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Abstract

Vitiligo is a most common depigmentation disorder, affecting 0,5-1% world population,
caused by loss of functional melanocytes or melanin. Although it is usually asymptomatic,
it may cause serious psychosocial problems and impair quality of life. Although many
theories about vitiligo etiology exist, its cause still remains unknown. Autoimmune factors
seem to have the most important role in the pathogenesis of vitiligo lesions, which is
supported by clinical and laboratory data. The main characteristic of vitiligo lesions is the
autoimmune destruction of melanocytes and disturbed functional melanocyte-keratinocyte
unit, leading to depigmentation. Immune mechanisms involved in vitiligo pathogenesis
show prevalence of cellular immune effectors of both innate and adaptive immunity, and
their cytokines and chemokines. Better knowledge about their network, and particular role
of each protagonist would lead to better therapy, which is often insufficient and by now
only symptomatic.
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Introduction

Vitiligo is an acquired depigmentation disorder, characterized by
areas of white macules or patches, related to the loss of functioning
melanocytes or melanin in the epidermis or mucosa, or/and hair
folliculi. The course of disease is mostly slowly progressive. Its
average prevalence is 0.5-1% worldwide, in all skin types, and first
symptoms usually appear before the age of 20.! Although vitiligo
is usually asymptomatic, for its prominent lesions on exposed skin
areas it can significantly impair patient’s quality of life, causing
serious psychosocial implications for affected individuals, especially
in patients with darker skin types. It can be presented into four
main forms: segmental (SV), non-segmental (NSV), mixed and
non-classified.? The far most common type is NSV, which is further
divided into several clinical subtypes: generalized, acrofacial,
mucosal and universal In its most frequent, generalized or common
form of NSV, lesions are presented simetricaly bilaterally. SV has
unilateral distribution of lesions which follow dermatome shape,
it has earlier onset and rapid, but localized progression.>* Therapy
for vitiligo is mainly symptomatic and includes corticosteroids and
immunomodulatory agents, vitamin D analogs and antioxidans, UVA
and UVB phototherapy, laser and surgical therapy.*Biological therapy,
like anti-TNFo was recently introduced, and it offers promising
results in some indications.’ Despite many attempts to investigate
different factors which could participate in ethiopathology of vitiligo,
its cause still remains enigmatic. It is considered as a multifactorial
disease, where interplay of genetic, other intrinsic and environmental
factors can contribute to the clinical presentation. Genetic factors
certainly play an important role in vitiligo, following non-Mendelian
polygenic and multifactorial patterns of inheritance. Among more
than 33 genes found to be associated with vitiligo, many of them
have an immunoregulatory role and are found to be linked to other
autoimmune diseases, but only a few of them control melanogenesis.®’
Other theories that try to better explain the etiology of vitiligo

include: neural, biochemical, infective, and autoimmune theory."*
Autoimmune theory is the most supported by consistent laboratory
and clinical data, particulary for NSV. Although it seems that SV,
has, a different pathogenic mechanism,'® there is consensus that in all
forms of vitiligo there is a certain level of autoimmune components.?
Vitiligo was long considered as a primarily skin disorder, but it became
clear that it has to be percieved as a systemic disease because of its
multiple comorbidities, especially with autoimmune diseases. The
highest association exists between vitiligo and thyroid autoimmune
disease. Other autoimmune diseases often associated with vitiligo are
Addison’s disease, psoriasis, type I diabetes mellitus, alopecia areata,
pernicious anemia and rheumatoid arthritis.! Vitiligo can be present
as a part of autoimmune polyglandular syndromes type 1 (APS1 or
APECED) and 2 (APS2) or other autoimmune syndromes.'? This
fact suggests that common pathogenic mechanism may underlie all
these disorders.

In vitiligo, prominent features are apoptosis of melanocytes and
keratinocytes caused by cytotoxic immune reaction, and breakdown
of functional melanocyte-keratinocyte crosstalk required for normal
pigmentation. There is convincing evidence that the damage and loss
of melanocytes in vitiligo is mediated by autoimmune attack of CD8+
T cells.'® The trigger for this cell-mediated reaction is still unknown.
Current view offers an integrative approach, where modification of
melanocyte autoantigen by some environmental (UV, skin trauma),
or intrinsic factor (metabolic defects, increased oxidation, stress,
infection) in genetically-predisposed individuals could induce
breaking of self-tolerance to melanocyte antigens and cytotoxic
attack.”'>!* Melanocytes here act as a main protagonists for triggering
immune reactions, possibly by activation of Ellipsis danger signals*.
These signals include: active release of heat-shock protein 70 or
chaperone-bound melanocyte peptides, that can start both innate and
adaptive immune reaction, via stimulation of professional® antigen-
presenting cells (APC).!* Recently, it was found that IgGs from vitiligo
patients showed stronger binding to reactive oxygen species (ROS)-
modified thyrosinase in comparison with IgGs from healthy controls,
and this has positively correlated with duration of disease, severity and
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patients’ age.' Thus, melanocyte auto-antigen modification by ROS
may increase immune reactivity toward melanocyte, which connects
metabolic/oxidation pathogenesis theory with autoimmune theory.
Melanocyte-specific CD8+ T-cells cause direct damage of melanocytes
by granzyme mechanism and apoptosis after their homing into the
skin.!” Beside CD8+ T cells, specific CD4+ T cells can be activated
and can differentiate into several subpopulations, which amplifies
immune reaction and potentiates melanocyte destruction. Thl
subpopulations and their cytokines IFNy and TNFa, and chemokines
CCL35, CXCL9, 10 and 11 seem to have a dominant role in vitiligo'®!’
as they recruit and activate CD8+ cells, macrophages, and NK cells,
promotingc a ellular immune response and that leads cytotoxicity
against melanocytes. Chronic inflammation seems to cause impaired
melanocyte growth, apoptosis of lesional keratinocytes, and loss of
functional melanocyte-keratinocyte cross-talk. A strong Thl pattern
with an active role of CXCL10 in depigmentation was supported in the
study on both mouse model and in skin lesions and serum of human
patients.'® Predominance of Thl or cytotoxic phenotype in vitiligo
may be the result of a disturbed balance between proinflammatory
and regulatory T cells (Treg). Regulatory T cells, a subset of CD4+
cells with phenotype CD4+ CD25+Foxp3+, exert their function by
active suppression of other immune cells, either directly by cell-cell
contact, or via secretion of inhibitory cytokines. Alterations in their
number or function can lead to autoimmunity. Both Treg number and
function have found to be impaired in vitiligo patients."> However, the
exact nature of the inverse relationship between Tregs and cytotoxic T
cells in vitiligo is still unexplained, as proper studies are still lacking.
Another subset of CD4+ T cells, Th17 cells, were recently recognized
as active participants in melanocyte destruction. Th17 cells are
responsible for potentiation of the innate inflammatory response, by
secreting cytokines (IL-17, IL-21, IL-22) which recruit neutrophils
and macrophages to the site of antigen, activation of keratinocytes in
local melanocyte unit and increase of production of IL-1f and TNFa.
Th17-derived cytokines are found to be elevated in serum and lesions
in vitiligo patients." Beside immune cellular effectors and antibodies
(which also can participate at a certain level) a special place in the
vitiligo pathogenesis belongs to the role of the cytokine and chemokine
network, and other signaling molecules, as they are key modulators of
any immune reaction. Th1 and Th17-derived inflammatory cytokines
and chemokines (IL-17, IL-21, IL-22) as before mentioned above, and
many others secreted by other cells have been shown to have disturbed
local tissue or serum levels in vitiligo patients, but the exact role of
particular cytokine or chemokine, or their receptors, in vitiligo is still
far from understood and it’s discussion would exceed the scope of this
text. They may be a promising target for therapeutic interventions.
Some of them are already in use (like anti-TNFa) or they are under
investigation in humans and animal models of vitiligo.>*

Conclusion

To conclude, this complicated story about autoimmune
protagonists in the destruction of melanocytes in vitiligo, both types of
immunity, innate and specific, with complex cytokine and chemokine
network are involved in vitiligo lesion formation. Additional data
and further investigation are neccessary to provide better insight into
this complicated area, as extended knowledge about immune factors
involved in vitiligo lesions formation could lead to development of
new, more efficient therapy, which for now remains only symptomatic.
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