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Summary

From a therapeutic standpoint, vitiligo is still regarded by many physicians as a simple problem of regenera-

tive medicine, with the main aim to repopulate the depigmented skin with functional melanocytes from the

margins of the lesions or from intact progenitors in hair follicles. However, recent research in vitiligo suggests

that various local triggers alert the skin immune innate system and may precede adaptive immune responses

targeting melanocytes. This scenario is close to that of other common skin inflammatory disorders like psoria-

sis and atopic, and suggests to target as a priority this clinically silent inflammatory component of he disease.

This perspective highlights possible targets for intervention.

Vitiligo is characterized by the progressive disappear-

ance of skin pigment cells and, with a straightforward

clinical translation, the appearance of white macules or

white hairs, usually without accompanying clinical symp-

toms. Histological data accumulated over the last three

decades have provided good evidence that at the outer

edge of white macules in patients with the generalized,

usually symmetrical, form of the disease, also called

nonsegmental vitiligo (NSV), an inflammatory infiltrate of

low intensity made of mononuclear cells occurs in the

upper dermis and at the dermal–epidermal interface

(reviewed in Picardo and Taieb, 2010). The initiation of

this silent microinflammatory reaction is still a mystery,

but recent experimental data suggest that various local

triggers alert the skin immune innate system and may

precede adaptive immune responses targeting melano-

cytes (van den Boorn et al., 2011; Kroll et al., 2005).

The resulting absence of melanocytes in depigmented

macules affects skin homeostasis, as already noted for

skin sensitization, skin dermal neural responses, photo-

adaptation, and redox status (reviewed in Picardo and

Taieb, 2010).

In contrast to other prevalent chronic skin conditions,

which are clinically overtly inflammatory, such as atopic

dermatitis or psoriasis, vitiligo has a near orphan status

for drug development. For atopic dermatitis, skin barrier

defects, which are defined at the molecular level for a

subgroup of filaggrin-deficient patients (Palmer et al.,

2006), account for the natural history of the disease and

part of the skin inflammatory sequence, opening the

way for new early intervention strategies (Boralevi et al.,

2008), and hope for curative therapies based on defined

molecular targets (Taı̈eb et al., 2011). Genomic studies

also suggest similar anomalies for psoriasis, related to

inappropriate skin barrier interaction with the environ-

ment, especially over-reacting innate immune

responses, e.g. increased antimicrobial peptide produc-

tion and multiple gene copies of defensin (Hollox et al.,

2008). Dramatic therapeutic changes over the last dec-

ade have resulted from efficient targeting of the TH1

and TH17 proinflammatory pathways with monoclonal

antibodies (Di Cesare et al., 2009). For vitiligo, because

of the bewildering complexity of this clinically simple

disease, new angles of attack may still come from an

important missing part of the pathophysiologic puzzle.

However, reports published in this issue of Pigment Cell

and Melanoma Research (Ben Ahmed et al., 2011; van

Geel et al., 2011a,b, Mosenson et al., 2011) and other

recent investigations explore novel aspects of the

immune–inflammatory component of vitiligo, and may

help in the future to treat this large and medically

neglected patient community more efficiently.

Human studies

Prospective observational studies using univariate and

multivariate logistic regression procedures have

addressed the differences between the two major clini-
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cal forms of the disease, NSV and segmental vitiligo

(SV) (Ezzedine et al., 2011a), as well as the more

recently described form combining the two, mixed viti-

ligo (MV) (Ezzedine et al., 2011a,b,c). SV, which gener-

ally involves one unilateral area with a sharp midline

demarcation, has until recently been regarded as distinct

from NSV, especially because of limited or no evidence

of (i) inflammatory loss of melanocytes, (ii) familial

autoimmune diathesis and (iii) association with collateral

damage to nevus cells (halo nevi). Indeed, these and

other recent studies (van Geel et al., 2011a,b; Silva de

Castro et al., 2011), combined with preliminary evidence

from skin biopsies (van Geel et al., 2010; Picardo and

Taieb, 2010), suggest rather a kind of continuum bridg-

ing all forms of vitiligo around a transient auto-inflamma-

tory phase which is associated with the wiping out of

melanocytes, and a predisposing background to develop

autoimmune responses that follow a risk gradient from

SV to NSV. The case of SV, in which the damage

occurs simultaneously in skin and hair melanocytic com-

partments, remains intriguing because of the pattern of

involvement, which would at first suggest a develop-

mental skin predisposing genetic factor (Taı̈eb et al.,

2008). However, the elusive SV pattern has also been

tentatively related to skin distribution of lymphatics (van

Geel et al., 2010), which may also explain the symmetri-

cal aspect in the generalized forms (Goudie et al.,

1990). Another interesting set of data concerns the cor-

relation of halo nevi-associated NSV to familial hair grey-

ing, a condition previously linked to melanocyte intrinsic

defects (aging, redox, stemness), but which may also

relate to autoimmunity to the hair melanocyte reservoir

(Ezzedine et al., in press).The comprehensive data gen-

erated by pangenomic studies (Jin et al., 2010a, 2010b,

2011; Quan et al., 2010) in NSV point to a complex pre-

disposing set of genes, which control both innate and

adaptive immunity. For innate immunity, a disturbed

activation of the inflammasome leading to the local pro-

duction of interleukin (IL) 1b has been suggested follow-

ing the demonstration of an association of NALP1

variants to a subset of NSV (Jin et al., 2007). Imunohis-

tochemical evidence of NALP1 activation in dendritic

cells was recently described at the outer edge of NSV

lesions (Wang et al., 2011). For adaptive immunity, the

implicated genes do not suggest a specific vitiligo signa-

ture but predispose to either autoimmunity or allergy

(Birle et al., 2011). Indeed, recent clinical data indicate a

link, previously missed, between atopic disorders in

childhood and vitiligo (Nicolaidou et al., 2011). However,

the involvement of a specific immune response to mela-

nocytes is highlighted by the association of the major

tyrosinase (TYR) allele (Arg402Gln) polymorphism with

NSV in European whites (Jin et al., 2010b). In contrast,

the minor (Gln) allele, which is protective with respect

to NSV, is associated with susceptibility to malignant

melanoma in the same population. The TYRArg402Gln

polymorphism thus represents an inverse relationship

between NSV and malignant melanoma (Jin et al.,

2010a,b) and suggests that TYR susceptibility variants

govern normal immunosurveillance of the melanocytic

system. Overall, the set of genes sorted by GWAS

accounts for a limited part of the heritability of the dis-

ease but may mediate a crucial part of disease pheno-

type, such as progression or age at onset (Jin et al.,

2011). This information may guide future targeted thera-

pies.

Koebner’s phenomenon (KP), the induction of an iso-

morphic lesion following trauma, is as common in viti-

ligo as in psoriasis. It has been reviewed recently by the

Vitiligo European Task Force (van Geel et al., 2011a) and

a revised nomenclature has been proposed to help to

classify this phenomenon in future vitiligo reports. The

significance of KP in vitiligo is controversial: does it indi-

cate an intrinsically poor melanocyte attachment (melan-

ocytorrhagy theory) or is it related to local inflammatory

activity and overall disease progression? Whatever the

final answer, an elegant study by the Ghent group in

this issue (van Geel et al., 2011b) confirms the impor-

tance of this phenomenon for the determination of local

inflammatory pathomechanisms. Indeed, one major diffi-

culty in vitiligo research is obtaining biopsies of sponta-

neously active disease, generally at the edge of

progressing hypochromic macules. Previous work on vit-

iligo skin biopsies produced some sparse data implicat-

ing dendritic cells, TH1 and TH17 cells (Wang et al.,

2011; van den Wijngaard et al., 2000), in the effector

responses targeting melanocytes. In the Ghent study of

just three cases, experimentally induced KP triggers a

short-term inflammatory response which is clearly

blunted by the early topical application of steroids or cal-

cineurin inhibitors. The dynamics of the inflammatory

response is delineated, including some evidence of

increased melanocyte-specific T-cell clones in the infil-

trate following trauma, suggesting a link between stress

and an amplification of specific immune responses. The

recapitulation of the early events leading to melanocyte

damage and loss caused by a simple physical trauma

will allow greater targeting of the next generation of

therapies.

The therapy of the immune–inflammatory phase of vit-

iligo is currently unspecific and uses large spectrum

immunosuppressants (corticosteroids and calcineurin

inhibitors, mostly local applications or phototherapy).

Novel insights into regulatory mechanisms for tolerance

to self antigens suggest that a physiologic resident sub-

population of T cells, named regulatory T cells (Treg),

may not be able to suppress continued cytotoxic T-cell

activity, contributing to progressive melanocyte loss,

because of a reduced number or function in affected tis-

sues. This mechanism is not unique to vitiligo, as Treg

dysfunction was recently associated with other autoim-

mune and allergic diseases. Conditions encountered by

Treg during priming in peripheral lymph nodes for organ-

selective homing and temporal changes in Treg function
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over time suggest that opportunities may exist to manip-

ulate the skin homing of Tregs in vitiligo. In accordance

with this theory, a recent paper reported a decreased

number of Treg in vitiligo skin (Klarquist et al., 2010). In

this issue, Ben Ahmed et al. (2011) examine the role of

circulating Tregs in vitiligo as a possible reflection of the

situation in the skin compartment. They show a reduced

inhibitory effect of peripheral Tregs on T-cell proliferation

as compared to healthy controls, and a concomitant lack

of inhibition of interferon (IFN)-c production in an assay

using activated T cells, which parallels disease activity.

This work indicates a possible role of IFN-c and is in

accordance with pioneering data in humans by Skurko-

wich et al. (reviewed by Böhm, 2010) and recently devel-

oped animal models (see below) (Gregg et al., 2010)

suggesting a pivotal role of this cytokine in vitiligo. Thus,

targeting Tregs or IFN-c may prove useful in future

human intervention studies.

Animal models and translational research

Before going directly to human trials, proof of concept

studies in a relevant animal model are needed. The

spontaneous autoimmune vitiligo in the Smyth line

chicken model provides a good chance to study vitiligo

at onset and during progression. Smyth chicken become

completely or partially depigmented after hatching. The

relevance of this model is supported by the occurrence

of intrinsic melanocyte defects (irregularly shaped mela-

nosome, low catalase activity), genetic background, cell-

mediated immune response (CD8+ T-cell infiltrate and

Th1 cytokine release), as well as external danger trig-

gers (turkey herpes virus infection enhances progres-

sion) (Wang and Erf, 2003). However, few laboratories

have access to avian resources. More recently, T-cell

receptor (TCR) transgenic mouse models have become

available to examine vitiligo effector immune responses.

TCR transgenic mice reactive to a TRP-1-derived peptide

presented in the context of major histocompatibility

complex (MHC) class II have provided strong evidence

that Th17 cells are important in melanoma regression

and induction of vitiligoid changes and that this effect is

critically dependent on IFN-c production (Muranski et al.,

2008). The role of Th 17 cells in human vitiligo has been

suggested by studies in skin biopsies (Wang et al.,

2011) and increased skin ⁄ serum levels of IL-17 (Bassi-

ouny and Shaker, 2011). A line of mice called ‘FH’,

which have CD8+ T cells expressing a transgenic TCR

reactive with mouse tyrosinase, spontaneously develop

vitiligo by 4 weeks of age, with an acrofacial pattern

similar to a common subset of human NSV. This depig-

mentation is mediated by IFN-c and accelerated by Treg

depletion (Gregg et al., 2010). The report in this issue of

Le Poole’s group uses another strain, the Pmel-1

mouse, which expresses a gp100-reactive transgenic

TCR on the majority of circulating CD8+ T cells (Over-

wijk et al., 2003). Previous experimental work has

shown that, following external danger stimuli, oxidative

stress responses induce the expression and the release

of proteins that belong to the heat shock protein (HSP)

family, which enhance antigen uptake by dendritic cells

(Denman et al., 2008). Mosenson et al.’s paper shows,

using a potent melanosomal antigen vaccination assay

in inducible hsp70 (HSP70i) knockout mice, that HSP70i

is specifically needed to trigger depigmentation (Mosen-

son et al., 2011). The Pmel-1 mouse was further used

to demonstrate that HSP70i is a key player in enhancing

the spontaneous vitiligo of this strain. Altogether, these

data suggest the development of anti-HSP70i agents for

the therapy of vitiligo, with the caveat that interfering

with HSP70i functions may disturb immunological

responses besides those specifically involved in vitiligo.

Concluding remarks

From a therapeutic standpoint, vitiligo is still regarded

by many physicians as a simple problem of regenerative

medicine, with the main aim to repopulate the depig-

mented skin with functional melanocytes from the mar-

gins of the lesions or from intact progenitors in hair

follicles. However, within the aforementioned context of

a chronic ⁄ relapsing inflammatory disorder prone to

unpredictable flares, this view is probably incomplete if

not misleading. As also noted for alopecia areata, a dis-

order which shares many features with vitiligo, including

a silent inflammatory phase on a different skin target

(hair follicle), the challenge with vitiligo is that the early

or preclinical phase is undetectable and the revelation

phase is sudden, with little scope for prevention. Fur-

thermore, in the case of vitiligo, repairing or compensat-

ing melanocyte loss proves even more practically

challenging than rescheduling the hair cycle in alopecia

areata. Treatment with methotrexate has been used

with success and a good safety profile for many inflam-

matory chronic non-skin and skin disorders, including

alopecia areata (Joly, 2006), but, surprisingly, pilot stud-

ies have not yet been conducted in NSV. Pending the

availability of more targeted therapies, the mounting evi-

dence of vitiligo as a chronic inflammatory skin disorder

emphasizes the importance of taking a fresh look at

methotrexate (Eleftheriadou et al., 2011; Taı̈eb and

Picardo, 2009).
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