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LETTER TO THE EDITOR

Association of PTPN22 1858C/T poly-
morphism with vitiligo susceptibility in
Gujarat population

Sir,

Vitiligo is a depigmenting disorder resulting from the
loss of functional melanocytes in the skin and affects
1-2% of the world population. Gujarat state has the
highest prevalence, i.e., ~8.8%. Though vitiligo is
extensively addressed in the past five decades, its
etiology is still being debated [1], Our biochemical
studies have shown an impaired antioxidant defense
mechanism in Guijarat vitiligo patients compared to
controls [2,3], Vitiligo is hypothesized to be of auto-
immune origin [4], Protein tyrosine phosphatase non-
receptor 22 (PTPN22) gene C/T single nucleotide
polymorphism at 1858 (rs2476601) position was
reported to be associated with increased risk of
autoimmune diseases including generalized vitiligo
[5]. The aim of this study was to find out whether
well-documented PTPN22 1858C/T polymorphism is
associated with Gujarat vitiligo patients.

DNA was isolated from blood of 126 generalized
vitiligo patients and 140 age-matched healthy con-
trols. Oligonucleotide primers used for PCR amplifi-
cation were 5-GCCTCAATGAACTCCTCAA-3' (for-
ward primer) and 5-CCTCCTGGGTTTGTACCTTA-3'
(reverse primer). Amplified PCR product (400 bp)
was confirmed by agarose gel electrophoresis with
100 bp DNA ladder (MBI Fermentas).

For restriction fragment length polymorphism
(RFLP) analysis, PCR-amplified products were
digested with Xcml (New England Biolabs). The
amplicon with homozygous T/T allele of PTPN22 is
cleaved by Xcml yielding 238 and162 bp fragments,
whereas the amplicon with homozygous C/C allele
remains uncut yielding 400 bp band, while the
amplicon with heterozygous C/T allele yields three
fragments of 400, 238 and 162 bp length (Fig. 1).
The digested products were separated on 2% agarose
gel along with 100 bp DNA ladder. Ethidium bromide
stained gels were visualized under UV light.
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The results of RFLP analysis of PTPN22 1858C/T
polymorphism is shown in Table 1. The observed
PTPN22 allele frequencies of C and Twere 0.978 and
0.022, respectively, in controls; and 0.992 and
0.008, respectively, in vitiligo patients (Table 1).
The allele frequencies of this C/T SNP did not differ
significantly between the control and patient popu-
lation (p < 0.560). When the observed control and
patient genotype frequencies were compared with
the expected values using a 3 x 2 contingency table
in a standard x2-test (Table 1) they did not show any
significant change (p =0.198), suggesting that
there is no association of the C/T (Xcml) PTPN22
marker with vitiligo. The observed genotype fre-
quencies of the control population did not differ
significantly from those predicted by Hardy Wein-
berg equation (p < 0.932). Also the patient popu-
lation is not deviated from Hardy Weinberg
equilibrium (p < 0.994).

PTPN22 gene is known to play an important role in
negative Tcell regulation. The 1858C/T polymorph-
ism of PTPN22 has been well documented for its
association with several autoimmune diseases. How-
ever, our study shows that there is no association

Fig. 1 PCR-RFLP analysis of PTPN22 1858C/T SNP: 2%
agarose gel electrophoresis after overnight digestion of

the PCR product with Xcml. Lanes 1,3, 4, 5, 6, 8, and 9
show subjects with homozygous alleles (C/C) with one
intact band. Lanes 2 and 7 show subjects with hetero-
zygous alleles (C/T) showing digestion of the 400 bp
product into 238 bp and 162 bp bands. No subject with
homozygous allele (T/T) was observed. Lane 10 shows a
100-bp ladder.

0923-1811/$30.00 ¢ 2007 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved,

doi: 10.1016/j.jdermsci.2007.10.002
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s and_ alleles for the 1858C/T SNP-in. PTPN2Z in vitiligo patients and control -,

Observed allele

rvéd genotype - Expected genotype count p-value
; frequencies . ’
T ¢ T - CIC T TIT
o - 0.978 . 0.022 . 133.84 6.02 0.14 0.932
0. 0.992 0.008 123.98 2.02 0.013 0.994
0.198 : )

between PTPN22 1858C/T polymorphism and vitiligo
in Gujarat population. Canton et al. [5] have shown
an association of PTPN22 1858C/T polymorphism
with generalized vitiligo in Caucasian population.
No other association studies are available on PTPN22
1858C/T polymorphism and vitiligo. There are sev-
eral reports suggesting an association of 1858C/T
polymorphism with other autoimmune diseases
[6,7]. On the contrary, several reports also suggest
a non-association of PTPN22 1858C/T polymorphism
with autoimmune diseases [7—9]. These contradic-
tory reports may be because of the differences in
ethnicity of the studied populations. Ray et al. [8]
have reported a non-association of PTPN22 1858C/T
polymorphism with sporadic idiopathic hypopar-
athyroidism in Indian population.

PTPNZ2 gene encodes a lymphoid-specific phos-
phatase (Lyp). Lyp is an intracellular protein tyro-
sine phosphatase (PTP) and is physically bound to
the SH3 domain of the Csk kinase through proline-
rich motif and acts as an important suppressor of
kinases that mediate T-cell activation. The ability of
Csk and Lyp to inhibit T-cell receptor signaling
requires their physical association. The C1858T sub-
stitution changes the amino acid from arginine
(620R) to tryptophan (620W) at codon 620. This
residue resides in the P1 proline-rich motif that is
involved in binding to the SH3 domain of Csk. Invitro
experiments have shown that the T-allele of PTPN22
binds less efficiently to Csk than the C-allele does,
suggesting that T-cells expressing the T-allele may
be hyper-responsive, and consequently, individuals
carrying this allele may be prone to autoimmunity
[6,71.

The exact genetic mechanism of autoimmune
diseases is not yet well understood. Autoimmune
diseases are also influenced by environmental fac-
tors in addition to genetic factors. The study could
not attain statistical significance consequent to
lower prevalence rate of 1858T allele in the studied
population. Interestingly, 1858T allele has been
found to be absent in East Asians, including Japa-
nese [9], Chinese [7], and South Asian Indians [8].

The present study shows that PTPN22 1858C/T
polymorphism may not be associated with Gujarat
vitiligo patients. Our studies on catalase exon § T/C

and glutathione peroxidase codon 200 C/T poly-
morphisms also have not shown any significant asso-
ciation with vititigo [10]. These results suggest for
the presence of novel SNPs in Gujarat vitiligo popu-
lation. This is the first report on PTPN22 1858C/T
polymorphism in Gujarat vitiligo patients where the
prevalence of vitiligo is alarmingly high.
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Dear Sir,

Vitiligo is a hypomelanotic disease characterized by
circumscribed depigmented macules and affects
0.5-2% of the world population {Passeron and Ortonne,
2005). However, in India Gujarat has the highest preva-
lence i.e., approximately 8.8% (Valia and Dutta, 1996).
Vitifigo is hypothesized to be of autoimmune origin and
genetic factors may aiso involve in precipitating this
disease. Our earlier study suggests that 13.7% of
Gujerat vitiliginous patients have at least one first-
degree relative affected (Shajil et al.,, 2006). Angioten-
sin-converting enzyme (ACE), a key enzyme in the
renin-angiotensin system, plays an important role in the
physiology of the vasculature, blood pressure and
inflammation. ACE has also been found to be associated
with several autoimmune disorders (Scholzen et al.,
2003; Vuk-Paviovic and Rohrbach, 1988). The ACE gene
is located on chromosome 17¢23.3 and an inser-
tion/deletion {I/D) polymorphism of a 287-base pair
repetitive sequence in intron 16 of the ACE gene (NCBI:
AF118569; repeat region 14094-14381) is reported to
be associated with the development of vitiligo {(Jin
et al., 2004). The I/D polymorphism of the ACE gene
accounts for the variability of serum ACE activity, D/D
genotype having the highest and I/l genotype having
the lowest ACE activity {Rigat et al., 1980). The aim of
this study was to investigate the distribution of ACE I/D
genotypes in generalized vitiligo patients and in healthy

controls of Gujarat population to find the relationship
between ACE I/D polymorphism and vitiligo.

A total of 125 generalized vitiligo patients and 156
ethnically matched healthy controls of Gujarat population
were examined for ACE /D polymorphism. The patients
selected for this study had no other associated dis-
eases. The DNA was prepared from biood samples after
written informed consent was obtained. Oligonucleotide
primers used for ACE intron 16 PCR amplification were

-CTGGAGACCACTCCCATCCTTICT 3-forward primer}
and B-GATGTGGCCATCACATTCGTCAGAT 3’ {reverse
primer}.

PCR amplification was performed in 25 ul reaction
system containing 50 ng of genomic DNA and 20 pmol
of each primer under the following conditions: 94°C for
10 min, 94°C for 30 s, 58°C for 1 min, 72°C for 1 min
and final extension at 72°C for 10 min. Amplified PCR
products were analyzed on 2% agarose gel electropho-
resis with 100 bp DNA ladder to identify the three
genotype patterns: I/l (@ 480 bp fragment), D/D
{a 193 bp fragment) and I/D (two fragments, i.e., 480
and 193 bp). The distribution of the ACE /D genotypes
for patients and contro! subjects were compared by
using the chi-square test with 2x 2 and 3 x 2 contin-
gency tables and P-values less than 0.05 were consid-
ered statistically significant. The statistical power of the
current study was determined by using the G * Power
software (Faul et al., 2007).

The observed allele and genotype frequencies for the
ACE 1/D polymorphism in controls and patient popula-
tion are shown in Table 1. No significant difference in
the genotype frequencies of 171, I/D and D/D genotypes
was observed between vitiligo patients and control sub-
jects (P = 0.459) (Table 1), suggesting that there is no
association of the ACE I/D polymorphism with vitiligo.
The observed ACE allele frequencies for | and D alieles
were 0.56 and 0.44 in controls; and 0.61 and 0.39 in viti-
ligo patients, respectively {Table 1). The allele frequen-
cies of ACE I/D polymorphism did not differ significantly
between the controls and patient population (P = 0.252)
{Table 1). The observed genotype frequencies of the viti-
ligo patients did not show significant difference as
predicted by the Hardy-Weinberg equation (P < 0.964).
Also the control population did not deviate from Hardy—
Weinberg equilibrium (P < 0.8905). This study has
86% statistical power for the effect size 0.2 to detect

© 2008 The Authors, Journal Compilation © 2008 Blackwell Munksgaard 407
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Table 1. Distribution of alleles and genotypes for the I/D polymorphism in ACE intron 16 in Gujarat vitiligo patients and contro! population

Observed
allele Expected genotype
Observed genotype counts (%) frequencies counts®
N 1/1 /D b/D ] D izt 17D D/D P-value
Controls 156 51@32.7} 74 (47.4) 31119.9) 0.56 O.44~ 496 768 298 0.905
Patients 125 46 (36.8 61 (48.8) 18 {14.4) 0.61 039 489 £59.4 189 0.964
P-value 0.459° 0.252°

Qdds ratio (95% Cl) 0.821 (0.585-1.151)

®0Observed versus expected according to the Hardy-Weinberg equation.

bControls versus patients using the chi-square test with 3 x 2 contingsncy table.
“Controls versus patients using the chi-square test with 2 x 2 contingency table.

association of ACE I/D polymorphism at P < 0.05 in
patients and control population.

Autoimmunity plays a major role in the pathogene-
sis of vitiligo (Kemp et al, 2001). Autoimmune dis-
eases are also influenced by environmental factors in
addition to genetic factors (Zhang et al., 2004}, ACE
and its related substrates or products are known to
have various functions in the immune system (Vuk-
Paviovic and Rohrbach, 1988). However, its underlying
pathogenic mechanism in autoimmune diseases is yet
to be understood. Previously, the D allele of the ACE
gene was reported to confer susceptibility to vitiligo in
Korean population (Jin et al., 2004). However, the cur-
rent study suggests that the polymorphic variant D
allele is not associated with vitiligo susceptibility. This
may be because of the differences in ethnicity and/or
geographic location of the subjects under study. Our
results are comparable to the previous report in which
genotype frequencies for the I/D polymorphism were
not significantly different between controls and gener-
alized vitiligo patient population (Akhtar et al., 2005).
Qur results on the distribution rate of I/D > I/l > D/D
in the control population are in accordance with the
previously reported distribution rate of I/D for Chinese
{Lee, 1994), Japanese (ishigami et al., 1995} and Korean
population {Jin et al., 2004). This is the first report on
the association of the ACE polymorphism with vitiligo
in Gujarat population where prevalence of vitiligo is
alarmingly high, and interestingly, the ACE gene I/D
polymorphism may not play a role in the development
of generalized vitiligo in Gujarat population,
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Background Vitiligo is a common depigmenting disorder resulting from the loss of
functional melanocytes in the skin. It is hypothesized to be of autoimmune ori-
gin. Mannan-binding lectin (MBL) plays an important role in innate immunity. It
helps in the clearance of apoptotic cells and in complement activation. Genetic
variability due to structural and promoter polymorphisms in the MBL2 gene
has been reported to be associated with increased risk for several autoimmune
diseases including vitiligo.

Objectives The aim of this study was to explore whether MBL2 structural and pro-
moter polymorphisms are associated with generalized vitiligo in Gujarat where
the prevalence of vitiligo is alarmingly high.

Materials and methods We undertook a case—control study to investigate the associa-
tion of MBL2 gene exon 1 polymorphisms — codon 52, codon 54 and codon 57
as well as promoter —221 polymorphism in 92 patients with generalized vitiligo
and 94 unaffected age-matched conwols by polymerase chain reaction-heterodu-
plex analysis.

Results The genotype and allele frequencies of MBL2 structural and promoter poly-
morphisms did not differ significantly between the control and patient popula-
ton (P-values: P < 0-019 for codon 52, P < 0-373 for codon 54, P < 0855 for
codon 57 and P < 0-889 for —221 promoter polymorphisms) after Bonferroni’s
correction for multiple testing, which suggests that there is no association of
MBL2 structural and promoter polymorphisms with generalized vitiligo.

Conclusions Our results suggest that the well-documented structural and promoter
polymorphisms of the MBL2 gene may not be associated with generalized vitiligo
in the Gujarat population.

Vitiligo is an acquired hypomelanotic disorder characterized
by circumscribed depigmented macules in the skin resulting
from the loss of functional melanocytes from the cutaneous
epidermis. This is a cosmetic disfigurement disorder and may
lead to psychological and social problems, particularly in
brown and black people. It affects 0-5~1% of the world popu-
lation.' In India the incidence of vitiligo is found to be 0-5—
2:5%” whereas Gujarat and Rajasthan states have the highest
prevalence, ~8-8%.% The aetiology of vitiligo is still unknown,
but it is hypothesized to be of autoimmune origin due to its
frequent association with several autoimmune diseases, the
presence of circulating autoantibodies and autoreactive T cells
in the sera of patients with vitiligo compared with unaffected
individuals.**

© 20609 The Authors

Various factors such as oxidative stress, genetic factors, neu-
ral factors, toxic metabolites and lack of melanocyte growth
factors might contribute to precipitating the disease in suscep-
tible people.® The importance of genetic factors for vitiligo
susceptibility is evident by reports of its significant familial
association.” It has been found that about 20% of patients
with vitiligo have at least one first-degree relative affected.®
Our study also showed that 22% of Gujarat vitiliginous
patients exhibit positive family history and 14% of patients
have at least one first-degree relative affected.” The disease
does not follow the simple Mendelian inheritance pattern and
its mode of heredity suggests that it is a polygenic disease.

Furthermore, several genes that play a role in regulating
immunity have been associated with susceptibility to vitiligo

Journal Compilation © 2009 British Association of Dermatologists e British Journal of Dermatology 2009 161, pp63—69 63



64 MBL2 gene promoter and structural polymorphisms in vitiligo, M. Dwivedi et al.

including allelic variants in the cytotoxic T-lymphocyte anti-
gen-4 gene (CTLA4),”'' the autoimmune susceptibility loci
AISI, AIS2, AIS3 and SLEV1,'*'* the autoimmune regulator
(AIRE) gene,'® NACHT leucine-rich repeat protein 1 (NALP1 —
miaps at SLEV1 susceptibility locus),'®!? protein tyrosine phos-
phatase nonreceptor type 22 (PTPN22)'*7%° and cerain human
leucocyte antigen specificities of the major histocompatbility
complex. >

Mannan-binding lectin (MBL) [synonyms: mannose-binding
lectin (MBL), mannose-binding protein (MBP), mannan-

" binding protein (MBP)] is a liver-derived calcium-dependent
serum protein, which plays an important role in inmate
immune defence. MBL is a trimer of three identical polypep-
tides, and several wrimers further combine to form a bouquet-
like structure resembling Clq of the complement pathway.
MBL binds to cell-surface ligands such as mannose, N-acetyl-
glucosamine residues, which are expressed on a wide range
of microorganisms. MBL binds to carbohydrate moieties on
microorganisms and thus leads to activation of the comple-
ment system via the lectin pathway.?* In addition to comple-
ment activation, the protein has several distinct functions
including promotion of complement-independent opsono-
phagocytosis, modulation of inflammation and promotion of
apoptosis.”* The role of the MBL pathway in complement acti-
vation and in the clearance of apoptotic cells suggests that
genetic variability in MBL may be involved in the pathogenesis
of autoimmune diseases.”® A possible role of MBL in vitiligo
pathogenesis could be due to defective clearance of apoptotic
cells, which may contribute substantially to the triggering of
autoimmune responses.”® Also, MBL is involved in inflamma-
tory response, regulation of proinflammatory cytokines,
controlling adhesion molecules on inflammatory cells and
immune complex removal. Thus, these studies emphasize the
importance of MBL in cutaneous autoimmunity.?”

The functional MBL2 gene is located on chromosome 10
{q11.2—q21) and comprises four exons. Exon 1 encodes the
signal peptide, a cysteine-rich region and part of the glycine-
rich collagenous region. Three functional single-nucleotide
polymorphisms (SNPs) in exon 1 of the MBL2 gene have been
reported: codon 54 (GGC > GAC; designated B allele), codon
57 (GGA > GAA; designated C allele) and codon 52
(CGT > TGT; designated D allele).”®*° These variant alleles in
the collagen-like domain cause structural changes in MBL and
will lead to its Jow plasma levels and thus results in plasma
concentrations varying by more than 1000-fold within the
population (5 ngmL™' to 5 pg mi™")2"3? The promoter
region of the MBL2 gene contains a number of regulatory
elements, which affect transcription of the gene and hence
polymorphisms in the promoter region, thus affecting the
plasma MBL concentration directly. Besides these exon 1 vari-
ant alleles, SNPs at promoters -550 (G/C; allele 1) and -221
(G/C; allele X) have also been associated with low plasma
levels of MBL.*

Recently, an association between MBL2 geme codon 54
(allele B) polymorphism and susceptibility to vitiligo has been
described in a Turkish population.** The aim of this study

was to investigate the association of MBL2-deficient genotypes
of both promoter and exon 1 with vitiligo susceptibility in
the Gujarat population.

Materials and methods

Study population

A total of 92 patients with generalized vitiligo (mean age
28:37 * 1-740; 29 males and 63 females) and 94 unaffected
age-matched controls (mean age 27-28 1 0-841; 60 males and
34 females) of the Gujarat population participated 'in this
study. Sixty-two patients and 72 age-matched controls were
genotyped for codon 52 (allele D), 84 patients and 81 con-
trols were genotyped for codon 54 (allele B), and 68 patients
and 72 controls were genotyped for codon 57 (allele C). For
genotyping of the ~221 promoter polymorphism, 92 patients
and 93 control subjects were used. The study plan was
approved by the ethical committee of the Department of Bio-
chemistry, M.S. University of Baroda, Vadodara, Gujarat. The
importance of the study was explained to all participants and
written consent was obtained from the patients.

Methods

Genemic DNA was prepared from venous blood of patients
with vitiligo and controls using a ‘whole blood DNA extrac-
tion kit’ (Bangalore Genei, Bangalore, India) according to the
manufacturer's instructions. The exon 1 structural and pro-
moter polymorphisms were genotyped by the polymerase
chain reaction (PCR)-heteroduplex analysis techmique. This
technique involves the use of a universal heteroduplex genera-
tor (UHG), a synthetic DNA molecule based on the target
genomic sequence.”® The genomic DNA PCR product was
combined with the UHG-PCR product and the two were
allowed to anneal to produce characteristic heteroduplexes for
different alleles. These heteroduplexes displayed different elec-
trophoretic mobilities on a polyacrylamide gel enabling identi-
fication of a subject’s genotype.>*

Polymerase chain reaction amplification of genomic DNA
and universal heteroduplex generator

Two separate PCRs were performed on genomic DNA samples
to amplify exon 1 and ~221 (X/Y) promoter regions by
using forward (5"-CCAACACGTACCTGGTTCC-3) and reverse
(5'-CTGTGACCTGTGAGGATG-C-3") primers for exon 1 and
forward {5-AGGCATAAGCCAGCIGGCAAT-3") and reverse
(5-CTAAGGAGGGGTTCATCTG-3") primers for ~221 (X/Y)
promoter region.

All primers were synthesized from MWG-Biotech, Germany.
The PCR was performed in a 20-uL systemn containing 50 ng
genomic DNA, 0-25 mmol L™ dNTPs, 20 pmol of each pri-
mer, 2 mmol L™ MgCl, PCR gold buffer and 1'5S U Amplitag
Gold DNA polymerase (Applied Biosystems, Foster City, CA,
U.S.A.). PCR amplification was carried out in a thermal cycler

© 2009 The Aothors
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(ABI 9700; Applied Biosystems) with the following condi-
tions: initial denaturation at 95 °C for 3 min followed by
denaturation at 95 °C for 30 s, annealing at 56 °C for 30s,
extension at 72 °C for 30 s and final extension at 72 °C for
7 min. For the synthesis of each UHG, the same PCR condi-
tions were used with each 50 ng UHG template (template sizé
of 133 bp for exon 1 and 111 bp for ~221 promoter region),
which are commercially synthesized UHG (MWG-Biotech AG,
Ebersberg, Germany), specifically designed to detect the exon
i and promoter regions of MBL2. PCR products were analysed
on a 2% agarose gel prior to heteroduplexing and confirmed
with 100 bp DNA ladder (MBI Fermentas, Burlington, ON,
Canada). Confirmation of specific amplification of genomic
and UHG DNA using 2% agarose gel electrophoresis enabled
comparison of the relative amounts of DNA obtained from
each sample reaction against those from the UHG reaction.

Hetéroduplex analysis

A mixture of approximately equal amounts of genomic and
UHG-PCR products were combined prior to heating to 95 °C
for 5 min and then allowed to cool at room temperature over
2h to enable greater specific annealing. The PCR mix was
spun briefly and the appropriate volume of 6 X loading dye
was added to each mix. Heteroduplexes thus formed were
checked by 20% polyacrylamide gel electrophoresis followed
by ethidium bromide staining (Figs 1, 2).

On heteroduplexing, homozygotes developed two heterodu-
plex bands and heterozygotes generated four heteroduplex
bands (Figs 1, 2). The exception was WT/R52C, where only
three bands were generated due to co-migration of two
heteroduplexes as a single upper band®* (WT designating one
wild-type allele and R52C, G54D and G57E, indicating an
allele with a mutation at codons 52, 54 and 57, respectively)
(Fig. 1). Interpretation of band patterns was done manually
with the aid of known samples used as a reference grid. The
genotype WT/GS7E generating four bands spanning the
whole gel was taken as the reference, and was included in
each run. The position of all the other bands could be judged
using this sample as the reference,

WY

Fig 1. Polymerase chain reaction-heteroduplex analysis of MBL2

exon 1 {codon 52, codon 54 and codon 57} polymorphisms on

20% polyacrylamide gel electrophotesis: lane 1 shows heterozygous
WT/57; lane 2 shows heterozygous 54/57; lane 3 shows
heterozygous WT/54; lanes 4, 5 show heterozygous WT/52;

lanes 6, 7 show homozygous WI/WT and lane 8 shows homozygous
54/54 individual.

© 2009 The Authors

Fig 2. Polymerase chain reaction-heteroduplex analysis of MBL2
—-221 {(X/Y) promoter polymorphism on 20% polyacrylamide gel
electrophoresis: lanes 1, 2, 3, 6 and 7 show homozygous YY; lane 4

shows heterozygous XY and lane § shows homozygous XX individual.

Statistical analysis

The distribution of the MBLZ genotypes and allele frequencies
for patients and control subjects were compared using the
%7 test with 3 X 2 and 2 X 2 contingency tables, respectively,
using GraphPad Prism version 3.00 for Windows (GraphPad
Software, San Diego, CA, -US.A.). The results were supported
by odds ratios and 95% confidence intervals when appropri-
ate. P-values < 0:0125 were considered as statistically signifi-
cant due to Bonferroni’s correction for multiple testing.

Results

We have investigated 92 patients with generalized vitiligo and
94 comtrols for exon 1 structural and promoter polymorphisms.

Genotyping of MBL2 exon 1 structural polymorphisms

Codon 52, codon 54 and codon 57 polymorphisms of MBL2
exon 1 were not found to be associated in patients with gen-
eralized vitiligo (P < 0:019 for codon 52, P < 0373 for
codon 54, P < 0-855 for codon 57) when genotypes were
compared with the %* test 3 X 2 contingency table (Table 1).
Also, there was no significamt difference in allele frequencies
of cedon 52, codon 54 and codon 57 between patients and
controls when compared with the 2 X 2 contingency table
(P < 0:020 for D allele, P < 0-378 for B allele and P < 0-858
for C allele) (Table 1). Both the patient and control popula-
tions were found to be in Hardy-Weinberg equilibrium
for all three exon 1 codon polymorphisms (P < 1-000 and
P < 00932, respectively, for codon 52 polymorphism;
P < 0:869 and P < 0°650, respectively for codon 54 polymor-
phism; and P < 0932 and P < 0-909, respectively, for codon
57 polymorphism) (Table 1). The genotypes for MBL2 struc-
tural polymorphisms were confirmed by running hetero-
duplexes on 20% polyacrylamide gel (Fig. 1).

The association study for exon 1 polymorphisms was also
done by A/O genotyping where all three codon polymorphisms
were placed in one group designated as ‘O’ allele and wild type
as ‘A’ allele. The A/O genotypes were compared between
controls and patients using the ¥ 3 X 2 contingency table.
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Table 1 Association studies for mannan-
Genotype  Patients P for Odds ratio binding Iec.tin gene (l‘fBLZ) exon 1 4
SNP orallde  with vitiligo . Contols  association P for HWE  (95% CI). polymorphisms in Gujarat patients with
generalized vitiligo
r$5030737, codon 52 (allele D)
Genotype (r=162) (a=72)
T 0 4 .
cT 0 6 00192 1:0 (B); 0-08
0932 (C)  (0:004-1-462)
CcC 62 65 .
Allele
T ] 8 0007
(0-02%)
C 124 136
rs1800450, codon 54 (allele B)
Genotype (o= 84) (@ =81) .
AA 1 0 -
AG 21 18 0373 0869 (P);  1-353
0650 (C)  (0°694-2:639)
GG 62 65
Allcle
A 23 17 0378
G 145 145
151800451, coden 57 (allele C)
Genotype (r = 68) (@=72)
AA ° 0 )
AG 3 7 0-855 0932 (P);  0-899
0909 (C)  (0-286-2:823)
GG 62 65 : :
Allele
A 6 7 0-858
, G 130 137
Genotype A/O°
Genotype (o = 90) @@= 94)
0 1 1 )
AO 27 18 0999 6579 (B); 0989
' 0:563 (C)  (0-566-1726)
AA 62 65 ’
Allele .
A 151 158 0968
e} 29 30 .
*Yate's corrected P-value. SNP, single-nudeotide polymorphism; HWE, Hardy-Weinberg
equilibrium; t’A, designation for wild-type alleles; O, common designation for the variant
alleles B, Cand D; (F), patients; (C), controls:

Interestingly, there was no significant association found
between the A/O genotype and generalized vitiligo (P < 0:999)
(Table 1). Furthermore, the ‘O’ allele was also not significantly
associated with any of the population when compared using the
2 X 2 contingency table (P < 0-968) (Table 1).

Genotyping of MBL2 —221 promoter polymorphism

In addition, we have also genotyped the —221 (X/Y) promoter
polymorphism of the MBL2 gene in 92 patients and 93 con-
trols. The genotypes for the —221 promoter polymorphism
were confirmed by running heteroduplexes on 20% polyacryl-
amide gel (Fig. 2). There was no significant association found
between the —221 promoter polymorphism and the risk of
vitiligo when genotype frequencies of patients and controls

were compared with the ¥* test 3 X 2 contingency table
(P < 0-889) (Table 2). Also, the allele frequencies of patients
and controls for the ~221 (X/Y) promoter polymorphism did
not show significant difference when compared with the
2 x 2 contingency table (P < 0-765) (Table 2). However,
both the control and patient populations were in accorddnce
with Hardy-Weinberg equilibriwm (P < ¢-120 and P < 0-370,
respectively) (Table 2).

Haplotype analysis

The promoter and structural genotypes of patients and con-
rols were combined to construct haplotypes and to find out
whether there was any haplotype associated with vitiligo
susceptibility. Interestingly, no haplotype was found to be

© 2009 The Authors
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Table 2 Distribution of alleles and genotypes for the ~221 (X/Y; rs7096206) promoter polymorphism of MBL2 gene in patients with generalized

vitiligo and controls

OR {95% CI) | 0931 (0°582-1+489)

Observed
L allele .
Observed genotype.counts (%) frequencies Expected genotype counts’
n XX XA % x Y XX XA YA Palue
Controls 93 10 (1078) 728 (3010) 55 (59-13) 026 074 623 3571 51067 0120
Patients 92 8 (870) . 29 (31:52) 55(s978) 024 076 5527 3404 . 524 0370
P-value Y 211 . R B

0-765°

*Observed vs. expected according to the Hardy—Weinberg equation; Pcontrols vs. patients using the % m;t with 3x 2 éongihgency table;
Scontrols vs. patients using the %™ test with 2 X 2 contingency table. CI, confidence interval; OR, odds ratio;

Table 3 Distribution of mannan-binding lectin (MBL2) gene
combined (structural + promeoter) genotypes among patients with
generalized vitiligo and controls

Patients Controls

. Combined genotype with vitiligo n = 88 - P for
(structural + promoter) n =90 (%) . (%) - . association
YAZYA 33 (36'67) . 34.(3863)
YA/XA 21 (2339 16 (1818)
YAXO 20 (2222) | 19 (21°59)

g S TR 00962
XA/XA 8 (8:89) 9.(1623) -
XA/YOQ 7(778) 7 -9:(1023)
YO/YO LA (e
MBL high 54°(60-00) " -50 (56:82)

 (YAZYA, YA/XA) B

- MBL medium 28.(31-11). - 28 (3182) 0-838

(XA/XA, YA/YO) ShLL iy
MBL low 8 (389)  10.(11:36)
(XA/YO, YO/YO) R

MBL, mannan-binding lectin.

associated with generalized vitiligo when compared with the
" test (P < 0:962) (Table 3).

Moreover, the haplotypes were distributed to represent MBL
levels as high (YA/YA, YA/XA), medium (XA/XA, YA/YO)
and low (XA/YO, YO/YO) in both controls and patients.
However, no significant difference was found in the distribu-
tion of high, medium and low haplotypes when compared
with the 2 X 2 contingency table (P < 0:838) (Table 3).

Discussion

Vitiligo susceptibility is a complex genetic trait that may include
genes involved in melanin biosynthesis, response to oxidative
stress and regulation of autoimmunity. Autoimmunity has been
suggested to play a major role in the pathogenesis of vitiligo as
it shows frequent association with other autcimmune disorders
such as theumatoid arthritis, Graves’ disease, etc.’® One of the
important regulators of inpate immunity is MBL2, which is
involved in complement activation and clearance of apoptotic

© 2009 The Authors

cells suggestive of its importance in the pathogenesis of autoim-
mune diseases. We therefore selected MBL2 as a candidate gene
to study vitiligo susceptibility in the Gujarat population and
here we report that there is no association of MBL2 structural
and promoter polymorphisms. Our previous studies on PTPN22
1858C/T (rs2476601) and angiotensin-converting enzyme
{ACE) intron 16 I/D (NCBI: AF118569) polymorphisms did not
show any significant association with vitiligo in the Gujarat
population.¥-*#

MBL is a pattern-recognition molecule of the innate immune
system and primarily recognizes specific sugar groups on the
surface of microorganisms, enabling it to distinguish self from
nonself. The three structural variants in exon 1 of the MBL2 gene
are associated with significantly decreased levels of MBL com-
pared with homozygotes of the wild-type gene.* The structural
alterations in MBL due to three coding polymorphisms disrupt
interactions of MBL with the associated serine proteases, thereby
greatly diminishing complement-activating ability.***°

The MBL concentration is also regulated by two additional
promoter polymorphisms, namely ~550 (G > C; allele L) and
—221 (G > C; allele X}, which directly affect the expression of
the MBL gene. Because MBL is one of the proteins shown to
be involved in the clearance of apoptotic cells, Werth e o>
suggested that any defect in the clearance of apoptotic cells
may result in aggravation of autoimmune responses. In
addition, MBL is also involved in inflammatory response,
regulation of proinflammatory cytokines, controlling adhesion
molecules on inflammatory cells and immune complex
removal, thus emphasizing its importance in cutaneous
autoimmunity.”’ Reports from Schallreuter e al.*'*? showed a
perturbed calcium homeostasis in vitiliginous melanocyte and
keratinocyte cell cultures, suggesting that patients with vitiligo
carrying functional and promoter polymorphisms may have
defective calcium uptake resuiting in low MBL concentration.

MBL2 gene polymorphisms have been associated with
increased risk of autoimmune diseases such as systemic lupus
erythematosus (SLE) in both Caucasoid and Chinese popula-
tions,**** cutaneous lupus erythematosus and dermatonmyosi-
tis.*® Senaldi et al*® suggested that patients with SLE had a
higher frequency of low levels of MBL than controls. Wang
et al*® reported that codon 54 (allele B) of the MBL2 gene
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might be associated with genetic susceptibility to Sjdgren’s
syndrome (SJS). Thus most of the studies show that MBL defi-
ciency is associated with poorer ocutcome as judged by clini-
<al, inflammatory and radiographic indices.*’*®

However, evaluation of MBL2 coding mutations in a Japa-
nese population found no association with SLE and rheuma-
toid arthritis (RA).** Recent studies suggest that there is a
greater prevalence of MBL deficiency in patients with RA* but
other studies refute this assertion.’® Rector et d.>' found no
association between structural polymorphisms in exon 1 of
the MBL2 gene and susceptibility to Crohn disease.

Because vitiligo is hypothesized to be of autoimmune ori-
gin, it becomes relevant to screen patients with vitiligo for the
presence of MBLZ structural and promoter variants which may
predispose an individual for vitiligo. Previously, an association
of codon 54 (allele B) with vitiligo was observed in a Turkish
population where only two codons, 54 and 57, were geno-
typed with a smaller sample size.** Hence, it was pertinent to
study all such important polymorphisms of MBL2 with an ade-
quate sample size and we found there was no association
between vitiligo and MBL2 structural and promoter polymor-
phisms. The positive association of codon 54 polymorphism
and susceptibility to vitiligo described by Onay et ol.** may be
due to differences in the ethnicity of the studied populations,

This is the first report that shows nonassociation of struc-
tural and promoter polymorphisms of the MBL2 gene with
generalized vitiligo. In conclusion, it can be considered that
the structural and promoter polymorphisms in the MBL2 gene
may not confer a role in generalized vitiligo susceptxblhty of
the Gujarat population.
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Dear Editor,

CTLA4 is a negative regulator of T-cell function,
which is suggested to be involved in susceptibility to
autoimmune diseases including vitiligo, an acquired pig-
mentary disorder resulting from loss of melanocytes.
Genestic variability in CTLA-4 gene is associated with its
altered levels. CTLA4 is expressed on activated CD4*
and CD8* T cells and binds the same ligands, B7-1 and
B7-2, as CD28 but with a 20-50-fold higher affinity. The
CTLA-4:B7 interaction plays a critical role in regulating
self-tolerance, and hence susceptibility to autoimmune
diseases. The human CTLA-4 gene encodes two tran-
scripts of 1.8 and 0.8 kb, known as full length CTLA4
(fICTLA-4) and soluble CTLA-4 (sCTLA-4) (Harper et al.,
1991).

The aim of study was to explore exon 1 +49A/G
{rs231775) and ¥ UTR CT60A/G (rs3087243) single
nucleotide polymorphisms (SNPs) in C7LA-4 gene and t¢
correlate them with CTLA-4 transcript levels in vitiligo
patients and controls in Gujarat, India. The PCR-RFLP
technigue was used to genotype these polymorphisms
{Supporting Information Figure S1} in 437 vitiligo patients
and 746 controls. sCTLA-4 and fICTLA-4 mRNA expres-
sion was assessed in 76 patients and 83 controls by real
time PCR (Supporting Information Data $1, Tables S1
and S2).

CTLA4 +49A/G polymorphism was not associated
with vitiligo patients (P = 0.771}; however, CT60A/G
polymorphism showed a significant association (P =
0.0002) when genotypes were compared with a Chi-
squared test 3 x 2 contingency table (Table 1). There was
also no significant difference in the allele frequencies of
+49A/G polymorphism (P = 0.461), whereas a significant

© 2011 John Wiley & Sons A/S

difference in ailele frequencies of CT60A/G polymor-
phism was observed (P = 0.0002) between patients and
controls when compared with a 2 x 2 contingency table
(Table 1). Both patient and control populations were in
Hardy-Weinberg equilibrium for +49A/G polymorphism
(P = 0.272 and P = 0.126, respectively). The control pop-
ulation was in Hardy-Weinberg equilibrium for CT60A/G
polymorphism, whereas the patient population deviated
from the equilibrium (P =0.0756 and P <0.0001)
{Table 1). This study has 95% statistical power for the
effect size 0.1 to detect association of both the polymor-
phisms of CTLA4 at P < (.05 (Faul et al., 2007).

The two polymorphisms investigated were in moderate
linkage disequilibrium {LD) (+49A/G: CT60A/G;
D’ = 0.64, r* = 0.11} as determined by HAPLOVIEW program
version 4.1 (Barrett et al., 2005). The estimated frequen-
cies of the haplotypes did not differ between patients and
controls {global P-value = 0.123). However, the GG haplo-
type was more frequently observed in patients and
increased the risk of vitiligo 1.2-fold [P = 0.048; odds ratio
{OR): 1.243; 95% confidence interval {85%Cl): {1.001-
1.543}] (Supporting Information Table §3).

Expression of fICTLA-4 and sCTLA-4 mRNA showed a
significant decrease in patients after normalization with
GAPDH expression {P = 0.007 and P = 0.037, respec-
tively) (Figure 1A). The 27%4CP analysis showed an
approximately two-fold change in the expression of
fICTLA-4 and sCTLA-4 mRNA expression in patients as
compared with controls (Figure 1B). The expression
levels of fICTLA4 and sCTLA4 for AA, AG and GG
genotypes of +49A/G polymorphism did not differ
significantly {Supporting Information Figure S2A,B). The
expression levels of both fiCTLA-4 and sCTLA4 differed
significantly between patients and controls for CT60GG
genotype (P = 0.004 and P = 0.005, respectively) but
not for CT60AA genotype (P =0.343 and P = 0.205,
respectively) {Figure 1C,D}.

The expression levels of ICTLA-4 and sCTLA-4 were
also analyzed with respect to haplotypes. Both fICTLA-4
and sCTLA-4 mRNA levels were significantly decreased
with AG haplotypes in patients as compared to controls
{P = 0.036 and P = 0.020, respectively). The other three
haplotypes, AA, GA and GG, did not differ with respect
to fICTLA-4 and sCTLA-4 expression levels {Figure 2A,B}.
We could not detect any significant difference in the
sCTLAA/fICTLA4 mBNA expression ratioc between
patients and controls (P = 0.346) (Figure S2C). However,
+49AG genotype showed a decreased mRNA expression
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Table 1. Association studies for CTLA4 gene exon 1 +48A/G and 3’ UTR CT60A/G polymorphisms in Gujarat vitiligo patients

SNP Genotype or allele  Vitiligo patients {Freq.}  Controls (Freq.) P for association P for HWE Odds ratio {95%Cl)
Genotype (n = 347} (n = 746}
15231776 AA 169 (0.49) 347 (0.47) 0.771 0.272 (Ps) 0.930 {0.766~1.128)
Exon 1 AG 140 (0.40) 310 {0.41) 0.126 (C)
(+49A/G) GG 38 (0.11) 89 (0.12)
Allele
A 478 (0.69) 1004 {C.67} 0.461
G 216 (0.31) 488 {0.33}
Genotype {n = 437} {n = 738}
153087243 AA 146 (0.33) 2586 {0.35) 0.0002* <0.0001 {Ps) 1.417 {1.198-1.677)
3 UTR AG 135 (0.31} 337 10.46) 0.075 (C)
(CTB0A/G) GG 156 {0.36) 145 {0.19)
Allele
A 427 (0.49) 849 (0.58) 0.0002*
G 447 (0.51) 627 (0.42)

n, number of patients/controls; HWE, Hardy-Weinberg equilibrium; Ps, patients; and C, controls. Values are significant at P < 0.05.
*Bonferroni's corrected P-value.
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ratio in patients (P = 0.049), whereas the other two
genotypes, +49AA and +49GG, did not differ (Figure 2C).
When mRNA expression ratios for CT60A/G genotypes
were compared, GG genotype showed a significant
decrease in the ratio (P = 0.019) in patients; however,
AA genotype did not differ significantly {(Figure 2D}.
Moreover, the ratio of sCTLA4 and fICTLA-4 mRNA
expression did not differ significantly for any of the haplo-
types {AA, AG, GA, GG) (Figure S2D).

738

Figure 1. Relative gene expression of
HCTLA-4 and sCTLA4 in 83 controls and
76 vitlligo patients. (A} Expression of
fICTLA-4 and sCTLA-4 mRNA as
determined by mean ACp. Vitlligo patients
showed significantly reduced mBNA levels
of fICTLA-4 (P = 0.007) and sCTLA4

{P = 0.037) as compared to controls. {B)
Expression fold change of fICTLA-4 and
sCTLA-4 showed approximately two-fold
change as determined by the 2744¢P
method. (C) Relative mRNA expression of
fICTLA-4 with respect to CT60A/G
genotype. GG genctype showed a
significant decrease in the levels of
fICTLA-4 mRNA (P = 0.004) in patients as
compared with AA genotype {P = 0.343)
as determined by mean ACp. (D} Relative
mRNA expression of sCTLA-4 with
respect to CT60A/G genotypes. GG
genotype showed a significant decrease in
levels of sCTLA<4 mRNA (P = 0.005) in
patients as compared with AA genotype
{P = 0.208) as determined by mean ACp.
NS, non-significant.

P = 0.005

A few studies have addressed the possible functional
significance of CTLA-4 polymorphisms. Interestingly, the
G allele of CTLA4 +489A/G SNP was reported to be
involved in the altered intracellular transport of CTLA-4
protein and its availability on the cell surface. In addition,
the 3" UTR CTB0A/G allelic variation was reported to be
correlated with lower mRNA levels. of the soluble alter-
native splice form of CTLA4 {sCTLA4) (Ueda etal,
2003}, which is in concordance with our results.

© 2011 John Wiley & Sons A/S
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P =0.020

Figure 2. Relative mRNA expression of fICTLA-4 and sCTLA-4 with respect to haplotypes and sCTLA-4/fICTLA-4 mRNA ratios in 83 controls
and 76 vitiligo patients. (A) AG haplotype showed a significant decrease in the levels of ICTLA-4 mRNA in patients as compared with controls
as determined by mean ACp (P = 0.036). The other three haplotypes, AA, GA and GG, did not differ in fICTLA-4 expression in patients and
controls (P = 0.955, P = 0.476 and P = 0.075, respectively). (B) AG haplotype showed a significant decrease in the levels of sCTLA-4 mRNA
in patients as compared with controls as determined by mean ACp {P = 0.020}. The cther three haplotypes, AA, GA and GG, did not differ in
fICTLA-4 expression in patients and controls (P = 0.152, P = 0.865 and P = 0.992, respectively). (C} The sCTLA-4/fICTLA-4 mRNA ratic was
analyzed with respect to +49A/G genotypes in patients and controls. AG genctype showed a significant decrease in the ratio (P = 0.049) as
compared to AA (P = 0.668} and GG (P = 0.964) genotypes. (D} The sCTLA4/fICTLA-4 mRNA ratic was analyzed with respect to CT60A/G
genotypes in patients and controls. GG genotype showed a significant increase in the ratio {P = 0.019} as compared with AA {P = 0.096)

genotype. NS, non-significant.

In the present study, we report an association between
CT60A/G polymorphism and susceptibility to vitiligo.
However, studies from Caucasian and Romanian popula-
tions did not find this association with vitiligo (Birlea et al.,
20089; LaBerge et al., 2008). Another study from a Cauca-
sian population only showed a significant association of
the polymorphism with vitiligo patients who had other
autoimmune diseases (Blomhoff et al., 2005). We did not
find an association of genotype and allele frequencies for
+49A/G polymorphism with vitiligo patients and our
results are in line with those of Romanian and South

Indian populations {Birlea et al., 2009; Deeba et al.,'

2010).

This is the first report where CTLA4 expression levels
were determined in vitiligo patients. Interestingly, we
found decreased mRNA expression of both flICTLA-4 and
sCTLA-4 in patients and CTB0G allele greatly reduced the
mRNA expression of both isoforms, suggesting its crucial
role in the pathogenesis of vitiligo. CTBOAA genotype did
not modulate CTLA-4 mRNA expression, suggesting that
there may be other genetic factors involved in disease

© 2011 John Wiley & Sons A/S

pathogenesis in patients harboring this genotype, evi-
dence that vitiligo may have varied types of precipitating
factors.

Further, decreased sCTLA-4 mRNA levels in patients
with haplotype AG {+49A:CT60G} indicates the positive
correlation of CT60G in vitlligo pathogenesis. Recently,
Gerold et al. (2011) showed decreased sCTLA-4 levels in
Type 1 diabetes, suggesting that lower sCTLA-4 expres-
sion may directly affect the suppressive capacity of Treg
cells and thereby modulate disease risk. Moreover, an
increased sCTLA-4/fICTLA-4 mRNA ratio with +49AG
and CT60GG genotypes in vitiligo patients suggests that
G allele confers lower sCTLA-4 mRNA levels. These
results are in agreement with those of Atabani et al.
(2005). In contrast, Anjos et al. (2005} and Mayans et al.
{2007) could not find an effect of the CT60 polymorphism
on the expression of sCTLA4 and fICTLA4.

In conclusion, our findings suggest that the dysregu-
lated CTLA-4 expression in vitiligo patients could result,
at least in part, from variations at the genetic level. For
the first time, we show that the 3' UTR CT60A/G poly-
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morphism of the C7LA-4 gene influences both full
length and soluble CTLA-4 mRNA levels in vitifigo
patients. This genotype-phenotype correlation of CTLA-
4 supports the autoimmune pathogenesis of vitiligo.
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HLA Alleles and Amino-Acid Signatures of the
Peptide-Binding Pockets of HLA Molecules in Vitiligo
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vitiligo is a depigmenting disorder of the skin that is characterized by the loss of functional melanocytes from
the lesional sites. Although the exact etiology is not understood, autoimmunity is thought to be a crucial
deterministic factor. A recurring theme of several autoimmune disorders is the aberrant presentation of self-
antigens to the immune system, which triggers downstream perturbations. Here we examine the role of alleles
of HLA class | and class 1l loci to delineate vitiligo manifestation in two distinct populations. Our studies have
identified three specific alleles, HLA-A*33:01, HLA-B*44:03, and HLA-DRB1*07:01, to be significantly increased in
vitiligo patients as compared with controls in both the initial study on North Indians (N=1,404) and the
replication study in Gujarat (N=355) cases, establishing their positive association with vitiligo. Both generalized
and localized vitiligo have the same predisposing major histocompatibility complex alleles, i.e., B¥44:03 and
DRB1*07:01, in both the populations studied, beside the differences in the frequencies of other alleles,
suggesting that localized vitiligo too may be an autoimmune disorder. Significant differences in the amino-acid
signatures of the peptide-binding pockets of HLA-A and HLA-B a-~chain and HLA-DR B-chain were observed

between vitiligo patients and unaffected controls.

Journal of Investigative Dermatology (2012) 132, 124-134; doi:10.1038/id.2011.240; published online 11 August 2011

INTRODUCTION

Vitiligo is a multifactorial, depigmenting disorder of the skin
characterized by loss of functional melanocytes, resulting in
appearance of milky white patches on the skin. it is the most
common pigmentation disorder affecting 0.5-1% of the world
population (Taieb and Picardo, 2007). In India, the incidence
varies from 0.25 to 2.5% (Das et al., 1985; Handa and Kaur,
1999) in most ethnic groups, with 8.8% in populations from
western states of Gujarat and Rajasthan (Shajil et al., 2006).
Vitiligo manifests in broadly two clinical subtypes: general-
ized and localized (Taieb and Picardo, 2007). Generalized
vitiligo includes vitiligo vulgaris, acrofacial vitiligo, and
vitiligo universalis. Localized vitiligo includes segmental
and focal types (Taieb and Picardo, 2007). Precise etiology
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of vitiligo is not known; however, several hypotheses have
been proposed, which include autoimmune (Kemp et al.,
2001), neural (Dell’anna and Picardo, 2006), autocytotoxic
(Lerner, 1971), and genetic hypotheses (Bhatia et al,, 1992). Of
these, autoimmune hypothesis remains most widely accepted
because of frequent occurrence of other autoimmune diseases
in vitiligo cases, the presence of autoreactive T cells in the
vitiligenous lesions and peripheral circulation, and the
presence of circulating autoantibodies in the sera of the
patients (Schwartz and janniger, 1997; Kovacs, 1998; Kemp
et al, 2001; Lang et al, 2001; Wankowicz-Kalinska et al.,
2003; van den Boorn et al,, 2009; Waterman et al., 2010). The
frequency of vitiligo cases in first-degree relatives is ~7%,
suggesting an important role of genetic factors in disease
pathogenesis (Majumder et al., 1993; Alkhateeb et al,, 2003).

The major histocompatibility complex (MHC) has been
implicated in recent genome-wide association studies on
vitiligo (lin et al,, 2010; Quan et al., 2010), in which several -
single-nucleotide polymorphisms in the MHC region. were
significantly associated with the disease. However, the
authors imputed the HLA (MHC of man} class / alleles, based
on the linkage disequilibrium (LD} of HLA alleles with the
specific single-nucleotide polymorphisms, but could not
impute HLA class il alleles because of limitations of HLA
allele imputation in the Chinese Han from Beijing (China)
samples (Quan et al, 2010). MHC spans about 3.6
megabases on chromosome 6p21.3 of man (Horton et al,
2004), with 224 known gene loci. HLA is the most
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polymorphic system of the human genome, with 1,519 alleles
for HLA-A locus, 2,069 alleles of HLA-B locus, 1,016 alleles
for HLA-C locus, and 966 alleles for HLA-DRBI.
With such a great diversity at each locus, LD of HLA alleles
with diallelic single-nucleotide polymorphisms may be
misleading, as several HLA alleles may be in LD with one
or the alternate single-nucleotide polymorphism. Thus, the
derivation based on these L Ds may not be accurate, especially
in the populations from which no previous HLA data are
available. Thus, it is important to study the frequencies of HLA
alleles in patients rather than imputing based on LD.

Many autoimmune diseases such as Type 1 diabetes (Todd
et al, 1987, Rani et al, 2004) and rheumatoid arthritis
(Winchester, 1994) have been shown to be associated with
specific alleles of one or more genes of the MHC. The
association of multiple HLA class | and class Il antigens have
been suggested for vitiligo (de Vijider et al., 2004; Zhang
et al., 2004a,b), although no consensus could be reached,
because of distinct ethnic groups (Zamani et al,, 2001; Tastan
et al., 2004; Orozco-Topete et al., 2005), small sample sizes,
and low-resolution typing methods used to identify the HLA
antigens. We report here a very robust study on a sample size
of 1,404 vitiligo cases and 902 unaffected controls from
North india for the alleles at HLA-A, -B, and -C (class 1), and
-DRBT (class W) loci using molecular methods. The replica-
tion study was conducted on 355 cases and 441 controls from
Gujarat (Table 1). We also report differences in the amino-
acid signatures of peptide-binding pockets of the HLA
molecules in vitiligo patients as compared with controls.

RESULTS

HLA class I and I alleles and haplotypes in vitiligo cases as
compared with unaffected controls

Diversity in the number and frequencies of HLA alleles was
observed both in patients and controls. We observed 78, 160,
35, and 106 alleles for HLA-A, -B, -C, and -DRB1 loci,
respectively, in cases, and 68, 111, 44, and 94 alleles for HLA-
A, -B, -C, and -DRB1 loci, respectively, in unaffected controls
from North India, and similar diversity was observed in the
replication study. However, HLA-A*33:01, B*44:03, C*07:01,
DRB1*07:01, and DRB1*12:02 were significantly increased,
and HLA-A*26:01, A*31:01, B*08:01, B*51.01, (C*12:03,
DRB1*03:01, DRB1*11:01, and DRB1*15:02 were significantly
reduced (Table 2 and Supplementary Table S1 online) in the
vitiligo subjects from North India as compared with controls. In
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the replication study, we observed HLA-A*33:01, B*44.:03, and
DRB1*07:01 to be significantly increased, and DRB1*03:01
and DRB7*11:07 to be significantly reduced in the cases as
compared with ethnically matched controls (Table 2). These
associations were significant, irrespective of the age at onset or
the gender of the cases (Supplementary Tables $2-85 online).

To determine which HLA alleles were significantly
associated with vitiligo in the absence of DRB1*07:01, we
deleted all the samples with DRB1#07:01 from both the case
and control groups and then analyzed the data. B*37:07 and
DRB1*10:01 were significantly increased, whereas B*08:01
and DRB1*03:01 (Table 3) were significantly reduced
in vitiligo cases in both initial and replication studies. In
A*33:01-negative cases, B*37:01, B*44:03, DRB1*07:01,
and DRB1*10:01 were significantly increased and
DRB1*03:01 was significantly reduced as compared with
A*33:01-negative controls in both initial and replication
studies {(Supplementary Table S6 online). In B*44:03-negative
cases t0o, we observed a significant increase of B*37:01,
DRB1*07:01, and DRB1*10:01 and a significant decrease of
DRB1*03:01 as compared with B*44:03-negative controls in
both the populations studied (Supplementary Table 57
online). DRB71*07:01 remained significantly increased in
B*37:01-negative patient samples also from North India
(P<5.69 x 107, odds ratio (OR)=3.03, 95% confidence
interval (C)=2.51-3.66) and Gujarat (P<1.33x107",
OR=3.87, 95% Cl=2.78-5.39, data not shown).

HLA-C alleles were studied only in North Indian vitiligo
cases (N=404) and healthy controls (N=438). We did not
see any significant increase in HLA-C group 1 and group 2
allefes (based on Ser’”/Asn®® and Asn”7/Lys®, respectively) in
vitiligo as compared with controls (Supplementary Table S1
online). In the absence of C*07:01, which was significantly
increased in vitiligo cases, DRB1*07:01 still remained
significantly increased (30% in vitiligo vs. 23.08% in
controls) in cases as compared with controls (P<0.047,
OR =1.42, 95% Cl=0.99-2.06). However, in DRB1*07:01-
negative samples, C*07:01 does not remain significant
(14.09% in vitiligo vs. 8.81% in controls) in vitiligo cases
when compared with controls (P<0.053, OR=1.69, 95%
Cl=0.95-3.03), suggesting that association of C*07:07 is
probably because of it being in LD with DRBT*07:01.

Estimation of HLA haplotype frequencies was done using
the expectation maximization algorithm (Excoffier and
Slatkin, 1995; Excoffier et al, 2005) with Arlequin Ver 3.5

Unaffected ‘controls

Table 1 Descr:ptxon of vmhgo patients and. controls used in the study : A ;

3

- Vitiligo_patients . o

Unaffected cqntrols
{males, females,

Total vitiligo patients

(males, females, age mean£ 8D,

Generalized vitiligo
(males, females, age mean £5D,

Localized vitiligo
¢males, females, age mean 8D,

Populé(ion age mean +SD) age at onset mean £ SD) age at onset mean1SD) - age at onset mean t SD)
North India 902 (538, 364, 1,404 (838, 566, 28.72 £ 14,59, . 1,007 (649, 448, 29.44 15,04, - 307 (169, 118, 26.16 £12.50,
1363514.75) 22.1514.32) | 2234%14.61) 21.4613.22)
Gujarat 441 (264, 177, 355 (148, 207, 31, ey, 03, 250 (107, 143, 32.06£14.82, . 105 (41, 64, 70.12%1537,
{replication study})  28.04+14.97)

15.70£12.65)

16,141 12.61) 14.66 £12.76)
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unaffected controls from North India and Gujarat

Table 2. HLA-A HIA- B, and HLA-DRBT1 alleles showmg signifi icant dlfferences in vmhgo pat:ents as compared with

" Vitiligo versus

e e

Generalized vitiligo Localized vitiligo

112(1242) 368x10‘" 035(0254)49) 863x10"

vitiligo  Generalized Localized  Contrels unaffected controls versus controls versus controls .
HLA allele No.(%)  No.{%)  No.(%)  Ne.{%) Pvalue  OR(95%CD  Pvalue  OR(95%Cl)  Pvalue  OR (95% CI)
A"0201 Nindia 197 (14.03) 160 (14.59) 37 (1205 88 (5.76) 0.002 1.50 (1141 98 0001 1.26 (0.82-1.93)
G:u];:{ T 6D 17680 10068 (1078 043 066040915 0067 0.601 K YT )
A26 01 r;x_ india K gg 5.91) 91; ST 6.6y 19619 3«?{5@5{” 0.00029.  0.56 (0.41-0.78) 0.0005%'” 056 (0.39-079) 0.045 059 (0.34-1.00 ,
21693 15 (6.0) 65760 36@82) 0.3 0.65 (035417 0.8 0.66 (0.339.27)  0.31 0.63 021157 '
43, -0>6)w “5 (_23;)’“—11 558 58643 00001 %Z?}(ﬁfﬁ;gf;_b_doozm 3 (027069 006 054025308 |
THe@5) 1362 3(2.88) 18(441) 094 . 102043216 064 118053261 035 “;‘;,;253};*,“;;,: :
A’33 01 N Indta o 353725 14) 276 25160 77 @5.08) 104 m 53) T21x. 10"5 2. 57 (2 02329 1 09 10"‘ 2.57 (2. 00—3‘3»3“)“5'; 01 x 10"’ z 56 (1 82 360
Gu,arat T T g (19.49) 53?23 E} ’ 1665_3:8; 51 (12 5) : _0 008 1 69 (1 12-2.56) - ). 0003 = “oas T 127065+ z‘i'o")" :

A%68:01 N tndi lndna .1;971;46) 161 14.68) 28 6.12) 139- (15 4 o 015 085 066309 064 © 0, 94 (o 731 2‘1) 0. 0058* o 55__{6 340, 85)

712005 552200 16(1538) 46 (1 1 27) ~G.0008 1»97(; 293.02) 0.0002  2.21(; .
- J_ 5 (4.89) - %10~

7685 10053 380933 040 046-138)  0.26
T 95 677 ““76“(6“9"3') TT96.19) 41 {4.55) T 34103227 0023 15601

0.027

88 (24.92) 66 (26.61) 22 (20.95) 39

e

3.13 (2.044.84)

167 (1851) 3.00x10° (.46 (0.35-0.59)

057 (0.39-0.66) 234x1077 029 (0.17-0.48)

Bo51:01 Nindia 133 9.47) 114 (1039) 19 (6.19) 3.00% 1077

Gujarat” 46(1303) 33 (13.30) 13 (1238] 45 (11.05) . G.40 - 120 0.764.91) 038 1.23(0.742.08)_ .70 13 (0.542.25)

DRB1+03:01 &_ln‘dia 32 655 67611 25644 174 (1929) 923 X107 029 022038 210%10-° 0.27 (0.49.037) 537 x 10 037 0230.58)

Gujarat T237(6.19)  14(5.6) 8(.61) 61(13.83) 000045 041©23-070) 00008 037 (0.18-0.68) 0.08 6.51 (0.204.12)
0000037 176 (1.332.33)

DRB1°G7:01 N ln}}]?“n‘i (51.57) 601 (54.79) 123 (40.07) 248 (27.49) 3.16x107° 2 80.(2.33-3. 37) 1.10x107% 3, 19 2.63-3.87)

0.20

Abbreviations: Cl, confidence interval; N, North; OR, odds ratio.
! P-value calculated using Fisher's exact test.
20R was calculated by using Woolf's method with Haldane’s modification.

Elql?a}'m~ 184 (51.83) 133 (53.2) 51 (a8.57) 112517) 981 X10° 3,19 (2.344.36), 128x10"3 337(239-475) 336 %10% 2.80 (1.76-4.45)
"DRBI*1107 N India 87 (6.20) 64 5.6 23 (.40 93 (1031) 00003  0.57 0A41.078) o.ooozl 0.53 (0.38-076)  0.14 070?3712“3‘75")"
Gajarat 19(535  1616.4) 3285 57(1292) 00003 038(021-0.67) 00073  046(0.240.84) 0.0010° 022 (0.10-0497
DRE1+12:02 N Tndia 67 4.77) 53 (4.69 14 456 140155  0.00004 317 (1756.16)  0.00005 - 322 (174632 0.0025 303 A(1.32’-’€f3§?!
Cojarat 14094 1144 20680 23620 081 080 038163 0.63 0.83 (036-1.82)  0.38' 076 (036 6372 |
DRB1*15:02 N India 165 (11.75) 117 (10.67) 48 (15.64) 152 (16.85)  0.0005 . . 0.65 (0.51-084) 000005 059 (0.45077) 0.62 "0.91 (0.63-1.31)
| Gujarat  s4(1520) 37(148 17 (16.19] 82 (1859) 078 052116 020 0.76 (0.48-1.18) 0.56 waa?(’o]ﬁﬁ”)?

Vitiligo patient samples from North India (N=1,404; generalized (n=1,097); locallzed (n=307)) were compared with unaffected controls {N=902, North
Indian origin) for HLA-A, HLA-B, and HLA-DRB1 loci. Overall, 354 vitiligo patients, 25Q generalized and 104 localized, were compared with 408
Guijarati controls for HLA-A locus. Overall, 353 vitiligo patients, 248 generalized and 105 localized, were compared with 407 Gujarati controls for HLA-B
locus, and 355 vitiligo patients, 250 generalized and 105 localized, were compared with.441 Gujarati controls for HLA-DRB1 locus.

P — o d

(http://crpg.unibe.ch/software/arlequin35/). Haplotype ana-
lysis for three loci showed that haplotypes A*33:07-8%44:03-
DRB1*07:01 and A*24:02-B*44:03-DRB1*07:01 were sig-
nificantly increased, and A*26:07-B*080:01-DRB1*03:01
was significantly reduced in vitiligo patients in both initial
and the replication studies (Table 4). Analysis of two-locus
haplotypes revealed that (Table 5) haplotypes A*33:07-
DRB1*07:01 and B*44:03-DRB1*07:01 were significantly
increased, and A*26:07-DRB1*03:01 was significantly re-
duced in vitiligo cases, in both initial and replication studies.

Four-locus haplotypes were constructed for North Indian
samples and a significant increase of A*33:071-C*07:01-
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B*44:03-DRB1+*07:01 and A*02:01-C*07:01-B*44:03-DRB1*
07:01, and a significant reduction in haplotype A*26:01-C*
07:02-B*08:01-DRB1*03:01 in vitiligo patients was observed
as compared with controls (Supplementary Table S8 online).

HIA class 1 and 11 alleles and haplotypes in different
manifestations of vitiligo: generalized and localized vitiligo as
compared with unaffected controls

To study the asscciation of MHC alleles with different
manifestations of vitiligo, cases were divided into two clinical
types—generalized and localized. A*33:01, B*44:03,
C*07:01, and DRB1*07:01 were significantly increased in
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Table 3. HLA-A, HLA-B, and HLA-DRB1 alleles showmg s:gmf’ icant differences in all vmhgo and generahzed and '
localized vmhgo as compared with healthy controls in: DRB1*07:01-negative samples in North Indian and
Gu;arat populations

Vitikigo vitiligo vitiligo  Controls controls C versus controls versus controls

t

’ 3

Generalized Localized vitiligo versus ’ Generalized vitiligo Localized vitiligo '
;

i

HIA allele No. (%) No. (%} No. (%) No. (%) Pwalue OR {95% Cl) _ Pwvalue OR(95% C) - Pvalue OR {95% CI)

HLA-A

165100 092 1.04 (0.39-2.56)
ii“iﬁ)’éé{ 009 . 131(0.931.85)
34(10.83) 075 109 (0.57-2.04)

o7 (1574) 37(1754) 20 (10.67) ma(zszs)~ 082 103 0.761
) 322735 1212264 38(12.10) ocom 253 (1.52-423)  0.0001

T3

273 (1 544 79)

B8 oz Nind a3 (;137::% 6.05) "f;?a'iéf)ﬂﬁ?(: 04.68) 1605108 033 0631050 3a3x10°5 037 023058 0.00007 022 (0.08.0.50

Gujarat 8@71)  4(345) 4(B.45) 32(1032) 0033  0.42(0.160.98)  0.014' 034 (0.16070¢ 035 076 (0371587
“5ei3:01 N m_&‘i;“““”‘"i&‘};iaa> T30 6.05) 10 (G.A3) 15 (229 000008 266 (142533 0001 274 (041554 002 2. 44 (0.965. 599
Lﬁ;}?&” ' 5008 3050 207D 2065 0057 410 (1411907 042 38001912117 010 587 (1. 67—&0 64)z

TBIS0IN India 39 (B5.74) 20 B.85) 10643 16245 0002 242 (13049 0005 247 (125499 0038 229 0. S15.47)
““c’;‘(;;;}"“”‘”“"“‘ 16 (9.4 41) IR0 3259 26639 070 113 (055227 034 139063204 034 072 (0321658
TErOT N inda 70(10.29) 53 (10.69) 17 ©.24) 29‘"(;33‘) - 0.00004 2. 47'(.1"35: Eﬁw 000004 _2,;?{ ;;43})—“_ oot -5 A(_1 1044, 21)“

T DRE1+03:01 N India 65 0.56) 45 9.88) 16 6.70) 155 (23 70) 3.46%10-7 0.34 ©. 244) 48 122%10°5 035 (024050  B13x10-5 0.0 (0.16.0.53)

B e S o b o o i e e ) ot gt s g —

TGt 200708 19(1638) 10@.62) 23 (74D | 0.001 256 037482) 00057 244 (119400 0008 2.83 (112668
TFear03 N india - 39 (5.74) 24 484 15 (815) 18075 0007 244 (1.16.4.0% 006 179(0.82-355 000087 3. 13 (1.43.673)
Cugjarat| T Tainas 372'553'" 108 14 i @52 0.3.77“—*. 055 (0261 187 0270 063 02714 031 057 070N
BTN india 83 (13.68) 79508 14060 136140 0.0005 059 (0430, 78) 0026 070(051097)  0.000027 030 (0.16.055)
'6u;ar&t” T Ta3(3353) 1601379 7603) 4201355 099 099 (055177 0.94 703 (051185 0.90 095033230
TB5701 N xndi';m”ii 5 53 17643 7 (’3’3{1")%”27573"532”’"537‘ ‘»M’W'o 5 ©.451.69) 073 Y M) {0a41.74) 099 0.89 0. 35-“2'4*1?'
2353;2: T s @ 71)MM§"E§9)- TS @an 2040 o3 06 03455  0.055  039(017-089F 037 142 (0.71-2.8 84)2 v
T gy e e e WaH ow sabman aws  Gremen on omeie |
__@;irat ».“-. 7@y 3059 40345 16616 060 0780 026208 019" 055(0249.267 0347 1590743427 |
e 7" . —
A S S T ity A = R
TDRBI'0TOTN India 35515 25(.04 1043 350635 086 085057160 081  093(05316) 09 101044215 f
UGyt awse 2 ‘7"7)"“3 2670 25059 oot o3 ©I50667 001 0250100657 023 057 0221467 |
i
{

W&Ea'\rét T2 00 7(.98) 50260 60 018 00007 - 033 (0.16.0.66  ©0.0015 028 (0.10.06% DO 049 9 (0.26 0,957
DRE1%04:03 N India. 65 X se) _46027) 1901033 47 (.19 o.'?i", 136 (0,902.08 019 137 (0842067 016 148 (080-2.66) }

e e T e P S s g T St S e o ot et ot =g §
Gujarat 2047 0000 2670 70) 24 2402 3 6 0016 0.18©.07-0467  0.0005' 0.05 0.007-0387 0. 26‘ 0.59 {0.234 527 |

E—-—

DRBI"IG :01 N India 105 (‘!S 44) 81 (16 33) 24 (13 04) 64 9.79) -0.0019 1.68 (1.194.3’8) 0.0009 179 .79 {1.24-2. 59) 0.20 . 1380 802. 32)

Gujarst | 4D (23.39)  26(22.22) 14{25.93) 39(11.82) 00007 227 (1.353.81) - 0.006 393 (1173871 0005 261 (110543

Gujarat 00170 17 (453 3656 AUZAD 081 093 (049169 056 119{0 §0-2.27) o0 047 @.213.057

4
}
,Tdﬁé?'???;ﬁ755ia 73(1074) 5601129 17024 - 770179 055 o%(niiiTi%T“”o:?éw'“E'ss 064139 033 076 41134 |
1
:

DRBI*12:02Nindia 52(7.65) 41(8.27) 11G5.98) - 12(183) 684x10° 442 (2309.19)  258x107 482 ©A4430.17) 0002 3.40 (133856

Table 3 continued on following page
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Table 3. Continued

" vigligo versus Localized vitilligo

Generalized Localized Generalized vitiligo
vitiligo vitiligo vitiligo Controls controls versus controls " versus controls t
HIA allele No. (%) No. (%)  No. (%) ~ No. (%) Povalue oR (95% €1 Povalue OR (95% Ci) Povalue OR (95% Ch
Gug_azat 120 02) 10(8.55) 2(3.70) 22(667) 0.88 1.05 (0.462.29) 049 1. 36 0.53-2.98)  0.31" 0.65 {0.25-1.68)
"DRBI*14:04 N India 82 (13.59) 62 (12.50) ‘3‘6‘(‘16 300 56 G56) 00035 167 (—1“1_(:—2 an 0009 1520102237 0002 208 (24342)
TCuaat L 320280 16368 60111 300180 073 1.0 (0. 591 T om 1'5"7(5 53268 085 083030238 |

Abbreviations: Cl, confidence interval; N, North; OR, odds ratio. i
*P.value was calculated by using Fisher’s exact test. E ' ' Co
20R was calculated by using Woolf's method with Haldane's modification. ’

All patient and control samples with DRBT*07:01 allele were removed to study the contnbutlon of alleles independent of DRB1+07:01 in susceptibility :
to vitiligo. All vitiligo (N=680), generalized (N=496), and localized (N=184) vitiligo samples from North india were compared with healthy controls ;
(N=654) for HLA-A, HLA-B, and HLA-DRBT loci. From Gujarat, all vitiligo (N=170), generalized (N=117), and localized (N=53) vitiligo samples
were compared with 314 unaffected controls for HLA-A locus. Overall, 170 vitiligo samples, 116 generalized and 54 localized; were compared with !

controls for HM-DRB1 locus.

the initial study in both generalized and localized vitiligo.
However, only 8%44:03 and DRB1*07:01 were associated in
the replication study with both the generalized and localized
types of vitiligo (Table 2 and Supplementary Table 51 online).
Alleles associated with different manifestations of vitiligo
were HLA-A*02:01, B*37:01, B*57:01, DRB1*04:03, and
DRB1*10:01, which were significantly increased, and
A*31:01, B*58:01, C*04:01, DRB1*01:01, DRBI*11:01,
and DRBT*715:02 were significantly reduced in generalized
vitiligo cases and not in localized vitiligo cases from North
India. HLA-A*30:01, A*33:01, and A*68:01 were signifi-
cantly increased, and B*58:01 and DRBI*01:01 were
significantly reduced in generalized vitiligo cases and not in
localized vitiligo cases from Gujarat as compared with
unaffected controls.

In the absence of DRB1#*07:01, B*37:01 was significantly
increased in both North Indian and Gujarati patients,
irrespective of the type of vitiligo. In addition, A*68:07 and
DRB1*10:01 were significantly increased in patients from
Gujarat and B*13:01, B*15:02, DRB1*12:02, and
DRB1*14:04 were significantly increased in North Indian
patients, irrespective of the type of vitiligo. A*33:07 and
B*44:03 were increased in localized cases and DRB1*10:01
was increased in generalized cases from North India
(Table 3).

Haplotype A*33:07-B*44:03-DRB1*07:01 (Table 4) was
significantly increased in both generalized and localized
cases in the initial study and only in generalized cases in the
replication study. A*24:02-B*44:03-DRB1*07:01 was signifi-
cantly increased in generalized cases from North India,
whereas both generalized and localized cases from Gujarat
showed a significant increase in the frequency of this
haplotype when compared with unaffected controls. Haplo-
type A*02:01-B*44:03-DRB1*07:01 was significantly in-
creased in both generalized and localized vitiligo cases
from North India.

Two-locus haplotype analysis showed that B*44:03-
DRB1*07:01 was significantly increased in both generalized
and localized cases in both initial and replication studies
(Table 5). A*33:01-DRB1*07:01 and A*02:01-DRB1*07:01
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314 samples from unaffected controls for HLA-B locus, and 171 vitiligo samples, 117 generalized and 54 localized, were compared with 330 unaffected

were significantly increased in both generalized and loca-
lized vitiligo cases in the initial study; however, only
haplotype A*33:01-DRB1*07:01 was significantly increased
in generalized vitiligo cases from Gujarat. Haplotype
A*26:01-DRB1*03:01 was significantly reduced in both
generalized and localized cases from North India and
Guijarat, although P.value did not reach statistical signifi-
cance for localized cases from Gujarat because of smaller
sample size. B*08:01-DRB1*03:01 was significantly reduced
in both generalized and localized vitiligo cases from North
India and Gujarat.

Specific amino-acid signatures of HLA peptide-binding
pockets predispose to vitiligo

Amino-acid signatures of the peptide-binding pockets of
HLA-A, -B, and -DRB1 were compared in vitiligo cases with
unaffected controls (Figure 1 and Supplementary Tables S9
and S10 online). For HLA-A and -B, five key residues
constituting the B pocket (positions 9, 45, 63, 66, and 67)
and four key residues constituting the F pocket (positions 77,
80, 81, and 116) of the a1 and o2 domains of the a-chain
were investigated (Sidney et al., 2008). For DRB1, 11 residues
representing integral parts of peptide-binding pockets of DR
B-chain were analyzed at positions 26, 28, 30, 37, 47, 67, 70,
71, 74, 77, and 86 (Menconi et al, 2010). The protein
sequences were downloaded from the HLA database (http://
www.ebi.ac.uk/imgthla/align.html), and the amino acids
present at the aforesaid positions were compared in patients
and controls. Approximately 8-10% of the samples were
homozygous for one or more loci in patients and controls.
Thus, to avoid overrepresentation of certain amino acids at
particular positions because of homozygosity, we considered
phenotype frequencies of the alleles; i.e., the homozygous
samples were counted as having only one allele. The results
show that that GIu*®®, Leu®®¥/Arg®P Phe®”®, Tyr?78 11e57P,
Asp”®, Arg”'P, Gln7‘“3 Thr’’®, and Glya("} make the
molecular signature of the peptide-binding pockets of DRB1
for predxsposltlon to develop vitiligo in both the initial and
replication studies (Figure 1). Asp?®®, Tg/rg’OB/C 3%, Ser’”®,
Phe*”®, Leu®”®, GIn™F, Lys”"®, Ala/Arg”*F, Asn” B and Val®sh
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Table 4. HLA-A-B-DRBT (three-locus) haplotypes sngmf' cantly different in vml:go cases as compared with controls
* from North India and Gujarat

' North India vitiligo versus North India controls Gujarat vitiligo versus Gujarat controls
: HILA haplotype Sample type Nao. (%) P.value OR (95% CO Nao. (%) P-value OR (95% CO)
i A33:01-B°44:03-DRB1°07:01  Controls 27 2.99) o ’ o 1aes) )
¢ All cases 226 (1609  875x1073 T2 m 93 0.000016 3 65 (1 91—? 37)
i T T T T Generalized 189 T2y 1saxio - zoexw“’ . 428 (218—883}
P “Locahzed 37 i{i 05)  918x107°  444QE7772) 806N 007 225079593
‘ A%02:01-844:03-DRE1*07:01  Controls 0(0.00) T S oo
P - All cases  33(235)  6.66x10~"7 4408 (6 1 317 867 1028 047 334 (03432277
i Generalized 29 @ 64) 233% 1078 49, 83 ®. 83—360 03¢ 00.00 ' a ’
i ’ Localized 4(1 30) o008 26 ?6 (3 38211 67)1 1096  020° T 11.37 (1.17-109.93)
| A*24:02-B*44:03-DRB107:01  Conols 4 (0.44) B X ’
o o C Alcases 26085 00019’ T 12040 00034' | 573 21815067
* G;\;ré;iuzed 23 (2"69) 00000 T asro. 13—8 93)2 T 708 o000 T 4.85 (1.75-13. 43)2
: i ) ' ‘ ) vl.oﬂcahlszed 3 (0.9 97) ’(-)fzs‘_i’ ’ ) 229 0856, 18)2’ o '51_3_4'.'2{_5)_ _:” (:).oogi" 8.63 (2.96-25.13)°
A%26: or.a*oam DRB1*03 01 Cof\tr;als 37 (410; ’ A 27 33) )
o Acases 20 a 42) " 00005 033 018060 _2_'(0 56 000077 o 15 (0.05-0.39)
’ T T benera lzed 15(1 45) T o005 034 (018—064). o 1(040) i 00016‘ 013 (0.04-0.42
T T Local:zed T 4(1 30) “oome T {098 008! o 031 ©. 09-1 oz;

A%01:01-B757:01-DRB1*07:01  Controls 30 [¢ 32) 27689 ’ ) .

All cases 51 (5 76) 0.0075 1 77 (1 42-2 sz; 27 (7'57) 068 1 12 061203

Generalized 0.0065 183 (1 15-2 95) ) 22 (8 87) T ooss 131 0.70- 246)

Locallzed T6Gan’ oz 159 (080-—3 08) 5(480) 030‘ N 073 3 (0371, 43)
gA'1101-8‘4403-DRBI‘0701 Controls 160 77) - T Chees 0T o
% T T TAllases | 433060 0;6'55“"‘: : 174 095334 3(’2”5‘5) T o00e' 72'?(212-22&9‘"){
) Generalized "36G28) 0035 187000365 708 0406’ 8123328147
i o o :_L.gcah_zed 7 fzizq'_)w 057 _ ) 129 (044336) 2(: ai) io.n"_' 636 (1.5026. 85)2
o R
; A*1101-8‘5701~DRBI’0707 Céhtrbls 3(0 99; - ’ o 15(3 82) i
v i AH cases 14(099) ) 079' i (043316} s 42) 0034 038({)19—077)2
‘ ST ' Generalized 12 (1 09) T T oes 123 (046350 3(1 20) Toooet T 034 (ms-079)2
; ST localized ~ 20065 051" 1690544917 2092 027" 0.59 0221542
i

Abbreviations: Cl, confidence interval; OR, odds ratio.

P-value was calculated by using Fisher's exact test.

ZOR was calculated by using Woolf's method with Haldane’s modification.
Three-locus haplotypes were constructed using Arlequin ver 3.5 for 1,404 vitiligo patients referred to as all cases in the table (1,097 generalized and '
' 307 localized vitiligo cases) from North India and 352 vitiligo patients from Gujarat (248 generalized and 104 localized vitiligo cases) and compared with

; 902 and 392 unaffected controls from North India and Gujarat, respectlvefy :

make the molecular signature of DRB1 for the protection  molecular signature for predisposition to develop vitiligo,
from vitiligo in both North India and Gujarat. The molecular  and Thr*>*, Asn®>®, Phe®’%, Ser’’®, Asn®®, Leu®'”, and Tyr">*
signature for HLA-A alleles for predisposition to develop the  makes the molecular signature for protection from vitiligo in
disease is actually specific for HLA-A allele A*33:07, whichis  both the initial and replication studes. In addition, significant
in LD with DRB1*07:01. For HLA-B locus, Lys“s*’ Glu®®  increase of Met*>®, Cys®’®, Asp”’® and Asp''® in North
Ser®”, Asn””%, Thi®®*, Ala® and .Ser® makes the Indian samples suggests the involvement of alleles other than
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' Table 5. HLA-A-DRBT and HLA-B-DRBT (two-locus) hapléiilpés sho“-ling significa};t differences in vitiligo pétiénts
: as compared with controls from North India and Gujarat

: North India vitiligo versus North India controls Guijarat vitilige versus Gujarat controls

+ HLA haplotype Sample type No. (%) Pvalue OR (95% C) No. (%) Pvalue OR (95% CD)

| A®33:01-DRBI*0701  Controls 29 7.39) 15 (3.82)

T All cases 251 (17 87) Y AT e 655 (439-10.08) 44 (1250) 000001  3.59(1.917.07)
o ’ “Generahzed ’ 212(1932) T ssoxi02 721 (431—}“1*{4)'” ) éﬂs'(ms"n'f 144x10’6 o 425 (221-857)"
P T Localized 902700 458x10‘“’ T 435 @ 587.48)  B(7.69) 009 C T 209074 543)

| A%02:01.DRBI'0701  Comrols 70400 T ' " 000 )

g T Alamses 664700 1.49x107 | 630(287-1635 3085 0.00°  7.86 (0.96-64.05)?
; ' Generalized 56510 3.53x107° 687 (3104798  0(0.00) ' ,
P localized  10(3.25) 0001 430(1.46-13.43) 3288  0.009° 27.06 (3.31-221.26)2
" praa: os-DRarwm Conwols  82(9.09) N L1 84) ’
b o CAllcases 40202863 243x107%° 401300523 860443)  18ix1070 6343719130
P T Generalized 343 (3126)  174x10°% 45403 485 97) T e (25.40) " 345x107% 6.68 (3.80412.15)
: k Localized 5901921 179><10“6 237 (162347 23 (2.3 1) 187x?0’3 557 (2.7411.33)
i

| 8*5701 DRBI*O?O? Controls ’ 47 6. 21) T ~:45 (4 és} _ )
et Alcases 128011 00005 T 182028263 440250 066 110069475
oo ~ Generatized 103 9.38) "-"';”00004 T 188 (1 302, 753 T3 (1411) T3 T 26076208
z ‘ ) -Locahzed " 6 i R 61 ©. 93-2 73) A 96 55) 041 0.73 (0.30-1.58)

f AV O‘ztDRBVI_ZOZM Controls ’ 3(033) o oo “ o ’ ) 13 (_3"3‘{) o T
L T T T Al cases ' 12(035) g0t T 230 (099«534)2 © 3pen oot 028(012'065)2
§ T Genérahzed T se o1 T boowsaasa? 30200 0076 0400170927

: T localized 40300 007‘“:~'~": ;8?(1 41—1027)2 6“(6 00) o 00451 T 013(0 02-0. 99)2 )
. : Lo e e e R e . .-

f A*26:01-DRB1*03:01  Controls 7@ T 17wsn )

i 7T Alcases | 20042 000005 033 (018—060) C 2056 00007 015 (0.05-0.397
Generahzed 16 (1.45) 0.00025 034 (013-0 64) 1040 00016 RETS 044142)2
i “ _ ~Local|zed B :“xq.éog'i'“' ) oo’ 034 (017~o 69)2 1098 _‘_H_b.d{’_: Y go.99~1.0232
i B a*oam DRBvbs 01 Controls T Thgen T T T T Uy 88) o 7 ’

| T Alfcases 240700 370x107R :ozo (012—033) 40. 61) " 6.00004' 0.17 0.08-03417
. Generalized”  18(1.64) 180x10““ BT <on~033) s 3 a. 20) 00004 om(o 08-0.42)

f S Localized 6095 0.0002 023008054 1096 oo T 0.19 10.06-0.627

Abbreviations: Cl, confidence interval; OR, odds ratio,

' P-value was calculated by using Fisher's exact test.

20R was calculated by using Woolf's method with Haldane’s modification.

Two-locus haplotypes (HLA-A-HLA-DRB1 and HLA-B-HLA-DRBT) were deduced from three-locus haplotypes (Arlequin ver 3.5} for patients and controls as
described in Table 4.

the predisposing alleles, which may be in low frequencies  vitiligo patients show similarities in the amino-acid signatures
(Figure 1, Supplementary Table S10 online). thh eneralized vitiligo at positions Glu?®?, Leu® ?, Phe®”P,

Subtle differences were observed in the molecular Tyr*?, and GIn”#P in both the initial and replication studies.
signatures of the peptide-binding pockets of DR B-chain in  However, they show similarities with unaffected controls
localized and generalized vitiligo. Interestingly, localized  at positions Arg>®/Cys®®®, Ser®”?, 11e®”P/Leu®”® Asp™®, and
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a Significantly increased or decreased residues in HLA-DRB1 peptide-binding pockets

NG
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28 | 2830 |30

TN [6 M8 TNITETNITS
37 |37 | 47 |47 67 | 67| 70 | 70

NG NI [ G [NI[G ]
71

d o i e Significant residues in HLA-B peptide-binding pockets
Significant residues in HLA-A
peptide-binding pockets NIJeTNITGINIJGINI G INIJG[NIJGINIJGINITGINI] G ]
INI(GINHG[NI(G]NHGIN.HGI 9 |9 |45 |45| 63 |63]67 [67]77 |77]|80 |80| 81 81|99 |99 116} 116
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viy NI

Figure 1. Amino-acid signatures for the peptide-binding pockets of HLA molecules. (a) For DR B1-chain in vitiligo patients from North India and Gujarat.
Amino acids shown in red are significantly increased in vitiligo patients; amino acids shown in green are significantly reduced in vitiligo patients as compared
with controls. More than one amino acid at certain positions being red or green suggests the involvement of multiples alleles. (b) Ribbon diagram for peptide-
binding clefts for predisposing and (c) protective DRB1 alleles (using PyMOL software, PyMOL Molecular Graphics System, Schrédinger, San Carlos, CA).
(d) Amino-acid signature for HLA-A locus. (e} Amino-acid signature for HLA-B locus in vitiligo. Bl Significantly increased P<0.009 to 10‘29 W Significantly
increased P<0.05-0.01; M Significantly reduced P<0.009 to 10~2; J Significantly reduced P<0.05-0.01; [] Nonsignificant.

Ala’*® in North Indians, and Cys*®®, Ser’’®, Aspm’3 Arg” "B
Lys Ser’'B, Ala”*P/Arg7*®, and Thi7%Asn”® in Guijaratis
(data not shown).

DISCUSSION

Our results show that A*33:01, B*44:03, and DRB1*07:01
were significantly increased in both initial and replication
studies, suggesting that these alleles are the markers for
vitiligo in both North India and-Gujarat. Association of
DRB1*07:01 with vitiligo seems to be primary, because in the
absence of A*33:01, B*44:03, or B*37:01, DRB1*07:01 still
remains highly significant in both the populations studied,
whereas the converse was not true. The basic predisposing
alleles in both localized and generalized vitiligo are the
same; however, similarities with the controls in terms of
allele frequencies of some alleles and amino-acid signature of
the DR P-chain seem to be protective from generalized
distribution of the lesions in localized vitiligo (Supplementary
Table 511 online).

Haplotype analysis showed the presence of 177 and 68
DRB1*07:01 haplotypes in North Indian and Gujarati cases,
respectively, suggesting that enough recombinational events
have taken place during the course of evolution, giving rise
to such a diversity of haplotypes; however, some of the
predisposing and protective haplotypes are still conserved.
The haplotype A*33:01-B*44:03-DRB1*07:01 was signifi-
cantly increased in generalized and localized vitiligo cases
from North India and only generalized cases from Gujarat.
Although the localized cases from Gujarat showed an OR of
2.25 for this haplotype, the P-value was not significant,
probably because of smaller sample size for the Jocalized
cases from Gujarat.

Very few studies have been conducted on association of
HLA alleles with vitiligo using low-resolution molecular
methods and still fewer using high-resolution typing methods.
A study on 41 Turkish vitiligo cases showed DRB1*03,
DRB1*04, and DRB1+*07 1o be increased in the vitiligo cases
(Tastan et al., 2004). However, we observed DRB1*07:01 to
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be positively associated and DRB7*03:07 to be negatively
associated with vitiligo in both initial and replication studies.
Presence of DRB1*07:01 has been reported in patients from
Slovakia (Buc et al, 1998) and China (Ren et al., 2009),
whereas HLA class | alleles have not been reported in these
studies. A meta-analysis of 11 case~control studies (N=777)
showed that class | allele HLA-A2 is associated with vitiligo
(Liu et al., 2007). HLA-AZ is a cluster of 266 alleles, one of
which, HLA-A*02:01, was significantly increased in general-
ized vitiligo cases (P<0.001, OR=1.57) from North India,
although only 14.59% of the generalized vitiligo patients
and 9.76% of unaffected controls had this allele (Table 2).
The haplotype A*02:01-B*44:03-DRB1*07:01 was signifi-
cantly increased in both generalized (2.64%) and localized
cases {1.3%) from North India as compared with controls
who lacked this haplotype altogether. However, our data
suggest that the primary association of HLA with vitiligo in
North India and Gujarat is not with A*02:01, but with
A*33:01, B*44:03, and DRB1*07:01.

Analysis of two-locus haplotypes for HLA-A-DRB1 and
HLA-B-DRB1 suggests that the haplotype B*44:03-
DRB1%07:01 is the marker for both generalized and localized
vitiligo in both the populations studied. DRB1*07:01 was
also in LD with A*02:01, A*33:01, and B*57:01. These
data suggest that the autoreactive CD4* T-helper cells are
restricted by HLA-DRB1*07:01 and the autoreactive CD8™*
cytotoxic T cells may be restricted by HLA-A*33:01,
A*02:01, B*44:03, and B*57:01 in the Indian populations
studied.

Association of MHC alleles with a disease gains impor-
tance because of the antigen-presenting function of the MHC.
The peptides presented by the MHC molecules have allele-
specific motifs (Falk et al., 1991). The affinity of the peptide to
a particular MHC molecule is determined by the amino-acid
residues present in peptide-binding pockets of the peptide-
binding groove. Shared amino acids in the peptide-binding
pockets have been demonstrated in autoimmune diseases
such as Type 1 diabetes (Todd et al, 1987), rheumatoid
arthritis (Winchester, 1994), and thyroiditis (Menconi et al.,
2010). Investigation of amino-acid signatures for the peptide-
binding pockets of HLA-A and HLA-B a-chain and HLA:DR
p-chain revealed specific molecular signatures for predis-
position and protection from the disease. These results
suggest affinity of autoantigenic peptides for predisposing
MHC class I and class | molecules that may be involved in
orchestrating {through CD4™* T cells) and implementing the
autoimmune responses (through CD87% T cells) in vitiligo,
respectively.

Generalized vitiligo is considered to be an autoimmune
disease, whereas localized vitiligo has not been considered
an autoimmune disease. We observed B*44:03 and
DRB1*07:01 to be predisposing in both generalized and
localized vitiligo patients in both the populations studied,
beside some differences in the frequencies of some other
alleles. To our knowledge, this is previously unreported.
Association of MHC alleles with localized vitiligo clearly
shows that there is a need to relook at the etiopathogenesis of
localized vitiligo. Although it may be an autoimmune

Journal of Investigative Dermatology (2012), Volume 132

disorder, similarities with unaffected controls in terms of,
HLA alleles and amino-acid signatures of the peptide-binding
pockets of DR B-chain may be contributing to the localized
distribution of the lesions.

MATERIALS AND METHODS
Patient group
DNAs were extracted from 1,404 North Indian patients with vitiligo
enrolled at Dr Ram Manohar Lohia Hospital and All India institute of
Medical Sciences, New Delhi, after obtaining informed consent.
These subjects belonged to North Indian states of Uttar Pradesh,
Himachal Pr@desh, Bihar, Haryana, Punjab, and Delhi. All cases and
control samples were collected after Institutional Human Ethics
Committee’s clearance from all the institutes/hospitals involved,
following the Declaration of Helsinki Principles. Diagnosis of vitiligo
was based on clinical examination done by dermatologists.
Clinically, the cases were classified as having generalized (vulgaris,
acrofacial, and universalis) or localized (focal, acral, mucosal, and
segmental) forms of vitiligo. The replication study was carried out on
355 vitiligo cases from Gujarat, a state in west of india (Table 1).
1t may be pertinent to mention here that the two groups studied in
the initial and replication studies form two independent endogamous
groups that do not inter-marry.

Unaffected controls

A total of 902 ethnically matched unaffected controls from North
India were used in the initial study and 441 ethnically matched
unaffected controls from Gujarat were studied in the replication
study. None of the unaffected controls had personal or family history
of vitiligo or any other autoimmune disease. Of the 902 controls
from North India, blood samples of 308 were collected at National
Institute of Immunology, Dr Ram Manohar Lohia Hospital and All
India Institute of Medical Sciences, New Delhi, and the remaining
594 samples were procured from the Institute of Genomics and
Integrative Biology, New Delhi, which were collected from the
aforesaid states of North India as a part of the Indian Genome
Variation program, and the details of the sample collection have
been explained elsewhere (Consortium, 2005).

Study of HLA-A, HLA-B, HLA-C, and HLA-DRBT alleles

DNA extraction was carried out by standard procedures from blood
samples collected in anticoagulant EDTA. Alleles of HLA-A, HLA-B,
HLA-C, and HLA-DRB1 were studied using PCR, followed
by hybridization with sequence-specific oligonucleotide probes as
described earlier (Israni et al., 2009), using a bead-based technology
(Luminex, Austin, TX) following the manufacturer's instructions
(Labtype'SSO kit from One Lambda, Canoga Park, LA). All North
Indian samples were typed for HLA-A, HLA-B, and HLA-DRBT1 loci.
A total of 404 vitiligo and 438 unaffected control samples from
North India were typed for HLA-C locus. Of the 355 Gujarat cases,
354, 353, and 355 cases were typed for HLA-A, HLA-B, and HLA-
DRB1 loci, respectively, and of the 441 unaffected controls from
Gujarat population, 408, 407, and 441 individuals were typed
for three loci, respectively. Differences in the sample numbers
studied for different loci are because of amplification failures in
some samples. The latest nomenclature for the HLA system was
used to designate the alleles of the three loci studied (Marsh et al.,
2010).



Haplotype analysis

Estimation of HLA haplotype frequencies was carried out using the
expectation maximization algorithm (Excoffier and Slatkin, 1995;
Excoffier et al,, 2005). Arlequin Ver 3.5 (Excoffier et al., 2005) was
run using the following settings: expectation maximization algorithm
performed at the haplotype level, £= 1e~7, five significant digits for
output, 50 starting points for expectation maximization algorithm,
and a maximum of 1,000 iterations (Bettencourt et al., 2008) at
http://cmpg.unibe.ch/software/arlequin35/. Three- and four-locus
haplotypes were thus constructed for both patient and controls
samples to identify predisposing and protective haplotypes in
the two populations. Two-locus haplotypes were derived from
three-locus haplotypes.

Statistical analysis

vitiligo samples were compared with their respective unaffected
controls using ¥*-analysis using Stata 9.2 statistical program. Fisher's
exact test was used when the numbers were five or less in any group;
i.e., in cases or controls for any allele. In such cases, ORs were
calculated using Woolf's method (Woolf, 1955) with Haldane (1956)
modification as described earlier (Rani et al,, 1998).
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Background Vitiligo is an acquired pigmentary disorder resulting from loss of mela-
nocytes. Interleukin (IL)-4 has been shown to stimulate B-cell proliferation, to
regulate immunoglobulin class switching (IgG1l and IgE) and to promote T-cell
development. Polymorphisms in the IL4 gene are known to increase its expres-
sion, thereby implicating its role in vitiligo susceptibility.

Objectives To explore inron 3 VNTR (IVS3) and -590 C/T (rs2243250) promoter
polymorphisms in the IL4 gene and to correlate them with the IL4 transcript, serum
1L-4 and IgE levels to achieve genotype—phenotype correlation in patients with viti-
ligo from Gujarat. A replication study was done in a North Indian population.
Methods The case—control study was performed to investigate these polymorphisms
in 505 patients and 744 controls in Gujarat, and 596 patients and 397 controls
in North India by polymerase chain reaction {PCR) and PCR-restriction fragment
length polymorphism analysis. IL4 transcript levels were monitored by real-time
PCR. Serum IL-4 and IgE levels were measured by enzyme-linked immunosorbent
assay and electrochemiluminescence immunoassay, respectively.

Results The genotype frequencies differed significantly between patents with generalized
vitiligo and controls for both the polymorphisms in both populations. Allele frequencies
significantly differed between patients with generalized vitiligo and controls for both the
polymorphisrns in the population from Gujarat. Interestingly, genotype and allele fre-
quencies for -590 C/T single nucleotide polymorphism were significantly different
between patients with localized vitiligo and controls in both the populations. The study
revealed significantly increased IL4 mRNA, serum IL-4 and IgE levels in patients from
Gujarat. Age of onset analysis of disease in patients suggested that the TTR2R2, TTR1R2
and CTR2R2 haplotypes had a profound effect in the early onset of the disease.

Conclusions Our results suggest that these polymorphisms of the IL4 gene may be
genetic risk factors for susceptibility towards vitiligo and the upregulation of the
L4 transcript, protein and IgE levels in -individuals with susceptible haplotypes
reveal the crucial role of IL-4 in the pathogenesis of vitiligo.

Vitiligo is a skin disorder with progressive depigmentation of the
skin.! Absence of melanocytes from the lesional skin due to their
destruction has been suggested to be the key event in the patho-
genesis of vitiligo.” The abnormal immune response frequently
observed in patients with vitiligo has led to the suggestion that
the condition has an awoimmune component® The auto-
immune destruction of melanocytes can be explained by the ab-
normalities in both humoral and cell-mediated immunity.**

314

Recently, a number of genes that play a role in vitligo susceptibil-
ity, including HLA (human leucocyte antigen), PTPN22 (protein
tyrosine phosphatase, nonreceptor type 22), NLRP1 (previously
NALPI; NIR family, pyrin domain containing 1), XBP1 (X-box bind-
ing protein 1), FOXP1 (forkhead box P1), iL2RA [interleukin (IL)-2
receptor, o] have been tested for genetic association with vitiligo.®

Cytokines, including interleukins, are important mediators of
immunity; hence any imbalance or deficiency in the cytokine

© 2012 The Authors
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network may lead to autoimmune diseases. Studies indicate that
cytokine gene expression is influenced by genetic polymor-
phisms and these variations appear to be linked with the pro-
gression of disease.”® In particular, polymorphisms in the IL4
gene may have a significant impact on the host immune
response. IL-4 is a pleiotropic immunomodulatory cytokine
secreted by T-helper (Th) 2 lymphocytes, eosinophils and mast
cells.” The biological actions of IL-4 include stimulation of IgE
and mast cell eosinophil-mediated reactions; IL-4 is the princi-
pal cytokine that stimulates B-cell immunoglobulin heavy-chain
switching to the IgE isotype, which is the principal mediator of
immediate hypersensitivity reactions. Also, IL-4 stimulates the
development of Th2 cells from naive CD4+ T cells and func-
tions as an autocrine growth factor for differentiated Th2 cells
and also contributes to the maintenance of the Th2 lymphocyte
profile that leads to the elevation of baseline IgE levels.!%! It
has been demonstrated that an imbalance between Thl and Th2
cytokine production is highly correlated with the induction and
development of several autoimmume diseases. >'* Tn particular,
IL4 seems to be an attractive candidate gene on the basis of its
key role in IgE production and in the induction of inflamma-
tion, thereby contributing towards autoimmunity.

Polymorphisms in the L4 gene may cause alteratons in its
levels, leading to a disturbance in immune functioning,
thereby implicating its role in several autoimmune diseases
including vitiligo. Genetic variants of the promoter region of
114 have been related to elevated levels of serum IgE.'* The
114 promoter region possesses a C to T transition at the -590
position. This polymorphism has been shown to be associated
with enhanced promoter strength with increased binding of
nuclear transcription factors to the promoter leading to differ-
ent levels of IL-4 and increased IgG levels against specific anti-
gens.'*!¢ Another polymorphism frequently described in the
114 gene is a 70-bp VNTR (variable number tandem repeat),
located in the intron 3 region. The three tandem repeat allele
is known to be a high producer of IL-4.””

As IL-4 appears to be an important regulator of the immune
response, it is of interest to investigate the role of L-4 in viti-
ligo. Hence, the aims of this study were: (i) to determine
whether the two well-characterized IL4 polymorphisms, ie.
IVS3 and -390 C/T single nucleotide polymorphism (SNP),
are associated with vitiligo susceptibility in populations from
Gujarat and North India; (ii) to measure and compare IL4
mRNA levels in Gujarati patients with vitiligo and healthy
controls with different haplotypes; and (iii) to measure and
compare serum IL-4 and IgE levels in Gujarati patients with
vitiligo and unaffected controls with different haplotypes.

Materials and methods

Study population

The study population included 505 patients with vitiligo (395
generalized and 110 localized vitiligo cases) from Gujarat and
596 patients with vitiligo (464 generalized and 132 localized
vitiligo cases) from North India (Table S1; see Supporting in-
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formation). A total of 744 ethnically and sex-matched unaf-
fected individuals from Gujarat and 397 individuals from
North India were included in the study (Table S$1). None of
the healthy individuals had any evidence of vitiligo or amy
other autoimmune disease.

The study plan was approved by the Institutional Ethical
Committee for Human Research, Faculty of Science, The
Maharaja Sayajirac University of Baroda, Vadodara, Gujarat,
India and the Al India Institute of Medical Sciences and
National Istitute of Immunology, New Delhi, India. The
importance of the study was explained to all participants and
written consent was obtained from all patients and controls.

Determination of /L4 gene polymorphisms

Genomic DNA was extracted from whole blood using a whole
blood DNA extraction kit (Bangalore Genei, Bangalore, India).
Polymerase chain reaction (PCR) and PCR-restriction fragment
length polymorphistn (PCR-RFLP) analyses were used to geno-
type -590 C/T and IVS3 of the IL4 gene, respectively, using the
primers shown in Table S2. The restriction enzyme used was
Awall (Fermentas, Vilnius, Lithuania) for digesting amplicons of
the -590 SNP. More than 10% of the samples were randomly
selected for confirmation and the results were 100% concordant
{analysis of the chosen samples was repeated by two researchers
independenty) and also confirmed by sequencing.

RNA extraction and cDNA synthesis

Total RNA from whole blood was isolated and purified using the
Ribopure™ blood Kit (Ambion Inc., Austin, TX, US.A.) follow-
ing the manufacturer’s protocol. <cDNA synthesis was performed
using the RevertAid First Strand <DNA Synthesis Kit (Fermentas).

Determination of /L4 and GAPDH mRNA expression by
real-time polymerase chain reaction

The levels of 114 (target) and GAPDH (reference) transcripts
were measured by real-time PCR using gene-specific primers
{Furofins, Bangalore, India) as shown in Table S2. Real-time
PCR was performed in duplicates in 20 pl using LightCy-
cler®480 SYBR Green I Master following the manufacturer’s
instructions and carried out in the Light Cycler®480 T Real-
Time PCR (Roche Diagnostics GmbH, Mannheim, Germany).
At the end of the amplification phase a melting curve analysis
was carried out on the product formed. The fluorescent data
collection was performed during the extension step. The value
of Ct was determined by the first cycle number at which fluo-
rescence was greater than the set threshold value. The data are
shown as the ratio of Ct values of 1L4 and GAPDH.

Estimation of serum interleukin-4 {evels by enzyme-
linked immunosorbent assay

Serum levels of IL-4 in patients with vitiligo and controls were
measured by enzyme-linked immunosorbent assay (ELISA)
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using the AviBion Human IL-4 ELISA kit (Ani Biotech Oy,
Vantaa, Finland} as per the manufacturer’s protocol.

Estimation of serum IgE levels by
electrochemiluminescence immunoassay

Serum IgE levels in patients with vitiligo and controls were
also monitored by electrochemiluminescence immunoassay
(ECLIA} using the Human IgE ECLIA kit (Roche Diagnostics
GmbH) as per the manufacturer’s protocol.

Statistical analysis

The distribution of the genotypes and allele frequencies was
compared using the %> test with 3 X 2 and 2 X 2 contingency
tables, respectively, using Prism 4 software (GraphPad Software
Inc., San Diego, CA, U.S.A.). Vitiligo samples from North India
and Gujarat were compared with their respective unaffected
controls using %* analysis and Fisher’s exact test and strength
of associations was estimated by odds ratio (OR) and 95% con-
fidence interval (CI) using the Stata 9.2 statistical program
(Statacorp, College Station, TX, U.S.A.). Haplotype analysis was
carried out using SHEsis program.'®'” The linkage disequilib-
rium (LD} coefficients D’ = D/D,,,, and r* values for the pair
of the most common alleles at each site were also estimated
using the Haploview program version 4.1.2 Differences were
considered to be staustically significant if the P-value was
< 0-05. Relative gene expression of IL4, serum IL-4 and IgE
levels were plotted and analysed by nonparametric unpaired t-
test using Prism 4 software. The statistical power of detection
of the association with the disease at the 005 level of signifi-
cance was determined by using the G*Power software.”!

Results

Association of IL4 gene intron 3 VNTR with vitiligo

The three genotypes of IL4 IVS3 were classified as: Rl
(183 bp—two 70 bp repeat allele), R2Z {253 bp—three 70 bp
repeat allele) and RIR2 (both 183 and 253 bp fragments)
(Fig. Sta; see Supporting information).

IVS3 in the IL4 gene was found to be associated with viti-
ligo susceptibility in the Gujarati population, as genotype and
allele frequencies were significandy different (P < 0-06001,
P < 0-0001, respectively) between the patients and controls.
The allele frequencies of the R1 and R2 alleles differed signifi-
cantly between patients with generalized vitiligo and controls
from Gujarat (P < 0:0001), with R2 being significantly in-
creased in patients compared with controls; however, this was
not the case in the North Indian population (P = 0-32)
(Table 1). Genotype R2RZ was significantly increased
(P = 002) and RIR! was significantly reduced (P < 0-0001)
in patients with generalized vitligo compared with controls
(Table 1) in the Gujarat population. Only the RIR1 genotype
was significantly reduced in the North Indian patients with
generalized vitiligo compared with controls (P = 0:005).

However, genotype and allele frequencies for IVS3 were not
significantly different in patients with localized vitiligo com-
pared with controls in either of the populations (Table 2).
This study has 97% and 94% statistical power, respectively,
for the Gujarat and North Indian populations for the effect
size -1 to detect association of IVS3 in patients with vitili‘go
and the control population (P < 0-05).

Association of -590 C/T promoter polymorphism in /L4
gene with vitiligo

The genotyping of the -590 C/T SNP revealed a 195-bp undi-
gested product corresponding to the T allele and 177- and
18-bp digested products corresponding to the C allele
(Fig. S1b).

The -590 C/T SNP was found to be associated with vitiligo
susceptibility in both the populations, as genotype and allele
frequencies were significantly different (P < 0-0001, P <
0-0001, respectively) between patients and controls. The fre-
quencies of the C and T alleles differed significantly between
patients with generalized vitiligo and controls from Gujarat
(P < 0-0001) with the T allele being significantly increased in
patients compared with controls; however, in North Indians,
the C allele was significantly increased in patients with gener-
alized vitiligo compared with controls (P < 0-0001) (Table 1).
Genotype TT was significanily increased (P = 0-005) and CC
was significantly reduced (P = 0-0002) in patients with gener-
alized vitiligo compared with controls (Table 1) in the Gujarat
population; however, the CC genotype was significantly in-
creased (P < 0-0001) and the TT genotype was significantly
reduced in the North Indian patients with vitiligo compared
with controls (P < 0-0001).

Interestingly, genotype and allele frequencies for the -590
C/T SNP also differed significantly between patients with
localized vitiligo and controls in both the populations (P =
0-004, P = 0-001 for Gujarat and P < 0-0001, P < 0-0001 for
North India) suggesting an association of -590 C/T polymor-
phism with localized vitligo (Table 2). This study has 97%
and 93% statistical power, respectively, for Gujarat and North
Indian populations for the effect size 0:1 to detect an associa-
tion of -590C/T SNP at P < 0-05 in patients and the control
population. »

Linkage disequilibrium and haplotype analyses

As -590C/T and IVS3 are on the same gene it is important to
know which of the alleles at the two regions are present
together on the same chromosome, i.e. which alleles are in
linkage disequilibrium (LD) and make haplotypes. The LD
analysis revealed that the two polymorphisms investigated in
the 114 gene were in low LD with D’ = 0:072 and 0:275 in
Gujarati and North Indian patients with generalized vitiligo,
and D’ = 0:159 and 0-277 in patients with localized vitiligo
from Gujarat and North India, respectively.

The estimated frequencies of the haplotypes differed signifi-
cantly between patients with generalized vitiligo and controls

© 2012 The Authors
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Table 1 Association study for [L4 gene intron 3 VNTR (IVS3) and -590 C/T single nucleotide polymorphism (SNP) in patients with generalized

vitiligo and controls from Gujarat and North India

Patients Controls
- S — Odds ratio P-value
Population SNP/genotype [ Frequency R Frequency P-value (95% C1) (global)
Gujarat Tntron 3 395 744
VNTR (1V53) :
Genotype
RIRt 23 006 106 014 00001 03 (0:2-06) < 0-0001
RIR2 107 027 188 028 0-50 10 (0-8-1-4)
RIR2 265 067 450 061 0-02 143 {1017}
Allele ) .
R1 153 019 . 400 027 0-0001 06 (0-5-08) < 0-0001
R2 637 081 1088 073 0-0001 ‘15 (1-2-19)
North India (1vs3) 464 397 :
Genotype , ' : '
RIRI 13 003 :27 007 0-005 03 (0-1-0'8) 0-013
RIR2 140 030 103 026 0-16 12 (0-9-1-6)
R2R2 311 067 267 067 0-94 09 (0-7-1-3)
Allele
Rl 166 018 157 020 . 0-31 08 {0-6-1'1) 0-323
R2 762.  0-82 6370 080 031 11 (0-8~1-4)
Gujarat -590 C/T (rs2243250) 395 646
Genotype .
cc 169 . 043 353 055 0-0002 06 (0-4-0-8) 0-001
cr 99 025 136 021 . 0-13 12 (0:9-1-7)
T 127 032 157 024 0-005 14 (111-19)
Allele
¢ 437 055 842 065 7:30 % 10° 06 (0-5-07) < 0-0001
T 353 045 450 035 730 x 10° 15 (1-2-1-8)
North India ~ -590 C/T (rs2243250) 464 389 ) .
’ Genotype . .
cc 286 062 115 - 029 890 x 10% 3-8 (2-8-5-1) < 00001
cr 131 o018 100 °© 026 0-40 11 (08-1-5)
TT 47 0-10 174 045 150 x 10%° 0-13 {0-0°2)
Allele ' :
C 703 075 “ 330 042 9-80 X 10*° 42 (34-52) . < 00001
T 225 025 448 058 980 x 10* 02 (011-0-2)
CI, confidence interval.

in Gujarati and North Indian populations {global P < 107%,
P < 107'%, respectively) (Table 3). Also, patients with local-
ized vitligo exhibited significantdy different frequencies of
haplotypes compared with controls in Gujarat and North
Indian populations (global P < 107°, P < 107%°, respectively
(Table 4}.

" The results showed that haplotype TR2 was significantly in-
creased (P < 107%) in patients with generalized vitiligo from
Gujarat and haplotype CRi was significantly reduced
(P = 0-001) compared with controls (Table 3). On the other
hand, haplotype CR2 was significantly increased (P < 107%)
in patients with generalized vitiligo from North India and TR2
was significantly reduced (¢ < 107'¢) compared with the eth-
nically matched controls. Haplotype analysis for patients with
localized vitiligo and controls showed that the TR1 haplotype
was increased significantly (P = 0-031) in the patents from
Gujarat and the CR1 haplotype was reduced significantly com-
pared with controls (P < 107°). The CR2 haplotype was sig-

© 2012 The Authors
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nificantly increased (P < 107'%) and TR2 was significantly
reduced (2 < 107'%) in patients with localized vitiligo from
North India (Table 4}. The differences observed in the Gujara-
tis and North Indians could be due to different ethnicity as
they form two independent endogamous groups which do not
intermarry.

Age of onset of vitiligo and /L4 haplotypes in patients
with vitiligo

In addition, age of onset of the disease and IL4 haplotypes
were also correlated in patients with vitiligo from Gujarat and
North India. Interestingly, Gujarati patients with vitiligo with
the TTR2ZR2 haplotype had an early onset of vitiigo (mean
age T 8D, 95 * 08660 years) compared with the CCRIR2
and TTRIR1 haplotypes (P = 0-027; P = 0005, respectively)
(Fig. 1a). Also, patients with the TTR1R2 haplotype had early
onset of vitiligo (mean age + SD, 1129 + 1-742 years) com-
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Table 2 Association study for IL4 gene inron 3 VNTR (IVS3) and -59¢ C/T single nucleotide polymorphism (SNP) in patients with localized
vitiigo and controls from Gujarat and North India

Patients Controls
- Odds ratio P.value
Population SNP/genotype B Frequency n Frequency  P-value (95% C1) (global)
Gujarat., Intron 3 VNTR (IV53) 110 744
Genotype
RIRi 15 013 106 015 0-80 09 (04-1'7) 0-807
RIRZ 25 023 188 025 050 08 (05-14)
RIR2 70 064 450 060 0-50 11 {07-17)
Allele -
Ri 58 025 400 0-27 061 09 (06-12) 0-614
. R2 165 75 1088 073 061 1-1 (G715}
North ndia  IVS3 132 397 ’
Genotype
RIRI 7 005 T 007 050 07 (02-18) 0734
RIR2 38 029 103 0-26 0-50 11 (0‘7—-1‘8)
R2R2 87 066 267 067 070 09 (06-14)
Aliele '
R1 52 020 157 020 090 09 (06-1-4) 0930
R2 212 080 637 0-80. 050 10 (0-7-1-4)
Gujarat -590 C/T 110 646
Genotype
cc 43 039 353 ¢-55 04002 05 (03-0-8) 0:004
Cr 37 034 136 0-21 0-003 1-9 {1:1-3-0)
T 30 027 157 024 0560 11 (0-7-1-8)
Allele .
C 123 0-56 842 0-65 0-008 0-6 (0°5-0:9) 0-001
T 97 044 450 035 0-008 1-4 (1-0-1-9)
‘North India  -590 C/T (1s2243250) 132 389 .
Genotype N ”
cc - 82 062 115 029 2:60 x 10" 39 (25-60) < 00001
lory 3¢ 025 100 026 09 11 (0-6-1-6)
T 16 013 174 045 170 x 108 017 (0:09-0-3)
Allele
C 198 075 336 042 5-60 x 10*° 4 (29-56) < 0-0001
T 66 025 448 058 560 x 10%° 0-24 (0:1-03)
CI, confidence interval.

Table 3 Haplotypes of IL4 -590 C/T and intron 3 VNTR showing significant differences between patients with generalized vitiligo and controls
from Gujarat and North India

Haplotype (-580 C/T Patients Controls P-value L
Population and intron 3 VNTR) Frequency (%) Frequency (%) P-value (global) Odds ratio (95% CI)
Gujarat 2n = 598 2n = 1246
CR1 9:00 1433 0061 <107® -390 (0428-0-815) -
CR2 4970 525 0-026 0-801 (0-658-0-973)
TRI 710 870 0229 0798 (0-551-1-154)
TR2 3420 2172 <107 1877 (1°512~2-329)
North India 2 = 898 2n = 650
CR1 769 . 7'55 0914 I8 [ atd 1-021 -(0-698~1-494)
CR2 68°59 3368 <107 : 4298 (3466-5-331) -
TRI 979 1184 0197 0-808 (0-584—1-118)
TRZ 1393 46:93 <107 0-183 (0-143-07234)
Cl, confidence interval.
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Table 4 Haplotypes of 114 -590 C/T and inron 3 VNTR showing significant differences between patients with localized vitiligo and controls from

Gujarat and North India

Haplotype (-590 C/T Patients Controls P.value
Population and intron 3 VNTR) Frequency (%) Frequency (%) . - . P-value (global) Odds ratio (95% CI)
Gujarat n =184 In= 1246 ¢
CRI 2:67 1433 <107 <1070 0164,(0°066-0408)
CR2 60:37 5526, G191 1-234:(0-900~1-692)
TR1 13:63 S8 0031 1-657:(1041-2-637)
o, ™ 2333 2ETE LT S 11096 /(0755-1'583)
North India S = 264 26 =650 o ,
: ) CRI a2 SN 53 P 0058 <1077 1OZ1{0698-1-494)
CR2 71:64 3368 RSt {1 e ' 42987(3:466-5-331)
TR1 1482 1184 0220 0-808 (0:5841-118)
TR2 943, 4693 <197 0-183.(0-143-0-234)
CI, confidence interval.

P s0036
(@ ®) Paoo0is
o 40 fz=oms P'O’m‘t, 4
= & P =0ot
g £ % ‘
¥ S
k] % 3 5 204
i i
L3
e S 104
- . h
9 S
< < 2
Fig 1. Comparison of age of onset of vitiligo [ - A LU R $e
. P PR P S
; i i ith vitili D P o ST S
with IL4 haplotypes in patients with vitiligo ‘(\dtlész:f? <@~ 6@-63- <@~ 6&

from (a) Gujarat and (b) North India.

pared with those with CCR2R2 and CTRIR2 (P = 0016;
P = 0:042, respectively) (Fig. 1a).

Interestingly, North Indian patients with vitiligo with the
TIRZR2 haplotype also had an early onset of the disease
(mean age * 8D, 19-56 * 1-283 years) compared with those
with CCR2R2, TTRIR2 and TTRIR] (P = 0-014; F = 0-025;
P= 00013, respectively). Moreover, patients with the
CTR2R2 haplotype also had early onset of vitligo (mean
age £ SD, 17°54 & 1194 years) compared those with CTR1R1
and CTRI1R2 (P = 0-015; P = 0-035, respectively) (Fig. 1b).

Relative gene expression of /L4 in patients with
generalized vitilige and controls from Gujarat

Gene expression studies revealed higher expression of IL4 in
84 patients with generalized vitiligo compared with 93
controls (P = 0-001) (Fig. 2a). Further, the expression levels
of L4 were analysed with respect to haplotypes generated
from the two investigated polymorphisms of 114 (Fig. 2b). IL4
mRNA expression differed significantly with respect to haplo-
types generated at -590 and IVS3 loci, i.e. CCR2R2, CTR2R2
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Fig 2. Relative gene expression and genotype-phenotype correlation for 14 transcript in controls and patients with generalized vitiligo. (a)

Relative gene expression of 1i4 in 84 patients with generalized vidligo
(GAPDH transcripts). {b) Relative mRNA expression of 114 with respect
vitiligo and 93 controls as suggested by ratio of target (IL4 transcripts)
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and 93 conwrols as suggested by ratio of target {IL4 transcripts)/reference
to -590 C/T and intron 3 VNTR haplotypes in 84 patients with generalized
/reference (GAPDH wanscripts).
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and TTR2R2 (P < 0-0001; P < 0-0001; P < 0-0001, respec-
tively) in patients with vitiligo compared with controls. Also,
the CTRIR2 and TTRIR2 genotypes revealed significantly
higher mRNA expression (P = 0-006; P = 0-01, respectively)
in patients compared with controls.

Estimation of serum interleukin-4 levels and its
correlation with investigated polymorphisms in patients
with generalized vitiligo and controls from Gujarat

Serum IL-4 levels in 86 patients with generalized vitiligo and
95 controls were estimated by ELISA. IL-4 levels were found
to be significanty different in patients with vitiligo compared
with controls (P < 0-0001) (Fig. 3a). In addition, serum IL-4
levels were analysed with respect to haplotypes generated at
the -590 and IVS3 loci. IL-4 levels were significantly higher in
patients for the CCR2R2, CTR2R2, CTR1R2 and TTR2R2
genotypes (P = 0-002; P = 0-013; P = 0044 and P = 0-002,
respectively) (Fig. 3b).

Estimation of serum IgE levels and its correlation with
investigated polymorphisms in patients with generalized
vitiligo and controls from Gujarat

We also measured serum IgE levels in 82 patients with gener-
alized vitiligo and 90 controls from Gujarat. Patients with viti-
ligo showed increased IgE levels compared with controls

(P = 0-019) (Fig. 4a). Moreover, when serum IL-4 levels were
compared with respect to haplotypes generated at -590 and
IVS3 loci, the IgE levels were significantly increased for
TTR2R2, CTR2R2, CCR2R2, TTR1R2 and CIR1R2 haplotypes
(P = 0003, P = 0:014, P = 0033, P = 0-006 and P = 0-026,
respect'ively) in patients compared with controls (Fig. 4b).
However, no significant difference was observed for serum
IgE levels between patients and controls for CCRIR2 and
TIRIR! haplotypes (P = 0:579, P = 0587, respectively)
(Fig. 4b).

Discussion

Although the aetiology of vitiligo remains obscure, autoimmu-
nity has been suggested to play a major role in its pathogene-
sis.® Our previous study suggested that 22% of patients with
vitiligo from Gujarat exhibit a positive family history and 14%
patients have at least one-first-degree relative affected.”” The
destruction of melanocytes due to an autoimmune response in
vitiligo can be either through cellular and/or hurmnoral immune
response.”* We have also shown that 66% of patients with vit-
iligo possess antimelanocyte antibodies in their circulation
compared with a control population.?® Recently, we showed a
positive association of HLA-A*33:01, HLA-B*44:03 and HLA-
DRB1*07:01 with vitiligo in patients from North India and Guj-
arat suggesting an autoimmune link of vitiligo in these
cohorts.” The genotype-phenotype correlation of CTLA4 gene
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Fig 3. Correlation of serum interleukin (IL)-4
levels with investigated polymorphisms in
controls and patients with generalized vitiligo.
(a) Comparison of serum IL-4 levels

(pg mL™") in 86 patients with generalized
vitiligo and 95 controls as determined by
enzyme-linked immunosorbent assay. {b)
Comparison of serum I1L-4 levels (pg mL™)
in 86 patients with generalized vitiligo and 95
controls with respect to haplotypes based on
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Fig 4. Correlation of serum IgE levels with investigated polymorphisms
serum IgE levels (IU mL™") in 82 patients with generalized vitiligo and

in controls and patients with generalized vitiligo. (a) Comparison of
90 controls as determined by electrochemiluminescence immunoassay. (b)

Comparison of serum IgE levels (TU mL™") in 82 patients with generalized vitiligo and 90 controls with respect to haplotypes based on the

investigated polymorphisms.
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polymorphisms also supports the autoimmune pathogenesis of
vitiligo in the Gujarat population whereas our earlier studies
on MBL2, ACE and PTPN22 polymorphisms did not show signif-
icant association,”2®

In this study, we investigated two well-documented IL4
polymorphisms, -590 C/T SNP and IVS3, in patients with viti-
ligo from Gujarat and North India. The -590 T allele is associ-
ated with increased promoter activity, a higher proportion of
IL-4-producing Th cells,'” and elevated serum IgE level.'* One
study by Pehlivan et d.*® in 2009 reported its nonassociation
with vitiligo in a Turkish population. Interestingly, ours is the
first report suggesting a strong association of -590 C/T poly-
meorphism with vititigo susceptibility. We found that the sus-
ceptible (TT) genotype frequency is higher in patients from
Gujarat with generalized and with Jocalized vitiligo compared
with controls, suggesting the profound effect of -590 C/T
polymorphism in both the types of vitligo. This particular
genotype confers higher expression of {14, as the T allele is
known to increase transcriptional activity'® and thereby also
upregulates IL-4 protein expression. However, the CC geno-
type frequency was higher in patients with vitiligo from North
India, suggesting a difference in genetic predisposition due to
ethnicity differences between the two populations. Also,
higher frequency of the low producing genotype CC in North
Indian patients may implicate the role of Thi1 type of autoim-
mune responses in these patients compared with higher Th2
responses in Gujarat. It is pertinent to mention here that the
prevalence of vitiligo in Gujarat is higher than in North India
and it is possible that different autoimmune aetiologies may
be playing a role in the manifestation of the disease in the
two ethnic groups in India. The 4 -590 C/T promoter poly-
morphism is associated with autoimmune disorders such as
allergic asthma and systemic lupus erythematosus (SLE).*%!
The I14 -590 TT genotype was significantly more frequent in
patients with rheumatoid arthritis (RA) than in controls.®
Nevertheless there are contradictory reports which suggest that
this polymorphism is not associated with autoimmune dis-
orders such as autoimmune thyroid disease®* and Graves dis-
ease.>*

The present study also addressed IVS3 in patients with viti-
ligo and controls and found a significant association with vit-
ligo susceptibility in the Gujarati population. It is suggested
that a distinct number of VNTR copies might affect the wan-
scriptional activity of the IL4 gene.’® The three repeat allele
(R2) is known to be high producer of IL-4," which was
found to be higher in patients with generalized vitiligo from
Gujarat; however the allele has no association with patients
with localized vitiligo from Gujarat suggesting that it may
have a crucial role in generalized vitiligo. Previously, this
polymorphism was reported to be associated with RA and
imnmune thrombocytopenic purpura and SLE>**¢ One North
Indian study also suggested an association of IVS3 with sus-
ceptibility to type-2 diabetes.”” Tn contrast, this polymorphism
was not found to be associated with autoimmune thyroid dis-
ease.®® This is the first report investigating the role of IVS3
and suggesting its positive association with vitiligo.
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Our relative gene expression studies and ELISA results
showed a significant increase in IL4 transcript and protein lev-
els in Gujarati patients with vitiligo suggesting its crucial role
in vitiligo pathogenesis. This is the first report where IL4
expression and protein levels were studied in patients with vit-
iligo. Further, considering the IL4 -590 C/T promoter poly-
morphism, we found that patients with the CT and TT
genotypes revealed higher 14 mRNA expression. Also, the CT
and TT genotypes showed significant differences in serum IL-
4 levels in Gujarati patients with vitiligo compared with con-
trols. In a recent study by Kim et dl.,*® the -5%0 C/T SNP was
shown to be associated with higher {I4 mRNA expression in
patients with asthma. Our results document the same evidence
in patients with vitiligo. We found that patients with vitiligo
harbouring the CCRIR2, CTRZR2 and TTRIRZ haplotypes
showed significantly increased tnRNA and protein levels com-
pared with controls, revealing the profound effect of the
R2R2 genotype on IL-4 expression.

In addition, higher serum IgE levels in Gujarati patients
with vitiligo suggest that this increase could be due to in-
creased IL-4 levels. Further, the -590 TT and IVS3 R2R2 geno-
types were found to be associated with increased serum IgE
levels. Our results are in accordance with those of Guia and
Ramos, demonstrating the association of -590 TT genotype
with elevated serum IgE levels .in individuals with atopic
allerpy.*® Our results showed that patients with vitiligo with
the CCRZR2, CTR2R2 and TTRIR2 haplotypes showed signifi-
cantly increased serum IgE levels compared with controls,
revealing the intense effect of the RZR2 genotype.

Previous studies also showed an increase in total IgE count
in 59 patents with vitiligo and these patients had a signifi-
cantly higher incidence of vitiligo in their families, an earlier
onset and a rapid worsening of the disease.*>*! In particular,
analysis of age of onset of the disease in patients suggests that
TTR2R2, TTRIR2 and CTRZR2 had a significant effect in the
early onset of the disease and further can also be supported by
the increased serum IL-4 and IgE levels in patients with these
haplotypes. Thus, our findings strongly support the fact that
the T and R2 alleles are associated with increased promoter
activity,’® a higher proportion of IL-4-producing Th cells'’
and elevated serum IgE levels.'® Considering 114 IVS3, the R2
allele is known to be a higher producer of IL-4."

In summmary, our present study on the well-documented 114
gene polymorphisms reveals the crucial role of -4 in vitiligo
susceptibility of the Gujarati population; however, only the
-590 C/T polymorphism showed significant association with
vitiligo in the North Indian population. The differences in the
results in the two populations studied seem very interesting
and suggest different pathways may be involved in achieving
the same goal, i.e. vitiligo. It is well known that TL-4 has been
shown to stimulate B-cell proliferation, to regulate immuno-
globulin class switching (IgG1 and IgE), and to promote T-cell
development,'® and therefore plays an important role in pre-
cipitating autoimmune responses. Considering the fact that
IL-4 is one of the most important Th2 cytokines, and in-
creased IL-4 levels induce a balance shift from Thl to Th2
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cells, determining the molecular profile of a particular person
becomes crucial in understanding the immune reaction mech-
anisms. In cases of atopic dermatitis where hyper-produced
Thl and Th2 cytokines are involved, the initiation phase of
the disease involved increased IL-4 production by Th2 cells.*
Previously, an in vive study showed that IL-4 contributed to in-
creased levels of IgE and IgG1 in mice treated with mercuric
chloride, which led to a systemic autocimmune disease,
emphasizing the role of IL-4 in humoral immune response-
mediated pathogenesis.**

We therefore hypothesize that IL-4 plays a crucial role in
aggravating immune responses in Gujarati patients with viti-
ligo, and its ability to stimulate B-cell proliferation may be
involved in precipitating the humoral immune responses
(Th2) in these patients. Also, for the first time, we document
the role of the 14 -590 C/T promoter polymorphism as well
as IVS3 in increased expression of IL4 transcript in correlation
to higher 1L-4 and serum IgE levels in patients with vitiligo
and thereby conferring susceptibility towards vitiligo in the
Gujarati population.
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Figure §1. (a) Polymerase chain reaction (PCR)-restriction
fragment length polymorphism analysis of IL4 -590 C/T poly-
morphism on 10% polyacrylamide gel electrophoresis. Lanes
1, 3 and 5, heterozygous (CT) genotypes; lane 2, homozy-
gous (CC) genotype; lane 4, homozygous (TT) genotype; lane
M, 100 bp DNA ladder. (b) PCR anmalysis of IL4 intron 3
VNTR polymorphism on 2% agarose gel electrophoresis. Lanes
1, 5 and 8, homozygous (RZR2) genotypes; lanes 2 and 6,
heterozygous {R1R2) genotypes; lanes 3, 4 and 7, homozy-
gous (R1R1) genotypes; lane M, 50 bp DNA ladder.

Table §1. Demographic characteristics of patients with viti-
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and JL4 gene expression analysis.
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