]

European derived white 
(CEU) ancestry

1514 rs2476601 GWAS 1.31 × 10−7;
(< 0.001)

1.39 (1.01–2.93)

Garcia-Melendez  
et al., 2012 [18]

Mexican 187 rs2476601 T 0.047 2.25 (0.98–5.17)

rs2476601 CT 0.044 2.32 (1.00–5.37)
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An in vitro study has shown that T-cells with T-allele 
may be hyper-reactive, and therefore those with T allele 
are vulnerable to autoimmunity as the T-allele of PTPN22 
shows less affinity with Csk than the C-allele does [14, 
15]. In our study, we obtained a strong association with 
T allele, with OR of 2.93, which would contribute to the 
autoimmune response in NSV patients. Genetic model 
analysis also confirms the risk association of T allele 
with vitiligo in our population. In a meta-analysis by Lee 
et al. [16], PTPN22 1858 T allele has been shown to have 
a strong association with a risk of rheumatoid arthritis, 
systemic lupus erythematosus, Grave’s disease, type 1 
diabetes and juvenile inflammatory arthritis and a undis-
ruptive effect on psoriasis, inflammatory bowel disease, 
multiple sclerosis, Addison’s disease and celiac disease. 

To date, to the best of our knowledge, there are few 
studies in Indian ethnicity about vitiligo susceptibility 
and PTPN22 C1858T polymorphism. Recent studies have 
shown the association of the variants of PTPN22 with 
vitiligo, in Mexican and Norwegian populations [17, 18]. 
Our results were concordant with these previous stud-
ies which have reported that SNP in PTPN22 genes are 
susceptibility factors for NSV, conveying that the CT het-
erozygous genotype would be the predisposing factor for 
vitiligo susceptibility in different ethnicities worldwide 
(Table 4).

Genome-wide association studies by Jin et al. [19] 
have suggested that independent susceptibility loci 
such as PTPN22 amongst several others are associated 
with generalized vitiligo. Recent reports have shown that 
PTPN22 gene was associated with genetic susceptibility 
to generalized vitiligo [20, 21] (Table 4).

Bottini et al. [22] have shown that heterozygous 
PTPN22 1858C/T is a risk factor for type 1 diabetes mel-
litus. Our results showed concordant results with the 
heterozygous genotype, suggesting that T allele is a risk 
factor for vitiligo susceptibility. Gjörloff-Wingren et al. [11] 
have reported that both mouse and human lymphoid 
tyrosine phosphatase (LYP) inhibit activation of human 
T cells, along with C-terminal Src kinase (Csk). With an 
increase in plasma PTPN22 in vitiligo, our results suggest 
that activated T helper cells could be the reason for the 
autoimmune mechanism in vitiligo. Attenuated T-cell re-
ceptor (TCR) signaling has been an important issue in the 
origin of autoimmunity. In this regard, the rs2476601 SNP 
in PTPN22, with substitution of tryptophan reduces TCR 
signaling which further results in increased phosphatase 
activity, predisposing to several autoimmune disorders. 
Thus, the higher plasma PTPN22 levels in cases could also 
be explained with the fact that there is gain of the mutant 
function as reported by Vang et al. [23]. 

From the review by Burn et al. [24], it is evident that 
PTPN22 represents a candidate gene of autoimmune 
disease. Our study findings contribute to the current 
understanding of genetic predisposition of PTPN22 and 
may be of therapeutic benefit in NSV. In a study by Vang 

et al. [25], the authors observed that a heterozygous CT 
individual has an elevated risk of autoimmune disease as 
compared to those without the heterozygous genotype. 
Also, the CT genotype is much more frequent than the 
TT genotype [25]. A recent report by Vang et al. [26] sub-
stantiates the claim that the autoimmune-associated LYP 
with tryptophan at position 620, causes abridged TCR-
mediated signaling. Thus, imbalanced signalling eventu-
ally influence the T cell differentiation, which favors Th1 
responses [26].

Conclusions

Our results suggest that the CT heterozygous geno-
type of the PTPN22 gene SNP (rs2476601) is strongly as-
sociated with a risk of NSV in South Indian Tamils. 
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