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VDR polymorphisms Apal (rs7975232), Taql
(rs731236) and Fokl (rs2228570) in Pakistani vitiligo
patients and controls
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Abstract Objective To understand the role of three single nucleotide polymorphisms (SNP) of vitamin D
receptor (VDR) gene rs7975232, rs731236 and rs2228570 in Pakistani vitiligo patients and
ethnically matched controls.

Methods 196 vitiligo patients and 262 controls were included in this study. Genomic DNA was
extracted and polymerase chain reaction, restriction length polymorphism (PCR-RFLP) was done.

Results Genotype CA (rs7975232) was found to be associated with susceptibility (Odd ratio=1.46,
95% CI1=1.01-2.13, p=0.046) and TT genotype (rs731236) with protection (Odd ratio=0.48, 95%
C1=0.25-0.92, p=0.003) to vitiligo. TT genotype for rs731236 was significantly high in controls and
absent in undetermined/unclassified group of patients. Vitiligo patients and controls were also
compared on the basis of gender. Genotype CA (OR=2.12, 95% CI1=1.18-3.79, p=0.013) and CC
(OR =0.21 95% CI1=0.06-0.73, p=0.007) for rs7975232 were significantly high in male patients and
controls, respectively. For rs2228570 CC genotype was significantly high in controls (OR=0.52,
95% CI=0.2-0.97), p=0.04) while TC genotype showed significant difference between patient and
controls (OR=1.93, 95% CI=1.02-3.6), p=0.05). In combined effect haplotype A-T-C was found
significantly high in controls as compared with the patients (Odd ratio=0.57, 95% CI1=0.34-0.97,
p=0.04).

Conclusion VDR polymorphisms may be involved in etiology of vitiligo and future studies should
be design to screen large sample size for more VDR polymorphism to get more precise picture.
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Introduction 8.8%.2 According to US Census Bureau,

International Data Base 2004 estimated
Vitiligo is a depigmentation skin disorder caused prevalence in Pakistan is 0.1%. The
by destruction of melanocytes.! The prevalence etiopathogenesis of vitiligo has not been fully
of the disease is around 1% in the United States elucidated and several theories have been
and Europe, while in rest of the world its ranges proposed. Among those, the autoimmune
from less than 0.1% to greater than 8%. Gujrat hypothesis is currently the most accepted one.
India tops the list in having prevalence of about The presence of T cell-mediated melanocyte
Address for correspondence destruction and the association of vitiligo with
Ms Sumaira Sajjad autoimmune conditions, such as Hashimoto’s
Institute of Biomedical and Genetic Engineering and Addison’s diseases, pernicious anemia, type
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Email: simi.sajjad34@yahoo.com 1 diabetes and systemic lupus erythematosus, are
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major evidences that supports the autoimmune
hypothesis.**

Vitiligo is associated with low level of vitamin
D.° There is increasing evidence that vitamin D
may have an immune regulatory role in various
autoimmune diseases.”® It has multiple effects
on innate and adaptive immune responses
through its effects on T and B lymphocytes,
macrophages, and dendritic cells (DC), all of
which express the vitamin D receptor (VDR).
The activation of VDR leads to suppression of
activated T cells, so it can protect melanocytes
against auto immune attack.**

The VDR gene is located on the long (g) arm of
chromosome 12 with 11 exons.” Several
polymorphisms have been identified in VDR
gene that has functional significance. In general,
the majority of polymorphisms in the VDR gene
are found to be in regulatory areas such as the 5’
promoter area and the 3’ UTR region rather than
in coding exons.”? Three of these polymorphism
Apal (rs7975232), Tagl (rs731236) at the
3’UTR region and Fokl (rs2228570) at the
translational initiation site have gain a lot of
attention in various association studies.***’

Association studies of VDR polymorphism with
several human disorders including skin cancers
diabetes  mellitus, sarcoidosis, metabolic
syndrome etc. have also been studied.”**" It has
been demonstrated that a length of the VDR,
affected by the presence of the polymorphisms,
could lead to a lower activation of target cells,
since a VDR gene polymorphism, Fokl,
(rs10735810/ rs2228570) is reported to be in
linkage disequilibrium with other VDR
polymorphisms. A change in the sequence from
C to T in the start codon translation site leads to
generation of a polymorphic variant (TT) which
is three amino acids longer and has decreased
trans activation capacity as compared to the
short CC allele and longer VDR protein appears

to have a decreased transcriptional activity.'
The aim of this study was to screen Pakistani
vitiligo patients and controls for VDR
polymorphisms to assess the role of VDR in
etiology of vitiligo in our samples.

Methods

The research work was approved by ethical
committee of Institute of Biomedical and
Genetic Engineering (IBGE) and funding for
this research work was also provided by the
same institute.

Blood samples of 196 vitiligo patients (123
females and 73 males of mean age 25) and 262
ethnically-matched controls (137 females and
125 males of mean age 26) were collected from
different hospitals of Rawalpindi (Punjab) and
Islamabad along with complete clinical detail
(Table 1) and informed consent. DNA was
extracted from blood samples using standard
DNA extraction protocol.”® The three VDR
polymorphisms were analyzed by polymerase
chain reaction — restriction fragment length
polymorphism (PCR-RFLP) method and agarose
gel electrophoresis was done on 2.5% for
rs7975232 and rs731236 and 3.5% for
rs2228570.%

Patients were classified into three classes
segmental (SV), non-segmental (NSV) and
undetermined/unclassified  vitiligo  (UDV),
therefore on the bases of classification they were
compared with normal controls for these three
VDR SNPs.

Bands were counted to score different
genotypes, odds ratios (OR) with 95%
confidence intervals (CI) were estimated using
the calculator for confidence intervals for OR
(http://www.hutchon.net/ConfidOR.htm)  while
haplotype frequencies were calculated by
statistical program Arlequin version 3.1

103



Journal of Pakistan Association of Dermatologists. 2017;27 (2):102-109 .

softwarehttp://cmpg.unibe.ch/software/arlequin.
Significance level was set p<0.05.

Results

The associations of allele, genotypes and
haplotypes for all three SNPs (rs7975232,
rs731236, rs2228570) are presented in Tables 2
to 5. We observed statistically significant
association of CA genotype (rs7975232) with
susceptibility (OR=1.46, 95% CI=1.01-2.13,
p=0.046) and TT genotype (rs731236) with
protection (OR=0.48, 95% CI=0.25-0.92,
p=0.003) to vitiligo. But the alleles for these
SNPs showed no significance. Genotypes and
their alleles for rs2228570 were also statistically
non-significant (Table 2).

When different types of vitiligo were compared
with normal controls for these three VDR SNPs,
no significance was observed in case of non-
segmental (n=133) and segmental (n=33)
samples in comparison with normal controls.
However, for undetermined/unclassified (n=30)
TT genotype for rs731236 was significantly high
in controls and absent in
undetermined/unclassified (n=30) group of
patients (Table3).

Vitiligo patients and controls were also
compared on the basis of gender (Table 4).
Genotype CA (OR =2.12, 95% CI=1.18-3.79,
p=0.013) and CC (OR =0.21 95% CI1=0.06-0.73,
p=0.007) for rs7975232 were significantly high
in male patients and controls, respectively.
Therefore we could say that genotype CA is risk
genotype for vitiligo and genotype CC showed
protective effect in this comparison. For
rs2228570 CC genotype was significantly high
in controls (OR=0.52, 95% CI=0.2-0.97,

p=0.04) while TC genotype showed significant
difference between patients and controls
(OR=1.93, 95% CI=1.02-3.6), p=0.05). No
association with VDR polymorphism was seen
in female patients/controls (Table 4).

To gain knowledge about the combined effect of
these three polymorphisms, three locus
haplotype of wild type and mutant allelic
frequencies between patients and controls were
compared (Table 5). Haplotype A-T-C was
found significantly high in controls as compared
with the patients (OR=0.57, 95% CI1=0.34-0.97,
p=0.04).

Table 1 clinical detail of vitiligo patients and
controls

Clinical details Vitiligo Controls
Patients
Male 137
73 (105 for
rs2228570)
Female 123 125
(90 for rs2228570)
Total 262
196 (295 for
rs2228570)
Mean age (years) 25 26
Types
Nonsegmental 133
Generalized 61
Acrofacial 24
Mixed 35
Universalis 10
Rare variants 3
Segmental 33
Unisegmental 17
Bisegmental 10
Plurisegmental 5
Segmental 1
follicular
Undetermined 30
Focal 25
Mucosal 4
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Table 2 VDR SNP’s 17975232, rs731236and rs2228570 polymorphisms in vitiligo patients and controls

rs7975232 Patients Controls Chi-square OR(95%CI) p-value
Genotype n=196 n=262

AA 62 (31%) 102 (38%) 2.29 0.72 (0.4-1.07) 0.115
CA 101 (51%) 110 (41%) 3.74 1.46 (1.01-2.13) 0.046
CcC 33 (16%) 50 (19%) 0.25 0.85(0.52-1.39) 0.54

rs 7975232 Alleles

A 225 (58%) 314 (60%) 0.49 1.10(0.85-1.44) 0.48

C 167 (42%) 210 (40%)

rs 731236 Patients Controls Chi-square OR (95% CI) p-value
Genotype n=196 n=262

cC 96 (48%) 124 (47%) 0.07 1.06 (0.73-1.54) 0.77
TC 86 (43%) 102 (38%) 0.94 1.22 (0.84-1.78) 0.29
TT 14 (7%) 36 (13%) 4.36 0.48 (0.25-0.92)  0.03

rs 731236 Alleles

C 278 (71%) 350(67%) 1.58 0.82 (0.62-1.09) 0.19

T 114 (29%) 174(33%)

rs2228570 Patients Controls Chi-square OR(95%CI) p-value
Genotype n=196 n=195

CcC 103(50%) 113(60%) 0.94 0.8(0.5-1.19) 0.309
TC 77(40%) 66(30%) 1.02 1.26(0.8-1.91) 0.294
TT 16(10%) 16(10%) 0.03 0.99(0.48-2.04) 1
rs2228570

Alleles

C 283(72%) 292(75%) 35.06 2.88(2.03-4.10) 2.2

T 109(28%) 98(25%)

Table 3 VDR SNPs in non segmental (NSV), segmental (SV) and undetermined/ unclassified (UDV) vitiligo
patients and healthy controls

SNP Genotypes Patient Control Chi-square OR(95%CI) p-value
rs7975232 NSV (133) n=262
(APAI) AA 41(30%) 102(38%) 2.17 0.69(0.4-1.08) 0.12
CA 69(51%) 110(41%) 3.1 1.48(0.97-2.26) 0.06
CcC 23(17%) 50(19%) 0.09 0.88(0.51-1.52) 0.68
SV(33)
AA 12(36%) 102(38%) 0.01 0.89(0.4-1.9) 0.85
CA 15(45%) 110(41%) 0.04 1.15(0.55-2.3) 0.71
CcC 6(18%) 50(19%) 0.01 0.94(0.36-2.40) 1
UDV(30)
AA 9(30%) 102(38%) 0.57 0.67(0.2-1.5) 0.42
CA 17(56%) 110(41%) 1.8 1.8(0.8-3.87) 0.17
CcC 4(13%) 50(19%) 0.27 0.65(0.21-1.95) 0.47
rs731236 NSV (133) n=262
(TAQI) CcC 67(50%) 124(47%) 0.22 1.12(0.74-1.71) 0.59
TC 54(40%) 102(38%) 0.04 1.07(0.70-1.64) 0.82
TT 12(9%) 36(13%) 1.42 0.62(0.31-1.24) 0.19
SV(33)
CcC 16(48%) 124(47%) 0 1.04(0.50-2.16) 1
TC 15(45%) 102(38%) 0.28 1.30(0.63-2.7) 0.57
TT 2(6%) 36(13%) 0.4(0.09-1.76) 0.27
UDV/(30)
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1s2228570
(FOKI)

CcC
TC
TT

CcC
TC
TT

cC
TC
TT

cC
TC
TT

14 (47%)
16 (53%)
0 (0%)

NSV (133)
71 (53%)
48 (36%)
14 (11%)
SV (33)
16 (48%)
16 (48%)
1 (4%)

UDV (30)
16 (53%)
13 (43%)
1 (3%)

124 (47%)
102 (38%)
36 (13%)

n= 195
113 (60%)
66 (30%)
16 (10%)

113 (60%)
66 (30%)
16 (10%)

113 (60%)
66 (30%)
16 (10%)

0.02
1.76

0.5
0.09
0.27

0.68
2.13

0.08
0.65

0.97 (0.45-2.07)
1.79 (0.83-3.8)
0(0)

0.83 (0.53-1.29)
1.1 (0.69-1.75)
1.31 (0.61-2.79)

0.68 (0.32-1.43)
1.83 (0.87-3.8)
0.34 (0.04-2.72)

0.82 (0.38-1.79)
1.49 (0.68-3.26)
0.38 (0.04-3.02)

0.16
0.03

0.42
0.72
0.55

0.34
0.11
0.47

0.69
0.41
0.48

Table 4 VDR SNP’s 1s7975232, rs731236 and rs2228570 polymorphisms in Male (M) and Female (F) vitiligo
patients and controls.

SNP

Genotypes

rs7975232
(APAI)

rs731236
(TAQI)

rs2228570
(FOKI)

AA
CA
cC

AA
CA
cC

cC
TC
TT

cC
TC
TT

CC
TC
TT

CC
TC
TT

Patients
Male M) &

Female (F)

M (73)
25 (34%)
45 (61%)
3 (4%)

F (123)

37 (30%)
56 (45%)
30 (24%)

M (73)
31 (42%)
37 (50%)
5 (6%)

F (123)
65 (52%)
49 (39%)
9 (7%)

M (73)
36 (49%)
31 (42%)
6 (8%)

F (123)
67 (54%)
46 (37%)
10 (8%)

Control

n=137

55 (40%)
59 (43%)
23 (16%)

n=125
47 (37%)
51 (40%)
27 (21%)

n= 137

60 (43%)
58 (42%)
19 (13%)

n= 125
64 (51%)
44, (35%)
17 (13%)

n=105
68 (64%)
29 (27%)
8 (T%)

n=90

45 (50%)
37 (41%)
8 (6%)

Chi-square OR (95%Cl) P value
0.47 0.77 (0.4-1.40) 0.45
5.85 2.12 (1.18-3.79) 0.013
5.94 0.21 (0.06-0.73) 0.007
1.25 0.71 (0.4-1.2) 0.22
0.39 1.21 (0.73-2.00) 0.52
0.14 1.17 (0.64-2.11) 0.65
0 0.94 (0.53-1.68) 0.88
1.02 1.39 (0.79-2.47) 0.30
1.68 0.45 (0.16-1.27) 0.17
0.02 1.06 (0.64-1.75) 0.8
0.39 1.21 (0.72-2.03) 0.51
1.98 0.50 (0.21-1.17) 0.14
3.62 0.52 (0.2-0.97) 0.04
3.61 1.93 (01.02-3.6) 0.05
0.02 1.08 (0.36-3.27) 1
0.26 1.19 (0.6-2.06) 0.57
0.17 0.85 (0.49-1.49) 0.66
0 0.90 (0.34-2.39) 1
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Table 5 Frequencies of the 3-locus (Apal allele-Tagl allele-Fokl allele) haplotypes among patients and healthy

controls.
Haplotypes Patient Controls Chi-square OR(95%CI) p-value
n=196 n=262
C-T-T 25(13%) 20(8%) - 1.03(0.55-1.94) 1
C-T-C 30(15%) 43(16%) 0.04 0.92(0.55-1.52)  0.79
C-C-T 31 (16%) 27(10%) 2.6 1.63(0.94-2.84)  0.08
C-C-C 43(22%) 71(27%) 1.33 0.75(0.48-1.16)  0.23
A-T-T 19(10%) 22(8%) 0.1 1.17(0.61-2.22)  0.74
A-T-C 24(12%) 51(19%) 3.76 0.57(0.34-0.97)  0.04
A-C-T 10(5%) 12(5%) - 1.12(0.47-0.97)  0.82
A-C-C 14(7%) 16(7%) 0.06 1.18(0.56-2.48)  0.80
Table 6 Results of VDR polymorphisms studies on different populations
Studies Country Case/Controls  Results
Birlea et al. 2006 [30] Romania 33/31 Apal mutant homozygous genotype
associated with vitiligo risk
Aydingoz et al. 2012 [33] Turkey 98/216 Homozygous Taglvariant CC genotype
associated with vitiligo
Lietal. 2012 [31] China 749/763 Variant of bsmal with protection
Li et al. 2015 [32] China Meta analysis  Apaland Bsma 1 variant associated with
Turkey of 6 studies risk of vitiligo
Romania
Present study 2015 Pakistan 196/262 Apal variant genotype associated with
susceptibility, Taql and fok1 variants
associated with protection
Discussion vitiligo patients in whom levels of 25(OH)D are

Vitamin D is a lipophilic hormone that functions
through the nuclear vitamin D receptor (VDR).
The biological activation of vitamin D involves
the conversion of vitamin D into 25-
hydroxyvitamin D [25(OH)D], followed by 1co-
hydroxylation to yield 1,25-dihydroxyvitamin
D3 [1,25(0H)2D3].* It is widely accepted that
25(0OH)D is the most appropriate indicator of
overall vitamin D status, accurately reflecting
vitamin D levels in humans. Therefore, it could
be said that VDR mediates the effects of vitamin
D, as a member of the nuclear receptor
superfamily of ligand-inducible transcriptional
factors, they are involved in many pathological
processes.”* Several studies have been done on

measured and compared with its levels in control
group. Plasma levels of 25(OH)D were
significantly lower in vitiligo patients.?®
Details regarding the genetic basis for this are
still require high level of research. Our study
was meant to study involvement of VDR
polymorphisms in the etiology of vitiligo.

In our results, we found CA genotype (for
rs7975232) as risk genotype and TT (for
rs731236) as protective genotype when vitiligo
samples were compared with ethnically matched
controls. On the basis of classification no
significance association was found for segmental
and nonsegmental vitiligo patients and controls
for VDR polymorphisms however for
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unclassified/undetermined patients TT genotype
for rs731236 was again significantly high in
controls. Gender comparison provided us with
data that in male vitiligo patients and normal
controls CC genotype for rs7975232 and CC
genotype for rs2228570 were significantly high
in controls while TC and TT were significantly
high in patients. Three locus based haplotypes
comparison showed that haplotype A-T-C was
found  significantly  high in  patients.
Unfortunately only few association studies
regarding VDR polymorphisms studies for
vitiligo patients are available. One study from
Romania showed that mutant CC homozygous
for APal (rs7975232) was significantly
associated with susceptibility to vitiligo which
contradicts our results.®® In another study on
Chinese population variants for rs7975232 and
rs731236 and rs2228570 were associated with
decreased risk of vitiligo.* Meta analysis done
by Lie et al.** 2015 using data of 6 studies
showed that Apal and Bsmal variants are
associated with the risk of vitiligo. A study by
Aydingoz et al® on Turkish population
demonstrated that Tagl polymorphism had a
2.23-fold increased risk of developing vitiligo.*
Furthermore, a haplotype analysis showed that
Bsml/Apal/Tagl/Fokl/Cdx2  GCCCG  was
significantly over represented in the vitiligo
patients. This study showed that VDR Taql SNP
and the haplotype Bsml/Apal/ Taql/Fokl/Cdx2
GCCCG may be considered as risk factors in
vitiligo.® Meta-analysis done by Lie et al 2015
using data of 6 studies showed that Apal and
Bsmal variants are associated with the risk of
vitiligo.®® All the above mentioned studies result
are compared to our research work for the three
VDR SNP and are also represented in (Table 6).
The difference in association results of our study
from other could be due to different
geographical distribution, ethnicity, sample size
etc. Another important difference could be due
to consanguineous marriage practices in
Pakistan. To our knowledge this is the only

study from Pakistan regarding the VDR SNP
polymorphisms and vitiligo. Therefore, it
provides valuable information regarding the role
of VDR polymorphisms. A future study should
be designed with large sample size, wide range
of VDR polymorphisms along with clinical
manifestation of the genetic changes.

References

1. Alikhan A, Felsten L.M, Daly M et al.
Vitiligo: a comprehensive overview part 1.
Introduction, epidemiology, quality of life,
diagnosis,  associations, histopathology,
etiology, and work up. J Am Acad Dermatol.
2011;65:473-91.

2. Halder, Chappell. Vitiligo update. Semin
Cutan Med Sur. 2009;28 (2):86-92.

3. Sandoval-Cruz M, Garcia-Carrasco M,
Sanchez-Porras R, Mendoza-Pinto C,
Jiménez-Hernandez M, Munguia-Realpozo
P et al. Immunopathogenesis of vitiligo.
Autoimmun Rev. 2011;10:762-5.

4. Schallreuter KU, Bahadoran P, Picardo M,
Slominski A, Elassiuty YE, Kemp EH et al.
Vitiligo pathogenesis: autoimmune disease,
genetic defect, excessive reactive oxygen
species, calcium imbalance, or what else?
Exp Dermatol. 2008;17:139-40; discussion
41-60.

5. Tarlé RG, Mira MT. Vitiligo - Part 1. An
Bras Dermatol. 2014;89:465-66.

6. Saleh HMA, Abdel Fattah NSA, Hamza H-
T. Evaluation of serum 25-hydroxyvitamin
D levels in vitiligo patients with and without
autoimmune  diseases.  Photodermatol
Photoimmunol Photomed. 2013;29:34-40.

7. Cantorna MT, Yu S, Bruce D. The
paradoxical effects of vitamin D on type 1
mediated immunity. Mol Aspects Med.
2008;29:369-75.

8. Oh SH, Kim M. Vitamin D and vitiligo. In:
Park KK, editor. Vitiligo - Management and
Therapy. Shanghai: InTech China; 2011.

9. Adorini L, Penna G. Control of autoimmune
diseases by the vitamin D endocrine system.
Nat Clin Pract Rheumatol. 2008;4:404-12.

10. Pardue SL, Fite KV, Bengston L, Lamont
SJ, Boyle ML 3™ Smith JR Jr. Enhanced
integumental and ocular amelanosis
following the termination of cyclosporine
administration.  J Invest  Dermatol.
1987;88:758-61.

108


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mendoza-Pinto%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21334464
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jim%C3%A9nez-Hern%C3%A1ndez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21334464
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mungu%C3%ADa-Realpozo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21334464
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mungu%C3%ADa-Realpozo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21334464
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slominski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18205713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elassiuty%20YE%5BAuthor%5D&cauthor=true&cauthor_uid=18205713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kemp%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=18205713

Journal of Pakistan Association of Dermatologists. 2017;27 (2):102-109 .

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Juturka PW, Pemus LS, Whitefield GK,
Thompson PD, Hsieh JC, Zitzer H et al. The
polymorphic N terminus in human vitamin
D receptor isoforms influences
transcriptional  activity by modulating
interaction with transcription factors 1IB.
Mol Endocrinol. 2000;14:401-2.

Kostner K, Denzer N, Muller CSL, Klein R,
Tilgen R, Reichrath J. The relevance of
vitamin D  receptor (VDR) gene
polymorphisms for cancer. Anticancer Res.
2009;29:3511-36.

Langdahl BL, Gravholt CH, Brixen K,
Eriksen EF. Polymorphism in the Vitamin D
receptor gene and bone mass, bone turnover
and osteoporotic fractures. Euro J Clin
Invest. 2000;30:608-17.

Han JA, Colditz G, Hunter JD.
Polymorphisms in the MTHFR and VDR
genes and skin cancer risk Carcinogenesis.
2007;28:390-7.

Bid HK, Konwar R, Aggarwal CG, Gautam
S, Saxena M, Nayak VL et al. Vitamin D
receptor (fokl, bsml and tagl) gene
polymorphisms and type 2 diabetes mellitus:
a North Indian study. Indian J Med Sci.
2009;63:187-94.

Acikbas I, San B, Tepeli E, Ergin S, Aktan
S, Bagci H. Vitamin D receptor gene
polymorphisms and haplotypes (Apa I, Bsm
I, Fok I, Taq 1) in Turkish psoriasis patients.
Med Sci Monit. 2012;18:661-6.

Mohapatra S, Saxena A, Gandhi G, Koner
BC, Ray PC. Vitamin D and VDR gene
polymorphism (Fokl) in epithelial ovarian
cancer in Indian population. J Ovarian Res.
2013;26:37.

Uitterlinden AG, Fang Y, Joyce BJ, Pols
HA, Van Leeuwen JP. Genetics and biology
of vitamin D receptor polymorphisms.
Genes. 2004;338:143-56.

Sambrook J, Russell DW. Molecular
Cloning: A Laboratory Manual. 3rd edn.
New York: Cold Spring Harbor Laboratory
Press; 2001.

Pani MA, Knapp M, Donner H, Braun J,
Baur MP, Usadel KH et al. Vitamin D
receptor Allele combinations influence
genetic susceptibility to type 1 diabetes in
Germans. Diabetes. 2000;49:504-7.
Al-Shobaili HA. Update on the genetics
characterization of vitiligo. J health Sci
Qassim University. 2011;5:172-9.

Takci Z, Tekin O, Ertugru DT, Karadag AS,
Akin KO. A case-control study: evaluation

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

of vitamin D metabolism in patients with
vitiligo. Turk J Med Sci. 2015;45:837-41.
Khurrum H, Al Ghamdi KM. The
relationship between the serum level of
vitamin D and vitiligo: A controlled study
on 300 subjects. J Cutan Med Surg.
2016;20:139-40.

Beheshti A, Ghadami H, Barikani A, Haj
Manouchehri F. Assessment of vitamin D
plasma levels in patients with vitiligo
vulgaris. Acta Med Iran. 2014;52:601-6.
Ustun |, Seraslan G, Gokce C, Motor S, Can
Y, Ugur Inan M et al. Investigation of
vitamin D levels in patients with vitiligo
vulgaris. Acta Dermatovenerol Croat.
2014;22:110-3.

Sehrawat M, Arora TC, Chauhan A, Kar
HK, Poonia A, Jairath V. Correlation of
vitamin D levels with pigmentation in
vitiligo patients treated with NBUVB
therapy. ISRN Dermatol. 2014;2014:493213.
doi: 10.1155/2014/493213.

AlGhamdi K, Kumar A, Moussa N. The role
of vitamin D in melanogenesis with an
emphasis on vitiligo. Indian J Dermatol
Venereol Leprol. 2013;79:750-8.

Sheth VM, Guo Y, Qureshi AA.
Comorbidities associated with vitiligo: a
ten-year retrospective study. Dermatology.
2013;227:311-5.

Silverberg JI, Silverberg Al, Malka E,
Silverberg NB. A pilot study assessing the
role of 25 hydroxy vitamin D levels in
patients with vitiligo vulgaris. J Am Acad
Dermatol. 2010;62:937-41.

Birlea S, Birlea M, Cimponeriu D, Apostol
P et al. Autoimmune diseases and vitamin D
receptor Apa-1 polymorphism are associated
with vitiligo in a small inbred Romanian
Community. Acta  Derm  Venereol.
2006;86:209-14.

Li K, Shi Q, Yang L, et al. The association
of vitamin D receptor gene polymorphisms
and serum 25-hydroxyvitamin D levels with
generalized vitiligo. Br J Dermatol.
2012;167:815-21.

Ayding6z IE, Bingiil I, Dogru-Abbasoglu S,
Vural P, Uysal M. Analysis of vitamin D
receptor gene polymorphisms in vitiligo.
Dermatology. 2012;224:361-8.

LiL, WuY,LilL, Cai YF, Geng L, Gao XH
et al. Association of Apal and Bsml
polymorphisms with vitiligo risk: a meta-
analysis. Clin Exp Dermatol. 2015;40:794-
803.

109


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gautam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19584489
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gautam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19584489
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saxena%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19584489
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nayak%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=19584489
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ergin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23111742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aktan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23111742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aktan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23111742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagci%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23111742
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koner%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=23705897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koner%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=23705897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ray%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=23705897
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karada%C4%9F%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=26422855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akin%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=26422855
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haj%20Manouchehri%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25149883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haj%20Manouchehri%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25149883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Motor%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25102796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Can%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25102796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Can%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25102796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ugur%20Inan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25102796
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kar%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=25006488
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kar%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=25006488
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poonia%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25006488
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jairath%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25006488
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silverberg%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=20466170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=25788285
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geng%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25788285
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20XH%5BAuthor%5D&cauthor=true&cauthor_uid=25788285

