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Abstract
Background: Vitiligo is an autoimmune disorder involving inflammatory damage to 
melanocytes. STAT3 genetic variant (rs744166 T > C) increases inflammatory signaling 
via JAK/STAT pathway. Aim: The purpose of this study was to check whether this 
translates into an association between vitiligo and STAT3 gene variant (rs744166 T > C). 
Materials and Methods: This is a case-control study. A total of 56 vitiligo patients and 90 
healthy, age and gender-matched volunteers were recruited for the study. The STAT3 gene 
variant (rs744166 T > C) was genotyped using the restriction fragment length polymorphism 
method. Results: The frequency of the minor allele ‘C’ was higher in vitiligo patients (72.3%) 
than in healthy volunteers (57.8%). The difference between the two groups was statistically 
significant (P = 0.006; OR = 1.9 with 95% CI). The genotypic variant showed the highest 
association with vitiligo in the dominant model (P = 0.001). Conclusion: This study shows 
that the STAT3 gene variant (rs744166 T > C) is associated with vitiligo. This observation 
underlines the importance of the JAK/STAT signaling pathway in vitiligo pathogenesis.
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Introduction
Vitiligo is an autoimmune disease that involves 
depigmentation of the skin surfaces due to the loss of 
melanocytes.[1] The prevalence of vitiligo is estimated 
to be around 1% to 2% worldwide and around 0.25% to 
4% in India.[2,3] Vitiligo does not cause any morbidity in 
the patients but affects their quality of life.[4] Currently, 
there is a heightened interest in understanding 
the immunopathogenesis of vitiligo to develop 
disease-specific drug targets.

The pathogenesis of vitiligo involves immune-mediated 
destruction of melanocytes.[5] The autoimmune reaction is 
triggered by a combination of genetic and environmental 
factors. Pro-inflammatory cytokines, autoreactive 
T lymphocytes and autoantibodies orchestrate the 
autoimmune reaction via the JAK/STAT signaling 
pathway.[6-8]

Several genetic variants have been associated with 
vitiligo. These variants are mostly located in the genes 
that are involved in regulating immune response, 
apoptosis and melanocyte function.[9] A common genetic 
variant in the STAT3 gene (SNP rs744166) has been linked 
to several autoimmune diseases such as Crohn’s disease, 

inflammatory bowel disease and multiple sclerosis.[10-12] 
This is an intron variant, and the functional aspect 
of this variant (T > C) has been evaluated previously. 
This variant is linked to the upregulation of STAT3 gene 
expression.[10] Furthermore, the STAT3 gene is reported to 
be upregulated in the lymphocytes of vitiligo patients.[13] 
Besides, association studies concerning this variant with 
vitiligo have not been conducted to date, which has 
created a knowledge gap in understanding whether this 
variant could be associated with vitiligo pathogenesis. 
Therefore, we aimed to determine the association of this 
functional variant with vitiligo pathogenesis.

Materials and Methods
Study design and patient selection
This study was conducted using the case-control design. 
There are no previous studies on this genetic variation in 
vitiligo. Therefore, this study was carried out on a pilot 
basis by including patients available in our department 
for one-year duration (January 2020 to January 2021). 
The case group comprised of vitiligo patients (n = 56), 
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whereas the control group comprised of healthy 
volunteers (n = 90). The vitiligo patients were enrolled 
from the Department of Dermatology of our institution. 
This study was approved by the Institutional Ethics 
Committee. Informed consent was obtained from all the 
participants in writing before they were recruited for the 
study. Patients were clinically diagnosed with vitiligo 
based on the presence of depigmented regions on the 
skin surfaces. The diagnosis of the vitiligo subtypes was 
made based on the location and extent of depigmented 
regions on the body. The inclusion criteria for patient 
selection were: (i) patients diagnosed with vitiligo (ii) 
patients of both genders and age 18 years or above. The 
exclusion criteria for patient selection were: (i) patients 
under topical treatment for one month before sample 
collection., (i) pregnant and lactating women, and (iii) 
patients with any other autoimmune disorders and 
co-morbidity. Volunteers without a known history of any 
chronic or autoimmune disease were included as healthy 
controls. The genotype of SNP rs744166 in the study 
participants was the main outcome measure.

Genotyping of the STAT3 gene variant
Whole blood (3 ml) was obtained from each participant 
by venipuncture and transferred to EDTA collection 
tubes. Genomic DNA was isolated from the blood 
samples by using the salting-out method.[14] The purity 
and concentration of the genomic DNA extracted were 
analyzed by UV spectrophotometry (Perkin Elmer model 
Lambda 35, Waltham, USA). PCR was set up using the 
primers: 5′ CTC TTG CCT CTG CCT CTT T 3′ and 5′ GAC TCA 
GAG AAA GGG AGG AGT A 3′. A total of 25 µl reaction 
mixture included 1 × assay buffer, 100 ng genomic DNA, 
0.2 mM dNTP, 10 pmol of each primer, 1.5 mM MgCl2 and 
1 unit Taq DNA polymerase (Bangalore Genei, Bengaluru, 
India). The thermal cycle program comprised of an initial 
denaturation at 95°C for 5 min followed by 30 cycles 
at 95°C for 30 s, 64.7°C for 30 s and 72°C for 30 sec; 
the final extension involved 5 min at 72°C. The PCR 
product (325 bp) was analysed on 2% agarose gel. The 
amplicon was then subjected to restriction digestion by 
using five units of AluI enzyme (New England BioLabs, 
Ipswich, USA) at 37˚C for 18 h. The digested product 
was then visualized on 2% agarose gel using ethidium 
bromide stain. The digestion products were called based 
on band pattern as T allele (174 bp, 105 bp, and 50 bp), 
and C allele (275 bp and 50 bp).

Statistical analysis
OpenEpi software was used as a statistical tool to 
analyse the results. The allele frequency and genotype 
distribution in both the groups were analysed using 
2 × 2 and 3 × 2 contingency tables, respectively. The 
differences in the allele and genotype distribution 
between the two groups were determined by calculating 
the P value using the Chi-square test (Fisher exact). 

The P-value of less than 0.05 was considered to be 
significant. The study population was tested for 
conformity with Hardy-Weinberg Equilibrium (HWE) 
using an online calculator.[15]

Results
The clinical and demographic details of the study 
participants are given in Table 1. The majority of 
the patients presented with the non-segmental type 
of vitiligo (96.4%) and the rest with segmented 
vitiligo. The duration of vitiligo persisting for more 
than ten years was observed in 33 patients (58.9%). 
The family history of vitiligo was observed in seven 
patients (12.5%), among which the prevalence for minor 
allele homozygosity (CC) was observed to be 57%, while 
the rest was heterozygous (43%).

The allele and genotype distribution in both groups are 
shown in Table 2. The control group genotype frequency 
was per Hardy-Weinberg Equilibrium (χ2 = 1.73). The 
cases group showed no record of homozygous major 
allele genotype (TT), while the control group recorded 
13 participants with TT (14.4%). TC genotype frequency 
in cases and control group was around 55.4% and 55.6%, 
while the homozygous minor allele (CC) frequency in 
cases and control group was 44.7% and 30%, respectively. 

Table 1: Demographic and clinical profile of the study 
participants

Parameter Patients 
(n=56)

Controls 
(n=90)

Demographic details
Gender (Male/Female) 30/26 50/40
Age (Mean±Standard deviation) 38.9±16.0 38.1±14.9

Clinical variants of vitiligo
Non-segmental 54 -
Segmental 2 -

Duration of the disease
<10 years 23 -
>10 years 33 -

Family history
Yes 7 -
No 49 -

Table 2: Distribution of the alleles and the genotypes 
of the STAT3 gene variant in the study groups

Genotype/
Allele

Cases 
(n=56)

Controls 
(n=90)

P* OR (95% 
CI)

TT 0 (0%) 13 (14.4%) 0.006 -
TC 31 (55.4%) 50 (55.6%)
CC 25 (44.6%) 27 (30%)
T 31 (27.7%) 76 (42.2%) 0.006 1.9 (1.1-3.2)
C 81 (72.3%) 104 (57.8%)
*Chi-square, one-tail (Fisher exact test)
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The genotype frequencies between cases and the control 
group were statistically different (P = 0.006). The major 
allele (T) frequency was calculated to be 27.7% in 
cases and 42.2% in the control group, while the minor 
allele (C) frequency was calculated to be 72.3% and 57.8% 
in cases and control group, respectively [Figure 1]. The 
allele frequency distribution between the two groups was 
found to be statistically different (P = 0.006; OR = 1.9 
with 95% CI). Genetic models were used to compare 
the genotype distribution, and a strong association was 
found to be with the dominant model [Table 3].

Discussion
The purpose of this study was to determine the 
association between the STAT3 gene variant (rs477166 

T > C) and vitiligo. The frequency of the minor allele 
‘C’ was found to be significantly higher among vitiligo 
patients than in healthy volunteers. This implies that 
the C allele is a risk factor for the development of 
vitiligo. To the best of our knowledge, this is the first 
study to link the STAT3 gene variant (rs744166 T > C) 
with vitiligo.

Killer T cells are responsible for melanocyte loss in 
vitiligo.[7] The STAT3 gene variant (rs744166 T > C) 
is likely to play an important role in melanocyte 
destruction by inducing exaggerated attraction of killer 
T cells to the skin. The STAT3 protein is a transcription 
factor that belongs to the JAK/STAT pathway.[16] This 
pathway is activated by cytokines secreted by dendritic 
cells during skin infection.[17,18] The activated STAT3 
upregulates the expression of Th17 cytokines such as 
IL17, IL22 and IL36.[19,20] These cytokines then stimulate 
fibroblasts and keratinocytes to secrete chemokines 
that recruit neutrophils and killer T cells to the site 
of infection.[21] The STAT3 gene variant is linked to 
upregulated expression of the transcription factor.[10] 
The upregulation would be expected to increase the 

Table 3: Assocation of the STAT3 gene variant with 
vitiligo in different genetic models

Model Genotype P
Dominant TT vs. TC+CC 0.001*
Recessive TT+TC vs. CC 0.053*
Additive TT>TC>CC 0.008**
Multiplicative T vs. C 0.006*
*Chi-square, one-tail (Fisher exact test). **Mantel Haenszel 
Chi Square for linear trendFigure 1: Allele frequency distribution between case and control group

Figure 2: Mechanism of the STAT3 gene variant in vitiligo pathogenesis
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attraction of killer T cells to the site of infection. In 
accordance with this, an elevated accumulation of killer 
T cells and Th17 cytokines has been observed in the 
depigmented lesions.[22,23] The association observed in 
this study is consistent with the role of the STAT3 gene 
variant (rs744166 T > C) [Figure 2].

The STAT3 genetic variant (rs744166 T > C) has been 
linked to several autoimmune diseases. It was reported to 
be associated with psoriasis in the Chinese population.[24] 
Furthermore, the variant was also found to be associated 
with psoriatic arthritis in the Spanish population.[25] 
Also, several studies have shown the association between 
the STAT3 gene variant and inflammatory bowel disease. 
The association was found to be significant even at the 
level of meta-analysis.[11] The results of this study extend 
the spectrum of autoimmune diseases linked with STAT3 
gene variant (rs744166 T > C).

The small sample size is the main limitation of this 
study. This was because of the difficulty in obtaining 
the clinical material due to the ongoing COVID-19 
pandemic.

Conclusion
This study shows the association of the STAT3 gene 
variant (rs744166 T > C) with vitiligo. This gene variant 
could upregulate STAT3 gene expression and trigger 
vitiligo.
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