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Vitiligo, the very frequent ancient idiopathic dermatological disorder is characterized by chronic
and progressive autoimmune loss of melanocytes from the basal layers of the epidermis that results
in white macules on the affected skin. Although non-contagious, the phenotype of this disorder has
high impact on the psychological behavior of the affected individuals than their physical ability;
more often lead to social isolation. Over the past decade, the prevalence of vitiligo is on rise, ranges
from 0.5 to 2% worldwide, whereas 0.09 to 8.0% in India (Lu et al., 2007; Shah et al., 2008; Krüger
and Schallreuter, 2012). Because of the intricacy of the disease, although there is a wide range
of treatment modalities available, none of the therapeutic options are effective enough to thwart
further progression or complete cure from depigmentation.

This complex inflammatory disorder involves a combination of pathogenic effects of multiple
susceptible loci and unknown environmental triggers which may act independently or together
in the destruction of melanocytes of the affected area (Le Poole et al., 1993a). Several hypotheses
have been put forward to explain the etio-pathogenesis of this multi-factorial disfiguring disorder,
but are not concrete enough to substantiate the underlying mechanism(s) involved in the disease
development. To recognize genes that mediate in vitiligo susceptibility, diverse approaches such
as gene expression analyses, candidate gene association, genome-wide linkage, and genome wide
association studies have been exploited (Allam and Riad, 2013).

Various studies reported that the initial triggering event of vitiligo is oxidative stress; however,
inflammation and autoimmunity act as major contributors in the pathogenesis, progression and
severity of the disease (Jain et al., 2011; Deo et al., 2013; Laddha et al., 2013; Spritz, 2013). The
autoimmune loss of pigmentation is allied with infiltrates of T cells and macrophages, and the
progression of the disease is due to the decreased CD4+/CD8+ cell ratio which is cytotoxic to
melanocytes (Lili et al., 2012). Animal studies (h3TA2) have further established the fact that
depletion of regulatory T (Treg) cells in knockout mice up regulate the proinflammatory cytokines
and mediate the progressive depigmentation; nevertheless adoptive transfer of Treg cells induce
vitiligo remission in treated mice (Chatterjee et al., 2014).

Treg cells are a unique CD4+ T lymphocyte lineage that plays an indispensable role
in maintaining immunological unresponsiveness to self-antigens and in suppressing excessive
immune responses that are detrimental to the host. Defects in the number and function of
Treg cells in the peripheral blood and lesional skin accentuate the role of Treg cells in vitiligo
pathogenesis (Dwivedi et al., 2015). The crucial master transcription factor that regulates the fate
and identity of Treg cells which play an imperative role in preventing autoimmunity is forkhead
box protein 3 (FOXP3). This key immunoregulatory FOXP3 gene belongs to forkhead/winged-
helix transcription factor family, located at Xp11.23 in humans is 1296 bp in length and consists
of 11 translated exons that encode a protein with 431 amino-acids. It contains a proline rich N-
terminal repressor domain that suppresses the expression of target genes, a zinc-finger (amino
acid 200–223), and leucine-zipper motif (amino acids 240–261) that allow FOXP3 homo- or
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hetero dimerization and a conserved DNA binding forkhead
domain (amino acid 338–421).

FOXP3 gene is vital for the development, proliferation, and
function of CD4+CD25+ Treg cells and therefore essential for
the maintenance of immune homeostasis (Zheng and Rudensky,
2007; Zheng et al., 2007). Alongside the Treg cells development,
FOXP3 gene also has a role in the expression of cytokines
and regulation of other T cell subsets through NF-AT/NF-κB
and Smad7 pathways (Song et al., 2012). Approximately 700
FOXP3 bound genes are up/down regulated in FOXP3+ T cells,
suggesting that FOXP3 acts as both transcriptional activator
and repressor. The functional or quantitative modification of
FOXP3 leads to lack of efficient CD4+CD25+Treg cells, resulting
in immune dysregulation, polyendocrinopathy, enteropathy, X-
linked syndrome (Bennett et al., 2001; Wildin et al., 2002), scurfy
mice and other autoimmune diseases including vitiligo supports
the importance of Treg cells and FOXP3 in keeping autoreactive
T cells in check (Yagi et al., 2004; Lahl et al., 2007).

Comprehensive reanalysis of genome wide data of 33
biological candidate genes previously implicated in generalized
vitiligo (ACE, AIRE, CAT, CD4, CLEC11A, COMT, CTLA4,
C12orf10, DDR1, EDN1, ESR1, FAS, FBXO11, FOXD3, FOXP3,
GSTM1, GSTT1, IL1RN, IL10, KITLG, MBL2, NFE2L2,
PDGFRA-KIT, PTGS2, STAT4, TAP1-PSMB8, TGFBR2, TNF,
TSLP, TXNDC5, UVRAG, VDR, and XBP1) has identified three
candidate genes XBP1, FOXP3, and TSLP in association with
vitiligo that are not shared by other autoimmune diseases (Chen
et al., 2005; Birlea et al., 2010, 2011; Jin et al., 2010; Tang et al.,
2013). Ameta-analysis conducted by Birlea et al. (2010) screening
37 SNPs of FOXP3 gene found greatest significance with a
promoter SNP rs3761547 and strong linkage disequilibrium with
rs11798415 and rs5906843 block; moreover, rs11798415 retained
as a strongest marker than other SNPs (rs11798415, rs5906843,
rs5906777, and rs4824755) in this region. No further studies
are available on FOXP3 gene polymorphisms in relation to
vitiligo, however, in psoriatic patients, one of the upstream SNPs
of FOXP3 gene rs3761548 was found significant association
with the disease (Shen et al., 2010). The study demonstrated
the functional significance of rs3761548 AA genotype which
causes the loss of binding with transcription factors, E47 and
C-Myb, leading to defective transcription of FOXP3. Moreover,
the A allele of this polymorphism is associated with a dramatic
reduction in luciferase activity compared with the C allele (Shen
et al., 2010). Later rs3761548 AA genotype was confirmed to be
the lowest FOXP3 producing genotype and suggested its role in
fewer Treg cells and/or weaker immune suppressive function in
other autoimmune diseases (Wu et al., 2012).

To further evaluate the FOXP3 gene polymorphisms and
their involvement in vitiligo pathogenesis, recent studies from

Indian and Han Chinese populations screened three promoter
SNPs of FOXP3 gene (rs3761548, rs2232365, and rs5902434) and
found significant association of rs3761548 and rs2232365 with
vitiligo risk (Jahan et al., 2013; Song et al., 2013). The rs2232365
polymorphism located within the putative DNA-binding site of
other transcription factor GATA-3, directly regulates FOXP3
expression and controls Treg cell function via interaction with
the regulatory regions of the FOXP3 locus. The GG genotype

of rs2232365 decreases the FOXP3 expression and affects Treg
cell function, thus disrupt the Th1/Th2 balance, leading to the
pro-inflammatory disease vitiligo (Song et al., 2012; Wu et al.,
2012).

Cell based investigations conducted in vitiligo evaluating
quantitative and qualitative analysis of Treg cells in
lesional/perilesional and blood samples had provided mixed
results. According to Zhou et al. (2012) no variation was observed
in systemic Treg cell population between vitiligo patients and
controls. In contrary, it was suggested that the reduced cell
number and impaired function of natural Treg cells is associated
with imbalance of CD4+/CD8+ ratio and was suggested to be
involved in the T-cell mediated pathogenesis of vitiligo and its
progression (Klarquist et al., 2010; Lili et al., 2012; Dwivedi
et al., 2013). At large, most of the investigators implicated the
imbalance in Treg cells in the disease pathogenesis.

Though evidences are mounting toward the involvement
of FOXP3 functional SNPs and quantitative and qualitative
variation of CD4+CD25+Treg cells individually pointing toward
their role in the diseases pathogenesis, studies are lacking to
correlate the FOXP3 gene variants and Treg cell behavior in
vitiligo. It is well established that FOXP3 is a master transcription
factor which influences the quality and quantity of Treg cell
population thus the immune homeostasis of the host. Keeping
in view the pivotal role of Treg cells in the maintenance of
immune balance and association of its master controller FOXP3
gene with autoimmune diseases, in our opinion, FOXP3 is a
potential candidate gene which should be screened thoroughly
for known and novel functional genetic variants and epigenetic
modifications that regulate its expression; further to correlate the
impact of these variations on Treg cell development, stability
and function will be promising in understanding the genetic
heterogeneity of vitiligo. Establishing the role of FOXP3 gene
through family based studies in various ethnic groups will help
in delineating the genetic and non-genetic contributing factors
that are imperative for this multifactorial disorder and also in
understanding the population based variation in its incidence.
Moreover, the interventions targeting Treg cells/FOXP3 gene
networks that could suppress the immune responses may
open new insights for effective therapeutic approaches for
vitiligo.

References

Allam, M., and Riad, H. (2013). Concise review of recent studies in vitiligo. Qatar.

Med. J. 2013, 1–19. doi: 10.5339/qmj.2013.10

Bennett, C. L., Christie, J., Ramsdell, F., Brunkow, M. E., Ferguson, P. J., Whitesell,

L., et al. (2001). The immune dysregulation, polyendocrinopathy, enteropathy,

X-linked syndrome (IPEX) is caused by mutations of FOXP3. Nat. Genet. 27,

20–21. doi: 10.1038/83713

Birlea, S. A., Gowan, K., Fain, P. R., and Spritz, R. A. (2010). Genome-wide

association study of generalized vitiligo in an isolated European founder

population identifies SMOC2, in close proximity to IDDM8. J. Invest.Dermatol.

130, 798–803. doi: 10.1038/jid.2009.347

Frontiers in Genetics | www.frontiersin.org 2 July 2015 | Volume 6 | Article 249

http://www.frontiersin.org/Genetics
http://www.frontiersin.org
http://www.frontiersin.org/Genetics/archive


Jahan et al. Immunoregulatory FOXP3 gene in vitiligo susceptibility

Birlea, S. A., Jin, Y., Bennett, D. C., Herbstman, D.M.,Wallace, M. R., McCormack,

W. T., et al. (2011). Comprehensive Association Analysis of Candidate Genes

for Generalized Vitiligo Supports XBP1, FOXP3, and TSLP. J. Invest. Dermatol.

131, 371–381. doi: 10.1038/jid.2010.337

Chatterjee, S., Eby, J. M., Al-Khami, A. A., Soloshchenko,M., Kang, H. K., Kaur, N.,

et al. (2014). A quantitative increase in regulatory T cells controls development

of vitiligo. J. Invest. Dermatol. 134, 1285–1294. doi: 10.1038/jid.2013.540

Chen, J. J., Huang, W., Gui, J. P., Yang, S., Zhou, F. S., Xiong, Q. G., et al. (2005).

A novel linkage to generalized vitiligo on 4q13-q21 identified in a genomewide

linkage analysis of Chinese families. Am. J. Hum. Genet. 76, 1057–1065. doi:

10.1086/430279

Deo, S. S., Bhagat, A. R., and Shah, R. N. (2013). Study of oxidative stress in

peripheral blood of Indian vitiligo patients. Indian. Dermatol. Online. J. 4,

279–282. doi: 10.4103/2229-5178.120637

Dwivedi, M., Kemp, E. H., Laddha, N. C., Mansuri, M. S., Weetman, A.

P., and Begum, R. (2015). Regulatory T cells in vitiligo: implications

for pathogenesis and therapeutics. Autoimmun. Rev. 14, 49–56. doi:

10.1016/j.autrev.2014.10.002

Dwivedi, M., Laddha, N. C., Arora, P., Marfatia, Y. S., and Begum, R. (2013).

Decreased regulatory T-cells and CD4(+) /CD8(+) ratio correlate with disease

onset and progression in patients with generalized vitiligo. Pigment Cell

Melanoma Res. 26, 586–591. doi: 10.1111/pcmr.12105

Jahan, P., Cheruvu, R., Tippisetty, S., Komaravalli, P. L., Valluri, V., and Ishaq,

M. (2013). Association of FOXP3 (rs3761548) promoter polymorphism with

nondermatomal vitiligo: a study from India. J. Am. Acad. Dermatol. 69,

262–266. doi: 10.1016/j.jaad.2013.01.035

Jain, A., Mal, J., Mehndiratta, V., Chander, R., and Patra, S. K. (2011). Study

of oxidative stress in vitiligo. Indian. J. Clin. Biochem. 26, 78–81. doi:

10.1007/s12291-010-0045-7

Jin, Y., Birlea, S. A., Fain, P. R., Mailloux, C. M., Riccardi, S. L., Gowan, K., et al.

(2010). Common variants in FOXP1 are associated with generalized vitiligo.

Nat. Genet. 42, 576–578. doi: 10.1038/ng.602

Klarquist, J., Denman, C. J., Hernandez, C., Wainwright, D. A., Strickland, F.

M., Overbeck, A., et al. (2010). Reduced skin homing by functional Treg

in vitiligo. Pigment. Cell Melanoma. Res. 23, 276–286. doi: 10.1111/j.1755-

148X.2010.00688.x

Krüger, C., and Schallreuter, K. U. (2012). A review of the worldwide prevalence of

vitiligo in children/adolescents and adults. Int. J. Dermatol. 51, 1206–1212. doi:

10.1111/j.1365-4632.2011.05377.x

Laddha, N. C., Dwivedi, M., Mansuri, M. S., Gani, A. R., Ansarullah, M.,

Ramachandran, A. V., et al. (2013). Vitiligo: interplay between oxidative

stress and immune system. Exp. Dermatol. 22, 245–250. doi: 10.1111/exd.

12103

Lahl, K., Loddenkemper, C., Drouin, C., Freyer, J., Arnason, J., Eberl, G., et al.

(2007). Selective depletion of Foxp3+ regulatory T cells induces a scurfy-like

disease. J. Exp. Med. 204, 57–63. doi: 10.1084/jem.20061852

Le Poole, I. C., Das, P. K., Van den Wijngaar, R. M., Bos, J. D., and Westerhof,

W. (1993a). Review of the etiopathomechanism of vitiligo: a convergence

theory. Exp. Dermatol. 2, 145–153. doi: 10.1111/j.1600-0625.1993.tb0

0023.x

Lili, Y., Yi, W., Ji, Y., Yue, S., Weimin, S., and Ming, L. (2012). Global Activation of

CD8+Cytotoxic T Lymphocytes Correlates with an Impairment in Regulatory

T Cells in Patients with Generalized Vitiligo. PLoS. ONE. 7:e37513. doi:

10.1371/journal.pone.0037513

Lu, T. T., Wang, A., Jin, Y., Li, Q., and Li, C. (2007). Vitiligo prevalence study

in Shaanxi Province, China. Int. J. Dermatol. 46, 47–51. doi: 10.1111/j.1365-

4632.2006.02848.x

Shah, H., Mehta, A., and Astik, B. (2008). Clinical and sociodemographic study

of vitiligo. Indian. J. Dermatol. Venereol. Leprol. 74, 701. doi: 10.4103/0378-

6323.45144

Shen, Z., Chen, L., Hao, F., Wang, G., and Liu, Y. (2010). Intron-1 rs3761548 is

related to the defective transcription of Foxp3 in psoriasis through abrogating

E47/c-Myb binding. J. Cell. Mol. Med. 14, 226–241. doi: 10.1111/j.1582-

4934.2008.00370.x

Song, P., Wang, X. W., Li, H. X., Li, K., Liu, L., Wei, C., et al. (2013). Association

between FOXP3 polymorphisms and vitiligo in a Han Chinese population. Br.

J. Dermatol. 169, 571–578. doi: 10.1111/bjd.12377

Song, Q. H., Shen, Z., Xing, X. J., Yin, R., Wu, Y. Z., You, Y., et al. (2012). An

association study of single nucleotide polymorphisms of the FOXP3 intron-1

and the risk of Psoriasis vulgaris. Indian. J. Biochem. Biophys. 49, 25–35.

Spritz, R. A. (2013). Modern vitiligo genetics sheds new light on an ancient disease.

J. Dermatol. 40, 310–318. doi: 10.1111/1346-8138.12147

Tang, X. F., Zhang, Z., Hu, D. Y., Xu, A. E., Zhou, H. S., Sun, L. D., et al.

(2013). Association analyses identify three susceptibility loci for vitiligo in

the Chinese Han Population. J. Invest. Dermatol. 133, 403–410. doi: 10.1038/

jid.2012.320

Wildin, R. S., Smyk-Pearson, S., and Filipovich, A. H. (2002). Clinical

and molecular features of the immunodysregulation, polyendocrinopathy,

enteropathy, X linked (IPEX) syndrome. J. Med. Genet. 39, 537–545. doi:

10.1136/jmg.39.8.537

Wu, Z., You, Z., Zhang, C., Li, Z., Su, X., Zhang, X., et al. (2012). Association

between functional polymorphisms of Foxp3 gene and the occurrence of

unexplained recurrent spontaneous abortion in a Chinese Han Population.

Clin. Develop. Immunol. 2012:896458. doi: 10.1155/2012/896458

Yagi, H., Nomura, T., Nakamura, K., Yamazaki, S., Kitawaki, T., Hori, S.,

et al. (2004). Crucial role of FOXP3 in the development and function of

human CD25+ CD4+ regulatory T cells. Int. Immunol. 16, 1643–1656. doi:

10.1093/intimm/dxh165

Zheng, Y., Josefowicz, S. Z., Kas, A., Chu, T. T., Gavin, M. A., and Rudensky, A. Y.

(2007). Genome-wide analysis of Foxp3 target genes in developing and mature

regulatory T cells. Nature 445, 936–940. doi: 10.1038/nature05563

Zheng, Y., and Rudensky, A. Y. (2007). Foxp3 in control of the regulatory T cell

lineage. Nat. Immunol. 8, 457–462. doi: 10.1038/ni1455

Zhou, L., Li, K., Shi, Y. L., Hamzavi, I., Gao, T. W., Henderson, M., et al. (2012).

Systemic analyses of immunophenotypes of peripheral T cells in non-segmental

vitiligo: implication of defective natural killer T cells. Pigment. Cell. Melanoma.

Res. 25, 602–611. doi: 10.1111/j.1755-148X.2012.01019.x

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2015 Jahan, Tippisetty and Komaravalli. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) or licensor are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use, distribution

or reproduction is permitted which does not comply with these terms.

Frontiers in Genetics | www.frontiersin.org 3 July 2015 | Volume 6 | Article 249

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Genetics
http://www.frontiersin.org
http://www.frontiersin.org/Genetics/archive

	FOXP3 is a promising and potential candidate gene in generalised vitiligo susceptibility
	References


