Journal of Pakistan Association of Dermatologists 2005; 15: 252-260.

Review Article

Vitiligo: new etiology-based treatments
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Abstract Vitiligo is an acquired depigmentary disorder characterized by a chronic and progressive loss
of melanocytes from the epidermis. The etiopathogenesis of vitiligo is still not fully
understood, and the major theories include melanocyte destruction (autoimmune, neural and
impaired redox status) and melanocyte inhibition or defective adhesion. Recently a new
theory, melanocytorrhagy, was forwarded. In this review are also discussed the new etiology-

based treatments, mainly topical calcipotriol, topical immunomodulators and topical catalase.
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Vitiligo is an acquired depigmentary
dermatosis  characterized by  sharply-
demarcated lesions heterogeneous in size
and shape. The disease generally runs a
progressive course. The disease affects 1-2%
of the world population, irrespective of age,
sex, and skin color.

From therapeutic and prognostic viewpoint,
vitiligo is broadly classified in two major
subtypes, segmental vitiligo (SV) including
focal lesions confined to a segment of the
body that does not progress towards
generalized disease; and non-segmental
vitiligo (NSV) which comprises all
generalized usually symmetrical forms,
including acrofacial vitiligo.*?

Vitiligo is a very common disorder and a
major cause of stigmatization and quality of
life  impairment especially in colour
communities like ours. By many, vitiligo is
considered only a cosmetic problem?;
nonetheless, the quality of life studies
indicate that the psychosocial problems are
of the same magnitude as those found in
patients with psoriasis and eczema.* For the
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same reasons, vitiligo remains a growing
therapeutic challenge for treating physicians

In vitiligo, especially, the NSV, there is
progressive loss of melanocytes from the
epidermis and follicular reservoir in some
cases.? The etiology of vitiligo is still not
fully elucidated. The major classical theories
of vitiligo include melanocyte destruction
(autoimmune, neural and impaired redox
status), melanocyte inhibition or defective
adhesion. Of late, a new theory proposed
‘melanocytorrhagy’ as the primary defect
underlying this melanocyte loss.?

Although different therapeutic modalities
are in vogue, still there remain unmet
therapeutic needs. To address this question a
few new etiology-based treatments have
been launched over the last few years.

Advances in pathophysiology

The basic defect in vitiligo is loss of
melanocytes.® Then, the central question is:
are melanocytes destroyed in situ in NSV or
are they lost because of other mechanisms?
Different old and new theories addressing
this question are as follows.
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1. Theory of melanocyte destruction

This is the most popular theory of vitiligo;
nevertheless, melanocyte destruction has
never been clearly demonstrated in vitiligo.?
Theoretically, this melanocyte destruction
can occur either by apoptosis or necrosis.
The absence of conspicuous inflammatory
infiltrate suggests apoptosis to be the major
underlying pathway, as shown in animal
studies.® However, melanocyte apoptosis has
never been convincingly demonstrated in
human skin. Furthermore, the intrinsic
resistance of melanocytes to apoptosis is
relatively high.® Melanocyte destruction can
occur in different ways.

A. The autoimmune theory of melanocyte
destruction Melanocytes in vitiligo are
killed by autoimmune effector mechanisms,
either cytotoxic T cells or autoantibodies
directed to melanocyte surface antigens, as a
result of loss of self-tolerance. This theory
constitutes  the  basis of use of
immunosuppressive drugs in vitiligo.? In
response to some melanosomal antigens, an
influx of Thl lymphocytes is reported in the
epidermis. These cells secrete TNF-o. and
other cytokines lethal to melanocytes.™
Melanocyte-reactive cytotoxic T cells have
been described in peripheral blood of
vitiligo patients.™*

B. The neural theory of vitiligo proposes that
melanocytes are lost directly or indirectly by
an inappropriate reaction of these (neural
crest-derived) cells to neuropeptides,
catecholamines or their metabolites, or more
generally to an overactive sympathetic
system.? It is supported by the evidence that
vitiligo is commonly precipitated by stress.
However, the concentration of
catecholamines in vitiliginous skin is not
considered sufficient to kill melanocytes,

and the time course of the production of
catecholamines does not favour cause-effect
relationship. However, a role of altered
oxidative stress defenses has been
speculated.” The generation of an excess of
catecholamines produces oxidative products
toxic for the melanocytes, providing basis
for a mixed neural-autotoxic or biochemical
hypothesis.™

C. The impaired redox status theory states
that vitiligo melanocyte death results from
an intrinsic increased sensitivity to oxidative
stress arising either from toxic intermediates
of melanin precursors or from other
sources.”? Low catalase activity leading to
epidermal accumulation of H,O, has been
demonstrated in non-lesional and lesional
NSV skin and in cultured melanocytes
(Figure 1).*%

Studies suggest that catalase helps to
establish melanocytes cultures from NSV
patients'™ or to reestablish their function
after exposure to H,O,* These data are used
as basis for the use of oral and topical
antioxidants in the treatment of NSV.

Increased intracellular  calcium in
melanocytes and keratinocytes could inhibit
the activity of the antioxidant enzyme
thioredoxin reductase.”” This is sustaining
the potential use of calcium modulators,
such as calcipotriol in NSV.

2. The theories of melanocyte inhibition or
defective adhesion

According to this, the death of melanocytes
is not essential for depigmentation in
vitiligo, but speculate either a primary effect
on inhibition of melanogenesis, or on the
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Figure 1 H202 and its inhibitory effect on melanogenesis [16]

disappearance of melanocytes because of
defective adhesion.? This is supported by
following observations. First, the presence
of residual melanocytes in the follicular
reservoir give rise to repigmentation of
vitiliginous patches after phototherapy.*®
Persistent melanocytes, showing an ectopic
distribution of premelanosomes within
keratinocytes of the suprabasal layers, have
been observed in lesional skin of long
standing vitiligo.”

It is proposed that vitiligo is a sequential
two-stage disease.”® In the first stage,
tyrosinase activity decreases, while in the
second stage this inhibition of melanisation
induces the death of melanocytes. This was
further confirmed by other investigators.? It
has also been suggested that defective
adhesion is involved in melanocyte loss in
NSV.2 An increased level of tenascin has
been detected in the basal membrane and in
the papillary dermis® suggesting that this
extracellular matrix molecule inhibits
adhesion of melanocytes to fibronectin and

thus might contribute to the loss of
melanocytes in vitiligo. The detachment and
transepidermal elimination of melanocytes
following minor trauma is the cause of
depigmentation occurring after Koebner
phenomenon.’

3. Melanocytorrhagy: a newer concept in
vitiligo [7]

This theory takes into account all the above
mentioned data including melanocyte
detachment and transepidermal elimination,
neuro-biochemical and autoimmune
hypothesis. It proposes that vitiligo is a
primary melanocytorrhagy disorder with
altered melanocyte responses to friction and
possibly other types of stress, inducing their
indolent  attachment and  subsequent
transepidermal loss.” Further studies are
needed to prove this.

Dendrites of melanocytes not only help in
melanosomes transfer to the surrounding
keratinocytes but also help melanocytes to
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adhere to basal membrane.” Cultured vitiligo
melanocytes show stubby dendrites.*
Similarly, the addition of H,0, in
established cultures of normal melanocytes
induces a loss of dendricity and in some
cases melanocyte  detachment®®  The
increased release of catecholamines might
be an aggravating factor of NSV. It is
suggested that in adhesion-deficient NSV
melanocytes, dendites are lost in response to
reactive oxygen species or by increased
release of catecholamines and exaggerates
transepidermal loss.>2

Besides defective adhesion and dendritic
loss, other abnormalities may lead to a
decrease in frictional resistance  of
melanocytes in NSV and eventually to their
detachment by mechanical or chemical
injury.®® In NSV non-lesional skin, a few
hours after friction, melanocytes detach
from the basement membrane and are
surrounded by degenerated keratinocytes,
which  extracellular granular  material
deposits.”  After  their  detachment,
melanocytes were seen in a mid-spinous
location as early as 8 hours after friction,
and 24 hours later, some melanocytes
reached the stratum corneum. During this
epidermal migration, melanocytes are still
incontinent.

There is now in vivo evidence for chronic
melanocyte loss from the entire skin of NSV
patients, indicating clearly that it is a
generalized skin disorder.? There is limited
but convincing evidence that segmental
vitiligo also belongs to the same spectrum.

The following scenario leading to the
clinical disease can be proposed: if
melanocyte loss is not very marked, the
aspect of the skin remains unchanged, while
in areas submitted to strong or continuous

frictions, such as the extremities or eyelids,
a massive detachment and loss of
melanocytes is more likely to occur, with the
clinical vitiligo macules.

New etiology-based treatments

Based on the advances observed in the
understanding of the aetiology of vitiligo in
the course of the 90's, several new,
innovative and aetiology-based treatments
were proposed for vitiligo.

1. Topical calcipotriol

Calcipotriol is derived from 1-24-dihydroxy-
vitamine D3 and has the same mechanisms
of action as other vitamin D derivatives, and
these mechanisms involve both genomic and
non-genomic pathways.?® In regards to
vitiligo, the non-genomic mechanism is
involved. Vitamin D increases intracellular
calcium concentration through hydrolysis of
phosphatidyl inositol phosphate, leading to
production of diacylglycerol and inositol
triphosphate with subsequent release of
intracellular calcium stores. The intracellular
calcium concentration regulates a number of
cellular functions including proliferation and
differentiation, including melanocytes.

As a perturbed calcium homeostasis had
been documented in the vitiliginous skin,
calcipotriol can be used in this indication.
Parsad et al.?? were first to determine the
efficacy of the combination of PUVA with
topical calcipotriol in the treatment of
vitiligo. The results were twice more
effective with calcipotriol than with placebo.
Many other studies corroborated the results
of topical -calcipotriol and PUVA in
achieving earlier pigmentation with a lower
cumulative UVA dosage.?#% On the
contrary, it was asserted that topical
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calcipotriol alone was not an effective
treatment of vitiligo.*# Baysal et al.*® and
Shahzad”  reported the failure of
combination of topical calcipotriol to PUVA
treatment compared with PUVA treatment
alone.

A combination of topical calcipotriol and
corticosteroids demonstrated the
effectiveness in repigmenting vitiligo, even
in patients who were previous topical
corticosteroids failures.?® Yet, another study,
using calcipotriol in combination with
narrow-band UVB in the treatment of
vitiligo, showed good results. However, the
regimen was not as effective in generalized
vitiligo.”® While other researchers Ada et
al.*® and Hartman et al.** found no added
advantage of calcipotriol.

Summarizing the available data, it appears
that calcipotriol as a monotherapy cannot
give consistent results, nonetheless it could
be effective when used in association with
PUVA or narrow-band UVB, but more
investigations will be necessary as regards
its real efficacy.

Side effects of topical -calcipotriol are
reported in 10-34% of cases. They are
generally benign, most commonly irritation
at the site of application.?3 They are
transient and can be minimized or avoided
by co-application of topical corticosteroids.®
A few cases of allergic contact dermatitis
have been reported.*** The association of
calcipotriol with phototherapy is complex.
UVA may degrade calcipotriol®* whereas the
ointment and cream block UVB when
applied less than two hours before
irradiation; this effect may be due to the
vehicle. Concomitant treatment with UVB
does not appear to increase the irritation of

calcipotriol treatment.® However,
photosensitivity has been reported with the
use of this combination.*

Systemic side effects e.g. hypercalcemia are
rare with topical use of calcipotriol at doses
less than 100g/week.

Topical immunomodulators: tacrolimus
and pimecrolimus

Considering the abnormalities in both
humoral and cell-mediated immunity in
vitiligo patients, the use of
immunomodulating  agents, such  as
corticosteroids and more recently macrolide
immunomodulators i.e. tacrolimus and
pimecrolimus has been documented in the
treatment of vitiligo.*®

Tacrolimus is a highly lipophilic macrolide
lactone, which in vitro experiments proved
to be a potent inhibitor of T -cells
activation.* Tacrolimus blocks T-cells
activation by inhibiting the initial signal
relayed to the T-cells nucleus after antigen
has bound to the T-cells receptor. One of the
key intermediate molecules involved in this
signal transduction process is a phosphatase
called calcineurin. This inhibitory activity
suppresses gene transcription and blocks
production of a number of cytokines,
including  IL-2, IL-3, IL-4, IL-5,
granulocyte-macrophage colony-stimulating
factor (GM-CSF) and interferon (IFN)-y.*
Pimecrolimus, an ascomycin macrolactan
derivative, also selectively blocks T
lymphocyte and mast cell inflammatory
cytokine production. Both Thl and Th2 type
cytokines are blocked by pimecrolimus.*

Because of their mechanisms of action and
properties, both tacrolimus and
pimecrolimus ointments are used in the
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treatment of various immune-mediated
dermatoses including atopic dermatitis and
psoriasis.

Regarding their use in vitiligo, Grimes et
al.* were the first to report successful use of
topical tacrolimus 1% ointment in vitiligo.
Later on, the results were confirmed by
many other prospective  studies,*#*3
including children.”>*® The best results were
obtained on sun-exposed areas i.e. face,
neck. Infrequent side-effects were pruritus
or burning following application of the drug.
In a randomized, double-blind trial aimed to
assess the safety and efficacy of topical
0.1% tacrolimus vs. 0.05% clobetasol.*
Tacrolimus was proved to be almost as
effective (82%) as clobetasol (98%) to
restore skin color in lesions of vitiligo in
children, with a few side-effects. Topical
treatment with tacrolimus is associated with
suppression of TNF-o in the treated skin,
which could at least partially explain these
results.*

Two studies combining 308 nm excimer
laser with 0.1% tacrolimus ointment showed
50% and 70% improvement, respectively
after 10 weeks period.”* In both studies,
topical tacrolimus was shown to enhance
and fasten the results obtained with 308-nm
excimer laser alone. Tolerance was excellent
in both studies.

Paradoxically, there are few reports about
the use of topical pimecrolimus in vitiligo.
Topical pimecrolimus was shown to have a
similar efficacy to 0.05% clobetasol in
treatment of limited areas of vitiligo in the a
small series of patients.*

Immediate side-effects of tacrolimus and
pimecrolimus are pruritus and burning

sensation on application. Atrophy and other
adverse effect of topical corticosteroids are
not seen.“* However, one case of focal
hypertrichosis was reported during topical
tacrolimus therapy for childhood vitiligo.*
Considering the carcinogenic potential of
topical tacolimus and pimecrolimus, FDA
recommends their use only as second-line
agents for short term and intermittent
treatment. The drugs should be avoided in
children younger than 2 years of age. *

Topical catalase

Use of topical catalase in vitiligo is based on
the ex vivo studies showing that catalase
helps to establish melanocyte cultures from
NSV patientsl6 or to reestablish their
function after exposure to H,0,.%

The first clinical study*® was conducted over
a 36-month period in 33 patients with
vitiligo. Patients applied a combination of a
pseudocatalase and calcium chloride twice
daily. A  total-body  exposure to
suberythemogenic UVB was done twice
weekly. Excellent repigmentation was
reported to occur in the majority of the cases
after 2-4 months, especially on the face and
the dorsum of the hands. Focal vitiligo
showed 90-100% repigmentation in all
cases; whereas segmental vitiligo responded
partially but was extremely slow in
response. In the wvulgaris type, good to
moderate responses have been observed, but
no repigmentation occurred on fingers and
feet.

However, the results could not be testified
subsequently. A recent study*® designed to
assess the efficacy of topical pseudocatalase
mousse applied twice daily to the hand and
face of vitiligo patients, in combination with
twice weekly suberythemogenic narrow-
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band UVB phototherapy did not show clear
evidence of the efficacy of this regime, and
was even demonstrating a slight tendency
overall to worsening of the disease.

Of late, a new topical product (ViTiX®)
containing a combination of vegetal catalase
and superoxide dismutase has been used in
vitiligo.®® In vitro studies had previously
demonstrated the capacity of a SOD +
catalase complex to dramatically reduce the
production of free radicals in vitiligo cell®
and even to restore a normal level of
melanin in melanocytes of vitiligo.>* This
latter result may likely be linked to the in
vivo repigmenting effect of topical
tacrolimus, associated to the suppression of
TNF-a in the treated skin as both catalase
and SOD.% were shown to drastically reduce
the levels of TNF-a and other
proinflammatory cytokines in vitro and in
vivo.

A double-blind, controlled and randomized
study®* compared selective uvB
phototherapy combined to either ViTiX® or
an excipient in patients presenting with
bilateral vitiligo of the limbs and trunk for
more than 3 months. This study lasted for 6
months with twice-weekly phototherapy.
The combination of SOD+catalase and
selective UVB phototherapy showed 60%
repigmentation as compared to 39% in
selective UVB phototherapy alone group.
Furthermore, the tolerance of this treatment
was quoted as excellent.

Conclusion

The last a few years have been very
promising as regards the understanding of
etiopathogenesis of vitiligo. Similarly, many
newer treatments, based on the newer

concepts, have been added to the therapeutic
arsenal of vitiligo.
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