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Summary: 
 
     Vitiligo is an autoimmune skin disorder in which autoimmune-mediated destruction of melanocytes caused depigmentation of 
skin patches. The complex genetics of vitiligo involves multiple susceptibility loci, genetic heterogeneity and incomplete 
penetrance with gene-gene and gene-environment interactions. In order to clarify the genetic factors, two different principal 
approaches have applied for the identification of genomic regions or candidate genes that mediate susceptibility to vitiligo. First 
approach is the genome-wide linkage analyses, which is conducted by scanning of entire human genome for genomic regions 
that are linked to the development of vitiligo. The other approach is functional candidate gene association (FCGA) analyses that 
detect specific candidate genes, which are expected to involve in disease on the basis of their priori biological functions. 
Genomic-wide scans have provided a strong support for vitiligo susceptibility genes on chromosomes 4q13-q21, 1p31, 7q22, 
8p12 and 17p13, while loci of interest at 6p, 6q, 14q, 9q, 13q, 19p and 22q required further follow-up. Whereas, FCGA studies 
have identified some candidate genes which are associated with vitiligo, such as HLA, AIRE, VIT1, CAT, FOXD3, ESR1, COMT, 
PTPN22, NALP1, PDGFRA, MYG1, MITF, CD117, XBP1, FAS, COX2, EDN1 and ACE, but few of them reports now appear to 
be false-positive. This review will provides an update on genetics of vitiligo based on the identification of novel candidate genes 
that represent, in my opinion as optimal utility for future therapeutic targets in the pathogenesis of vitiligo.  
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Introduction 
     Vitiligo is a multifactorial autoimmune 
disorder characterized by the appearance of 
white maculae that may spread over the entire 
body skin. (1) In general, it is an acquired 
hypomelanotic skin disorder with 0.1-2% 
incidence worldwide. (1,2) Patterns of 
distribution of vitiligo are generalized, 
acrofacial, localized or segmental types. In 
fact, vitiligo is known for thousands years 
because of its visually evident phenotype. (3) 
Most vitiligo patients are in good health and 
have no symptoms other than depigmentation 
of skin lesions. (4) However, this disease is one 
of the most devastating psychologically 
disorder and its psychological effects are 
influenced by social perceptions of skin 
disfigurement and irregularities of skin color. 
(4,5) The etiology of vitiligo is still unknown, but 
genetic factors, autoimmunity, environmental 
factors, or lack of melanocytes growth factors 
might contribute for precipitating the disease in 
susceptible people (6-10). In addition, many 
studies have shown a strong association of 
vitiligo patients with other autoimmune 
diseases, (11, 12) particularly autoimmune thyroid 
disease (AITD) [6], suggesting a heritable 
predisposition involving, in part, and shared 
susceptibility genes. 
     Genetic risk for vitiligo is well supported by 
multiple lines of evidence. (13-19) Vitiligo is 
frequently associated with familial clustering 
and approximately 20% of probands have at 
least one affected first-degree relatives. (11,13) 
The risk for first degree relatives of patients 
with vitiligo to develop the disease is increased 
by seven to ten fold compared with the risk for 
the general population. (14) But, now it is well 
accepted that the inheritance pattern of vitiligo 
does not follow the simple Mendelian pattern 
and its mode of heredity suggests that it is a 
polygenic and multifactorial disease. (11, 12, 15) 
This is supported by several genome-wide 
scans and functional gene association (FCGA) 
studies, which have been performed in the 
past years and multiple linkages to vitiligo have 
been identified from different populations [19-
23] and different genetic models for vitiligo. 
(16,17) Despite formal proof that vitiligo is 
genetically dependent, and despite rapid 
progress in molecular genetics, the gene(s) 
directly implicated in this skin disorder remain 
to be identified. This comprehensive review is 
aimed to update the genetic knowledge of  

 
vitiligo, which provides some novel therapeutic 
targets for the new interventional approaches 
to treat and even prevent vitiligo in future.  

 
Vitiligo Genetics  
     Genetics of vitiligo is characterized by 
incomplete penetrance, multiple susceptibility 
loci and genetic heterogeneity. (11,14) 
Approaches for the identification of genes 
involved in vitiligo pathogenesis have taken a 
number of forms, initially focusing on biological 
candidates and differential expression 
analyses. In the last decade, technological 
advances enabled by human genome project, 
and methodological advances applied to the 
analyses of polygenic, multifactorial diseases, 
have permitted more global approaches, 
including a genome-wide scans and FCGA 
studies. As the result, there has been 
considerable progress in identifying 
susceptibility genes for vitiligo. Approaches for 
the identification of genes involved in vitiligo 
pathogenesis are summarized in Figure 1. 

   
1- Identification of vitiligo susceptibility loci 
by genome-wide linkage analysis 
     Genome-wide linkage studies are the best 
suited to detecting genetics signals that 
represent relatively rare causal variants with 
modest-large effect sizes. This approach 
involves the typing of families using 
polymorphic markers that are positioned 
across the whole genome, followed by 
measuring the degree of linkage of the marker 
to a disease trait, and then the positional 
candidate genes can be identified by 
examining the regions around the peaks of 
linkage. (24) However, it must be borne in mind 
that most vitiligo patients are singleton cases, 
with few or no affected relatives, and thus 
susceptibility genes and variants detected by 
linkage in multiple families may not be typical 
of the majority of cases. Moreover, in many 
instances it has proved difficult to identify 
positional genes that underlie candidate 
genetic linkage signals. But this approach has 
sufficient powered to minimize statistical 
variations and allows adequate control for 
multiple testing within the study, and provide 
full-genome datasets that enable both 
detection of and adjustment for population 
stratification.  
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     Several genome-wide linkage 
analyses/scans of vitiligo have been performed 
and multiple linkages associated to vitiligo are 
identified. (1, 19-22) These studies identified 15 
potential vitiligo susceptible loci on 12 different 
chromosomes. First positive linkage of vitiligo 
was identified on chromosome17p13 in 
European-American Caucasian pedigrees with 
co-segregation of SLE. (19) This approach was 
also proved successful as identified a 
significant linkage on chromosome 1p32.2-
p31.3 (named as ‘‘AIS1’’) among Caucasian 
families with co-segregation of vitiligo and 
Hashimoto thyroiditis [20]. Another genome-
wide linkage scan identified an additional 
seven suggestive linkages on chromosomes 1, 
7, 8, 11, 19 and 22. (19,20) Another linkage scan 
from 102 multiplex family cohorts provides a 
strong for AIS1 locus at 73.7 cM on 
chromosome 1p. (21) This study has also 
provided supporting evidence for a disease 
locus on chromosome 17, which may 
correspond to SLEV1 locus and the linkage 
evidence at AIS1, AIS2 on chromosomes 7q 
and 8p, respectively. (19,21) Genome wide 
linkage scan of Chinese population also 
identified linkages to generalized vitiligo on 
1p36, 4q13-q21, 6p21-p22, 6q24-q25, 14q12-
q13, 22q12 and a novel linkage on 4q13-q21, 
(22), this suggests that 4q13-q21 may be a 
major susceptibility locus for vitiligo in this 
population. 

 
2-Functional candidate genes associated 
with vitiligo susceptibility 
     The first critical step in conducting 
candidate gene studies is the choice of a 
suitable candidate gene that may plausibly 
play a relevant role in the process or disease 
under investigation. A few genes that are 
reported to contribute to vitiligo susceptibility 
are presented in Figure 1 and are described 
below. 

 
A. Human leukocyte antigen (HLA) genes 
     The inherited origin of vitiligo and its 
frequent association with autoimmune 
diseases suggest an association between HLA 
systems to vitiligo predisposition. The HLA loci 
are strongly linked to other loci in the major 
histocompatibility complex (MHC) region of 
chromosome 6p. (1,25) Therefore, vitiligo 
associated HLA alleles may not be disease 
specific, but are the genetic markers that 

usually co-inherit in the population with the 
actual disease allele at another locus 
within the MHC region. (6)  Allelic linkage or 
association studies in different populations 
have consistently showed a significant 
association between HLA system and vitiligo. 
(24-36) Recent advancement in gene technology 
with accurate statistical methods found 
association between generalized vitiligo and 
HLA-DRB4*0101 and HLA-DQB1*0303 in 
Dutch patients [32], with HLA-DRB1*03, 
DRB1*04 and HLA-DRB1*07 alleles in Turkish 
patients, (34) and with alleles of microsatellites 
located in the MHC in Columbian patients. (33) 
Furthermore, in Caucasian multiplex 
generalized vitiligo families, the MHC class II 
haplotype HLA DRB1A*04-(DQA1*0302)-
DQB1*0301 showed consistent association 
with both increased risk of vitiligo and with 
relatively early disease onset. (35) In short, 
studies in different populations provide 
consistent association between vitiligo 
predisposition and HLA-A2, A30, A31, B13, 
B27, B46, B56, B60, Cw4, Cw6, DR4, DR5, 
DR7, DR53 and DQ3 [1-4]. Genetic models of 
vitiligo also show a positive association to 
DQB1*0303, DQB1*0503 and DRB1*0901 
alleles with vitiligo susceptibility. (16) 
Association has also been reported between 
generalized vitiligo and genes with low 
molecular weight polypeptide-2 and -7 (LMP2 
and LMP7) and with transporter associated 
with antigen processing protein-1 (TAP-1) 
gene region of the MHC. (36) All these data 
discuss under this subheading clearly suggest 
that HLA genes represent attractive 
therapeutic targets for vitiligo pathogenesis.  

 
B. Cytotoxic T lymphocyte-associated 

antigen 4 (CTLA-4) gene 
     CTLA-4 is involved in the negative 
regulation of T-cell activation and in controlling 
T-cell apoptosis. (37) Several CTLA-4 
ploymorphic alleles are associated with 
susceptibility to autoimmune disease and 
some of these have now been associated with 
vitiligo. (38-40) Interpretation of finding for CTLA-
4 has been more problematic. A meta-analysis 
(38) indicated that, overall association of CTLA-
4 with vitiligo is weak, and probably is 
secondary driven by primary genetic 
association of CTLA-4 with other autoimmune 
diseases that are epidemiologically associated 
with vitiligo. In short, studies suggest that 
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vitiligo when not associated with an 
autoimmune disorder is not influenced by 
CTLA-4 polymorphism [reviewed in 24].   
 
C. Angiotensin-converting enzyme (ACE) 
gene 
     Neural system plays an important role in the 
pathogenesis of vitiligo (especially segmental 
vitiligo). (15) It is known that substance P is 
neuropeptides which is released from sensory 
nerves in the skin under noxious stimuli like 
chemical and mechanical injury, which then 
induced augmented inflammatory responses, 
including plasma extravasations, 
proinflammatory cytokine production, 
leukocytes and mast cell activation. (41) ACE 
gene is located on chromosome 17q23.3 
encode angiotensin- converting enzyme. This 
is capable of inactivating bradykinin, 
modulating cutaneous neurogenic 
inflammation and degrading substance P and 
other neuropeptides. (41) Many studies have 
shown an association of ACE gene 
insertion/deletion (I/D) polymorphism in intron 
16 and autoimmune diseases. (42-44) 
Furthermore, the ACE genotype distribution 
and allelic frequencies are significantly 
different between vitiligo patients and controls, 
indicating a strong association of ACE gene 
polymorphisms with vitiligo. (42, 43) However, 
few studies reported that an I/D polymorphism 
in ACE gene is not associated with generalized 
vitiligo in different populations. (44, 45) Therefore, 
the interpretation of findings for ACE gene has 
been confusing and should be investigated 
further.   

 
D. Catalase (CAT) gene 
     Catalase is well known antioxidant enzyme, 
which prevents cell damage from highly 
reactive oxygen species (ROS). The CAT gene 
was selected as a candidate gene because of 
the reduction of catalase enzyme activity 
during vitiligo condition (46) and concomitant 
accumulation of excess hydrogen peroxide in 
the entire epidermis of vitiligo patients. (46) 
Many allelic variants of catalase have been 
reported, (47) and the first form was known as 
catalasemia, which occurred due to splicing 
mutation in Japanese population.  (47)  The CAT 
gene composed of 13 exons spanning 33 kb of 
genomic DNA located on chromosome 11p13 
with the complete cDNA sequence revealing a 
coding region 1584 base pairs in length. (43) It is 

known that SNP in exon 9 of the CAT gene is 
associated with vitiligo, (48) as T/C 
heterozygocity is more frequent in vitiligo 
patients than in controls. C allele is transmitted 
more frequently to patients than to controls, 
suggesting that linked mutations in or near 
CAT gene may contribute to a quantitative 
deficiency of catalase activity in patients with 
vitiligo. All these data indicate that CAT gene is 
an attractive therapeutic target for vitiligo.   

 
E. Platelet-derived growth factor receptor 
alpha (PDGFRA) gene 
     PDGFRA gene is a proto-oncogene, 
located on chromosome 4q12. It belongs to the 
human type III family of transmembrane 
receptors, with an intrinsic tyrosine kinase 
component. The PDGFRA protein is involved 
in several cellular and tissue processes, such 
as proliferation, apoptosis, chemotaxis, 
melanogenesis, hematopoiesis and 
gametogenesis [reviewed in 49]. Studies have 
shown a mutation in PDGERA gene in patients 
with familial vitiligo (49), suggesting a strong 
association of this gene with vitiligo. 
Furthermore, genetic linkage analysis of a 
large Chinese family of cohort vitiligo, identified 
a vitiligo linkage locus AIS4 within 
chromosome 4q12-q21, a region containing 
PDGFRA gene, (49) further supports the 
candidature for vitiligo pathogenesis and 
should be targeted and offer a suitable 
therapeutic options for vitiligo. 

  
F. Protein tyrosine phosphatase non 
receptor 22 (PTPN22) gene  
     PTPN22 gene is located on chromososome 
1p13 which encodes lymphoid protein tyrosine 
phosphatase (LYP), which is important in 
negative control of T lymphocyte activation and 
is believed to be a general autoimmunity 
susceptibility locus. (50-53) Three independent 
case-control studies have shown strong 
association of the PTPN22 1858T variant with 
vitiligo, in a Caucasians cohort from UK, (54) 
Gujarat, India, (55) and from Romania. (56) 
These results strongly indicating true 
association with what is believed to be the 
causal variant for PTPN22-related autoimmune 
susceptibility. Genetic linkage and association 
studies on PTPN22 gene further support its 
candidature for generalized vitiligo. (57-58) 
 
G. Melanocyte proliferating gene 1(MYG1) 
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     MYG1 (also known as C12 or f10) is 
considered to be a novel candidate gene for 
vitiligo genetics. It is composed of seven exons 
that span 7.5 kb of genomic DNA located in 
chromosomal region 12q13. (59) MYG1 has 
differential pattern and level of expression 
during embryonic development of experimental 
animals; (59) however, MYG1 expression in 
normal adult tissues is stable and seems to be 
changed under pathological conditions. (60-62) 
Moreover, MYG1 expression has 
demonstrated with subcellular localization in 
the mitochondria and nucleus. Elevation of 
MYG1 mRNA has shown in both uninvolved 
and involved skin of vitiligo patients (60) and 
atopic eczema (63). MYG1 gene contains 10 
polymorphisms that are defined as SNPs but 
two polymorphisms are potentially functional. 
SNP is located at 119 bp upstream of MYG1 
translation start site (ATG) and MYG1 
promoter polymorphism (-119C/G). (64). 
Promoter polymorphism 119C/C in MYG1 
gene is associated to vitiligo susceptibility, (64) 
suggesting a strong role of MYG1 gene 
polymorphism with vitiligo.  
 
H. Microphthalmia- associated 
transcription factor (MITF) gene 
     MITF gene is also considered to be a 
candidate gene for vitiligo, which is located on 
chromosome 3p14, encodes a specialized 
transcription factor that binds to & activates 
target genes required for development of 
pigment cells. (65) Otherwise, the antioxidant 
catalase selectively and significantly reduced 
death of vitiligo associated melanocytes. (45) In 
healthy melanocytes, MITF expression inhibits 
the onset of elevated oxidative stress. (65, 66) 
Melanocyte stimulating hormone induced 
expression of MITF protein, which caused an 
increase in the sensitivity of 4-tyrosinase-
related proteins (4-TBP). (65, 66) MITF stimulates 
melanin synthesis by up-regulating expression 
of melanogenic enzymes such as TRP-1. It is 
reported that melanocytes in vitiligo reduced 
their abilities to handle oxidative stress, which 
partly caused disruption in MITF regulation of 
TRP-1[65]. Furthermore, it is also reported that 
MITF locus lacks linkage to human vitiligo. (66) 
This foregoing discussion suggesting a strong 
association of MITF gene with vitiligo but 
clearly warrants further studies.  
 

I. Cluster of differentiation 117 (CD117) 
gene 
     CD117 is also called KIT gene, which is 
located on chromosome 4 at map locus 4q12. 
(67)  It encodes tyrosine kinase receptor c-kit, 
which is expressed on the surface of 
melanocytes, mast cells, germ cells and 
hematopoietic stem cells. (67) The c-kit ligand, 
stem cell factor (SCF) is known to be involved 
in proliferation and survival of melanoblasts.  
(68) Mutations in the human CD117 gene 
caused Piebaldism, a rare autosomal dominant 
disorder of melanogenesis which is 
characterized by depigmentation of skin 
patches. (69) Therefore, CD117 is considered to 
be a candidate gene for vitiligo but more 
studies are needed to find its exact association 
to vitiligo onset.   
 
J. Estrogen receptor (ESR) 1 gene 
     ESR 1 gene is larger than 140 kb, contains 
8 exons, and is located on chromosome 
6q25.1 in humans. The ESR1 is a ligand-
activated transcription factor composed of 
several domains, which are important for 
hormone binding, DNA binding, and activation 
of transcription. (70) It is reported that high 
estrogen levels in serum is associated with 
increase in skin pigmentation and successful 
treatment of vitiligo is possible with estrogen. 
(70) Therefore ESR1 is considered to be a 
candidate gene for vitiligo. Case-control 
association study on Korean population shows 
that ESR1 intron 1 C/T polymorphism is 
associated with female or generalized vitiligo, 
(70) further supports its candidature for vitiligo. 
These data clearly indicating that ESR1 gene 
offers potential as a therapeutic target for 
vitiligo. 

 
K. Forkhead box D3 (FOXD3) gene 
     FOXD3 gene is found in AIS1 region of 
chromosome 1p32-p31. It encodes a forkhead 
transcription factor that is a primary regulator 
of melanoblast differentiation in the embryonic 
neural crest.  (71) Now, it is known that families 
are affected with vitiligo and that had a -
639G>T promoter mutation in FOXD3, which 
significantly increased transcriptional activity of 
the gene. (72) A microarray study examining 
melanocytes from the family members with 
vitiligo and this FOXD3 variant versus normal 
control melanocytes showed dysregulation of 
many genes involved in controlling cell cycle, 
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cell division, and growth and proliferation. This 
suggests that the FOXD3 variant in this family 
may results in primary cell-autonomous 
dysregulation of melanocytes growth, leading 
to vitiligo. Taken all together, these data clearly 
indicating that FOXD3 gene has potential as a 
candidate gene for vitiligo.   

 
L. The autoimmune regulator (AIRE) gene 
     AIRE is transcription factor composed of 
552 amino acids and its gene (AIRE) is located 
on chromosome 21q22.3. (73-75) Vitiligo is 
commonly associated with autoimmune 
polyglandular syndrome type 1 (APS1). APS1 
associated vitiligo is proposed to be a 
consequence of immune dysregulation 
resulting from mutations in AIRE 1 gene. (73-75) 
This indicates that AIRE gene offers potential 
as a candidate gene for vitiligo and should also 
be investigated further.   

 
M. Catechol O-methyl transferase (COMT) 
gene 
     COMT gene is located on chromosome 
22q11.21-q11.23. (76, 77) It encodes catechol O-
methyl transferase protein, which is one of 
several enzymes that degrade catecholamines 
such as dopamine, epinephrine, and 
norepinephrine. It is reported that COMT-158 
polymorphism reduced COMT enzyme activity, 
this may caused overproduction of toxic 
radicals in the melanocyte microenvironment.  
(76, 77) This suggests that COMT gene 
polymorphism may be contributed in the 
etiology of vitiligo. Large population-based 
studies should be required to verify these 
findings. 

 
N. X box binding protein 1 (XBP1) gene 
     XBP1gene is located on chromosome 
22q12. It acts as a transcription factor that is 
recognized by X2 promoter element on human 
DR-A and DP-B. (78) XBP1 gene is considered 
to be a candidate gene for vitiligo due to its 
plausible role in the onset of the disease 
through its interaction with HLA-DR, (79) 
however, clearly warrants further study.   

 
O. NALP1 gene 
     NALP1 (also known as CARD7, DEFCAP, 
or NAC gene) is located in the susceptibility 
locus 17p, encodes NACHT leucine-rich repeat 
protein 1, which is a regulator of the innate 

immune system. (80) Frequency of NALP1 
genotype showed an association with vitiligo 
alone, or with an extended autoimmune 
disease phenotype, or with both. (81) Caucasian 
population-based case control study shows a 
strong association of generalized vitiligo with 
NALP1 variants. (82) This indicates that NALP1 
gene may offers as a candidate gene for 
vitiligo pathogenesis and should also be 
investigated further.  

 
P. FAS gene 
     Human FAS gene (also known as 
TNFSF6/CD95L) is a member of the tumor 
necrosis factor (TNF) superfamily, which is 
mapped to chromosome 10q24.1, consists of 
nine exons and eight introns. (33) FAS is 
participated in apoptotic signaling in many 
types of cells, (83) and triggered cell death 
signal cascade through FASLG. (84) Therefore, 
this FAS/FASLG system plays a crucial role in 
apoptosis. It is reported that two 
polymorphisms in their promoter regions at 
position 1377 and at 670 with G-A substitution 
and with A-G substitution increased the risk of 
vitiligo onset in Han Chinese populations. (85) 
This indicates that FAS gene may has a role in 
the onset of vitiligo but further investigations 
should be needed to investigate its exact role 
in this skin disease.    

 
Q. Endothelin-1 (EDN1) gene 
     EDN1 gene is located on chromosome 
6p23-p24 and it encodes a potent 
vasoconstrictor peptide expressed in vascular 
endothelial cells and in keratinocytes. (86, 87) 
Several polymorphisms in this gene were 
identified (86) and the role of genotyping and 
allele frequencies of EDN1 in the onset of 
vitiligo was reported. (87, 88) These data show a 
strong association between EDN1 gene 
polymorphisms and susceptibility to vitiligo in 
different populations. (86, 87) Therefore, it may 
also offers a therapeutic target for vitiligo, but 
further studies must be needed to prove its 
candidature. 

 
R. Cyclooxygenase-2 (COX2) gene 
     COX2 gene (also known as prostaglandin 
endoperoxide synthase 2 or PTGS2 gene) is 
mapped to chromosome 1q25.2–q25.3. It plays 
an important role in the production of 
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prostaglandin E2 (PGE2), which is made by 
epidermal keratinocytes in response to 
ultraviolet radiation (UVR). (88-90) PGE2 is 
important for the proliferation and 
melanogenesis of epidermal melanocytes, the 
loss of which leads to vitiligo. (91-93) This 
suggests a strong association of COX-2 gene 
polymorphism with vitiligo onset, therefore it 
should also be targeted and offer a suitable 
therapeutic options for vitiligo. 

 
S. Vitiligo-associated protein 1 (VIT1) gene 
     VIT1 gene (also known as FBXO11gene) is 
located on chromosome 2p16 (6,94) and was 
found to be associated with vitiligo. (94,95) A 
detailed study of the structure of this gene 
using computational methods revealed 
features that could explain many of the 
distinctive features of vitiligo. (95) The 3`-end of 
the VIT1 cDNA sequence is complementary to 
the 3`-end of hMSH6, a G/T mismatch repair 
gene. Some studies indicate that decreased 
levels of VIT1 are associated with increased 
levels of hMSH6. (96) However, the expression 
of the VIT1 gene in melanocytes of vitiligo 
patients and potential function in pathogenesis 
of vitiligo remains unknown.   
 
 

Key points  
     Vitiligo is a common depigmentary disorder 
of the skin and hair, which results from a 
selective destruction of melanocytes. It affects 
approximately 0.5-2% of the world population 
without preferences for specific skin tone or 
gender. In recent years, technological 
advances enabled by the human genome 
project, and methodological advances applied 
to analyses of polygenic, multifactorial 
diseases, have permitted more global 
approaches, including a recent genome-wide 
linkage scans and functional candidate gene 
association studies. As the result, there has 
been considerable progress in identifying 
susceptibility genes for vitiligo, some of which 
are shared with other autoimmune diseases 
and some of which are specific to vitiligo. The 
linkage and association studies also provide a 
strong evidence for the presence of multiple 
vitiligo susceptibility genes on different 
chromosomes.  These genes may thus provide 
novel therapeutic and even prophylactic 
targets for new interventional approaches to 
treat and prevent vitiligo and other autoimmune 
diseases. In the coming years developments in 
this area are going to be exciting and will 
influence the therapeutic approaches for the 
suppression of vitiligo.  
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Figure 1. Identification of vitiligo 
susceptibility genes. Two different 
approaches have been used to identify genes 
that mediate susceptibility to vitiligo: genome-
wide linkage scans and functional candidate 
gene association (FCGA) studies.  Genome-
wide linkage analysis is conducted by scanning 
of entire human genome for positional 
candidates genes (genomic regions) that are 
linked to the onset of vitiligo, whereas FCGA 
studies detect specific candidate genes which 
are believed to involve in disease on the basis 
of their priori biological functions. These 
approaches provide number of candidate 
genes that are reported to contribute to vitiligo 
susceptibility. Abbreviations: HLA, human 
leukocyte antigen; CTLA-4, cytotoxic T 
lymphocyte-associated antigen 4; ACE, 
angiotensin-converting enzyme; CAT, 
catalase; PDGFRA, platelet-derived growth 
factor receptor alpha; PTPN22, protein tyrosine 
phosphatase non-receptor 22; MYG1, 
melanocyte proliferating gene 1; MITF, 
microphthalmia- associated transcription 
factor; CD117, cluster of differentiation 117; 
ESR 1, estrogen receptor 1; FOXD3, forkhead 
box D3; AIRE, the autoimmune regulator; 
COMT, catechol O-methyl transferase; XBP1, 
X box binding protein 1; EDN1, endothelin-1; 
COX2, cyclooxygenase-2; VIT1, vitiligo-

associated protein 1.                                     
                                           

 
References 
1. Shajil EM, Chatterjee S, Agrawal D, 

Bagchi T, Begum R. Pathomechanisms 
and genetic polymorphism of susceptible 
genes. Ind J Exp Biol 2006; 44:526-39.  

2. Nordlund JJ, Ortonne JP, LePoole IC. 
Vitiligo vulgaris. In: Nordlund JJ, Boissy 
RE, Hearing VJ, King RA, Oetting WS, 
Ortonne J-P (eds) The Pigmentary 
System. 2nd edn Blackwell Publishing: 
Malden, 2006; MA, 551-98. 

3. Nair BK. Vitiligo: a retrospect. Int J 
Dermatol 1978; 17:755- 7. 

4. Bolognia JL, Nordlund JJ and Ortonne J-P. 
Vitiligo vulgaris. In: Nordlund JJ, Boissy 
RE, Hearing VJ, King RA, Ortonne J-P 
(eds) The pigmentary system. Oxford 
University Press, New York 1998; pp 513-
51. 

5. Huggins RH, Schwartz RA, Janniger CK. 
Vitiligo. Acta Dermatoven APA 2005; 14: 
137-41.  

6. Spritz RA. Shared genetic relationship 
underlying generalized vitiligo and 
autoimmune thyroid disease. Thyroid 
2010; 20: 745-54.   

7. Gopal KV, RamaRao GR, Kumar YH, 
AppaRao MV, Vasudev P, Srikant P. 
Vitiligo: a part of a systemic autoimmune 
process. Indian J. Dermatol. Venereol. 
Leprol.2007; 73: 162–165. 

8. Naughton, G.K., Eisinger, M. and Bystryn, 
J.C.  Antibodies to normal human 
melanocytes in vitiligo. J Exp Med 1993; 
158: 246-251. 

9. Bystryn JC, Naughton GK.  The 
significance of vitiligo antibodies. J 
Dermatol 1985; 12:1-9. 

10.  Le PIC, Das PK, Wijngaard RM, Bos JD, 
Westerhof W. Review of the 
etiopathomechanism of vitiligo: a 
convergence theory. Exp Dermatol 1993; 
2:145-53.  

11. Alkhateeb A, Fain PR, Thody A, Bennett 
DC and Spritz RA. Epidemiology of vitiligo 
and associated autoimmune diseases in 
Caucasian probands and their families. 
Pigment Cell Res 2003; 16:208-14. 

12. Laberge G, Mailloux CM, Gowan K, 
Holland P, Bennett DC, Fain PR and Spritz 
RA.  Early disease onset and increased 
risk of other autoimmune diseases in 
familial generalized vitiligo. Pigment Cell 
Res. 2005; 18:300-5. 

13. Ortonne, J.P., Mosher, D.B. and 
Fitzpatrick, T.B. Vitiligo and other 
hypomelanoses of hair and skin. In Topics 
in Dermatology (Ortonne, J.P., Mosher, 
D.B. and Fitzpatrick, T.B., eds), pp. 257-
258, Plenum Medical Book Co., New York, 
1983; USA. 

14. Nath SK, Majumder PP and Nordlund JJ. 
Genetic epidemiology of vitiligo: multilocus 
recessivity cross-validated. Am J Hum 
Genet 1994; 55:981-90. 

15. Passeron T and Ortonne JP. 
Physiopathology and genetics of vitiligo. J 
Autoimmune. 2005; 25 Suppl: 63-8.  

16. Zhang XJ, Liu JB, Gui JP, Li M, Xiong QG, 
Wu HB, Li JX, Yang S, Wang HY, Gao M, 
Yang J, and Yang Q. Characteristics of 
genetic epidemiology and genetic models 

174 



Updates on the genetic characterization of vitiligo 

 

for vitiligo. J Am Acad Dermatol 2004; 
51:383-90. 

17. Majumder PP, Das SK and Li CC. A 
genetical model for vitiligo. Am J Hum 
Genet 1988; 43:119-25. 

18. Sun X, Xu A, Wei X, Ouyang J, Lu L, Chen 
M and Zhang D. Genetic epidemiology of 
vitiligo: a study of 815 probands and their 
families from south. Int J Dermatol. 2006; 
45:1176-81. 

19. Nath SK, Kelly JA, Namjou B, Lam T, 
Bruner GR, Scofield RH Aston CE and 
Harley JB. Evidence for a susceptibility 
gene, SLEV1, on chromosome 17p13 in 
families with vitiligo-related systemic lupus 
erythematosus. Am J Hum Genet. 2001; 
69:1401-6. 

20. Alkhateeb A, Stetler GL, Old W, Talbert J, 
Uhlhorn C, Taylor M Fox A, Miller C, Dills 
DG, Ridgway EC, Bennett DC, Fain PR 
and Spritz RA.  Mapping of an 
autoimmunity susceptibility locus (AIS1) to 
chromosome 1p31.3–p32.2. Hum Mol 
Genet. 2002; 11:661-7. 

21. Spritz RA, Gowan K, Bennett DC and Fain 
PR.  Novel vitiligo susceptibility loci on 
chromosomes 7 (AIS2) and 8 (AIS3), 
confirmation of SLEV1 on chromosome 17, 
and their roles in an autoimmune diathesis. 
Am J Hum Genet 2004; 74:188-91. 

22. Chen JJ, Huang W, Gui JP, Yang S, Zhou 
FS, Xiong QG, Wu H-B, Cui Y, Gao M, Li 
W, Li J-X, Yan K-L, Yuan W-T, Xu S-J, Liu 
J-J, and Zhang X-J. A novel linkage to 
generalized vitiligo on 4q13–q21 identified 
in a genomewide linkage analysis of 
Chinese families. Am J Hum Genet. 
2005;76: 1057-65. 

23. Ramaiah A, Mojamdar MV andAmarnath 
VM. Vitiligo in the SSK community of 
Bangalore. Ind J Dermatol Venereol Leprol 
1988; 54:251–4. 

24. Zhang X-J, Chen J-J and Liu J-B.  The 
genetic concept of vitiligo. J Dermatol Sci 
2005; 39:137-46. 

25. Robinson J, Waller MJ, Parham P, de 
Groot N, Bontrop R, Kennedy LJ, Stoehr P  
and Marsh S G. E.  IMGT/HLA and 
IMGT/MHC: sequence databases for the 
study of the major histocompatibility 
complex. Nucleic Acids Res 2003; 31:311-
4. 

26. Spritz R A. The genetics of generalized 
vitiligo and associated autoimmune 
diseases J Dermatol Sci 2006; 41: 3-10. 

27. Foley LM, Lowe NJ, Misheloff E and 
Tiwari JL. Association of HLA-DR4 
with vitiligo. J Am Acad Dermatol 1983; 
8:39-40.  

28. Orecchia G, Perfetti L, Malagoli P, Borghini 
F and Kipervarg Y. Vitiligo is associated 
with a significant increase in HLA-A30 Cw6 
and Dqw3 and a decrease in C4AQ0 in 
northern Italian patients. Dermatology 
1992; 185:123-7.  

29. Ando I, Chi HI, Nakagawa H and Otsuka F. 
Difference in clinical features and HLA 
antigens between familial and non-familial 
vitiligo of non-segmental type. Br J 
Dermatol 1993; 129:408 -10. 

30. Schallreuter KU, Levenig C, Kuhnl P, 
Loliger C, Hohl-Tehari M and Berger J. 
Histocompatibility antigens in vitiligo: 
Hamburg study on 102 patients from 
northern Germany. Dermatology 1993; 
187:186-92. 

31. al-Fouzan A, al-Arbash M, Fouad F, Kaaba 
SA, Mousa MA and al- Harbi SA. Study of 
HLA class I/IL and T lymphocyte subsets 
in Kuwaiti vitiligo patients. Eur J 
Immunogen 1995; 22:209-13. 

32. Zamani M, Spaepen M, Sghar SS, Huang 
C, Westerhof W, Nieuweboer-Krobotova L, 
et al. Linkage and association of HLA class 
II genes with vitiligo in a Dutch population. 
Br J Dermatol 2001; 145:90-4. 

33. Arcos-Burgos M, Parodi E, Salgar M, 
Bedoya E, Builes JJ, Jaramillo D, Ceballos 
G, Uribe A, Rivera N, Rivera D, Fonseca I, 
Camargo M and Palacio G.Vitiligo: 
complex segregation and linkage 
disequilibrium analyses with respect to 
microsatellite loci spanning the HLA. Hum 
Genet 2002; 110:334-42. 

34. Tastan HB, Akar A, Orkunoglu FE, Arca E 
and Inal A. Association of HLA class I 
antigens and HLA class II alleles with 
vitiligo in a Turkish population. Pigment 
Cell Res 2004; 17:181-4. 

35. Fain PR, Babu SR, Bennett DC and Spritz 
RA. HLA class II haplotype DRB1*04-
DQB1*0301 contributes to risk of familial 
generalized vitiligo and early disease 
onset. Pigment Cell Res. 2006; 19:51-7.  
 

175

175 



Hani A. Al-Shobaili 
 

36. Casp CB, She JX and McCormack WT. 
Genes of the LMP/TAP cluster are 
associated with the human autoimmune 
disease vitiligo. Genes Immun 2003; 
4:492-9.  

37. Das PK, van den Wijngaard RM, 
Wankowicz-Kalinska A and Le Poole IC. A 
symbiotic concept of autoimmunity and 
tumour immunity: lessons from vitiligo. 
Trends Immunol 2001; 22:130-6. 

38. Pehlivan S, Ozkinay F, Alper S, Onay H, 
Yuksel E, Pehlivan M, Ozkinay C. 
Association between IL4 (-590), ACE 
(I)/(D), CCR5 (Delta32), CTLA4 (+49) and 
IL1-RN (VNTR in intron 2) gene 
polymorphisms and vitiligo. Eur J Dermatol 
2009; 19:126-8. 

39. Fattahi M J, Pezeshki A M Emad, M, 
Lohrasb M H Shamseddin, A, Ghaderi A 
and Doroudchi M.  Lack of Association 
between ctla-4 A49G Polymorphism and 
Vitiligo. IJI 2005; 2: 97-102. 

40. Itırl G, Pehlivan M, Alper S, Yüksel S. E, 
Onay H, Özkınay F and Pehlivan S.  Exon-
3 polymorphism of CTLA-4 gene in Turkish 
patients with vitiligo. J Dermatol Sci June 
2005; 38: 225-7. 

41. Scholzen TE, Stander S, Riemann H, 
Brzoska T and Luger TA. Modulation of 
cutaneous inflammation by angiotensin-
converting enzyme. J Immunol 2003; 
170:3866-73. 

42. Jin, S.Y., Park, H.H., Li, G.Z., Lee, H.J., 
Hong, M.S., Hong, S.J., Park, H.K., 
Chung, J.H., and Lee, M.H. Association of 
angiotensin converting enzyme gene I ⁄ D 
polymorphism of vitiligo in Korean 
population. Pigment Cell Res; 2004; 17: 
84-6. 

43. Deeba F, Jamil K, Rabbani,S Waheed 
M.A. and Rao H.  Association of 
angiotensin converting enzyme gene I/D 
polymorphism with vitiligo in South Indian 
population. Inl J Med & Med Sci; 2009; 
1:009-012. 

44. Dwivedi M, Laddha N C., Shajil E. M., 
Shah B J. and Begum R.  The ACE gene I⁄ 
D polymorphism is not associated with 
generalized vitiligo susceptibility in Gujarat 
population Pigment Cell Melanoma Res; 
2008; 21: 407-8. 

45. Akhtar S, Gavalas NG, Gawkrodger DJ, 
Watson PF, Weetman AP, Kemp EH. An 
insertion/deletion polymorphism in the 

gene encoding angiotensin converting 
enzyme is not associated with generalised 
vitiligo in an English population. Arch 
Dermatol Res 2005; 297:94-8. 

46. Schallreuter KU, Moore J, Wood JM, 
Beazley WD, Gaze DC, Tobin DJ, Marshall 
HS, Panske A, Panzig E and Hibberts NA. 
In vivo and in vitro evidence for hydrogen 
peroxide (H2O2) accumulation in the 
epidermis of patients with vitiligo and its 
successful removal by a UVB-activated 
pseudocatalase. J Investig Dermatol Symp 
Proc 1999; 4:91-6. 

47. Wen JK, Osumi T, Hashimoto T and Ogata 
M. Molecular analysis of human 
acatalasemia: identification of a splicing 
mutation. J Molec Biol 1990; 211:383-93.  

48. Casp CB, She JX and McCormack WT. 
Genetic association of the catalase gene 
(CAT) with vitiligo susceptibility. Pigment 
Cell Res 2002; 15:62-6. 

49. Xu S, Zhou Y, Yang S, Ren Y, Zhang C, 
Quan C, Gao M, He C, Chen H, Hhan J, 
Chen J, Liang Y, Yang J, Sun L, Yin X, Liu 
J and Zhang X. Platelet-derived growth 
factor receptor alpha gene mutations in 
vitiligo vulgaris. Acta Derm Venereol. 
2010; 90:131-5. 

50. Smyth D, Cooper JD, Collins JE, Heward 
JM, Franklyn JA, Howson JM, Vella A, 
Nutland S, Rance HE, Maier L, Barratt BJ, 
Guja C, Ionescu-Tirgoviste C, Savage DA, 
Dunger DB, Widmer B, Strachan DP, Ring 
SM, Walker N, Clayton DG, Twells RC, 
Gough SC, Todd JA.  Replication of an 
association between the lymphoid tyrosine 
phosphatase locus (LYP/PTPN22) with 
type 1 diabetes, and evidence for its role 
as a general autoimmunity locus. Diabetes 
2004; 53:3020.  

51. Brand O, Gough S and Heward J.  HLA, 
CTLA-4 and PTPN22: the shared genetic 
master-key to autoimmunity? Expert Rev 
Mol Med 2005; 7:1-15. 

52. Gregersen PK, Lee H-S, Batliwalla F and 
Begovich AB.  PTPN22: setting thresholds 
for autoimmunity. Semin Immunol; 2006; 
18:214-23. 

53. Siminovitch KA. PTPN22 and autoimmune 
disease. Nat Genet 36:1248-9.  

54. Canton I, Askar S, Gavalas NG, 
Gawkrodger DJ, Blomoff A, Watson PF 
Weetman AP and Kemp EH. A single-
nucleotide polymorphism in the gene 

176 



Updates on the genetic characterization of vitiligo 

 

encoding lymphoid protein tyrosine 
phosphatase (PTPN22) confers 
susceptibility to generalised vitiligo. Genes 
Immun; 2005; 6:584-7. 

55. Laddha, N.C., Dwivedi, M., Shajil, E.M., 
Prajapati, H., Marfatia, Y.S., and Begum, 
R. Association of PTPN22 1858C ⁄ T 
polymorphism with vitiligo susceptibility in 
Gujarat population. J Dermatol Sci. 2008; 
49:260-2. 

56. Laberge GS, Birlea SA, Fain PR and Spritz 
RA. The PTPN22-1858C>T (R620W) 
functional polymorphism is associated with 
generalized vitiligo in the Romanian 
population. Pigment Cell Melanoma Res. 
2008; 21:206-8. 

57. Spritz, R.A. The genetics of generalized 
vitiligo and associated autoimmune 
diseases. Pigment Cell Res 2007; 20: 271-
8. 

58. Spritz RA. The genetics of generalized 
vitiligo. In Current Directions in 
Autoimmunity, A.N. Theophilopoulos, ed, 
2008; Vol. 10, Dermatologic Immunity, B.J. 
Nickoloff, F.O. Nestle, eds. 

59. Philips MA, Vikesaa J, Luuk H, Jonson L, 
Lilleväli K, Rehfeld JF, Vasar E, Kõks S 
and Nielsen FC. Characterization of MYG1 
gene and protein: subcellular distribution 
and function. Biol Cell 2009; 101:361-73. 

60. Kingo K, Philips MA, Aunin E, Luuk H, 
Karelson M, Rätsep R, Silm H, Vasar E 
and Kõks S. MYG1, novel melanocyte 
related gene, has elevated expression in 
vitiligo. J Dermatol Sci 2006; 44:119-22. 

61. Hawse JR, Hejtmancik JF, Huang Q, 
Sheets NL, Hosack DA, Lempicki R, 
Horwitz J and Kantorow M. Identification 
and functional clustering of global gene 
expression differences between human 
age-related cataract and clear lenses. Mol 
Vis 2003; 9:515-37. 

62. Kõks S, Luuk H, Nelovkov A, Areda T and 
Vasar E. A screen for genes induced in the 
amygdaloid area during cat odor exposure. 
Genes Brain Behav 2004; 3:80-9. 

63. Sääf AM, Tengvall-Linder M, Chang HY, 
Adler AS, Wahlgren CF, Scheynius A, 
Nordenskjöld M and Bradley M. Global 
Expression Profiling in Atopic Eczema 
Reveals Reciprocal Expression of 
Inflammatory and Lipid Genes. PloS One 
2008; 3:e4017. 

64. Philips MA, Kingo K, Karelson M, Rätsep 
R, Aunin E, Reimann E, Reemann P, 
Porosaar O, Vikeså J, Nielsen FC, Vasar 
E, Silm H and Kõks S. Promoter 
polymorphism -119C/G in MYG1 
(C12orf10) gene is related to vitiligo 
susceptibility and Arg4Gln affects 
mitochondrial entrance of Myg1. BMC Med 
Genet. 2010; 11:56. 

65. Manga P, Sheyn D, Yang F, Sarangarajan 
R and Boissy R E A. Role for Tyrosinase-
Related Protein 1 in 4-tert-Butylphenol-
Induced Toxicity in Melanocytes.  Am J 
Path. 2006; 169:1652-62. 

66. Tripathi RK, Flanders DJ, Young TL, 
Oetting WS, Ramaiah A, King RA, Boissy 
RE and Nordlund JJ. Microphthalmia-
associated transcription factor (MITF) 
locus lacks linkage to human vitiligo or 
osteopetrosis: an evaluation. Pigment Cell 
Res 1999; 12:187-92. 

67. Grabbe J, Welker P, Dippel E and 
Czarnetzki BM. Stem cell factor, a novel 
cutaneous growth factor for mast cells and 
melanocytes. Arch Dermatol Res 1994; 
287:78-84. 

68. Nishikawa S, Kusakabe M, Yoshinaga K, 
Ogawa M, Hayashi S, Kunisada T, Era T, 
Sakakura T and Nishikawa S. In utero 
manipulation of coat color formation by a 
monoclonal anti-c-kit antibody: two distinct 
waves of c-kit-dependency during 
melanocyte development. EMBO J 1991; 
10:2111-8. 

69. Spritz RA, Chiang P-W, Oiso N and 
Alkhateeb A. Human and mouse disorders 
of pigmentation. Curr Opin Genet Dev 
2003; 13:284-9. 

70. Jin SY, Park HH, Li GZ, Lee HJ, Hong MS, 
Park HJ, Park HK, Seo JC, Yim SV, Chung 
JH and Lee MH. Association of estrogen 
receptor 1 intron 1 C/T polymorphism in 
Korean vitiligo patients. J Dermatol Sci. 
2004; 35:181-6. 

71. Kos R, Reedy MV, Johnson RL and 
Erickson CA. The winged-helix 
transcription factor FoxD3 is important for 
establishing the neural crest lineage and 
repressing melanogenesis in avian 
embryos. Development 2001; 128:1467-
79. 

72. Alkhateeb A, Fain PR and Spritz RA. 
Candidate functional promoter variant in 
the FOXD3 melanoblast developmental 

177 



Hani A. Al-Shobaili 
 

regulator gene in a family with autosomal 
dominant vitiligo. J Invest Dermatol 2005; 
125:388-91. 

73. Nagamine K, Peterson P, Scott KS, Kudoh 
J, Minoshima S, Heino M, Krohn KJ, Lalioti 
MD, Mullis PE, Antonarakis SE, Kawasaki 
K, Asakawa S, Ito F, Shimizu N. Positional 
cloning of the APECED gene. Nat Genet 
1997; 17:393- 8. 

74. Consortium TF-GA. An autoimmune 
disease, APECED, caused by mutations in 
a nvel gene featuring the PHD-type zinc 
finger domains. Nat Genet 1997; 17:399-
403. 

75. Tazi-Ahnini R, McDonagh AJ, Wengraf 
DA, Lovewell TR, Vasilopoulos Y, 
Messenger AG, Cork MJ and Gawkrodger 
DJ. The autoimmune regulator gene 
(AIRE) is strongly associated with vitiligo. 
Br J Dermatol. 2008; 159:591-6. 

76. Li K, Li C, Gao L, Yang L, Li M, Liu L, 
Zhang Z, Liu Y and Gao T. A functional 
single-nucleotide polymorphism in the 
catechol-O-methyltransferase gene alters 
vitiligo risk in a Chinese population. Arch 
Dermatol Res. 2009; 301:681-7.  

77. Tursen U, Kaya TI, Erdal ME, Derici E, 
Gunduz O and Ikizoglu G. Association 
between catechol-O-methyltransferase 
polymorphism and vitiligo. Arch Dermatol 
Res 2002; 294: 143-6. 

78. Liou HC, Boothby MR, Finn PW, Davidon 
R, Nabavi N Zeleznik-Le NJ, Ting JP, 
Glimcher LH. A new member of the leucine 
zipper class of proteins that binds to the 
HLA DR alpha promoter. Science. 1990; 
247:1581-4. 

79. Ren Y, Yang S, Xu S, Gao M, Huang W, 
Gao T, Fang Q, Quan C, Zhang C, Sun L, 
Liang Y, Han J, Wang Z, Zhang F, Zhou Y, 
Liu J and Zhang X.  Genetic variation of 
promoter sequence modulates XBP1 
expression and genetic risk for vitiligo. 
PLoS Genet. 2009; 5:e1000523.   

80. Jin Y, Birlea S A., Fain P R. and Spritz R 
A. Genetic Variations in NALP1 Are 
Associated with Generalized Vitiligo in a 
Romanian Population. J Inv Dermatol 
2007; 127: 2558-62. 

81. Jin Y, Mailloux CM, Gowan K, Riccardi SL, 
Laberge G, Bennett DC Fain PR and 
Spritz RA. (2007) NALP1 in vitiligo-
associated multiple autoimmune disease. 
N Engl J Med. 2007; 356:1216-25. 

82. Gregersen P.  Modern genetics, ancient 
defenses, and potential therapies. New 
Engl J Med. 2007; 356:1263-6. 

83. Sharma K, Wang RX, Zhang LY, Yin DL, 
Luo XY, Solomon JC Jiang RF, Markos K, 
Davidson W, Scott DW and Shi YF.  Death 
the Fas way: regulation and 
pathophysiology of CD95 and its ligand. 
Pharmacol Ther. 2000; 88:333-47. 

84. Kavurma MM and Khachigian LM. 
Signaling and transcriptional control of Fas 
ligand gene expression. Cell Death Differ. 
2003; 10:36-44.  

85. Li M, Sun D, Li C, Zhang Z, Gao L, Li K, Li 
H and Gao T. Functional polymorphisms of 
the FAS gene associated with risk of 
vitiligo in Chinese populations: a case-
control analysis. J Invest Dermatol. 2008; 
128:2820-4.  

86. Kozak M, Izakovicova Holla L, Krivan L 
Vasků A, Sepsi M, Semrád B and Vácha J. 
Endothelin-1 Gene Polymorphism in 
Patients with Malignant Arrhythmias. J 
Cardiovasc Pharmacol 2004; 44: S92–
S95. 

87. Kim HJ, Choi CP, Uhm YK, Kim YI, Lee 
JW, Yoon SH, Chung JH, Lee MH. The 
association between endothelin-1 gene 
polymorphisms and susceptibility to vitiligo 
in a Korean population. Exp Dermatology 
2007; 16: 561-6. 

88. Scott G, Fricke A, Fender A, McClelland L 
and Jacobs S. Prostaglandin E2 regulates 
melanocyte dendrite formation through 
activation of PKCzeta. Exp Cell Res. 2007; 
313:3840-50. 

89. Tripp CS, Blomme EA, Chinn KS, Hardy 
MM, LaCelle P and Pentland AP. 
Epidermal COX2 induction following 
ultraviolet irradiation: suggested 
mechanism for the role of COX2 inhibition 
in photoprotection. J Invest Dermatol. 
2003; 121: 853-61. 

90. Colombe L, Vindrios A, Michelet JF and 
Bernard BA. Prostaglandin metabolism in 
human hair follicle. Exp Dermatol. 2007; 
16:762-9. 

91. Sasaki S, Hozumi Y and Kondo S. 
Influence of prostaglandin F2alpha and its 
analogues on hair regrowth and follicular 
melanogenesis in a murine model. Exp 
Dermatol 2005; 14:323-8. 

92. Scott G, Leopardi S, Printup S, Malhi N, 
Seiberg M and Lapoint R. 

178 



Updates on the genetic characterization of vitiligo 

 

Proteinaseactivated receptor-2 stimulates 
prostaglandin production in keratinocytes: 
analysis of prostaglandin receptors on 
human melanocytes and effects of PGE2 
and PGF2alpha on melanocyte dendricity. 
J Invest Dermatol 2004; 122: 1214-24. 

93. Li M, Gao Yi , Li C , Liu L , Li K , Gao L , 
Wang G, Zhang Z and Gao T  Association 
of COX2 functional polymorphisms and the 
risk of vitiligo in Chinese populations. J 
Dermatol Sci 2009; 53:176-181. 

94. Le Poole IC, Sarangarajan R, Zhao Y, 
Stennett LS, Brown TL, Sheth P, Miki O, 
and Boissy R E ‘VIT1’, a novel gene 
associated with vitiligo. Pigment Cell Res 
2001; 14:475-84. 

95. Eapen BR. VIT1 gene and vitiligo. Indian J 
Dermatol Venereol Leprol 2004; 70:184-5. 

96. Li Y, Chen F, Lin F, Guan C, Wei X, Wan 
Y, Xu A. VIT1/FBXO11 knockdown 
induces morphological alterations and 
apoptosis in B10BR mouse melanocytes. 
Int J Mol Med 2009; 23:673-8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

179 


