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Abst rac t
Vitiligo is a common acquired depigmentation disorder of the skin manifested by the presence of white macules. 
The disease occurs at a frequency of approximately 1–4% of the world population. Currently, the most popular 
theory of vitiligo development is a multifactorial hypothesis according to which genetic conditions predispose 
vitiligo macules to occur as a result of specific environmental factors. According to the genetic hypothesis, vitiligo 
inheritance is multigenic. Genetic studies conducted so far concern patients with non-segmental vitiligo. There are 
three basic techniques of genetic studies: candidate gene association studies, genomewide linkage studies and 
genome-wide association studies (GWAS). The GWAS are the “gold standard” for detecting susceptibility genes. Up 
to now, approximately 36 convincing non-segmental vitiligo susceptibility loci have been identified. Approximately 
90% of them encode immunoregulatory proteins, while approximately 10% encode melanocyte proteins. The exis-
tence of various associations between vitiligo and other autoimmune diseases may provide new knowledge on the 
causes of many disorders. Examples include the inverse relationship between vitiligo and melanoma and associa-
tion of vitiligo with other autoimmune diseases. The main goal of all researches is to find new, optimal therapeutic 
strategies for vitiligo and other autoimmune diseases.
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Introduction

Vitiligo is a common acquired depigmentation dis-
order of the skin manifested by the presence of white 
macules [1]. The disease occurs at a frequency of approx-
imately 1–4% of the world population without sex predi-
lection [2, 3]. Clinical presentation includes segmental, 
non-segmental and mixed vitiligo. The differences be-
tween these subtypes concern not only clinical symp-
toms (occurrence of the first skin lesions, their localiza-
tion and extent, coexistence of associated autoimmune 
diseases, natural progress of the dermatosis) but also 
etiology [3]. 

Vitiligo was first noted in the Old Testament, Koran 
and Buddhist literature in approximately 1400 B.C. De-
spite a long history of this dermatosis, its exact etiology 
remains unknown. The researchers are trying to explain 
the pathogenesis of vitiligo with different hypotheses, 
the most popular are genetic, autoimmune, autocyto-

toxic, neurogenic, microenvironmental, viral, apoptotic, 
cell adhesion disorders and multivariate theory [1, 4–7]. 
Currently, the most popular theory of the vitiligo devel-
opment is a multifactorial hypothesis according to which 
genetic conditions predispose vitiligo macules to occur 
as a result of specific environmental factors [8]. 

Puberty, pregnancy, major infections, dietary imbal-
ance, stress and skin trauma are factors which may re-
veal the first symptoms of the disease. So far the specific 
environmental factor causing vitiligo among genetically 
predisposed patients remains unknown [9]. 

Vitiligo occurrence among members of patients’ fam-
ilies indicates that genetic factors play a role in patho-
genesis of the disease. According to the genetic hypoth-
esis, vitiligo inheritance is multigenic. The relative risk of 
vitiligo for first-degree relatives is increased 7 – to 10-fold 
[10, 11]. Very rarely, among multi-generation families in-
heritance occurs in an autosomal dominant pattern with 
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incomplete penetrance [12]. The concordance of vitiligo 
in monozygotic twins is not clear, what indicates an im-
portant influence of environmental factors. If one of the 
twins has vitiligo, the likelihood that the other twin will 
be afflicted by the disease is only 23%. These findings 
altogether led to many genetic analyses aimed to create 
a risk group pattern for vitiligo. The results of researches 
conducted so far are analyzed in this article. 

Methods of genetic researches

One of the methods used to assess a genetic pre-
disposition for a disease is a case-control association 
where differences in particular genes and their variants 
are studied among patients afflicted by vitiligo compared 
with healthy subjects. A specific variant of the gene is 
related with vitiligo if it is statistically significantly more 
frequent among afflicted patients than healthy subjects. 
Another method is family-based association where ge-
netic differences are sought between patients and their 
first-degree relatives. These researches are useful to de-
termine whether a specific variant of the gene is inherit-
ed from parents to offspring more frequently than with 
a random frequency. 

There are three basic techniques of genetic studies: 
candidate gene association studies, genomewide linkage 
studies and genome-wide association studies. 

Candidate gene association studies

The model of candidate gene studies is quite simple. 
The basic elements are identification of the gene con-
ditioning the disease phenotype, finding a polymorphic 
marker within that gene and specifying a suitable set of 
subjects to the genotype for this marker. The most of-
ten analyzed genes are: functional and positional genes. 
Functional candidates are genes which encode proteins 
associated with regulation of melanocytes activity. Po-
sitional candidates are genes present within genomic 
regions, which have been shown to be genetically sig-
nificant in genomewide linkage analyses, genome-wide 
association studies or by detection of chromosomal 
translocations disrupting the gene action [13, 14]. 

The described design of the study led to false-positive 
results because of the ethnic differences in case-control 
analyses (population stratification), inadequate statistical 
power and statistical fluctuation, and inadequate correc-
tion for multiple testing within and across studies [15, 16].

Genomewide linkage studies

In contrast to candidate association studies, linkage 
scans are used to detect a gene of a multiple feature 
through scanning a whole genome of related subjects. 
These researches help to determine the position of the 
genetic marker inherited together with a specific disease. 

The analysis includes typing of families using polymor-
phic markers situated within the whole genome. In the 
next phase, the degree of the marker linkage to a disease 
trait is calculated. In contrast to candidate association 
studies, linkage scans do not rely on pre-existing knowl-
edge of the genes associated with the studied trait [14]. 

Linkage and linkage disequilibrium are two main 
concepts in genetic epidemiology. Two loci are linked if 
they are passed together from parents to offspring more 
frequently than expected under independent inheritance. 
Two loci are in linkage disequilibrium if they are found 
together on the same haplotype more frequently than it 
is expected across the whole population [17].

Genome-wide association studies 

In genome-wide association studies (GWAS), a set 
of single nucleotide polymorphisms across the whole 
genome is examined in order to detect the most often 
genetic variants associated with a disease. Furthermore, 
it is used to identify hereditary quantitative traits respon-
sible for analyzed disease development [18]. 

The GWAS are based on comparing the DNA of two 
large groups: a group consisting of patients (examined 
group) and a group consisting of healthy subjects (con-
trol group).

The GWAS are most useful to detect relatively com-
mon disease susceptibility alleles and are the “gold stan-
dard” for detecting complex trait susceptibility genes [19]. 

Genetic studies in vitiligo

Genetic studies conducted so far concern patients 
with non-segmental vitiligo. 

Candidate gene association studies

Candidate gene association studies conducted up to 
now implicated at least 33 candidate genes: ACE, AIRE, 
CAT, CD4, CLEC11A, COMT, CTLA4, C12orf10, DDR1, EDN1, 
ESR1, FAS, FBXO11, FOXD3, FOXP3, GSTM1, GSTT1, IL1RN, 
IL10, KITLG, MBL2, NFE2L2, PDGFRA-KIT, PTGS2, STAT4, 
TAP1-PSMB8, TGFBR2, TNF, TSLP, TXNDC5, UVRAG, VDR 
and XBP1 [20]. The participation of these genes in vitili-
go pathogenesis is not clear. The study which was con-
ducted to test the association of the above candidate 
genes detected and confirmed only the association of 
three of them: XBP1, FOXP3, TSLP. However, many stud-
ies have confirmed significant pathogenic participation 
of candidate gene PTPN22 and HLA in vitiligo develop-
ment [20]. 

Vitiligo frequently coexists with other autoimmune 
diseases. This fact leads to the search for the genetic 
conditions responsible for this relation. The loci HLA are 
highly linked to other loci localized in the major histo-
compatibility region of chromosome 6p. HLA alleles re-
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lated to vitiligo may not cause the disease development 
but they may play a role of genetic markers which are 
usually co-inherited across the population (e.g. in the 
case of strong linkage disequilibrium) with the actual 
inducing disease alleles at another loci within the major 
histocompatibility region [14]. 

Many studies have been conducted to determine the 
localization of alleles and antigens predisposing to vit-
iligo within the HLA. The results of these studies varied 
between populations and ethnic groups, however some 
alleles and antigens occurred more often than the others 
(A2, DR4, DR7, DQB1*0303, Cw6, A30, A31 and DQ3) [14]. 

Using a family-based association study design, single 
nucleotide polymorphisms of PTPN22 gene were exam-
ined among 126 Caucasian families with multiple cases of 
vitiligo and associated autoimmune diseases. The protein 
tyrosine phosphatase, non-receptor type 22 (PTPN22) 
gene encodes the protein which is a lymphoid-specific 
intracellular phosphatase (Lyp). Lyp inhibits T-cell acti-
vation through interaction with protein tyrosine kinase 
(Csk) and inhibition of signaling pathways mediated 
by T-cell receptor (TCR) [21]. The existence of a relation 
between PTPN22 1858T allele and risk of autoimmune 
diseases development such as diabetes mellitus type 1, 
rheumatoid arthritis, systemic lupus erythematosus, 
Graves’ disease and Hashimoto disease has been prov-
en [22–25]. In summary, there is a significant relationship 
between the PTPN22 1858T allele of SNP rs2476601 and 
vitiligo with an expanded autoimmunity phenotype [26].

Genome-wide linkage studies

The first study showing highly probable linkage be-
tween vitiligo and the locus at chromosome 1p31.3-p32.2 
called AIS1 was conducted among a single family com-
pound of 24 members including 14 affected with autoim-
mune diseases [12]. The next study included a group of 
71 families from North America and the United Kingdom 
with multiple vitiligo cases. In this study, AIS1 located at 
chromosome 1p31 met criteria for highly significant link-
age confirming its role of an important vitiligo suscepti-
bility locus [27]. 

Another study analyzing DNA sequences of chromo-
some 1p among family members with damaged AIS1 
gene showed an overexpression of FOXD3 gene which 
encodes a forkhead transcriptional factor that is a pri-
mary regulator of melanoblast differentiation in the em-
bryonic neural crest [28, 29]. 

Many linkage studies in the Caucasian population 
among people with vitiligo enabled identification of other 
loci at chromosomes 7, 8, 9, 11, 13, 17, 19 and 22 [27, 30]. 
The strongest signal came from chromosome 17p13 and 
corresponded with the SLEV1 (NALP1, NRLP1, CARD7,  
DEFCAP, NAC) gene locus. The analysis involved mem-
bers of families with multiple cases of systemic lupus er-
ythematosus (SLE) coexisting with vitiligo and initiated 

a series of studies showing the association of this gene 
not only with SLE and vitiligo but with diabetes mellitus 
type 1, Addison disease, celiac disease, scleroderma and 
chronic inflammatory bowel diseases as well [31–39]. 

The NALP1 gene mediates activation of the innate im-
mune system in response to molecular patterns such as 
bacterial pathogens [40–42]. NALP1 is widely expressed at 
low levels but is highly expressed in immune cells, especial-
ly in T-cells and Langerhans’ cells [43, 44]. This fact implies 
a relationship between the gene and skin autoimmune dis-
orders. The NALP1 protein together with the adapter pro-
tein ASC, caspase 1 and caspase 5 form a complex termed 
NALP1 inflammasome activating the proinflammatory 
cytokine IL-1β [41–45]. Serum levels of IL-1β are elevated 
among patients with vitiligo [46]. It proves the contribution 
of mentioned proteins in disease pathogenesis. 

The vitiligo genetic study conducted at the same 
time among Chinese families detected signals at 1p36, 
4q13-q21, 6p21-p22, 6q24-q25, 14q12-q13 and 22q12 local-
izations [47]. Other analysis revealed two significant link-
ages which determined main susceptibility loci: 6p21-p22 
and 22q12 [48]. These localizations do not coincide with 
the Caucasian families loci suggesting that vitiligo sus-
ceptibility genes differ among individual populations. 

Genome-wide association studies

The first GWAS study was conducted among the 
community of an isolated village in Romania. Within this 
population an elevated prevalence of generalized vitiligo 
and other autoimmune diseases (autoimmune thyroid 
diseases, rheumatoid arthritis, diabetes mellitus type 1) 
was observed [49]. The results of researches obtained 
among this group confirmed the association of vitiligo 
with single nucleotide polymorphism (SNP) within chro-
mosome 6q27, in the close vicinity to IDDM8, a linkage 
and association signal for type 1 diabetes mellitus and 
rheumatoid arthritis [50]. 

Another study conducted on Caucasians revealed 
a significant association between generalized vitiligo and 
SNP within loci related to other autoimmune diseases 
confirmed in past studies [50]. Within the MHC region 
at chromosome 6p21.3 there were two main signals de-
tected. The first signal was in the class I gene region, be-
tween HLA-A and HCG9. The second signal was detected 
in the class II gene region between HLA-DRB1 and HLA-
DQA1 [51]. It is consistent with the past studies support-
ing vitiligo association with HLA-A*02 and HLA-DRB1*04 
[52, 53]. Outside the MHC region, the study revealed  
7 different regions of significant association with gener-
alized vitiligo: 
–  Region of PTPN22 gene mentioned above,
–  Region of LPP gene encoding LPP protein, associated 

with celiac disease and rheumatoid arthritis which 
function is unknown [54],
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 –  Region of IL2RA gene (encoding the interleukin-2-recep-
tor α chain) localized at chromosome 10p15.1 of which 
variants showed an association with diabetes mellitus 
type 1, Graves’ disease, multiple sclerosis, rheumatoid 
arthritis and systemic lupus erythematosus [55–59],
 – Region of UBASH3A gene localized at chromosome 
21q22.3 encoding a regulator of T-cell-receptor signal-
ing, associated with diabetes mellitus type 1 and SLE 
[60, 61],

 – Region of RERE gene encoding protein (atrophin-like 
protein 1), which is a transcriptional corepressor highly 
expressed in lymphoid cells, and it probably regulates 
apoptosis [62, 63],

 – Region of TYR gene localized at chromosome 11q14.3 
encoding tyrosinase, which is a melanosomal enzyme 
catalyzing melanin biosynthesis and which is a major 
autoantigen in generalized vitiligo [64],

 – Region of GZMB gene (the granzyme B gene) localized 
at chromosome 14q12 of which product is a serine pro-
tease that mediates targeted cell apoptosis induced by 
the immune system with contribution of cytotoxic T 
cells and NT cells and activation-induced cell death of 
effector type 2 helper T cells [65, 66]. 

Five of these regions contain genes with a previously 
confirmed association with other autoimmune diseases.

So far, the biggest conducted association study in-
cluded 33 candidate genes of generalized vitiligo. Only 
three genes showed an association with the disease: 
FOXP3, XBP1 and TSLP [20]. FOXP3 gene localized at 
Xp11.23 region encodes protein – scurfine (SFN). The 
gene is expressed in CD25+CD4+ regulatory T cells and 
has an important role in their development and func-
tion [67]. FOXP3 gene mutations lead to IPEX syndrome 
(immunodysregulation polyendocrinopathy enteropathy 
X-linked syndrome), characterized by development of 
multiple autoimmune diseases, such as diabetes melli-
tus type 1, thyroid autoimmune diseases, inflammatory 
bowel diseases, allergic diseases (e.g. atopic dermatitis, 
food allergies) and vitiligo [68–70]. The next gene, asso-
ciated with generalized vitiligo XBP1 (X-box binding pro- 
tein 1) gene is localized at chromosome 22. XBP1 protein 
plays a role of a transcription factor through recognition 
of the X2 promoter element of both HLA DR-α and HLA 
DP-β. In view of the autoimmune vitiligo aspect support-
ed by the significant relation with HLA-DR region, XBP1 
gene has been approved as a convincing candidate gene 
due to its reliable role in disease development through 
the interaction with this region [71]. Studies concern-
ing the region where XBP1 gene is localized, conducted 
among completely different ethnic groups confirmed its 
relation with vitiligo development within each of them 
[30, 48, 71]. The next gene, TSLP gene localized at chro-
mosome 5q22.1 encodes thymic stromal lymphopoietin. 
This protein induces naive CD4+ T cells to produce cyto-
kines related with Th2 response (IL-4, IL-5, IL-13, TNF-α) 
and inhibits production of cytokines related with Th1 

response (IL-10, IFN-γ) [72]. As a result, when deficiency 
of TSLP gene expression occurs, the dominance of Th1 
response, which is involved in vitiligo development, is 
expected.

The latest conducted GWAS study leads to identifica-
tion of 13 so far unknown susceptibility genes [73]:

 – OCA2-HERC2 gene within the region of chromosome 
15q12-q13.1. OCA2 gene is related to oculocutaneous 
albinism type 2, encodes a protein that is a melanoso-
mal membrane transporter determining the skin, hair 
and eye color [74]. The study confirmed an association 
of two SNPs. The SNP alleles of OCA2 that are low-risk 
for vitiligo are associated with an elevated risk of mel-
anoma and with gray/blue pigmentation of eyes’ iris-
es [75–79]. Among the group of vitiligo patients, the 
researchers confirmed an elevated prevalence of tan/
brown and green/hazel eye color indicating the occur-
rence of additional genes of eye color beside the OCA2 
gene related to the elevated risk of vitiligo. This gene 
is TYR associated both with vitiligo and green/hazel 
pigmentation of eyes’ irises [51, 80]. 

 – MC1R gene. At chromosome 16, the region of associa-
tion 16q24.3 containing 20 genes was detected, espe-
cially MC1R gene encoding the melanocortin receptor 
which is a melanogenesis regulator and secondary vit-
iligo autoantigen. It is associated with melanoma and 
with eye and skin pigmentation [81].

 – The study detected SNPs at 11q21 region containing 
no known genes. The researchers speculate that this 
region might store a regulatory element affecting TYR 
gene transcription in cis.

 – IFIH1 gene. The study indicated SNPs association at 
2q24.2 region localized between IFIH1 gene and FAP 
gene. IFIH1 gene encodes interferon-induced RNA he-
licase involved in antiviral innate immune responses 
[82]. It is associated with diabetes mellitus type 1, 
Graves’ disease, multiple sclerosis, psoriasis and prob-
ably with lupus [83–87].

 – CD80 gene. There were SNPs at 3q13.33 region detect-
ed within the area of CD80 gene. CD80 is a surface pro-
tein on activated B cells, monocytes and dendritic cells 
that co-stimulates T cells activation [88].

 – CLNK gene. SNPs within 4p16.1 gene inside the area of 
CLNK gene associated with the mast cells immunore-
ceptor [89].

 – BACH2 gene. SNPs at 6q15 region where BACH2 gene is 
localized. The gene encodes a transcriptional repressor 
of B cells, and it is associated with diabetes mellitus 
type 1, celiac disease and Crohn’s disease [90–93].

 – TG/SLA gene. SNPs at 8q24.22 region where two genes 
TG/SLA are interdigitated and encoded on the opposite 
strands. TG gene encodes thyroglobulin and is associ-
ated with autoimmune thyroid disease [94]. SLA gene 
encodes Src-like adaptor protein [95]. 

 – CASP7 gene. SNPs at 10q25.3 region with CASP7 gene 
encoding caspase 7 which has an important executive 
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function in apoptosis and inflammation [96]. The gene 
is associated with rheumatoid arthritis and diabetes 
mellitus type 1 [97, 98]. 

 – CD44 gene. SNPs at 11p13 region containing portions of 
CD44 gene and SLC1A2 gene. CD44 gene encodes cell 
surface glycoprotein playing a role in cell-cell interac-
tion, cell adhesion and migration and what is import-
ant it plays a role in T cell development. It is associated 
with lupus erythematosus [99, 100].

 – IKZF4 gene. SNPs at 12q13.2 region containing IKZF4 
gene associated with diabetes mellitus type 1 and al-
opecia areata encoding the transcriptional factor for  
T cell activation [101–103].

 – SH2B3 gene. SNPs at 12q24.12 region localized inside 
and close to SH2B3 gene and SNP within ATXN2 gene 
encoding Ataxin-2. More important in vitiligo develop-
ment seems to be SH2B3 gene encoding adaptor pro-
tein LNK regulating development of both B and T cells 
[104]. The gene is associated with diabetes mellitus 
type 1 and celiac disease, rheumatoid arthritis, mul-
tiple sclerosis and probably with lupus erythematosus 
[54, 87, 105, 106].

 – TOB2 gene. SNPs at 22q13.2 region close to TOB2 gene 
and SNPs between ZC3H7B and TEF. TOB2 gene en-
codes a regulator of cell cycle progression involved in 
T cell tolerance [107].

Most of these genes encode immunoregulatory 
proteins or melanocyte proteins. Many of these loci are 
shared with other autoimmune diseases.

Other aspects of genetic studies

Genetics and clinical signs 

Genetic studies of generalized vitiligo do not only 
concern identification of disease predisposing genes but 
might lead to identification of genes linked to clinical as-
pects of disease, e.g. dynamics of the disease process or 
the time of first skin lesion manifestation. 

In the study conducted among the Chinese Han pop-
ulation, clinical features of vitiligo patients HLA-DRB1*07 
positive and negative were compared [108]. Among pa-
tients HLA-DRB1*07 positive the study showed an earlier 
disease onset, higher frequency of family history and 
coexistence of autoimmune diseases compared with 
DRB1*07 negative patients.

The GWAS study conducted identified locus linked 
to the time of first skin lesion manifestation localized at 
MHC class II region [109]. 

Vitiligo and skin melanoma

Among some patients, during the treatment of mel-
anoma vitiligo macules occur. In the opinion of many 
authors, this symptom is a favorable prognostic factor. 
The inverse relationship between genetics of vitiligo and 
melanoma was proven. The TYR gene encodes tyrosinase 

which is a key melanosomal enzyme responsible for mela-
nin biosynthesis. The tyrosinase not only plays an import-
ant role in skin pigmentation but also, as it was already 
mentioned, is a major autoantigen in generalized vitiligo. 
In the case of TYR gene, the vitiligo susceptibility variant 
seems to be the major (Arg) allele of rs1126809. This poly-
morphism is rare among populations other than Europe-
an-derived white individuals [110]. On the other hand, 
the minor (Gln) allele, which is protective with respect 
to generalized vitiligo, is associated with susceptibility 
to melanoma in this population [111, 112]. From a genetic 
susceptibility point of view, the TYR Arg402Gln polymor-
phism shows an inverse relationship between vitiligo and 
melanoma. Most of the biological processes responsible 
for this relation are already known. Tyrosinase is present-
ed to the immune system on the surface of both melano-
cytes and melanoma cells making it an important signal 
by which the immune system recognizes these cells. The 
presentation is mediated by HLA class I molecules, prin-
cipally by HLA-A*0201 which itself is a major risk allele of 
generalized vitiligo. HLA-A*0201 and TYR 402Arg genes 
show an important genetic interaction conducive to the 
occurrence of vitiligo susceptibility which is reflected by 
biological interaction [51]. TYR 402Gln variant encodes 
unstable polypeptide stored and degraded within the en-
doplasmic reticulum. The degradation results in reduced 
amount of polypeptide available to presentation on the 
cell surface. Furthermore, the presentation of this peptide 
with the HLA-A*0201 participation requires posttransla-
tional modification via a mechanism which is likely to 
be inefficient in the case of TYR 402Gln polypeptide. In 
consequence, tyrosinase-402Arg presented with a great-
er efficiency on the cell surface seems to have a bigger 
contribution to immune surveillance (as a consequence 
in protection) against melanoma and to vitiligo suscep-
tibility than tyrosinase-402Gln. While conversely tyrosi-
nase-402Gln is associated with a lower vitiligo suscepti-
bility but a greater risk of melanoma [110].

Summary

Up to now, approximately 36 convincing non-segmen-
tal vitiligo susceptibility loci have been identified. Most of 
them are localized directly within or in close proximity to 
reliable biological candidate genes. Approximately 90% of 
them encode immunoregulatory proteins, while approxi-
mately 10% encode melanocyte proteins. The proteins of 
melanocytes are probably autoantigens which stimulate 
specific immune response, they are identified by the im-
mune system and eliminated. These proteins altogether 
create a dense network regulating the immune system 
that highlights systems and pathways which have an in-
fluence on vitiligo susceptibility development [113].

Constant researches of susceptibility genes give an 
opportunity to get a better understanding of the mecha-
nisms underlying the vitiligo pathogenesis, perhaps will 
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allow to select patients with an increased genetic risk of 
the disease development and will lead to discovery of 
interactions between genes and environmental factors 
to eliminate negative conditions.

The existence of various associations between vitiligo 
and other autoimmune diseases may provide new knowl-
edge on the causes of many disorders thanks to genet-
ic researches. Examples inlude the inverse relationship 
between vitiligo and melanoma genetics which in the 
future may lead to new opportunities for this extremely 
dangerous skin neoplasm therapy. 

The main goal of all researches is to find new, optimal 
therapeutic strategies for vitiligo and other autoimmune 
diseases. It is possible that in the future these researches 
will even find new methods of prevention in this specific 
group of diseases. 
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