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chapter I 

1. Normal human melanocytes 

Exposure to ultraviolet (UV)-light is a major risk factor for the development of skin 

cancer due to the absorption of photons by cellular DNA2 and the damaging effects of reactive 

oxygen species generated by UV irradiation3. Protection from UV-light is mediated by pigment 

(melanin) that is capable of directly absorbing UV light4'5 and also acts as a scavenger of free 

radicals . In normal healthy skin, melanocytes, that are strategically located in the epidermal 

basal layer, are essential in providing such protection because these cells synthesize melanin in 

specialized organelles called melanosomes3'7. These organelles harbor the tyrosinase enzyme 

which is the key enzyme needed in the multi-step process of melanin synthesis8. Upon synthesis 

melanin is transferred through dendrite-like processes to the keratinocytes9 where it forms 

supranuclear caps in order to reduce UV transmission to the underlying nuclei10. 

Melanocytes are not only found in the epidermal basal layer and hair roots, but also in 

the retinal pigment epithelial of the eye and in the stria vascularis of the inner ear". Skin 

melanocytes originate from the neural crest" and during ontogenesis they migrate from the 

neural tube towards the epidermal basal layer'2. This migration involves stem cell factor (SCF) 

and the SCF-receptor which is encoded by the c-Kit proto-oncogene12' ' \ The final entry of 

melanocyte progenitors from dermis into the epidermis may be facilitated by high E-cadherin 

expression levels on the melanoblasts14. In adult human skin, melanocytes constitute about 3 to 

5% of the total epidermal cell population. Racial differences in pigmentation intensity are not due 

to variations in melanocyte density but rather to differences in the number of melanosomes per 

cell and the melanin content per melanosome". 

2. Melanocytes in the skin immune system 

Although melanin synthesis is considered the primary function of melanocytes, a newly 

recognized role is their participation in the skin immune system (SIS). In the conceptual idea of 

the SIS, skin does not only have a barrier function towards the external environment but is also 

thought to serve as a dynamically active immunocompetent organ where recirculating as well as 

resident cells participate in normal physiological immune function1'1. 

Normal melanocytes are considered immunocompetent cells because of several 

immunological properties. In this respect, it is known that melanocytes can express 

immunological markers such as MHC-class I and II molecules and ICAM-1 both in vitro16 and in 

vivo17 and can produce several cytokines (e.g. II-1 and IL-616. I1-818 and TGF-ßl '9). Further, it 
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has been shown that melanocytes are not only capable of phagocytosis20, but can also process 

antigen and present the antigenic peptides to specific responder T cell clones21. Melanocytes that 

presented peptides from the 65kD heath shock protein (HSP) of M. leprae, not only induced T 

cell proliferation, but also became a target of these cytotoxic T clones. Thus, these studies 

provided evidence that melanocytes can be regarded as a non-professional antigen presenting cell 

(APC), and, in addition, also generated a new hypothesis for the hypopigmentation often seen in 

leprosy, and the complete destruction of melanocytes in vitiligo (see also section 5c.3). 

3. Vitiligo 

Vitiligo is a hypopigmentary disorder that is characterized by the presence of milk white 

macules of the skin with an estimated prevalence of 1% of the world population22. It was shown 

that melanocytes are absent from the lesions and their destruction has been suggested to be a key 

event in the pathogenesis of the disease23. The lesions can change in size and shape over time and 

can develop at any age, but in half of all cases the onset is noted before the age of twenty24. 

Clinical presentations include; a) focal vitiligo, where there is a limited number of small lesions, 

b) segmental vitiligo where lesions occur in a dermatomal, asymmetric distribution, c) universal 

\ itiligo, signifying complete or almost complete depigmentation and d) the most common type of 

go, generalized vitiligo where lesions occur with bilateral, symmetric distribution-"' (see 

Table 1). 

Table 1: Subtypes of vitiligo 

type of vitiligo 

a) focal 

b) segmental 

ci universal 

d ) generalized 

Lesions 

limited number of small lesions 

dermatomal. unilateral distribution 

complete or almost complete depigmentation 

few to many macules, bilateral, symmetric 

distribution 

"Koga classification" 

(see section 5b) 
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Besides the enhanced UV sensitivity of depigmented spots, vitiligo is also a 

cosmetically disabling disorder that often leads to psychological stress26. In addition, vitiligo is a 

true social stigma in countries endemic for leprosy due to the occurrence of similar 

hypopigmented skin lesions in the early phase of this disease. The confusion concerning these 

different skin conditions is probably best emphasized by the terminology used in the south of 

India where vitiligo is known as vert kushtam, meaning "white leprosy"25. The term vitiligo may 

have evolved from either the Latin word vitium, meaning fault or vitelius meaning spotted calf27. 

Destruction of melanocytes in vitiligo patients is often associated with minor 

ophthalomological and auditory problems28"31. In addition to this, vitiligo is frequently associated 

with uveitis'. Interestingly, the multisystem disease Vogt-Koyanagi-Harada syndrome is also 

characterized by vitiligenous lesions that occur due to absence of skin melanocytes33. Moreover, 

this disease is associated with frequently occurring uveitis/ophthalomological and hearing 

problems25. 

4. Epidermal cells in vitiligo (in situ microscopical observations) 

4a. Melanocytes 

Melanocytes have been cultured from lesional skin34 and residual tyrosinase activity was 

demonstrated in vitiligo lesions '. Because several in situ microscopical investigations showed 

that melanocytes are absent from lesional vitiligo skin23'36"38, these findings are probably best 

explained by the sustained presence of a melanocyte reservoir in lesional hair follicles39'40. With 

respect to the loss of melanocytes, ultrastructural studies on perilesional skin indicated that 

melanocytes have multiple degenerative changes including vacuolization of cytoplasm, fatty 

degeneration, autophagic vacuoles and pyknosis33'38'41. Degeneration of perilesional melanocytes 

was confirmed in a study where confocal laser scanning microscopy was used23. 

4b. Keratinocytes 

Vacuolization of basal and parabasal keratinocytes has been reported in lesional as well 

as nonlesional vitiligo skin samples18'42"44. Deposits of extracellular material that appeared to be 

derived from the cytoplasm of vacuolated keratinocytes were also observed42. Expression of 

HLA-DR and ICAM-1 was reported for perilesional keratinocytes in inflammatory vitiligo*. 
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4c. Langerhans cells 

Numbers of Langerhans cells in lesional vitiligo epidermis were reported to be 

enhanced36'37'46'47 as well as diminished47. Others could not detect any differences in Langerhans 

cell numbers at all48'49. The observed differences may be related to the activity of the lesion47. 

Interestingly, several investigators reported on the tendency of epidermal Langerhans cells 

toward a more basal location in lesional skin36'37'46. Further, loss of contact hypersensitivity was 

observed in the lesions5051 and this was confirmed in the C57BL/vi.vi vitiligo mouse model52"34. 

This finding may be related to altered capacity of epidermal Langerhans cells to migrate from the 

epidermis' '. 

4d. Merkel cells 
Merkel cells are located in the basal layer of the skin where they make synaptic contacts 

the nerve endings. They possibly function as the mechanosensitive inducer and/or play a 

promotional role in the development of skin innervation57'38. Lesional skin of active and stable 

vitiligo patients is completely devoid of Merkel cells, whereas normal numbers of these cells 

were seen in the adjacent nonlesional skin3 ' ' . 

Main hypotheses on the etiology and pathogenesis of vitiligo 

Several hypotheses have been proposed to explain the mechanisms of vitiligo. The main 

theories are: the self-destruction theory (6a), the neural theory (6b) and the autoimmune theory 

(6c). For all three hypotheses several lines of evidence exist that will be discussed below. 

5a. Self-destruction hypothesis I genetic factors 

Genetic factors are thought to be involved in vitiligo pathogenesis because the extent of 

familial aggregation is statistically significant61'6:. These epidemiological observations also 

indicated that the disease has a polygenic nature. Studies on melanocyte cultures from the 

C57BL/vi.vi mouse indicated that depigmentation in this vitiligo model system52 may be the 

result of an innate melanocyte defect63. Premature cell death, abnormal compartmentalization of 

melanosomes, and dilated rough endoplasmatic reticulum were observed in these cultures. The 

early death of these melanocytes in vitro was suggested to be connected with the cellular 

abnormalities mentioned. In this respect, it has been postulated that leakage of toxic melanin 

intermediates from the melanosomes may cause melanocyte destruction . The aberrant 

localization of tyrosinase in these mouse melanocyte cultures may facilitate such a process 3. 
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However, although the same structural defects could be demonstrated in melanocytes established 

from human nonlesional vitiligo skin, premature cell death was not observed in these cultures 7 

68 

Since aberrant regulation of apoptosis is thought to be involved in the pathogenesis of a 

wide variety of diseases6 , dysregulation of cellular apoptotic pathways may be the cause of 

inappropriate melanocyte cell death in vitiligo. Apoptosis is a controlled form of cell death ,and 

the Bcl-2 family of proteins constitutes one of the most relevant classes of apoptosis modifying 

molecules71. In bcl-2 deficient mice it was shown that the expression of this molecule is essential 

for melanocyte maintenance after the second hair cycle ' ". Since normal human melanocytes 

express high level of Bcl-2 in vivo1 ' , it was postulated that this expression is associated with 

the relatively high resistance to the induction of apoptosis by several stimuli . Following this 

rationale, and combining the above information, it can be hypothesized that altered expression of 

apoptosis regulatory molecules like Bcl-2 may be involved in melanocyte death in vitiligo. 

An imbalance in the epidermal anti-oxidant system has been implicated in vitiligo 

pathogenesis'4' '78. In this respect, decreased catalase activity was demonstrated in lesional and 

nonlesional epidermis of vitiligo patients78'79 as well as in cultured nonlesional melanocytes77. It 

was suggested that the lowered enzyme activity is due to inactivation by high levels of its 

substrate, hydrogen peroxide14. Subsequently, evidence was obtained indicating that the entire 

epidermis of vitiligo patients is involved in the accumulation of hydrogen peroxide and 

subsequent melanocyte malfunctioning34. Despite these observations however, short term 

cultures of epidermal reconstructs, combining normal and vitiligo derived cell components, did 

not reveal any keratinocyte-induced melanocytic abnormalities80. Nevertheless, therapeutic 

substitution of the impaired hydrogen peroxide removal systems has proven successful in a 

number of cases81. 

5b. Neural theory 

Repigmentation as well as segmental protection from the development of new 

vitiligenous spots have been reported in association with neuronal disorders'". Therefore it was 

hypothesized that toxicity of neural factors released by nerve endings may be responsible for 

melanocyte death"". In this respect, increased levels of catecholamine metabolites were detected 

in urine of active vitiligo patients83, as well as an increase in the number of nerve-growth-factor-

receptors, and calcitonin gene-regulated peptide (CGRP) immuno reactive nerve-fibers in the 

lesions' . Importantly, nerve-endings associated with melanocytes have been observed in 

perilesional vitiligo skin3"''85. and nerves in vitiligenous lesions show ultrastructural changes 

related to degeneration and regeneration . However, although initial reports on innervation of 
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melanocytes were restricted to diseased skin33 '85, it has now become clear that melanocyte 

innervation can also be observed in skin of normal individuals87. Furthermore, it was observed 

that CGRP can induce melanocyte proliferation and dendricity in cultured cells ' , and induces 

increased melanocyte number and melanization in organotypic skin culture . In the light of these 

new findings, it is clear that the exact role of skin innervation and CGRP expression in vitiligo 

etiology need further investigation. Finally, despite the fact that the exact function of Merkel 

cells is still not elucidated56"58, it was suggested that the absence of this cell type from the lesions 

supports the hypothesis of neural involvement in vitiligo . 

In an attempt to explain all phenomena observed in vitiligo, Koga et al suggested that 

vitiligo should be divided into type A and type B vitiligo89'90. Type A is supposedly caused by 

autoimmune mechanisms and type B by dysfunctioning sympathie nerves. This classification 

was justified by several clinical observations amongst which the dermatomal, asymmetric 

distribution (segmental vitiligo) seems to be a very important feature of type B. Further, it was 

found that type B vitiligo responded to an inhibitor that suppresses the metabolism of 

catecholamines whereas type A did not. Finally, features typically associated with a possible 

autoimmune phenomenon (occurrence of halo nevi91'92 and correlation with other autoimmune 

diseases32'93"95) were primarily seen in type A and not type B89 '90 (see Table 1 ). 

5c. Autoimmune hypothesis in vitiligo 

Recently, investigations in the field of melanoma showed that successful 

immunotherapy of these tumors is often associated with the destruction of normal melanocytes 

'. As a result, the autoimmune theory in vitiligo attracts most of the current interest. Therefore, 

ypothesis will be discussed more elaborately in the following section. 

The autoimmune hypothesis gained support from the observation that vitiligo is 

frequently associated with several other auto-immune diseases including uveitis", diabetes 

mellitus93, autoimmune thyroid disease94 and atrophic gastritis93. Furthermore, disease activity in 

vitiligo correlates well with the level of serum soluble-IL-2-receptor100' "". Such enhanced levels 

have been observed in various infectious and autoimmune diseases and indicate the activation of 

immunocompetent cells102' 103. Moreover, HLA-associations for vitiligo were described by 

several authors'04"" ' and many of the diseases with such an association are of an autoimmune 

nature"2. Several other lines of evidence implicated both humoral and cellular autoimmune 

responses in the pathogenesis of vitiligo and will be discussed below. 
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5c.1 Humoral immune response 

Patients sera can induce in vitro damage to melanocytes by complement-mediated and 

antibody-dependent cellular cytotoxicity' '3. There also is a correlation between the incidence and 

level of anti-pigment cell antibodies and disease activity"4. However, reports on in situ 

immunoglobulin and complement deposits are limited and contradicting""1 ' and the deposits 

were observed on keratinocytes and not melanocytes. Nevertheless, in an in vivo model system 

using nude mice grafted with normal human skin and injected with purified IgG of vitiligo 

patients, it was observed that epidermal immunoglobulin deposits coincide with melanocyte 

destruction"8. 

Although there is an ongoing controversy' '9, several authors reported that the principle 

antigen recognized by patient autoantibodies is tyrosinase120 l22. In addition to tyrosinase, 

antibodies against other melanocyte differentiation antigens such as gpl00/Pmell7 and TRP-1 -

and 2 have also been detected in patients sera'23' '24. Antibody mediated killing of target cells 

does however require that the antigens are membrane expressed, and these differentiation 

antigens localize primarily to the melanosomes'\ Importantly, it was indicated that at least some 

of the antibodies in vitiligo patients sera recognize membrane expressed melanocytic antigens 
l23'126. Additionally.it was shown that TRP-1 can be expressed on the cell surface " and passive 

vaccination of C57BL/6 mice with a monoclonal antibody against TRP-1 induced a patchy 

vitiligo-like depigmentation pattern127' . Vaccination of B16 melanoma inoculated mice with 

recombinant vaccinia virus encoding TRP-1, induced melanoma rejection as well as 

depigmentation. In this animal model, melanocyte destruction was associated with high titers of 

IgG type of anti-TRP-1 antibodies and was completely dependent on MHC-class II and not class 

I129. However, in a similar model system where mice were immunized with plasmid encoding 

human TRP-1 it was found that tumor rejection was decreased or abrogated in CD4 mice, 

whereas depigmentation of skin occurred independently of CD4+ T cells " . 

The supposed role for IgG antibodies in the pathogenesis of vitiligo , as well as the 

observed role for MHC class-II expression to induce depigmentation in one of the mouse 

melanoma models'29, indicated that T cell help is involved. To support this, CD4+ T cells 

recognizing tyrosinase derived peptides have been isolated from melanoma patients ' . 

Importantly, differentiation antigens like tyrosinase, TRP-1. TRP-2, gpl00/Pmell7 and human P 

protein are transported to the melanosomes by a dileucine-based sorting and retention motif, 

called the melanosomal transport signal (MTS)'3'1' l . Recently it was shown, that this MTS 

motif can also traffic proteins to the endocytic pathway, leading to peptide presentation by MHC-

class II molecules to helper T cells'35. Thus, these data provided a possible explanation for the 

recognition of endogenous melanocyte differentiation antigens by CD4+ T cells. 
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5c.2 Cellular immune response 

The involvement of T cells in vitiligo etiology was initially studied by determining 

CD4/CD8 ratios in peripheral blood. From this type of investigations, enhanced1 as well as 

lowered138'139 CD4/CD8 ratios have been reported. Despite these inconclusive results, in situ T 

cell infiltrates have been observed in perilesional skin of patients with generalized vitiligo 

'. A possible relation between melanocyte destruction and in situ T cell infiltrates was 

confirmed in the Smyth line chicken animal model for vitiligo142. Furthermore, local oligoclonal 

expansion of T cells was reported in regressing nevi92, and the occurrence of these so called 'halo 

nevi' is associated with vitiligo . 

Clinical observations indicated that the presence of vitiligo has a favorable influence on 

the average five-year survival rate of patients with malignant melanoma14- . The involvement 

of autoreactive T cells in vitiligo, when associated with melanoma, was suggested by 11-2 based 

immunotherapy studies on melanoma patients98. In these studies, 26% of responding patients 

developed vitiligo in conjunction with melanoma regression, whereas no depigmentation was 

observed in non-responding patients and in patients with renal cell carcinoma. Importantly, it was 

demonstrated in vitro that cytotoxic T cells (CTL) generated from melanoma tissue also 

recognize differentiation antigens expressed by normal melanocytes143. Involvement of 

autoreactive T cells in melanoma rejection and simultaneous skin depigmentation was also 

shown in the C57BL/6-B16 melanoma model146. Although immunization against the TRP-2 

differentiation antigen induced autoantibodies as well as autoreactive cytotoxic T cells, tumor-

directed immune responses as well as autoimmunity both required CD8+ T cells, but not 

autoantibodies. The observed need for CD8+ T cells in skin depigmentation is in agreement with 

one of the earlier mentioned reports concerning TRP-1-induced autoimmunity in mice' . 

Recently, the newly developed tetramer technique'47 was used to identify Melan-A 

specific CD8+ T cells in the peripheral blood of vitiligo patients148. Melan-A/MART-1 is one of 

the melanocyte specific differentiation antigens that is recognized by CTL in melanoma . High 

frequencies of Melan-A specific CD8+ T cells were observed in seven out of nine HLA-A*0201 

positive vitiligo patients148. Frequencies correlated with disease activity, and these blood derived 

Melan-A recognizing cells expressed the skin homing marker CLA1M) (cutaneous lymphocyte 

associated antigen). Most importantly however, isolated Melan-A-tetramer positive T cells were 

able to lyse HLA matched melanoma cells in vitro. 

Sc.3 Infection 
Vitiligo has been reported in infectious diseases such as candidasis1"'1 and leprosy ' . 

Although the actual presence of Mycobacterium leprea has been shown in the epidermis of a 
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leprosy patient136, this may not be a prerequisite to define infection as a primary cause for the 

coexistence of these two diseases. In this respect, HLA-DR restricted CTL with specificity to 

epitopes shared by mycobacterial and human HSP 65-kD have been generated from healthy 

individuals1"17. Further, it was shown that murine CD8+ T cells that were raised against 

mycobacterial HSP 65 kD are capable of lysing INF-y treated Schwann cells and macrophages 
159. These results gave evidence for the "mimicry hypothesis" where it is thought that T cells 

activated by pathogen derived peptides can cross-react with sufficiently homologous self-

peptides160. Considering that Schwann cells and melanocytes originate from a common bipotent 

progenitor cell161 it can be hypothesized that similar reactions may contribute to the occurrence 

of vitiligo in leprosy patients. Indications for such a scenario have come from experiments 

regarding the antigen presenting capacity of melanocytes21 (discussed in section 2). 

In addition to the highly conserved HSP's there may be other autologous proteins that 

become a T cell target due to high similarity with bacterial antigens. One example directly linked 

to skin pigmentation is the so called 38L protein found in the membrane fraction of 

Mycobacterium leprea162. Crossreactive T cells may target melanocytes because of the strong 

homology between 38L and the human P protein163 which is a melanosomal membrane protein 

indicated to have a tyrosine transport function16". Another melanocyte differentiation antigen that 

could become a target for T cells that are sensitized by other peptide sources is the earlier 

mentioned Melan-A/MART-1149. Melanoma-derived Melan-A recognizing T-cell-lines were able 

to lyse T2 cells loaded with synthetic peptide sequences derived from bacterial, human (self) and 

viral origin163 166. In regards to this, the occurrence of cytomegalovirus DNA in skin biopsy 

specimens of patients with vitiligo also suggested that viral infection can be a trigger in at least a 

subset of patients16 . 

6. Repigmentation of vitiligo lesions 

6a. Therapeutic modalities 

Treatment modalities for vitiligo are divers and can be divided in surgical and 

nonsurgical repigmentation therapies. Most applied nonsurgical therapies include treatments with 

UVA in combination with either psoralen (PUVA), phenylalanine or khellin. In addition, broad 

range and narrow band UVB as well as corticosteroid application are being used ' ". Whether 

these treatments are successful or not may be dependent on the sustained presence of 

melanocytes in the lesional hair follicles ' ' ' . 
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Surgical therapies are being used to repigment those lesions that are stable, but 

refractory to nonsurgical treatment176. These therapies involve different methods used to establish 

the autologous transplantation of melanocytes and include; the grafting of pigmented punch 

biopsies, epidermal blisters, split-thickness skin or cultured epidermal cells or melanocytes ' . 

Recently, the effectiveness and safety of repigmentation therapies were assessed by means of 

literature meta-analysis. It was concluded that class 3 corticosteroids and UVB therapy are the 

most effective and safest nonsurgical therapies for localized and for generalized vitiligo' . The 

most effective surgical therapies are split-thickness and epidermal blister grafting176. Importantly, 

the choice of therapy is limited by the type of vitiligo and the stability, localization and size of 

,, , • 176. 178 
the lesions 

6b. Melanocyte behavior in relation to repigmentation 

(adhesion, migration, proliferation and apoptosis) 

Preliminary data obtained from an organotypic skin culture model indicated that no 
179 

inherent migration defect is responsible for impaired repigmentation of vitiligo lesions . 

Nevertheless, spontaneous repigmentation of vitiligenous skin rarely occurs and is never 

complete178. It was however shown that treatment can induce proliferation and migration of 

melanocytes located in the lesional hair follicles40. Therefore, it was suggested that successful 

therapy induces local micro-environmental changes that facilitate such proliferation and 

migration175. In relation to this, in vitro experiments indicated that UV irradiation alters 

melanocyte ability to adhere to fibronectin by modifying melanocytic integrin expression 

levels'80, and it was shown that melanocyte migration to matrix components is also mediated by 

integrins'81' 182. In addition, UVB was shown to upregulate keratinocyte expressed basic 

fibroblast growth factor183 and endothelin-1l84. These, as well as two other known melanocyte 

mitogens (leukotriene C4185 and stem cell factor13) are also able to induce melanocyte migration 
.. 186,187 

m vitro 
With respect to the possible role of different matrix components it was also reported that 

melanocyte migration is favored by type IV collagen whereas laminin and fibronectin have no 

effect181. Laminin on the other hand does seem to be important in the attachment of melanocytes 

to the basement membrane in vivom. Further, it was not only shown that UV irradiation 

increases melanocyte ability to adhere to fibronectin. but this basement membrane component' 

also suppresses apoptosis of normal human melanocytes through an integrin dependant 

mechanism189. Obviously proper protection from apoptotic stimuli is a prerequisite for successful 

repigmentation. During UV therapy such protective state may be favored by keratinocyte derived 

nerve growth factor (NGF). Keratinocyte expression of NGF is increased upon UV exposure , 
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and NGF can protect melanocytes from UV-induced apoptosis due to upregulation of the 

melanocyte Bcl-2 expression level 

When reviewing the current literature devoted to vitiligo research, a number of 

seemingly contradicting hypothesis are encountered. Only one thing seems to be sure: 

melanocytes are lost from vitiligo lesions, and even that is disputed. The differences in clinical 

manifestation, and the fact that all of the above hypothesis regarding the pathomechanism of 

vitiligo carry their own lines of evidence suggest that the initial cause of vitiligo may be different 

among patients. 

7. Aims of the study 

The aim of the work described in this thesis was to obtain a better understanding of the 

pathomechanism of vitiligo, with our main focus on the immunological aspects of the disease. 

The loss of melanocytes as well as their inability to spontaneously repopulate lesional 

epidermis may be related to aberrant integrin expression and/or function as well as changes in 

extracellular matrix composition. Therefore, in chapter 2, we made an inventory of their in situ 

and in vitro expression levels and conducted functional adhesion experiments comparing normal 

control and nonlesional vitiligo derived melanocytes. 

In chapter 3 we investigated the possibility that the loss of melanocytes may be 

attributed to dysregulation of apoptosis regulatory molecules. We compared their in situ 

melanocytic expression levels in patients and normal controls. Furthermore, we conducted in 

vitro experiments in order to establish possible constitutive melanocyte defects related to anti-

apoptotic defenses. 

Humoral immune responses have been implicated in vitiligo pathogenesis. Because it 

was shown that blocking of complement regulatory proteins enhances melanocyte susceptibility 

to autoantibodies, in chapter 4 we studied the status of these molecules in vitiligo. We 

investigated their in situ and in vitro expression levels by comparing specimens from vitiligo 

patients with those of controls. 

In chapters 5 and 6 we describe the involvement of local immune responses in rare 

cases of inflammatory and in common, generalized, vitiligo respectively. Emphasis was put on 

the role of skin homing T cells, macrophages and molecules that may be related to immune 

mediated destruction of melanocytes. In the following chapter 7, we discuss parallels between T 

cell mediated destruction of melanoma cells and normal melanocytes and we present data on 

protective mechanisms that may be involved in lethal T cell/melanocyte interactions. Finally, in 
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chapter 8 overall observations and recent publications are discussed and presented in the context 

of putting forward the autoimmune hypothesis concerning the pathogenesis of vitiligo. 
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