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Vitiligo: current medical and scientific understanding

R. E. BOISSY 1, J. J. NORDLUND 2

Vitiligo is a relatively common acquired skin depigmentary
disease with a complex presentation, therapy, and etiology.
Both the prognosis and therapeutic response for patients
with vitiligo is unpredictable. Multiple current therapies ex-
ist however the efficacy of these are not optimal. The cause of
vitiligo appears to be a combination of genetic effects in both
the immune system and the melanocyte itself with a precipi-
tating factor instigating their interaction and resulting in the
melanocyte destruction. Headway is being made in under-
standing the etiology of vitiligo that should culminate in new
and improved therapies.

KEY woRrDs: Vitilige, etiology - Prognosis - Therapeutics.

Viti]igo is a common disorder but its causes and
aggravating factors remain mysterious and puz-
zling. The earliest descriptions of vitiligo date back
thousands of years. Fortunately, knowledge of its eti-
ology has improved in the past few years.

Vitiligo is an acquired depigmentary disease in
which white macules appear on the skin.- 2 Vitiligo
can begin at almost any age, the earliest age noted in
a child of 6 months and the oldest individuals in their
70’s. Lesions can begin anywhere on the skin. How-
ever, more frequently they initially appear around the
mouth, the eyes, on the fingers, wrist, and over the
elbows and knees (termed acrofacial vitiligo); areas
with the most physical microtrauma. Prognosis and
progression of bilateral (acrofacial) vitiligo are not
predicable. There are self limiting forms of vitiligo,
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i.e., segmental Vitiligo, which has a limited course.
Lesions may remain as a small discrete spot(s) for
month or years or they may rapidly enlarge, spread
and coalesce with new lesions frequently appearing.
A Wood’s lamp (400 nm) examination is helpful in
identifying and locating depigmentation in individu-
ais with fair skin.

The classification of vitiligo has recently been re-
vised. Originally the classification had a number of
categories, i.e., generalized, focal, acrofacial, total,
inflammatory, contact/occupational and unilateral
{segmental).? Some of these, ie., acrofacial, gen-
eralized and total, probably are phases of the same
disorder. More recently it was recommended that vi-
tiligo be classified into two forms: Vitiligo vulgaris/
non-segmental vitiligo (NSV) and segmental vitiligo
(SV).4 Bilateral or non segmental vitiligo presents
with white patches on both sides of the body, re-
markably symmetrical. SV is unilateral and affects
only one side of the body. It affects a segment of
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the integument. The patches do not follow any cur-
rently known embryological distribution such as
dermatomes, metameres or the distribution of the
autonomic nervous system. However, the patterns
of segmental vitiligo are not random and different
individuals will exhibit similar patterns of pigment
loss. This observation suggests that there is some
biologically important determinant of the distribu-
tion of pigment loss. It might be that they represent
melanocyte embryological migration patterns.

Although the prevalence of vitiligo around the
globe is relatively uniform, there are several isolated
areas where vitiligo seems more or less prevalent.
These would be, or have been, good populations to
study genetically for possible clue to the promotion
or suppression of this disease, respectively. The usual
prevalence worldwide ranges from 0.5-1.0% affect-
ing equally both genders and individuals of all racial
backgrounds. In the Surat area of western India 5 and
in the mountains of northern Romaniam ¢ the inci-
dence of vitiligo is 3.6% and 2.9%, respectively. In
contrast, the incidence of vitiligo in the Isle of Born-
holm in Denmark is relatively rare with a reported
incidence of 0.38%.7

Vitiligo is a disorder that destroys melanocytes.
There are melanocytes in parts of the body other
than the skin, for example in the eyes, the ears and
leptomeninges. Focal arcas of depigmentation in the
iris, anterior chamber, and the retinal pigmented epi-
thelium associated with uveitis have been observed
in patients with vitiligo.® ¢ Although most patients
with vitiligo have no ocular symptoms from these
lesions, some complain of photophobia and night
blindness. Both the ear (predominantly the stria vas-
cularis) ' and the leptomeninges covering the pons
area in the brain stem !! contain melanocytes. Stud-
ies have confirmed that these organs also can exhibit
damage to melanocytes. It has been reported that
some individuals with vitiligo have dysacusia and
headaches. Damage to melanocytes in the stria vas-
cularis of the inner ear or in the leptomeninges could
produce these symptoms and signs.12. 13

Some autoimmune based systemic disorders occur
in the vitiligo population at a prevalence that exceeds
that of the general public. Autoimmune thyroiditis
affects 15% of those with vitiligo. Other disorders
such as pernicious anemia, Addison’s disease, lupus
erythematosus, rheumatoid arthritis, diabetes 4 have
a higher incidence in people with vitiligo. These
diseases can occur with higher prevalence in family
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members without vitiligo. This is consistent with the
recent demonstration that candidate genes associated
with vitiligo can affect the autoimmune response (o a
variety of tissues (see below).

Vitiligo is a biological disorder that disfigures the
individual but can have significant psychological,
social and sexual ramifications. A few vitilige pa-
tients become severely depressed to the point of be-
ing reclusive.!5 In a study of a population of patients
with vitiligo it was demonstrated that 7% exhibited
severe depression, 32% with acute and/or consist-
ent embarrassment, 27% with mild embarrassment.
About 33% showed no social effects or embarrass-
ment from the disfigurement of depigmentation.'6
Using the Arizona Sexual Experience Scale (ASEX),
researchers have demonstrated that vitiligo results in
reduced sex drive, arousal, maintenance, and satis-
faction.!” In general, patients with vitiligo assessed
by the Dermatology Life Quality Index (DLQI) ex-
hibit a lower quality of life than normal subjects or
even patients with psoriasis.!8

Therapy

Ideally the goal to therapy for vitiligo is two-
fold; to halt the progression of depigmentation by
suppressing the immune response and to induce re-
pigmentation by encouraging melanocyles in pig-
mented hair follicles of the lesion to migrate out and
repopulate the interfoliicular epidermis. Unfortu-
nately, current therapies fail often in both respects.
There is no known method (o halt the spread of vi-
tiligo or prevent its recurrence at some time in the
future. The holy grail of vitiligo research is to find
such a medication. Were it possible to stop the proc-
ess of melanocyte destruction, the problem of vi-
tiligo would be mostly solved. The initial modality
for therapy is topical application of steroids and/or
immunomodulators such as Protopic and Elidel for 3
to six months. Results of recent clinical studies have
demonstrated ~50% success rate with these topical
agents.!® Other topical agents with some success in-
clude topical vitamin D preparations (Dovonex®).
The use of these agents usually is combined with
phototherapy of some form.

Originally, PUVA (psoralen + ultraviolet A) was
the phototherapy of choice. However, prolonged
use of PUVA in a patient population with psoriasis
caused a high incidence of both non melanoma and

February 2011



B

-

VITILIGO

melanoma skin cancer decades later.2? PUVA has
fallen out of use. Narrow Band UVB (310-314 nm)
with or without the concurrent uses of topical medi-
cations has been most promising to repigment white
skin.2! Excimer laser (309 nm) is a form of narrow
band UV and has been useful for treating small dis-
crete spots of depigmentation.?!

Vitilige can be repigmented if the disorder is sta-
ble, i.e., not progressing, and if the white spots have
pigmented hairs. Melanocytes within hair follicles
are the reservoir for repigmentation, They can be in-
duced to proliferate within the follicle and migrate
into the interfollicular skin thereby repigmenting the
white skin. Glabrous skin (that is devoid of hair fol-
licles), such as on the finger tips, the feet, ventral
wrist, the genitalia, cannot respond to medical treat-
ment such as topical steroids and light, There is no
reservoir. Likewise hair bearing skin that has white
hairs cannot respond to medical therapies.

The melanocyte reservoir can be replaced surgi-
cally in some patients. The best patient candidates
are those with segmental vitiligo. Segmental vitiligo
typically spreads within its area for a period of one
to two years and then stops. The remainder of the in-
tegument is not affected. These patients make excel-
lent candidates for surgical treatments because their
disorder is inactive and does not affect or Koebnerize
into the normal skin. Some patients with bilateral vi-
tiligo whose disease is stable for at least 2 years also
can be transplanted successfully.

Various procedures have been utilized in this meth-
od including blister grafting, punch biopsy grafting,
epidermal slur grafting, and cultured melanocyte
transplantation.2? Unfortunately, surgical procedures
are not readily available and only a few centers capa-
ble of performing these transplants. The procedures
are costly and not covered by insurance.

Some individuals have extensive vitiligo, particu-
larly on the exposed skin of the face, neck, arms, and
hands. Often the depigmentation covers more than
50% of the skin of these areas. A therapeutic choice
for a patient with extensive, nonresponsive vitiligo
is depigmentation therapy.?> Monobenzyl ether of
hydroguinone is an agent that can remove pigment
from normal skin. The procedure is easy, applica-
tion of the medication daily. However it takes a long
time to accomplish complete depigmentation, up to
a year or more. In addition, the completeness and
permanency of the resulting depigmentation cannot
be guaranteed.
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Etiology

The cause of vitiligo is still unknown. It seems to
require three factors: 1) a complex of vitiligo sus-
ceptibility genes that influence the autoimmune re-
sponse; 2) genetically abnormal melanocytes; 3) an
environmental or physiclogical factor(s) that acti-
vates the genetic program for melanocyte destruc-
tion.?# The current dogma is that there are several
genes affecting the immune system and the pigment
system that predispositions someone to developing
vitiligo. However, a precipitating factor must illic-
it the interaction between the immune system and
the melanocyte resulting in the destruction of the
melanocyte population in discrete areas of the skin.

It is clear that the melanocyte population in the white
epidermis has been depleted. Accompanying this re-
moval can be a subtle appearance of immunocytes in
these lesions, particularly at the border between the
white and normal appearing skin.25 The presence of
inflammatory cells at the border of a vitiligo lesion
can become very marked, particularly in inflammato-
ry vititigo which is manifested by red, edematous and
itchy skin. When present, these inflammatory cells are
predominantly CD4+ and CD8+ T-cells 26.27 that can
express the skin homing CLA marker.28 In addition,
CD11+ dendritic cells, putative capable of antigen
presentation, have been identified in close proximity
to melanocytes in perilesional skin.?® Functionally,
T-cells isolated from vitiligo lesions can demonstrate
melanocyte specific cytotoxic in non-lesional skin,30
However, in a significant number of lesions immunoc-
cytes may not be detectable, especially when in le-
sions that are dormant.

There is additional evidence for a melanocyte spe-
cific antoimmune response mediating melanocyte
removal in vitiligo. Immunotherapy for metastatic
melanoma utilizes melanocyte specific T-cells to
destroy the malignant melanocytes. Tumors at times
regress and some patients develop depigmentation
of normal appearing skin.?! The depigmentation
resembles vitiligo although it is not known if the
mechanism of destruction is identical to or similar
to that which occurs in vitiligo. In one publication,
a melanoma patient treated with CD8+ T-cell clone
that was reactive for MelanA/MART-1 developed
multiple depigmented lesions,3? demonstrating that
eytotoxic CD8+ cells against melanocyte differentia-
tion antigens can cause melanocyte destruction that
results in depigmentation.
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The humoral immune system also has been impli-
cated in the etiology of vitiligo. Serum autoantibod-
ies against many melanocyte cytoplasmic antigens
have been identified in vitiligo patients.** Serum
from patients with vitiligo can cause antibody de-
pendent cellular cytotoxicity as well as complement
dependent cytotoxicity of cultured melanocytes. 3435
However, the cytotoxicity is not specific for melano-
cytes. In addition, injection of the IgG fraction of
serum from patients with vitiligo into human skin
grafted on nude mice results in melanocyte destruc-
tion in the graft.36 Histological evidence of B cells or
immunoglobulin deposits in the epidermis of advanc-
ing lesions of vitiligo has not been demonstrated.?”.
38 ]t is yet to be confirmed whether these melanocyte
specific antibodies play a direct or indirect role in the
etiology of vitiligo.

Genetic analysis of vitiligo, specifically with the
use of genome-wide linkage and association studies,
is beginning to provide information about the genes
that are associated with vitiligo.?® Several recent
genes identified as candidates in the etiology of vitil-
1go have effects on the immune response and are in-
volved in the cause of other antoimmunity disorders.
One locus at chromosome 1p31.3-32.2 (labeled as an
antoimmunity susceptibility locus — AIS1} contains
multiple genes. Single nucleotide polymorphisms
in one of these candidate genes (FOXD3) co-segre-
gated with vitiligo in the smdy of a single family.40
FOXD3 encodes a forkhead transcription factor that
is a primary reguolator of melanoblast differentia-
tion in the embryonic neural crest.#! However, other
vitiligo patients do not appear to have mutations of
FOXD3, and other families do not show linkage to
the AIS{ region of chromosome 1p 42 suggesting that
this Tnutation may be a unique isolate,

A second candidate geneis NALP ! on chromosome
17p13.43, 44 This gene was first identified by Nath e
al.45 who noted it is associated both with vitiligo and
lupus erythematosus. This gene was later found to
interact with loci on Chromosomes 7 and 9.4¢ This is
a very interesting gene because the NALP1 protein
is a component of the inflammasome, a cytoplasmic
multiprotein complex that regulates the innate im-
mune system, mediate the maturation of proinflam-
matory cytokines like interleukin-1® and -18, and
stimulates ceilular apoptosis.#? This gene and iis

- activities could be involved in causing melanocyte
destruction and thereby vitiligo.

Recently, significant associations between gen-
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eralized vitiligo and SNPs at several other loci pre-
viously assoctated with other autoimmune disease
have been detected.® The strongly associated SNPs
were distributed across the major-histocompatibili-
ty-complex loct on Chromosome 6p21.3 between
several MHC class 1 and class II encoding area. In
addition, it has recently been reported that variants
in PTPN22.4%50 that putatively functions as a general
autoimmunity susceptibility loci, and SMOC2,51 of
unknown function, may also be associated with the
risk of vitiligo.

In addition to a genetic aberration in the immune
system, the etiology of vitiligo appears to also have a
genetic defect in the melanocyte itself, Prior studies
have demonstrated that the melanocytes in the skin of
vitiligo patients can exhibit morphologic abnormali-
ties including enlargement, fragmentation, Extracel-
lular Granular Material (EGM) and dilated RER.52
Several other studies have demonstrated that the
melanocyte from vitiligo skin appears fragile. The
inability to culture melanocytes from pigmented skin
of vitiligo patients using routine procedures and the
fragility of established cultures of melanocytes has
been demonstrated.>3 The most suggestive evidence
that vitiligo melanocytes possess a genetic aberration
was demonstrated by a study where an isoform of ty-
rosinase was also identified to correlate with vitiligo
by a genomewide association study.#® A more recent
study assessed single nucleotide polymorphisms for
genes encoding enzymes involved in melanin syn-
thesis in patients with vitiligo and found evidence
for association of tyrosinase and DOPAchrome tau-
tamerase with vitiligo susceptibility.>* These studies
confirm that long held theory that an innate defect in
vitiligo melanocytes exists.

Despite the fact that genetic alterations in the im-
mune system and the melanocyte may exist in vi-
tiligo, a precipitating factor must be at the basis
of instigating melanocyte destruction in this post-
natal acquired disease. The concordance of vitiligo
in monozygotic twins is only 23%, indicating that
a non-genetic component also plays an important
role in vitiligo.55 Anecdotal correlations of personal
events with the onset with vitiligo also imply the ex-
istence of a precipitating factor. These eventsinclude
severe sunburn, pregnancy, physical and emotional
stress/trauma, wounds or areas of microtrauma, etc.
Contact/occupational vitilige is the most obvious
form of the disease that correlates a precipitating
factor (primarily phenolic and catecholic deriva-
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tives) with the onset of melanocyte destruction.s.
57 What most of these putative precipitating factors
have in common is that they facilitate facultative
pigmentation of the skin, Melanocyte-stimulating-
hormone induced by UV over-exposure,58 estro-
gens upregulated during pregnancy,: 8¢ cytokines
produced during emotional stress and/or physical
trauma (i.e., nerve growth factor, neurotrophins,
ACTH, endorphins, etc.),5"65 and cytokines re-
leased during wound healing particularly at sites of
microtrauma % can all trigger facultative melanin
synthesis by melanocytes. Therefore, enhanced fac-
ultative melanization could put undue intolerable
stress on the vitiligo melanocyte resulting from an
clevation in cytotoxic oxidative melanin intermedi-
ates. Consistent with this is the correlation of a ty-
rosinase isoform with vitiligo as described above.43
This isoform of tyrosinase could allow the melano-
cyte to present a melanocyte specific autoantigen
to the primed hyper-reactive immune system induc-
ing autoimmunity. Alternatively, transcription and/
or maintenance of this isoform of tyrosinase may
render the melanocyte to be hyper-reactive to facul-
tative stimulators of melanization and consequently
increase pigment production beyond the threshold
tolerated by the vitiligo melanocytes.

How can the various precipitating factors initiate
the interplay between the sensitive vitiligo melano-
cytes and the attuned autoimmune response lead-
ing to melanocyte removal? The induction and/or
combating of oxidative stress have been implicated
by numerous studies.5? Disruption on the biopterin
metabolic pathway and network can induce H,0,
generation or impede its neutralization.58- ¢ Genera-
tion of reactive oxygen species is hazardous to the
cells initially causing lipid peroxidation, etc.”’? and
ultimately inducing apoptosis.”! It has recently been
demonstrated that vitiligo melanocytes exhibit 1)
more reactive oxygen species; 2) membrane peroxi-
dation; 3) impaired mitochondrial electron transport
chain 1; and 4) more readily induced apoptosis, all
characteristics of cells susceptible to death by oxi-
dative stress.’? It has been demonstrated by several
independent studies that the antioxidant catalase,
and putatively the ability to combat oxidative stress,
appears to be genetically impaired in some patients

with vitiligo. Specifically, 1) levels of catalase in-

the epidermis of some patients with vitiligo are re-
duced,”3 2) a variant genotype of catalase (C>T SNP
in codon 419 of exon 10) has been associated with
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susceptibility to vitiligo,™ and 3) a promoter vari-
ant of the Catalase gene (-89A>T) correlates with
susceptibility to vitiligo in the Chinese population.?
Many alternative cellular abnormalities have also
been suggested to occur in vitiligo melanocytes
such as lipid alterations in the mitochondria,’ im-
pairment in the survival/apoptosis regulation for cell
survival,?” inability to be stably attached to the base-
ment membrane.”® However, a common cellular/
molecular denominator among these possible inher-
ent defects has yet to be identified. It is possible that
multiple and distinct genetically determined inherent
defects can perturb the melanocytes and promote ap-
optosis may occur throughout the vitiligo syndrome.
Regardless, cells that dysfunction and head towards
apoptosis have been demonstrated to induce a conse-
quential autoimmune response that perpetuates the
disease.”™

In summary, recent advances have been made in
the classification of vitiligo and in understanding
the etiology. The initial presentation and subsequent
prognosis of vitiligo 1s extremely variable, How-
ever, vitiligo is now being classified into two sub-
types, non-segmental vitiligo (NSV) and segmental
vitiligo (SV). Many state-of-the-art therapies have
been developed for vitiligo including more precise
phototherapies and grafting surgeries. However, the
efiicacy of these current therapies is still very disap-
pointing. The cause of vitiligo is more clearly being
deciphered. Genes that influence the autoimmune
component of the immune system as well as the
function of the melanocyte have demonstrated pol-
ymorphisms and/or mutations that associate with
the development of vitiligo. Precise identification
of the functions of these genes and gene products,
and how the autoimmune and melanocyte systems
interact in the etiology of vitiligo is on the hori-
zon. However, these genes appear to orchestrate the
susceptibility for developing vitiligo in response
to a precipitating factor. The identity of these vari-
ous specific precipitating factors and the resulting
pathophysiology should provide clues to the devel-
opment of novel and more effective therapies. Most
important, identification of the genes involved and
the mechanisms to activate or inactivate them will
provide a means to develop a medication that will
hait the progression of melanocyte destruction
and the subsequent depigmentation. When such a
medication is available, the problem of vitiligo will
mostly be solved. :
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Riassunto

Vitiligine: attuali conoscenze mediche e scientifiche

La vitiligine ¢ una patologia cutanca depigmentante
acquisita relativamente frequente con una presentazione,
terapia ed etiologia complesse. Sia la prognosi che la ri-
sposta terapeutica del singolo paziente affetto da vitiligine
non sono prevedibili. Attualmente, esistono numerose tera-
pia, la cui efficacia tuttavia non & ottimale. La causa della
vitiligine sembrerebbe essere una combinazione di effetti
genetici sia nel sistema immunitario che nei melanociti
con un fattore precipitante che scatenerebbe I'interazione

tra

i due tipi cellulari e la distruzione dei melanociti. Si

stanno attualmente facendo progressi nella comprensione
deli’eticlogia della vitiligine che dovrebbero portare a nuo-

ve e migliori terapie.
PAROLE CHIAVE: Vitiligo, eziologia - Prognosi - Trattamento.
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