Nuclear factor - Erythroid 2 - related factor2 Gene Polymorphisms in vitiligo
patients
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Abstract

Background: Oxidative stress is now one of the accepted theories of vitiligo
development. Nuclear factor - Erythroid 2 - related factor 2 (Nrf2) regulates the
expression of anti-oxidant proteins.

Aim of the work: This work aimed to evaluate the association of Nrf2 gene
polymorphisms with the susceptibility to vitiligo among a sample of Egyptian vitiligo
patients.

Participants and methods: This case-control study was performed on 100 patients
suffering from vitiligo and 50 apparently healthy matched volunteers as a control
group. Genotyping was carried out by Real Time PCR.

Results

The frequency of TT, CT, combined (TT+CT) genotypes and T allele of Nrf2
(rs35652124) were significantly increased in the studied vitiligo patients when
compared with healthy controls (P<0.001, 0.012, <0.001 and <0.001, respectively).
There was non-significant difference between patients and controls regarding Nrf2
(rs6721961) genotypes. However, T allele of Nrf2 (rs6721961) was significantly
predominant in the studied patients when compared to the controls (P=0.029). Among
the studied criteria, T allele of Nrf2 (rs6721961) was predominant in patients with
marginal type of repigmentation (P=0.022), while G allele of the same SNP was
associated with higher BMI (P=0.034). Hundred percent of vitiligo patients with Nrf2
(rs6721961) GT genotype had progressive course of the disease (P=0.015).
Conclusion

Nrf2 (—617 T/G) and (—653 T/C) polymorphism may have a role in the susceptibility

to vitiligo and modify the clinical presentation of the disease.
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Introduction

Vitiligo is the commonest acquired depigmenting disorder affecting genetically
predisposed individuals (1). It is not yet well established how vitiligo develop,
however, autoimmune, oxidative stress, neural, and biochemical-based theories are
accepted (2).

Reactive oxygen species (ROS) created via different pathways may contribute to
melanocytes destruction either via direct damaging effect or through increased
melanocyte specific autoantibodies production (3).

The Nrf2 is abasic leucine zipper protein which plays a role in regulating the
expression of anti-oxidants proteins which protect the body cells against the
damaging effects of the oxidative stress (4,5).

Nrf2 gene polymorphisms especially those affecting the promoter region can impair
Nrf2 proteins expression and activity. Two polymorphisms in the promoter region — a
T to C substitution at position _653 (Nrf2 rs35652124) and a G to T substitution at
617 (Nrf2 rs6721961) — are described and known to be associated with different
pathologic conditions (6).

This study aimed at investigating the association between Nrf2 (rs35652124) and
(rs6721961) gene polymorphisms and the susceptibility to vitiligo, and to assess the
effect of different genotypes on the clinical aspects of the disease.

Subjects and Methods

The study included one hundred patients suffering from different clinical
presentations of vitiligo, in addition to fifty apparently healthy vitiligo free individuals
from the Dermatology Outpatient Clinic of Benha University Hospital. The study was

approved by the ethical committee of human research of Faculty of Medicine, Benha
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University. After discussing the study's risks, benefits and other aspects with all
participants, written informed consent was obtained from each participant before
sample collection. History of the present illness and the related medical conditions
and the associated diseases was discussed in details with all patients. Subjects with
other inflammatory or autoimmune cutaneous or systemic disorders were excluded
from this study.

DNA extraction and Genotyping

Genomic DNA was extracted from peripheral blood samples from all participants.
Genomic DNA was isolated using GeneJET Genomic DNA Purification Kit cat. No
K0721 (Qiagen- Germany). The purity and concentration and of DNA was evaluated
spectrophotometrically using Nanodrop (Thermo Scientific, Wilmington). The quality
of DNA was assessed with the A260/280 ratio. Genotyping was performed using the
Tagman SNP ready-made assay (Qiagen- Germany) which includes TAQMAN
UNIVERSAL MMIX Il (Cat. NO 4440043) and TAQMAN SNP ASSAYS MTO
HUMAN SM (Cat. NO 4351379). The TagMan genotyping assay used forward
primer, reverse primer and two probes as follow rs35652124 forward,5-CCT TGC
CCTGCT TTT ATC TC-3 and reverse 5-CTT CTC CGT TTG CCT TTG AC-3,
rs6721961 forwad 5-GAA AGG CGT TGG TGT AGG AG-3 and reverse 5-GAA
TGGAGA CAC GTG GGA GT-3. Normal probe (5-3") VIC-
ACTCCTTTCACCTATTCCCAAGGCCT-MGB-NFQ, Mutant probe (5'-3") FAM-
CAGCTACACCTGTATGTAGGCTAGA MGB-NFQ. The probes were designed
with minor groove binder (MGB) and non-fluorescent quencher (NFQ) at the 3’ end,
whereas the 5’ end contained the fluorescence reporter dyes 2'-chloro 7'-phenyl-1,4-
dichloro-6-carboxyfluorescein(VIC) or 6 carboxyfluorescein (FAM). The wild type

probe labeled with VIC dye while the variant probe labeled with FAM dye. PCR was



performed in a volume of 20,1 by Rotorgene real time PCR system (Qiagen- S.Korea).
Thermal cycling conditions were as following: 60C for 30 sec, 95C for 10 min, 40
cycles of denaturation 95°C for 15 sec and 60°C for 1 min.
Statistical analysis

Data were coded and entered using the statistical package SPSS (Statistical Package
for the Social Sciences) version 25. Data was summarized using mean, standard
deviation, median, minimum and maximum in quantitative data and using frequency
(count) and relative frequency (percentage) for categorical data. Comparisons
between quantitative variables were done using the non-parametric Kruskal-Wallis
and Mann-Whitney tests.

For comparing categorical data, Chi square (y°) test was performed. Exact test was
used instead when the expected frequency is less than 5. Genotype and allele
frequencies were compared between the disease and the control groups. Odds ratio
(OR) with 95% confidence intervals was calculated using binary logistic regression.
P-values less than 0.05 were considered as statistically significant.

Results

Patients and control subjects groups were matching regarding age (23.79 + 15.87
versus 24.46 £9.12 years, P=0.147), sex (male: female ratio 68: 32 of the patients
and 30:20 of the control subjects, P= 0.332) and body mass index (24.41 + 5.57
kg/m? versus 25.49 + 4.40 kg/m?, P= 0.094).

The mean disease duration was 6.68 + 6.39 years. Stressful condition was associated
with disease onset in 51% of cases. Koebnerization was positive in 36% only of the
vitiligo patients. Hearing and vision impairment were positive in 10% and 8% of
patients respectively. Regarding the clinical type of vitiligo in the studied sample, 86

patients had non-segmental vitiligo, while 14 patients presented with segmental



vitiligo. Leukotrichia was observed in 37 cases only. The mean VASI score was

(13.16 £ 24.16). Applying Hardy Weinberg equation, revealed that Nrf2 genotypes

and alleles frequency in patients and control groups in both studied SNPs were in

Hardy Weinberg equilibrium. The TT and CT genotypes and T allele of Nrf2 gene

(rs35652124) and T allele of Nrf2 (rs6721961) increase risk of vitiligo significantly

Table 1: Genotypes and alleles of the studied SNPs.

Genotypes and C_alsgg COD;BOI 95% ClI
alleles (710 | =0 P value OR ’
n(%) n(%) lower Upper
NFf2 (rs35652124)
TT (mutant) 48 (480) | 10(200) | <0.001 | 7.040 2734 | 18130
CT (heterozygous) | 37 (37.0) | 18(36.0) | 0012 3,015 1.27 7.159
CC (wild) 15 (15.0) 22 (44.0) Reference
E((rr?:tzgtz)y;ous) 85(85.0) | 28(56.0) | <0.001 | 4452 2.035 9.742
allele T 133 (66.5) | 38(38.0) | <0.001 | 3.239 1.966 5.336
allele C 67 (33.5) 62 (62.0) Reference
NFf2 (rs6721961)
TT(mutant) 20 (200) | 5(10.0) 0.062 2842 | 0.949 8.514
GT(heterozygous) | 42 (42.0) | 18 (36.0) 0.181 1658 | 0.791 3.476
GG(wild) 38(38.0) | 27 (54.0) Reference
TT+GT 62 (62.0) | 23 (46.0) 0.064 1915 | 0.963 3.808
allele T 82 (41.0) | 28(28.0) 0.029 1787 | 1.063 3.004
allele G 118 (59.0) | 72 (72.0) Reference
Haplotype
Jesoheles 2”;'2 1 |71(@5) |18(180) | <0001 | 3663 | 1931 6.948
+r535652124 allele T 1 65 (31.0) | 20 (20.0) 0.001 2879 | 1534 5.403
rs6721961 allele G
+r535652124 alleleC 1 11 55 | 10(10.0) 0.965 1021 | 0.401 2.604
rs6721961 allele T
[Jesonaiat Z:I'S:g S | 56(280) | 52(520) Reference

OR: odds ratio;

ClI: confidence interval




Among the studied variables, there was non-significant relation between the
genotypes and alleles of the studied SNPs except for the significant association
between the T allele of rs6721961 and the marginal type of repigmentation (Figure

1), and between the G allele of the same SNP and the BMI (Figure 2).
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Figure 1. Relation between different Nrf2 (rs6721961) alleles and type of

repigmentation.
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Figure 2: Relation between Nrf2 (rs6721961) alleles and BMI.



Discussion

Nuclear factor - Erythroid 2 - related factor 2 (Nrf2) and its negative regulator protein
Keapl play a crucial antioxidant role protecting all body cells against the harmful
effects exerted by the oxidative stress (7). Moreover, activating Nrf2 may be a
promising therapeutic option in managing many inflammatory conditions in which
oxidative stress may be involved in its pathogenesis (8).

Many single nucleotide polymorphisms (SNPs) in Keap 1 and Nrf2 have been
investigated and their association with many inflammatory diseases are now
documented (9). Of particular importance, the two promotor region of the gene SNP,
the rs35652124 and the rs6721961 polymorphisms. The ancestral alleles at Nrf2
(rs35652124) and (rs6721961) are the C allele and the G allele respectively. Both

ancestral alleles are associated with greater Nrf2 activity (6,10).

In the present work, a significant link between Nrf2 (rs35652124) polymorphism and
vitiligo was observed, while there was non-significant difference between patients and
controls regarding Nrf2 (rs6721961) genotypes. However, T allele of Nrf2
(rs6721961) increased the risk of vitiligo.

Song et al. (6) investigated the association of the same gene SNPs with vitiligo in a
sample of Chinese population. In accordance to the present work, they reported an
association between the Nrf2 (rs35652124) TT and CT genotypes and increased risk
of vitiligo. But they didn't observe a significant difference between patients and
controls regarding Nrf2 (rs6721961) genotypes or alleles. The discrepancy between
results of the two studies may be explained by the difference in sample size [1136
patients and 1200 control in Song et al. (6) study], the ethnic variations and different

genetic and racial background.



In the present study, T allele of Nrf2 (rs6721961) was significantly more predominant
in vitiligo patients with marginal type of repigmentation. Selvan et al. (11) reported
that the marginal pattern was the predominant in both narrowband ultraviolet B and
excimer laser-treated patients. Moreover, Yang et al. (12) reported that vitiligo
patients treated with topical therapies mostly developed marginal repigmentation.
However, Gan et al. (13) reported that the most common pattern of repigmentation
was the perifollicular, followed by diffuse, combined, and marginal repigmentation.
But during the six months follow up after cessation of the used therapeutic lines, Gan
et al. (13) detected that marginal repigmentation was the most stable form. From
these findings, we could predict that carriers of T allele of Nrf2 (6721961)have a
good prognosis.

The G allele of Nrf2 (rs6721961); known to be associated with high Nrf2 activity,
was associated with higher BMI in the studied patients. This finding was interesting
because Shin et al. (14) demonstrated the effect of Nrf2 in preventing fat
accumulation and body weight gain. However, this finding could be explained by the
exhaustion of Nrf2 function due to its constant activation (15).

The incidence of gastrointestinal diseases (ulcerative colitis and celiac disease) in
vitiligo patients is higher than that in normal population (16). Arisawa et al. (17)
reported that Nrf2 (rs35652124) C allele is protective against gastro- intestinal
diseases, and the patients from the Japanese population heterozygous at locus Nrf2
(rs35652124) CT were more susceptible to ulcerative colitis. This could provide a
genetic explanation to the association between these conditions.

Conclusion

Nrf2 (=617 T/G) and (=653 T/C) polymorphism may have a role in the susceptibility

to vitiligo and modify the clinical presentation of the disease.



References:

1-

Saleem MD, Oussedik E, Schoch JJ, Berger AC, Picardo M. Acquired disorders
with depigmentation: A systematic approach to vitiliginoid conditions. J Am
Acad Dermatol. 2019;80(5):1215-1231.e6.

Gianfaldoni S, Tchernev G, Wollina U, Lotti J, Satolli F, Franca K, Rovesti M
and Lotti T. Vitiligo in Children: A Better Understanding of the Disease. Maced J
Med Sci. 2018; 6(1): 181-184.

Wang Y, Li S, Li C. Perspectives of New Advances in the Pathogenesis of
Vitiligo: From Oxidative Stress to Autoimmunity. Med Sci Monit. 2019;25:1017-
1023.

Wang H, Liu X, Long M, Huang Y, Zhang L, Zhang R, Zheng Y, Liao X, Wang
Y, Liao Q, Li W, Tang Z, Tong Q, Wang X, Fang F, Rojo de la Vega M, Ouyang
Q, Zhang DD, Yu S and Zheng H. NRF2 activation by antioxidant antidiabetic
agents accelerates tumor metastasis. Sci Transl Med. 2016; 8: 334ra51.

Suzuki T and Yamamoto M. Stress-sensing mechanisms and the physiological
roles of the Keapl-Nrf2 system during cellular stress. J Biol Chem. 2017
292(41): 16817-16824.

Song P, Li K, Liu L, Wang X, Jian Z, Zhang W, Wang G, Li C, Gao T. Genetic
polymorphism of the Nrf2 promoter region is associated with vitiligo risk in Han
Chinese populations. J Cell Mol Med. 2016 Oct;20(10):1840-50.

Shimoyama Y, Mitsuda Y, Hamajima N and Niwa T. Polymorphisms of Nrf2, an
antioxidative gene, are associated with blood pressure in Japanese. Nagoya J Med

Sci. 2014; 76: 113-120.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Saleem%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=30236516
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oussedik%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30236516
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schoch%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=30236516
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berger%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=30236516
https://www.ncbi.nlm.nih.gov/pubmed/?term=Picardo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30236516
https://www.ncbi.nlm.nih.gov/pubmed/30236516
https://www.ncbi.nlm.nih.gov/pubmed/30236516
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30723188
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30723188
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30723188
https://www.ncbi.nlm.nih.gov/pubmed/30723188
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tong%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rojo%20de%20la%20Vega%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ouyang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ouyang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27075625
https://www.ncbi.nlm.nih.gov/pubmed/27075625
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28842501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28842501
https://www.ncbi.nlm.nih.gov/pubmed/28842501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jian%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27222475
https://www.ncbi.nlm.nih.gov/pubmed/27222475

8- Jiao Y, Niu T, Liu H, Tay FR, Chen J. Protection against HEMA-Induced
Mitochondrial Injury In Vitro by Nrf2 Activation. Oxid Med Cell Longev. 2019;

2019: 3501059.

9- Dhamodharan U, Ponjayanthi B, Sireesh D, Bhakkiyalakshmi E, Ramkumar KM.
Association of single-nucleotide polymorphisms of the KEAP1 gene with the risk
of various human diseases and its functional impact using in silico analysis.

Pharmacol Res. 2018 Nov;137:205-218.

10- Marzec JM1, Christie JD, Reddy SP, Jedlicka AE, Vuong H, Lanken PN, Aplenc
R, Yamamoto T, Yamamoto M, Cho HY, Kleeberger SR.
Functional polymorphisms in the transcription
factor NRF2 in humans increase the risk of acute lung injury. FASEB J. 2007
Jul;21(9):2237-46.

11- Selvan BS, Thadeus J and Anandan H. Pattern of repigmentation in the treatment
of vitiligo vulgaris with NBUVB therapy. Int j contemp med res. 2018; 5(5): E1-
E3.

12-Yang K, Xiong X, Pallavi G, Ling Y, Ding F, Duan W, Sun W, Ding G, Gong Q,
Zhu W and Lu Y. The early repigmentation pattern of vitiligo is related to the
source of melanocytes and by the choice of therapy: a retrospective cohort study.
Int J Dermatol. 2018; 57(3): 324-331.

13- Gan EY, Eleftheriadou V, Esmat S, Hamzavi |, Passeron T, Béhm M, Anbar T,
Goh BK, Lan CE, Lui H, Ramam M, Raboobee N, Katayama I, Suzuki T, Parsad
D, Seth V, Lim HW, van Geel N, Mulekar S, Harris J, Wittal R, Benzekri L,
Gauthier Y, Kumarasinghe P, Thng ST, Silva de Castro CC, Abdallah M,

Vrijman C, Bekkenk M, Seneschal J, Pandya AG, Ezzedine K, Picardo M and


https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=31089407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=31089407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=31089407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tay%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=31089407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Jh%5BAuthor%5D&cauthor=true&cauthor_uid=31089407
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6476051/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhamodharan%20U%5BAuthor%5D&cauthor=true&cauthor_uid=30296569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ponjayanthi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30296569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sireesh%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30296569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhakkiyalakshmi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30296569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramkumar%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=30296569
https://www.ncbi.nlm.nih.gov/pubmed/30296569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marzec%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christie%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jedlicka%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vuong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lanken%20PN%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aplenc%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aplenc%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kleeberger%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=17384144
https://www.ncbi.nlm.nih.gov/pubmed/17384144

Taieb A. Repigmentation in vitiligo: position paper of the Vitiligo Global Issues
Consensus Conference. Pigment cell & melanoma res. 2017; 30(1): 28-40.

14- Shin S, Wakabayashi J, Yates MS, Wakabayashi N, Dolan PM, Aja SM, Liby
KT, Sporn MB, Yamamoto M and Kensler TW. Role of Nrf2 in prevention of
high-fat diet-induced obesity by synthetic triterpenoid CDDO-Imidazolide. Eur J
Pharmacol. 2009; 620(1-3): 138-144.

15-Seo HA and Lee IK. The role of Nrf2: adipocyte differentiation, obesity, and
insulin resistance. Oxid Med Cell Longev. 2013; 2013: 184598.

16- Pashankar D, Prendiville J and Israel DM . Vitiligo and Crohn's disease in
children. J Pediatr Gastroenterol Nutr. 1999; 28(2): 227-229.

17-Arisawa T, Tahara T, Shibata T, Nagasaka M, Nakamura M, KamiyaY,
Fujita H, Yoshioka D, Arima Y, Okubo M, Hirata | and Nakano H. The influence
of promoter polymorphism of nuclear factor-erythroid 2-related factor 2 gene on
the aberrant DNA methylation in gastric epithelium. Oncol Rep. 2008; 19(1):

211-216.


https://jhu.pure.elsevier.com/en/persons/susan-m-aja
https://jhu.pure.elsevier.com/en/persons/thomas-w-kensler
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pashankar%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=9932864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prendiville%20J%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=9932864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Israel%20DM%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=9932864
https://www.ncbi.nlm.nih.gov/pubmed/9932864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arisawa%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tahara%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shibata%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nagasaka%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamiya%20Y%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujita%20H%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshioka%20D%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arima%20Y%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okubo%20M%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirata%20I%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakano%20H%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=18097597
https://www.ncbi.nlm.nih.gov/pubmed/18097597

