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Summary

Vitiligo is an acquired depigmenting disorder characterised by the loss of
functional melanocytes from the cutaneous epidermis. A role for autoimmunity
IS supported by the presence of circulating antibodies and T lymphocytes which
react against melanocyte antigens in patients with vitiligo. The identification and
characterisation of these autoantigens will improve understanding of the immune

response in vitiligo, and may allow development of better therapies and
diagnostic toois.

Candidate immunoregulatory genes may predispose to vitiligo. However,
this study failed to find an association between vitiligo and a polymorphism of
the cytotoxic T lymphocyte antigen-4 (CTLA-4), aithough the polymorphism
increases the likelihood of autoimmune endocrinopathy patients developing
vitiligo.

The epitopes on melanocyte-specific antigens tyrosinase and Pmell17
which are recognised by antibodies in vitiligo patient sera were identified by
molecular mapping. Multiple regions of tyrosinase and at least two domains on
Pmel17 were identified as B cell epitopes. Sequence analysis revealed that the
tyrosinase epitopes are likely to be cross-reactive with tyrosinase-related
proteins but that the antibody response to Pmel17 is distinct.

Antibody reactivity to a melanocyte protein, MelanA, targeted by a

cellular immune response in vitiligo and melanoma was investigated by
immunoblotting and radioimmunoassay. No MelanA-specific antibodies were

Isolated suggesting that either it is not a target of the humoral immune response
in vitiligo, or that antibody reactivity was not detectable by the methods used.

To identify novel vitiligo autoantigens, a melanoma cDNA expression
library was constructed in a phage-display cloning system and immunoscreened
with vitiligo patient 1gG. Several possible autoantigens were enriched by this
technique, including proteins ‘previously characterised as autoantigens in other
disorders. Additionally, humoral reactivity was identified to a protein with a
possible role in pigmentation, the melanin-concentrating hormone receptor 1
(MCHR1). MCHR1-specific antibodies were detected in 16.4% (9/55) of vitiligo
patients but not in other diseases or healthy control subjects. The study

demonstrates the usefulness of phage-display for further autoantigen
identification in vitiligo.
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1 General Introduction

1.1 Structure and function of the skin

1.1.1 General skin functions

The skin is a complex organ, comprising approximately one-twelfth of total body
mass (Millington & Wilkinson 1983), and forming the boundary between the

body and its external environment. It performs many essential functions which
include the maintenance of internal homeostasis via thermoregulatory secretary
activity, protection against chemical and physical assault (Millington & Wilkinson

1983), and the prevention of invasion by pathogenic micro- and macro-
organisms (Reeves & Todd 1996).

1.1.2 Ultra-structure of the skin

Human skin is formed of two layers, the epidermis, a cellular, avascular
epithelium which derives from the embryonic ectoderm, and the dermis, a dense
vascularised connective tissue arising from the embryonic mesoderm. The
ultra-structure of the skin is summarised in Figure 1.1. The cutaneous epidermis
comprises a multi-layered epithelium, consisting mostly of keratinocytes. Five
epithelial layers are described as follows: the basal cell layer (stratum basale),
prickle cell layer (stratum spinosum), granular cell layer (stratum granulosum),
transitional cell layer (stratum lucidum) and the dead squamous cell layer
(stratum corneum) (Wood & Bladon 1985). The nomenclature is based on the
different morphological appearances of the keratinocytes according to their
stage in the process of keratinisation. The innermost basal layer consists of a
single layer of cylindrically shaped cells attached to a basement membrane that
forms the junction between epidermis and dermis. The basal keratinocytes
continually proliferate by mitotic division and move outwards through the layers
undergoing subsequent differentiation, to be shed eventually at the exterior.
The prickle cells are Kkeratinocytes, so called because their protruding
desmosomes, filled with keratin filaments, are visible as prickles on the cell
surface under a light microscope. Above the prickle cell layer are keratinocytes
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Figure 1.1: A schematic representation of the ultra-structure of the skin.

(Adapted from Alberts et al. 1989).



in the penuitimate stages of keratinisation. They appear granular because of the
aggregation of keratohyaline. The transitional cells are terminally differentiated
keratinocytes undergoing loss of their cellular contents. The outermost layer is
made up of flattened dead keratinocytes termed squames.

In addition to keratinocytes, the basal epithelial layer contains small
numbers of other cell types: Merkel cells, Langerhans cells and melanocytes.
Merkel cells are closely associated with nerve terminals of Schwann cells in the
epidermis, often lying adjacent to hairs, and are considered to function as
sensory receptors or transducers (Montagna & Parakkal 1974; Lacour et al.
1991). Langerhans cells, which also reside in the upper layers of the epidermis,
are dendritic cells capable of antigen presentation. They function in the immune
system by binding antigen molecules encountered in the skin and subsequently
migrating from the epidermis to regional lymph nodes, where they are able to
present antigen to T celis (Reeves & Todd 1996). The epidermis Is also
transected by other cell types that originate in the underlying dermis, for
example, secretory cells associated with sebaceous and sweat glands, and
appendages such as hair. Melanocytes are responsible for the production of
skin pigmentation and are discussed below.

1.1.3 The melanocyte

Cutaneous melanocytes arise from an independent embryonic lineage to the
epidermis. Melanocytes of the skin, uveal tract, inner ear and leptomeninges
derive from melanoblasts that originate from the embryonic neural crest (Rawles
1947). In contrast, the ocular melanocytes of the retinal pigment epithelium
arise from neural ectoderm as it invaginates to form the optical cup (Feeny-
Burns 1980). Early in human embryonic gestation, considered to be seven
weeks, the melanoblasts migrate into the developing epidermis and eventually
settle in the basal epithelial layer (Holbrook et al. 1989). The control of
migration and differentiation of embryonic melanoblasts is not fully understood,
but the involvement of several genes, especially c-kit proto-oncogene, pax gene
and stem cell factor gene, and transcription factors, especially microphthalmia-
associated transcription factor and SOX10, has been elucidated from mice
mutants (Boissy 1995; Ortonne & Ballotti 2000). The melanocytes reside in the

basal epithelial layer for the life of an individual at a density of 1000-1500 cells



per mm?® (Quevedo et al. 1987). The primary function of the melanocyte is the
synthesis of the pigment melanin which is deposited into the keratinocytes of the
upper epidermis to absorb incident ultraviolet (UV) light, thereby protecting the
genome of the dividing basal keratinocytes and melanocytes (Boissy 1995). In
addition, melanin effectively absorbs oxygen free radicals (Korytowski et al.
1987) and theretore might serve to protect the metabolically active keratinocytes
from oxidative stress (Boissy 1995). Melanocytes have a roughly pyramidal
morphology with numerous fine dendritic processes which can transfer melanin
granules to surrounding keratinocytes. The appearance of melanocytes in
culture is demonstrated in Figure 1.2. One melanocyte contacts an average of
thirty-six keratinocytes in the normal human epidermis, this ratio being termed
the ‘epidermal melanin unit’ (Fitzpatrick et al. 1967). The epidermal melanin unit
IS the same in all ethnic groups. Differences in the rate of melanin synthesis
(lwata et al. 1990), the type of melanin produced (Quevedo et al. 1974) and the
way it is distributed within keratinocytes (Szabo et al. 1988), account for the
different appearances of skin colour between ethnic groups.

In addition to their principal function of melanin synthesis or
melanogenesis (Section 1.1.4), melanocytes aiso act as accessory cells in the
skin immune response (Das et al. 2001). They are capabie of secreting
cytokines which assist in the maturation and migration of antigen presenting
cells, such as Langerhans cells, and are involved in the recruitment of immune
infiltrates into the skin (Zachariae et al. 1991; Swope et al. 1994). Additionally,
there is evidence to suggest that melanocytes can themselves act as antigen
presenting cells (Le Poole et al. 1993b; Das et al. 2001).

1.1.4 Melanogenesis

The initiation of melanogenesis has two parts: the synthesis of the melanosome,
the specialised organelle which carries the melanin and the synthesis of the
enzymes responsible for melanin synthesis. Each process occurs
independently in the melanocyte in the smooth and rough endoplasmic
reticulum, respectively, before convergence in the melanosome. The
- melanosome is required to enclose safely the pigmentary pathway, many of the

intermediates being highly reactive and potentially toxic to the melanocyte
(Pawelek et al. 1980; Urabe et al. 1994).



Figure 1.2: Melanocytes grown in culture X200 magnification.

(Provided by Miss C. Balafa and Professor S. MacNeil, Division of Clinical Sciences North,

University of Sheffield).



The pathways by which melanin is synthesised are summarised in Figure 1.3.
Melanogenesis essentially comprises of the conversion of tyrosine into 3,4-
dihydroxyphenylalanine(DOPA)chrome in a two-step reaction controlled by the
enzyme tyrosinase. The DOPAchrome is subsequently processed in further
reactions, catalysed by tyrosinase, tyrosinase-related protein-1 (TRP-1),
tyrosinase-related protein-2 (TRP-2) and Pmel17, into eumelanin. Eumelanins
are brown/black melanin polymers and provide protection in response to UV
irradiation. A second form of melanin, pheomelanin, a reddish-yellow melanin,
can be synthesised in the presence of sulphydryl-containing compounds such as
glutathione or cysteine, and appears not to be photoprotective. The
melanosome bearing melanin is transported to surrounding keratinocytes via the
dendritic processes of the melanocyte. The keratinocytes take up the
melanosome by endocytosis of the dendritic ends (Wolft 1973).

In addition to exposure to UV light, several cytokines and growth factors,
including tumour necrosis factor alpha (TNF-a), endothelin, stem cell factor
(SCF) and basic fibroblast growth factor (bFGF), are known to mediate
melanogenesis (Nordlund 1998). Of particular importance in the control of
melanogenesis are the melanotrophic peptides alpha-melanocyte stimulating
hormone (a-MSH) and adrenal corticotrophin hormone (ACTH) which derive
from a common precursor propiomelanocortin (POMC), synthesised in both the
pituitary gland and locally in the skin, and which competitively bind to
melanocortin 1 receptor (MC1R) on the melanocyte (Ortonne & Ballotti 2000).
Cell-signalling pathways, including the cyclic adenosine monophosphate
(CAMP)-dependent protein kinase pathway and the mitogen-activated protein
(MAP) kinase pathway, are activated in response to a-MSH binding to MC1R
and uitimately bring about an up-regulation of melanogenesis (Ortonne & Ballott
2000). However, the complete pathways, and regulation, of melanogenesis
have yet to be fully elucidated and the role of many melanocyte-specific proteins
in these processes remains to be identified. Table 1.1 summarises some key

melansomal proteins and their known function in melanogenesis.



tyrosine

3,4-dihydroxyphenylalanine*
tyrosinase (DOPA)

cysteine or glutathione

DOPAquinone
DOPAchrome cysteinylDOPA
Tyrosinase-related protein-2 l
cysteinylDOPAquinone®
5,6-dihydroxyindole 5,6-dihydroxyindole-2-
(DHI)* carboxylic acid quinone
(DHICA)*
tyrosinase Tyrosinase-related protein-1?
Indolequinone* indole-2-carboxylic acid
quinone”
Pmel17 Pmell7
eumelanin

phaeomelanin

mixed melanin J

* denotes intermediates of melanogenesis that are ultimately incorporated into the melanin
polymers, in addition to eumelanin and phaeomelanin.

Figure 1.3: A diagramic overview of the melanogenesis pathway.

(Adapted from Riley 1997, with additional information from Boissy 1995 and
Ortonne & Ballotti 2000).
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Tyrosinase is the rate-limiting enzyme in the melanogenesis pathway
through its action of the hydroxylation of tyrosine to DOPAquinone (Oetting
2000). The presence of tyrosinase activity was first described in mammalian
skin by Durham, (Durham 1904), who also noted an absence of tyrosinase
activity in the skin of albino animals. The tyrosinase protein is a membrane
glycoprotein containing 529 amino acids, including a signal protein at the amino
end, two copper binding sites and a transmembrane region at the carboxy-end
(Oetting 2000). The requirement for two copper atoms in the catalytic site of
tyrosinase is demonstrated by the expression of hypopigmentation in the
phenotype of Menkes disease, a disorder in which copper transport is deficient
(Ortonne & Ballotti 2000). The control of tyrosinase (TYR) gene expression, in
response to stimuli such as UV light and a-MSH production, has yet to be fully
elucidated, but an important regulatory element contained within the TYR
promoter has been identified and termed the ‘M’ (melanocyte)-Box (Oetting
2000). The ‘M’-Box is known to bind the family of transcription factors which
include the microphthalmia-associated transcription factor (MITF) (Oetting
2000). Oculocutaneous albinism type 1 (OCA-1), characterised by a complete
lack of melanin synthesis in the hair, eyes and skin, is an autosomal recessive
disorder caused by mutations of the TYR gene (King et al. 1995), of which more
than ninety patients have been described (Oetting 2000).

The tyrosinase gene family (Kwon 1993) includes two other structurally
homologous glycoproteins: tyrosinase-related protein 1 (TRP-1) and tyrosinase-
related protein-2 (TRP-2). The primary amino acid sequences of TRP-1 and
TRP-2 are overall approximately 45% identical to that of tyrosinase and contain
a similar signal sequence and trans-membrane domain (Kwon 1993). However,
both proteins differ significantly from tyrosinase at their carboxy-end (Orlow et al.
1993) and have distinct catalytic activities. TRP-2 acts as a DOPAchrome
tautomerase, catalysing the conversion of DOPAchrome to 5,6-dinydroxyindole-
2-carboxylic acid quinone (5,6-DHICA) (Aroca et al. 1990). The function of TRP-
1 has not been determined in human melanogenesis, despite its role being
characterised as DHICA oxidase in murine melanosomes {(Hearing 2000). It is
thought to stablise tyrosinase activity (Kobayashi et al. 1994b) and mutations of

TRP-1, which affect its ability to do this, may lead to oculocutaneous albinism
type 3 (OCA-3) (Hearing 2000).



Pmel17 is a melanosomal matrix glycoprotein (Kobayashi et al. 1994a;
Zhou et al. 1994) with a limited structural homology to the tyrosinase gene family
proteins (Kwon 1993). Indeed, Pmel17 cDNA was originally isolated from a
human melanocyte cDNA library using anti-tyrosinase antibodies (Kwon et al.
1991). However, the homologous regions are confined to five short regions of
amino acids only and it is classified within its own gene family (Kwon 1993).
Mutations at the mouse silver (si) locus, which encodes Pmel17, result in a loss

of melanocytes in the coat hair and subsequent silvering (Johnson & Jackson
1992). Similar mutations in the human Pmel17 gene, D12S53E, have been

speculated to cause greying of human hair (Ortonne & Ballotti 2000). The
Pmel17 protein is thought to function as a stablin, more specifically an indole

blocking factor, that regulates the deposition of 5,6-dihydroxyindole (DH!) and
DHICA into eumelanin (Boissy 1995).

1.2 Vitiligo
1.2.1 Definition

Vitiligo is an acquired depigmentary disorder characterised by the loss of
functional melanocytes from the cutaneous epidermis. Additionally, the disorder

may affect pigment cells in the mucous membranes, inner ear and eye. Pigment

is lost in circumscribed maculae which have a tendency to enlarge peripherally
with disease progression.

1.2.2 Prevalence

Large population surveys have estimated a prevalence ranging from 0.38
(Howitz et al. 1977) to 1.13% (Mehta et al. 1973). The consensus prevalence is
around 1% (Lerner 1971). In approximately 50% of cases the disease presents
before the age of 20 years (Majumder et al. 1993). The incidence of the disease
in both sexes is equal. There is no preponderance of particular racial skin
types, although the disease is more visually apparent in darker skin.

10



1.2.3 Inheritance and genetics

A family history is reported in over 20% of vitiligo patients (Ortonne et al. 1983;
Majumder et al. 1993) and concordance in monozygotic twins has been reported
(Mohr 1951; Siemens 1953; Mayenburg et al. 1976) but the exact frequency of
concordance has not been determined and the reporting of isolated cases is
subject to ascertainment bias. Genetic studies of familial cases of vitiligo
conclude that the disorder is most likely due to the action of genes at multiple
loci (Majumder et al. 1993; Kim et al. 1998; Acros et al. 1999) and Is not
transmitted by a simple mendelian mechanism. However, some authors
propose that an autosomal dominant gene with variable expression and
incomplete penetrance may be responsible (Mosher et al. 1979; Lorincz 1985).
In the Smyth line chicken (Smyth 1989), an animal model of vitiligo, the disorder
results from a genetically inherited defect that is expressed in the melanocytes
and which appears to be transmitted to offspring as an autosomal recessive
trait. Similarly, the depigmentation in a mouse model, strain C57BL/6J Ler-vit/vit
developed to study vitiligo, results from a genetic mutation that is inherited as an
autosomal recessive trait (Lerner et al. 1986). The mutation in the vit/vit mouse
occurs at the microphthalmia (mj) locus which encodes microphthalmia-
associated transcription factor (MITF), and, therefore, interest arose in the
human homologue as a susceptibility gene for vitiligo. However, linkage studies
proved negative (Tripathi et al. 1999). A mutation in the human mi gene is
responsible for Waardenburg syndrome type 2, a disease characterised by
congenital depigmentation and abnormalities in neural development (Ortonne &
Ballotti 2000).

Since vitiligo may have an immune involvement (Sections 1.3.6, 1.4),
candidate genes include those that have a regulating role in the immune system.
The study of the major histocompatibility complex (MHC) genes has revealed
associations of vitiligo with certain human leukocyte antigen (HLA) specificities
but there is no consistent association with any of the major MHC class | or class
Il alleles (Table 1.2), and the reported relative risks have been modest.
Additionally, the genes encoding complement components C2 and C4 (MHC
class Il molecules) have been proposed to influence the development of vitiligo

since an increased frequency of heterozygous C4 and C2 deficiency has been
found in patients with the disorder (Venneker et al. 1992).

11
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A further candidate is the recently identified AIRE (autoimmune regulator)
gene which is involved in autoimmune polyglandular syndrome type 1 (APS1), a
disorder with which vitiligo can be associated (The Finnish-German APECED
Consortium 1997; Nagamine et al. 1997). This novel gene encodes a T cell-
specific protein that contains motifs indicative of a transcription factor and
mutation analysis has identified several mutations in this gene in APS1 patients

(Heino et al. 2001; Myhre et al. 2001). However, this gene is unlikely to be
related to the development of vitiligo which is not associated with APS1.

A recent study, involving 552 vitiligo patients and their families, examined
polymorphic markers in a panel of twenty-four candidate genes that might confer
susceptibility to vitiligo (McCormack et al. 2001b). The genes analysed in this
study included those encoding tyrosinase, TRP-1, TRP-2, tyrosine hydroxylase,
phenylalanine hydroxylase, guanosine triphosphate-cyclohydrolase, the
transcription factor nuclear factor 1, and two genes involved in melanocyte
embryogenesis, kit and pax3. No association was found between any of these
genes involved in melanocyte function and an increased risk of vitiligo. Genes
encoding proteins involved in the immune response, including: MHC class ||
molecules; low molecular weight protein (LMP)-2 and LMP-7, and transporter
involved in antigen-processing (TAP)-1 and TAP-2; the proteosome
multicatalytic endopeptidase complex-like 1 (MECL1); CD4; CD59; membrane

cofactor protein (MCF); cytokine and cytokine receptors interleukin (IL)-1 B,
tumour necrosis factor-alpha (TNFa) and I1L-1 receptor-alpha (IL-1R-a);

intercellular adhesion molecule-1 (ICAM-1); co-stimulatory lymphocyte activation

ligands CD28 and cytotoxic T lymphocyte antigen-4 (CTLA-4), were also
examined in these family studies. Polymorphic markers for the immune
response LMP/TAP and CD28/CTLA-4 gene regions appeared to be positively

associated with vitiligo susceptibility (McCormack et al. 2001b). Further details
on CTLA-4 and its association with vitiligo will be discussed in Chapter 3.

1.2.4 Pathology

Aftected skin shows a loss of melanin and decreased numbers of melanocytes
in the epidermis. Figure 1.4 demonstrates the difference in density of epidermal
melanocytes between normal and vitiligo skin. Immunohistochemical studies

and electron microscopic analysis of vitiligo lesions demonstrate the

13



(b)

Figure 1.4: (a) Melanocytes in a section of normal epidermis.

(b) Melanocytes in an epidermal section from a patient with

vitiligo showing a much reduced cell density.

Both sections are treated with a DOPA immunohistochemical stain, which detects tyrosinase

activity and reveals the melanocytes in brown.
(Provided by Dr D. J. Gawkrodger, Royal Hallamshire Hospital, Sheffield).
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degeneration of melanocytes and also the presence of abnormal keratinocytes
(Moellmann et al. 1982; Le Poole et al. 1993c). In peri-lesional regions,
abnormal melanocytes are seen which are fragmented, grossly enlarged or
show the appearance of vacuoles (Le Poole et al. 1993c; Abdel-Naser et al.
1994). Additionally, in the peri-lesional areas of inflammatory vitiligo (Bleehan
1979), and in some cases of generalised vitiligo (Le Poole et al. 1993c), a

lymphocytic infiltration can be identified in the basal layer of the epidermis in
proximity to the melanocytes.

1.2.5 Clinical features

The progression of vitiligo is variable and there are five disease categories
dictated by the extent of involvement and distribution of the vitiligo maculae:
generalised or symmetrical, segmental, focal, acrofacial and universal (Kovacs
1998). Generalised or symmetrical type vitiligo is characterised by a bilateral,
symmetrical depigmentation which can affect the face (especially periorificial
areas), neck, torso, the extensor surfaces or bony prominances of the hands,
wrists, and legs, axillae and also orifices or mucosal surfaces (Kovacs 1998).
Segmental type vitiligo has a dermatomal, asymmetrical distribution of
depigmentation (Kovacs 1998). This type of vitiligo often begins in childhood, is
rarely associated with autoimmune disorders and has stable results after
autologous grafting (Section 1.2.7). In contrast, symmetrical vitiligo has a later
age of onset, is frequently associated with autoimmunity and has unstable
results with autologous grafting (Kovacs 1998). These contrasts have lead to
speculation that symmetrical and segmental vitiligo represent two quite separate
disease manifestations (Kovacs 1998; Taieb 2000). Focal type vitiligo is
localised and non-dermatomal in distribution (Kovacs 1998), whereas acrofacial
vitiligo is characterised by depigmentation of the distal fingers and facial orifices
only, the latter being in a circumferential pattern (Kovacs 1998). Finally, patients
with universal vitiligo exhibit a loss of pigment over the entire body surface
(Kovacs 1998), a type of vitiligo that occurs rarely. The two most common
clinical presentations are symmetrical and segmental vitiligo which are shown in

Figures 1.5a and 1.5b, respectively.

Trichrome, inflammatory, and occupational vitiligo represent unusual
forms of the disease. Trichome vitiligo involves macules in which there are

15



Figure 1.5:

(a)

(b)

Segmental vitiligo affecting one side of the neck.

(Provided by Professor A. P. Weetman, Division of Clinical Sciences
North, University of Sheffield).

Symmetrical vitiligo on the dorsal aspects of the

hands. (Provided by Dr D. J. Gawkrodger, Royal Hallamshire
Hospital, Sheffield).

|6



areas of both complete and partial loss of pigment, forming a pattern of varying
hues between the affected and non-affected skin (Fitzpatrick 1964; Gawkrodger
1998). Uniquely, areas of normally pigmented skin adjacent to an area of vitiligo
may become hyperpigmented (Gawkrodger 1998). Inflammatory vitiligo S
characterised by actively spreading lesions which are inflamed, presenting a
raised erythematous peri-lesional border (Grab & Wise 1948; Le Poole et al.
1996). Chemically induced occupational vitiligo can occur in workers exposed to
compounds such as catechols, phenols, hydroguinone and monobenzene. The
depigmentation is usually confined to the parts of the body exposed to the
chemical, e.g. the hands and forearms, but can arise in areas distant from the
original point of contact, suggestive of systemic exposure through percutaneous
adsorption, inhalation or ingestion. Some of the compounds shown to cause
depigmentation in occupational vitiligo are now specifically used in depigmenting
therapies in idiopathic vitiligo (Table 1.4).

In addition to the disease categories described by the distribution of
vitiligous skin, a three-grade pathological staging system corresponding to
depletion of the melanocytes has been proposed by Gauthier (Gauthier 1994).
In this classification scheme, grade | vitiligo exhibits only a partial depletion in
epidermal melanocytes and results in the possibility of repigmentation, without a
follicular pattern, after phototherapy treatment. Grade |l vitiligo has complete
depletion of the epidermal melanocytes and corresponds to a follicular pattern of
repigmentation, in which melanocytes have migrated from the follicular reservoir
to replace the absent epidermal melanocytes, after phototherapy treatment.
Grade Il vitiligo is characterised by a total depletion of both epidermal and
follicular melanocytes and patients at this stage do not respond to medical
therapy. More recently, a vitiligo disease activity (VIDA) score has been

proposed which measures disease activity in relation to time, as assessed by
the patient (Njoo et al. 1999).

Although vitiligo may be considered a relatively minor disorder, the
psychological effects can be considerable, particularly in those with racially
darkly pigmented skin in whom the appearance of the lesions is more marked.
Detrimental feelings of stress, embarrassment or self-consciousness when in
contact with strangers, perception of discrimination and low self-esteem are

common, especially in patients with visible lesions (Porter et al. 1986; Porter et
al. 1990; Kent & Al'Abadie 1996).

17



1.2.6 Associated disorders

Vitiligo is frequently associated with autoimmune disorders (Table 1.3) including
autoimmune thyroid disease (Ochi & DeGroot 1969), type 1 diabetes mellitus
(Macaron et al. 1977), alopecia areata (Sharma et al. 1996), pernicious anaemia
(Dawber 1969), Addison’'s disease (Dunlop 1963) and autoimmune
polyendocrine syndromes (Neufeld et al. 1981; Ahonen et al. 1990). Patients
with vitiligo are also more likely to suffer from an autoimmune condition than
those in the general population. Autoimmune thyroiditis, for example, has a
prevalence of up to 30% in vitiligo patients (Cunlifie et al. 1968), a figure
significantly higher than that of 1% prevalence reported in the general
population.

Halo naevi, areas of depigmentation seen surrounding a melanocytic
naevus or ‘mole’, may be associated with vitiigo and sometimes pre-date the
onset of the disorder (Lerner 1971). Premature greying of the hair (canities)
may also be found in patients with vitiligo (Lerner 1971). Vitiligo can affect all
active melanocytes, including those of the retinal pigment epithelium and uveal
tract of the eye and the scala vestibuli of the inner ear, which may lead to ocular
abnormalities such as iris, conjunctival and chorioretinal depigmentation and
uveitis (Albert et al. 1979; Cowan et al. 1986) or auditory problems including
hearing impairment in the 2-8 kHz range (Thurmon et al. 1976; Tosti et al. 1986;
Tosti et al. 1987), respectively. The combination of vitiligo with uveitis, canities,
auditory anomalies and neurological involvement is known as Vogt-Koyanagi-
Harada (VKH) syndrome (Barnes 1988). It has been proposed that VKH
syndrome may represent a systemic manifestation of vitiligo, since the

neurological involvement may also result from melanocyte destruction in the
leptomeninges of the brain (Kovacs 1998).

1.2.7 Treatment

Since the aetiology of vitiligo is yet to be determined, there are no effective
treatments available to correct the basic defect/s that lead to destruction of the

melanocytes. Repigmenting therapies are, therefore, often unsustained and the
patient has to resort to covering the patches with cosmetics. Therapies can be
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categorised as medical or surgical and are summarised in Table 1.4. On-going
nsychological support is also important, particularly for patients who have

suffered serious psychological affects or social stigma as a result of the disease.

1.3 Theories of vitiligo aetiology

The aetiology of vitiligo is presently unknown. There have been three basic
hypotheses proposed to explain the aetiology as follows: (i) autoimmunity, (i)
neurochemical-mediated effects on the melanocyte and (iii) an intrinsic
melanocyte defect causing the melanocytes to self-destruct. In the convergence
theory, the causal factors of each of the previous three hypotheses act together,
or independently, to bring about the destruction of melanocytes (Le Poole et al.
1993a). Furthermore, environmental factors, including psychological stress,
mechanical stress injury and infections, have been proposed to contribute to

vitiligo aetiology (Taieb 2000), in addition to a possible inherent genetic
predisposition (Section 1.2.3).

1.3.1 Psychological stress

Many vitiligo patients report that their vitiligo lesions first appeared or expanded
under conditions of extreme stress (Lerner 1959; Papadopoulos et al. 1999).
Stress induces an increase in the production of catecholamines, the possibie
influence of which in melanocyte destruction is described in Table 1.5.

1.3.2 Physical stress (Koebner's phenomenon)

Vitiligo maculae may appear at the site of mechanical stress or friction injury to
the skin (Taieb 2000). Gauthier (Gauthier 1996) demonstrated that the
distribution of vitiligo lesions commonly correlates to areas of the body subjected
to the most mechanical stresses. A recent study showed that the appearance of
experimentally induced Koebner’s phenomenon, after small skin biopsy, to some

degree correlated with the disease activity in non-segmental type vitiligo patients
(Njoo et al. 1999).
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Table 1.4: Therapies for vitiligo.

Treatment

l. MEDICAL TREATMENTS

Cosmetic modalities
Corticosteroids (topical or systemic)

Psoralen (topical or systemic) and ultraviolet A (PUVA)

Khellin (topical or systemic) with ultraviolet A or natural sunlight
Phenylalanine (topical or systemic) with ultraviolet A
Topical pseudocatalase with ultraviolet B

Oral antioxidants (e.g. vitamin E acetate; selenio-methionine)
5-Fluorouracil (topical)

Depigmentation with monobenzyl ether of hydroquinone

Il. SURGICAL TREATMENTS

| Epidermal grafting

Autologous minigrafts

Transplantation of cultured epidermis

Transplantation of non-cultured melanocytes

Tattooing

(Adapted from Kemp et al. 2001b).

Reference

Kovacs 1998

Boissy 1995;
Gawkrodger 1998;
Kovacs 1998

Boissy 1995;
(Gawkrodger 1998;
Kovacs 1998

Gawkrodger 1998
Kovacs 1998
Gawkrodger 1998
Gawkrodger 1998
Kovacs 1998
Kovacs 1998

Boissy 1995; Kovacs
1998

Boissy 1995; Kovacs
1998

Boissy 1995; Kovacs
1998

Boissy 1995; Kovacs
1998

Boissy 1995
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1.3.3 Infections

It is possible that an infection may result in melanocyte destruction by triggering
an immune response leading to vitiligo in some patients. The melanocyte may
be destroyed as a result of harbouring an infectious agent or because it exposes
antigens similar to a micro-organism to immune surveillance (Le Poole et al.
1993a). Vitiligo-like hypopigmetation has been reported in some infectious
diseases such as leprosy (Shegan 1971), candidiasis (Howanitz et al. 1981) and
acquired immunodeficiency syndrome (AIDS) (lvker et al 1994).
Cytomegalovirus (CMV) DNA was found in skin biopsies in 11 out of 29 patients
with vitiligo, with particular prominence in biopsy specimens of active lesions
(Grimes et al. 1996), and has therefore been suggested as a trigger for vitiligo.

However, the seroprevalance of CMV in the general population is also very high
(Hizel et al. 1999).

1.3.4 The neuronal theory

Neurochemical-mediated effects on melanocytes would explain the often
symmetrical distribution of vitiligo lesions or the dermatomal pattern of

segmental-type vitiligo (Lerner 1959). Indeed, immunohistochemical studies of
lesional and perilesional vitiligo skin have demonstrated abnormalities in the
levels of skin neuropeptides. Al'Abadie et al., (1994), reported that 5 of 10
patients with symmetrical type vitiligo had increased levels of neuropeptide Y in
the margins of vitiligo lesions and of these patients, those with active disease
also had elevated neuropeptide Y within lesional skin. In addition, the number of
nerve fibres immunoreactive to nerve growth factor (NGF) and calcitonin gene-
related peptide has been shown to be increased in vitiligo lesions compared to
the uninvolved and control skin (Liu et al. 1996). The secretion of both NGF and
calcitonin gene-related peptide is thought to influence normal melanocyte
function (Yaar et al. 1991; Hara et al. 1995b) and could be implicated in vitiligo
pathogenesis (Liu et al. 1996). Studies of the ultra-structure of dermal nerves
using electron microscopy have also demonstrated regenerative and
degenerative changes (Al'Abadie et al. 1995), as well as direct cell-cell contact
with melanocytes (Morohashi et al. 1977), in vitiligous skin. Furthermore,

melanocytes originate from the neural crest and, in many cases of vitiligo,
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perilesional melanocytes appear progressively more neural in their behaviour,
both in an increasingly dendritic morphology and in an ability to synthesise
adrenalin (lyengar & Misra 1988; lyengar 1989). Investigations into the levels of
neurotransmitters in vitiligo patients are summarised in Table 1.5 and are
discussed in relation to the influence of psychological stress (Section 1.3.1).
Several clinical observations provide further evidence for an association
of the nervous system with vitiligo. It has been noted that vitiligo spares
denervated skin, for example, below the level of neurological damage in certain
patients with severe spinal cord injury (Lerner 1959). Spontaneous
repigmentation of lesions occurs occasionally in vitiligo patients whose nervous
system has been compromised by diabetic neuropathy. In contrast, vitiligo-like
hypopigmented macules are sometimes produced in inflammatory diseases
affecting the peripheral nervous system such as leprosy, and in neurodysplasias
such as neurofibromatosis and tuberous sclerosis. Additional indirect evidence
is provided by the requirement for innervation for skin transplants to repigment
an area. While vitiligo patients do not complain of sensory abnormalities in
lesional skin, autonomic dysfunction has been reported, including: increased
skin surface temperature and an increased sweating response in vitiliginous
areas, when compared to normal skin, and an abnormal sympathetic skin
response quantified by electrical measurement of sympathetic nerve activity
(Chanco-Turner & Lerner 1965; Dutta & Mandal 1982; Merello et al. 1993).
However, this could be associated with the absence of Merkel cells from the

basal layer of vitiligo lesions (Bose & Ortonne 1994) that are thought to interact
with nerve endings (Lacour et al. 1991).

1.3.5 The melanocyte defect/self-destruction theory

It has been hypothesised that intrinsic melanocytes defects such as the
accumulation of toxic intermediate products of melanin synthesis (Pawelek et al.
1980; Moellmann et al. 1982), the breakdown of free radical defence (Nordlund
& Lerner 1982) and the build-up of excessive hydrogen peroxide (Schallreuter et
al. 1991; Schallreuter et al. 1994) might result in the self-destruction of pigment
cells in vitiligo. The theory is supported by the clinical observation that certain
chemical compounds can produce a pattern of depigmentation indistinguishable

from idiopathic vitiligo, e.g., mercaptoamines (Bleehan 1979) and phenolic
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agents (Le Poole et al. 1999). The suggestion that vitiligo melanocytes show an
increased sensitivity to oxidative stress (Schallreuter 1999; Jimbow et al. 2001)
has also led to the use of the antioxidant pseudocatalase in the treatment of

vitiligo (Section 1.2.7). The proposed involvement of some of the biochemicals

thought to contribute to vitiligo pathogenesis through melanocyte autocytoxicity
Is summarised in Table 1.5.

1.3.6 The autoimmune theory

A role for autoimmunity was initially suggested by the frequent clinical
association of vitiligo with diseases of an autoimmune origin (Table 1.3) and by
the presence of organ-specific autoantibodies (Table 1.7) in vitiligo patients
(Brostoff 1969; Betterle et al. 1976; Zauli et al. 1986; Mandry et al. 1996).
Subsequently, autoantibodies targeting pigment cell antigens which are capable
of causing damage to the melanocyte have been identified in vitiligo patient sera
(Section 1.4) (Naughton et al. 1983b; Naughton et al. 1983a; Norris et al. 1988Db;
Cui et al. 1992; Gilhar et al. 1995). Autoreactive T lymphocytes targeting
melanocyte-specific proteins have also been identified both circulating in the
blood and at the margins of advancing lesions of vitiligo patients (Section 1.4)
(Ogg et al. 1998; van den Wijngaard et al. 2000; Lang et al. 2001).
Furthermore, systemic disorders in vitiligo caused by damage to melanocytes at
sites other than the epidermis, e.qg., the inner ear and eye, indicate that a
progressive immunological response might play a role in the disease
development.

The association, albeit weak, of vitiligo with certain HLA specificities
(Table 1.2) and other immune response genes {Section 1.2.3) adds credence to
an autoimmune hypothesis. All autoimmune endocrinopathies are associated
with particular alleles of the MHC class 1l human leukocyte antigen (HLA)-DR
(Dahlberg et al. 1981; Platz et al. 1981; Maclaren & Riley 1986). Although
studies of association of MHC specificities with vitiligo have shown variability
(Table 1.2), several studies have reported a significant association of HLA-DR
with vitiligo patients in different ethnic populations (Foley et al. 1983; Dunston &
Halder 1990; Poloy et al. 1991; Venneker et al. 1992; Venkataram et al. 1995;

Zamani et al. 2001). Additionally, several autoimmune disorders are associated
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with homozygous or heterozygous deficiencies of the MHC class 1ll molecules,
complement components C4 and C2 (Kahl & Atkinson 1988), and a
heterozygous deficiency of C4 and C2 has been reported to be associated with
vitiligo (Venneker et al. 1992). A recent study has also identified significant
associations between vitiligo and polymorphisms in immune response genes
including those encoding the co-stimulatory lymphocyte activation ligands CD28
and CTLA-4, and the MHC class Il molecules LMP and TAP (McCormack et al.
2001b) (Section 1.2.3).

The therapeutic response of some vitiligo patients to psoralsen with
ultraviolet A radiation (PUVA) (Parrish et al. 1976), topical corticosteroids
(Kumari 1984) and topical cytotoxic drugs such as fluorouracil (Tsuji & Hamada
1983) is believed to result from immunosuppression of the local immune
reactions responsible for damaging melanocytes. Approximately 50% of vitiligo
patients will note significant return of pigment in those lesions which retain
melanocytes after the application of topical steroids (Boissy 1995).

There are several spontaneous animal models of vitiligo (Boissy &
Lamoreux 1988) but how the acquired depigmentation relates to that of the
human disease remains to be established. The best documented model, the
Smyth line chicken (Smyth 1989), expresses a genetically inherited vitiligo-like
depigmentation with considerable autoimmune involvement. Depigmentation of
Smyth chicks begins soon after hatching due to loss of melanocytes from the
feathers and ocular tissues. An autoimmune response involving both cellular
and humoral reactions is initiated by an intrinsic defect of the chicken
melanocytes (Boissy et al. 1983). An increase of T cells is seen in the feather
pulp and in the circulation of Smyth chicks prior to the onset and during
development of vitiligo-like depigmentation (Erf et al. 1995; Erf & Smyth 1996).
In addition, serum antibodies to melanocytes are present before and after

presentation of the disease phenotype (Austin & Boissy 1995). These anti-
melanocyte antibodies are detected in the sera of 100% of Smyth line chicks but
not in the sera of normally pigmented birds (Austin & Boissy 1995). The
depigmentation can be decreased by treatment with cyclosporine A, a selective
Inhibitor of inflammatory T cells, and by performing neonatal bursectomy which
causes B cell deficiency (Lamont & Smyth 1981). The vitiligo-like disorder of

Smyth chickens is accompanied by autoimmune hypothyroidism and an avian
equivalent of alopecia areata (Smyth 1989).
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Autoantibodies targeting pigment cell surface antigens have also been
identified in several other animal models of vitiligo, including Arabian horses,
Siamese cats and Tervuren dogs (Naughton et al. 1986a) as well as in the
Sinclair pig, an animal model for regressive melanoma with vitiligo-like
hypopigmentation (Cui et al. 1995a). These antibodies recognise a similar
pattern of melanocyte antigens in immunoprecipitation experiments as
antibodies in vitiligo patients (Naughton et al. 1986a), indicating that similar
immunological responses may occur in both animals and humans.

Despite persuasive evidence detailed above for an autoimmune cause of

vitiligo aetiology, exactly how the immunological mechanisms, which are
described in further detail in Section 1.4, might function in the disease
pathogenesis remains open to speculation. It is currently unknown whether the
abnormal immune response forms the primary cause of the disease or arises as
a secondary phenomenon, resulting from damage to the melanocytes via other
mechanisms, and in turn exacerbates the condition. it is also possible that
different pathogenic mechanisms account for the different clinical subtypes of
vitiligo (Section 1.2.5). For example, associated autoimmunity is rare in patients
with segmental vitiligo and, therefore, immune mechanisms might be supposed

to play a lesser role than in forms of the disease in which associated
autoimmunity is more common.

1.3.7 The convergence theory

The convergence theory (Figure 1.6) proposes that all of the previously
described mechanisms can contribute to the development of vitiligo (Le Poole et
al. 1993a; Taieb 2000). Moreover, the different causal factors can act

iIndependently or synergistically to bring about the local destruction of

melanocytes and are differentially involved in separate vitiligo patients (Le Poole
et al. 1993a).
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1.4 The immune response in vitiligo

The possible mechanisms by which both cellular and humoral immune
reactivities in vitligo may arise and contribute to its pathogenesis are
summarised in Figure 1.6.

1.4.1 Cellular immunity

1.4.1.1 T lymphocytes

The study of circulating T cell subpopulations in vitiligo patients has generated
contrasting results. Whilst some groups identified an expansion of peripheral
CD4" T lymphocytes and an increase in the CD4": CD8" ratio (Soubiran et al.
1985; D'Amelio et al. 1990; Al-Fouzan et al. 1995), indicative of an autoimmune
response (Stites 1994), other groups observed a decrease in CD4™ T
lymphocytes and a decreased CD4": CD8™ ratio (Grimes et al. 1986; Halder et
al. 1986). While such discrepancies may indicate technical differences in the
evaluation of these ratios in the circulation, the overall conclusion remains that
the circulating T cell populations in vitiligo are rarely normal, although how these
changes relate to T cells at the site of the lesion remains speculative. A
proportion of activated peripheral T celis, as determined by HLA-DR expression,
have been shown in vitiligo patients compared to healthy individuals (Abdel-
Naser et al. 1992).

Of more functional relevance, a recent study has demonstrated in the
circulation of a significant number of patients with vitiligo, the presence of
cytotoxic T cells, expressing a skin-homing receptor cutaneous lymphocyte-
associated antigen (CLA), that react with the melanocyte antigen MelanA, (Ogg
et al. 1998). These results were confirmed in a subsequent study, in which the
presence of MelanA-specific cytotoxic T cells expressing CLA was also found to

be significantly greater in the peripheral blood of vitiligo patients with active,
progressive disease (Lang et al. 2001). These studies have also demonstrated

the presence of CD8" cytotoxic cells which react with peptides from tyrosinase
(Ogg et al. 1998, Lang et al. 2001) and Pmel17 (Lang et al. 2001), when
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presented with HLA class | antigen-A2, in the circulation of vitiligo patients.
These data supports the role of skin-homing autoreactive melanocyte-specific T
cells in causing destruction of melanocytes in vitiligo.

A dermal and epidermal inflammatory infiltrate consisting of CD3", CD4"
and CD8" T cells and macrophages, closely associated with areas of
melanocyte depletion, has been observed in vitiligo patients (Al Badri et al.
1993b). The infiltrate is most prominent at the margins of vitiligo lesions and
contains a significant number of activated T cells, as measured by expression of
MHC class Il antigen HLA-DR and CLA antigen (Al Badri et al. 1993b). There is
also evidence of interleukin 2 receptor (IL-2R) and interferon y receptor (IFN-yR)
expression by the lymphocytic infiltrate (Abdel-Naser et al. 1994). In rare cases
of inflammatory vitiligo, similar observations with regard to perilesional,
epidermis-infiltrating T cells have been made (Le Poole et al. 1996). A recent
study isolated MelanA-specific CD8" T cells expressing CLA antigen from vitiligo
skin biopsies, demonstrating the presence of a cytotoxic response to a
melanocyte-specific antigen within vitiligo lesions (van den Wijngaard et al.
2000). However, the absolute numbers of infiltrating cells in lesional and
perilesional skin are small when compared with other inflammatory skin
disorders (van den Wijngaard et al. 2000) and it remains to be seen whether the

infiltrate arises as a result of the disease process as opposed to being the cause
of vitiligo.

1.4.1.2 Cytokines

Cytokines mediate many functions of cellular immunity and a number of studies
have analysed the levels of various cytokines in patients with vitiligo (Table 1.6).
Studies have demonstrated that the level of soluble interleukin-2 receptor (IL-
2R) in patients with vitiligo is significantly increased compared with that of
controls, indicating an activation of T lymphocytes may be involved in the
disease pathogenesis (Caixia et al. 1999; Yeo et al. 1999). The levels of
production of interleukin-6 and interleukin-8 by peripheral mononuciear cells are
also elevated in vitiligo patients, both of which can act to recruit lymphocytes to
the site of an immune response (Yu et al. 1997). In contrast, the production of
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granulocyte-macrophage colony-stimulating factor (GM-CSF) and tumour
necrosis factor-alpha (TNF-a) by peripheral mononuclear cells in active vitiligo
was found to be reduced compared with healthy controls (Yu et al. 1997). The
expression of cytokines by lymphocytes from the margins of vitiligo lesions has
vet to be fully characterised but initial data suggest that cytokines which promote
inflammation and cytotoxicity, that is, those of the T helper lymphocyte type-1

(Th1) subset, particularly interferon-gamma (IFN-y) and TNF-a, are
predominantly expressed (Das et al. 2001).

1.4.1.3 Adhesion molecules

Adhesion molecules, which allow celi-cell attachments, are required for
lymphocyte migration and infiltration through the epidermis and also tor
interaction with antigen-presenting cells. Several studies have shown increased
expression of intercellular adhesion molecule-1 (ICAM-1) by melanocytes and
keratinocytes in perilesional skin compared with non-lesional and control skin
(Norris 1990; Al Badri et al. 1993a; van den Wijngaard et al. 2000), which may
contribute to the abnormal cellular immune responses seen in vitiligo.
Immunohistochemistry of serial sections of vitiligo skin biopsies has shown that
the epidermal expression of ICAM-1 coincides with the expression of HLA-DR
(van den Wijngaard et al. 2000). A similar pattern of ICAM-1 and HLA-DR
expression is shown by thyroid follicular cells in autoimmune thyroid disease
(Hanatusa et al. 1983; Weetman et al. 1989; Zheng et al. 1990), and is
dependent on cytokines, particularly interferon-gamma (IFN- y).

Vascular expression of E-selectin, the adhesion molecule responsible for
capture of leucocytes from the circulation to initiate migration to the site of a
local immune response, appears neither to be upregulated nor more widely
dispersed Iin post-capillary venules in vitiligo, when compared to control skin
(van den Wijngaard et al. 2000). However, immunohistochemical analysis
demonstrated that where there is expression of E-selectin in perilesional skin, it
IS co-localised with T cell infiltration (van den Wijngaard et al. 2000). The

expression of E-selectin is dependent on cytokines, particularly tumour necrosis
factor-alpha (TNF-a) (Pilewski et al. 1995).
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1.4.1.4 Langerhans cells

The density of Langerhans cells in vitiligo lesions has been reported as normal
(Claudy & Rouchouse 1984) or increased (Riley 1967), relative to that of the
non-lesional skin and skin from control subjects. These dendritic celis are active
in the epidermis, presenting antigen to primed T lymphocytes and, therefore, an
increase in their numbers may contribute to immunological responses to
melanocytes in vitiligo. Indeed, patients with repigmenting lesions in response

to PUVA or Fluocinonide cream show a decrease in epidermal Langerhans cells
further supporting a role for these cells in the disease (Kao & Yu 1990).

1.4.1.5 Natural killer cells

It has been shown that the number of natural kilier cells (NK cells) present in
affected vitiligo skin is no different from that present in the skin of control
subjects (Abdel-Naser et al. 1992; Hann et al. 1993b). Although previous
studies have implicated an involvement of these cells in the destruction of
pigment cells in vitiligo (Halder et al. 1986; Mozzanica et al. 1989), a recent
study found no significant differences between the level of activity of natural

Killer cells from vitiligo patients and control subjects, against both normal and
malignant melanocytes (Durham-Pierre et al. 1995).

1.4.2 Humoral immunity

1.4.2.1 Organ-specific autoantibodies

In addition to the frequent association of vitiligo with autoimmune disorders,
previously described (Section 1.2.6 and Table 1.3), a variety of organ-specific
autoantibodies are commonly detected in the sera of vitiligo patients (Table 1.7).
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1.4.2.2 Anti-melanocyte antibodies

A significant piece of evidence in the debate over a role for autoimmunity in
vitiligo is the observation that antibodies to melanocyte antigens are present in

the circulation of most patients with the disease (Naughton et al. 1983a). In one
study, 12 out of 12 of vitiligo patients but none of control subjects were found to
have anti-pigment cell antibodies in their sera (Naughton et al. 1883Db).
Furthermore, a correlation has been described between the incidence and level
of melanocyte antibodies and disease activity in vitiligo: 8/10 patients with active
vitiligo, 0/14 with inactive disease and 0/19 controls were found to have
circulating anti-pigment cell antibodies (Harning et al. 1991). A decrease in the
titre of melanocyte antibodies, correlating with the suppression of vitiligo, with
PUVA treatment further suggests that the disease activity is somehow related to
incidence of these antibodies (Hann et al. 1997). Additionally, the presence of
these antibodies is related to the extent of disease: they were detected in 50%
of patients with minimal vitiligo (< 2% of skin area involved) compared to 93% of
patients with greater depigmentation (covering 5-10% of their skin) (Naughton et
al. 1986b), although this would fit with either a primary or secondary causation.
Vitiligo antibodies are most commonly directed against pigment cell
antigens with molecular weights of 35 kDa, 40-45 kDa, 75 kDa, 90 kDa and 150
kDa which are located on the cell surface, as determined by detection
techniques specific to the cell exterior (Cui et al. 1992; Cui et al. 1995b).
Aithough the proteins have not been specifically identified, some (40-45 kDa, 75
kDa and 150 kDa) appear to be common tissue antigens, while others (35 kDa
and 90 kDa) are preferentially expressed on pigment cells (Cui et al. 1992). In

addition, antibodies to the melanocyte-specific proteins tyrosinase (Song et al.

1994a; Baharav et al. 1996; Kemp et al. 1997a), TRP-1 (Kemp et al. 1998c),
TRP-2 (Kemp et al. 1997b; Okamoto et al. 1998) and Pmel17 (Kemp et al.
1998b) have been detected in the sera of patients with vitiligo. Although these
proteins may be considered cytoplasmic autoantigens, with the exception of
TRP-1 which can be expressed on the melanocyte surface (Takechi et al. 1996),
a de novo mechanism may exist whereby antibodies recognise autantigens

directly via cell surface or cytoplasmic penetration (Okamoto et al. 1998). For
example, antibodies have been shown to be taken up by nonhemopoietic cells

and react with nuclear antigens in vivo (Isenberg et al. 1997). Alternatively,
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antigens may be released if the melanocyte is damaged by another mechanisms
such as cytotoxic T cell lysis. In a recent study, the transcription factors SOXS
and SOX10 have been identified as melanocyte autoantigens related to vitiligo
in patients with autoimmune polyglandular syndrome type 1 (Hedstrand et al.
2001). A summary of the antibody autoantigens implicated in the disorder is
given in Table 1.8.

The capacity for anti-melanocyte antibodies to injure pigment cells has
been demonstrated experimentally: vitiligo antibodies are able to destroy
melanocytes in vitro by complement-mediated cytotoxicity and antibody-
dependent cellular cytotoxicity (Norris et al. 1988b) and in vivo following passive
immunisation of nude mice grafted with human skin (Gilhar et al. 1995). The
selective destruction of melanocytes in vitiligo may result from antibody reactivity
directed to the antigens preferentially expressed on pigment cells (Cui et al.
1992). Alternatively, an antibody response against antigens expressed on a
variety of cell types may selectively destroy melanocytes because they have
been shown to be intrinsically more sensitive to immune-mediated injury than,
tfor example, keratinocytes or fibroblasts (Norris et al. 1988a).

The stimulus for the production of anti-melanocyte antibodies has not
been identified and it is unknown whether vitiligo antibodies initiate the
development of the disease. It is possible that cross-reacting antigens
expressed either on other cell types or on infecting micro-organisms may elicit
their production. For example, common antigens have been identified In
mycobacteria and malignant melanocytes (Bystryn 1997). Alternatively, vitiligo
antibodies might result from a secondary immune response to melanocyte
antigens following damage to pigment cells by other mechanisms, and these
antibodies might further exacerbate the condition. It is presently unknown fif

humoral immune responses actually damage melanocytes in vivo and it is still

possible that they play no direct part in vitiigo aetiology. Nontheless, these

antibodies serve as relevant markers to identify potential autoantigens, even if
the disease is T cell-mediated.
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1.4.2.3 Other antibody reactivities

Aside from organ-specific antibodies (Table 1.7), anti-keratinocyte intracellular
antibodies that correlate with disease extent and activity have been detected In
vitiligo patients (Yu et al. 1993) and specific IgA reactivity against human
melanoma cells in patients with active vitiligo has been reported (Aronson &
Hashimoto 1987). An increased incidence of anti-nuclear, anti-microsomal, and
anti-smooth muscle cell antibodies has also been observed in the sera of vitiligo

patients (Hann et al. 1993a). A significant number of vitiligo patients also have
antibodies against compounds containing the benzene ring structure (Wojdani et
al. 1992; Vojdani & Grimes 1996). These were investigated for immune
reactivity because compounds containing the benzene ring, including catechols,
phenols, hydroquinone and mono-benzene, can Iinduce cutaneous
depigmentation (Section 1.2.5). Although the nature of the action of the anti-
benzene ring antibodies is not proven, it has been suggested that exposure to
compounds containing this structure may induce aberrant immunological
responses in some individuals with vitiligo (Wojdani et al. 1992; Vojdani &
Grimes 1996). As with melanocyte antibodies, although to a greater degree, it is

presently unclear how these antibodies relate temporally and pathogenically to
the lesions in vitiligo.

1.5 Melanoma-associated hypopigmentation

Metastatic malignant melanoma is a form of skin cancer caused by uncontrolled
growth of melanocytes. It responds poorly to standard treatments, including
chemotherapy and radiotherapy, and patients with distant metastases have a
poor prognosis (Okamoto et al. 1998; Kawakami et al. 2000). However, the
spontaneous appearance of a vitiligo-like depigmentation, termed melanoma-
associated hypopigmentation, in approximately 10% of metastatic melanoma
patients (Merimsky et al. 1994), during the course of their disease, is thought to
be associated with an improved prognosis (Nordlund et al. 1983; Bystryn et al.
1987; Richards et al. 1992). In animal models of melanoma in which

hypopigmentation is observed, such as Arabian and Lipizzaner horses and the
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Sinclair miniswine, the disease progresses more slowly and can also regress
(Lerner & Cage 1973; Oxenhandler et al. 1979).

Melanoma-associated hypopigmentation is thought to arise from immune
reactivity to the metastatic disease directed against common antigens on both
the melanoma cells and normal melanocytes. Indeed, antibodies reactive to
tyrosinase (Fishman et al. 1997), TRP-1, TRP-2, Pmel17 (Huang et al. 1998)
and melanoma cells (Naughton et al. 1983a) have been identified in some
melanoma patient sera. Antibody responses to pigment cell antigens of 40-45
kDa, 75 kDa and 90 kDa, yet to be fully characterised, that are also recognised
by patients with vitiligo have also been identified in melanoma patients (Cui &
Bystryn 1995). Additionally, some melanoma patients have cytotoxic T
lymphocytes specific to tyrosinase (Brichard et al. 1993), TRP-1 (Wang et al.
1995), and TRP-2 (Wang et al. 1996), Pmel17 (Kawakami et al. 1995) and
MelanA (Coulie et al. 1994). These responses to melanocyte-specific antigens
and their potential to induce the rejection of melanoma have led to the
development of active, specific immunotherapy treatments for melanoma

including DNA and peptide vaccines, and adoptive transfer of tumor-infiltrating

lymphocytes, in addition to non-specific cytokine therapy using IL-2 to stimulate
proliferation of activated T cells.

The clinical efficacy of immune therapy for the treatment of metastatic
melanoma is currently being studied. Vaccination with the melanoma-
assoclated antigens; tyrosinase (Robbins et al. 1994), Pmel17 (Kawakami et al.
1994b), MAGE-1 (Hoon et al. 1995), and melanoma cell vaccines (Morton et al.
1992; Hayashi et al. 1993) has been shown to induce antigen-specific antibodies
and cell-mediated immunity in melanoma patients. Melanoma-associated
hypopigmentation has been reported in patients responding to immune therapy;
for example, IL-2 administration alone induced depigmentation in 20% of
patients (Rosenberg & White 1996), and the appearance of vitiligo-like lesions
has been reported in patients vaccinated with TRP-2 (Okamoto et al. 1998) and
MelanA/MART-1 (Yee et al. 2000), both at sites of vaccination and distant
locations. Recent immunisation strategies have involved vaccination with
autologous dendritic cells, pulsed with either tumour lysates or melanoma-

associated peptides, to act as antigen presenting cells to acquire tumor-specific
cytotoxic T cell reactivity (Nestle et al. 1998).
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It has been suggested that the immune response in melanoma patients
which results in melanocyte destruction is cell-mediated, operating via
mechanisms involving CD8" T cells and natural Killer cells, and does not occur
by means of a humoral response (van Elsas et al. 1999; Nagai et al. 2000; Yee
et al. 2000). It is possible that the melanocyte-specific antibodies in patients
with melanoma arise as a secondary immune response following melanocyte
damage through cell-mediated effects. Moreover, the serum titres of melanoma-
associated antibodies are low, and levels are similar between patients with and

without melanoma-associated hypopigmentation. However, the amount of
measurable antibody may be decreased due to the formation of immune
complexes, the trapping of antibodies by shed antigen or a high number of
binding sites on the melanocytes thereby reducing the amount of free antigen
(Merimsky et al. 1996). Experimental immunotherapy treatments are currently
being tried in a mouse model of melanoma, the C57BL/6 strain, which develops
the B16 melanoma, and several studies have accomplished immune rejection of
B16 melanoma accompanied by associated hypopigmentation (Hara et al
1995a; Weber et al. 1998; Bowne et al. 1999; Overwijk et al. 1999; van Elsas et
al. 1999; Nagai et al. 2000). It has also previously been shown that passive

administration of vitiligo patient immunoglobulin G (IgG) to C57BL/6 mice results
In the development of fewer metastases than mice injected with normal human
IgG (Fishman et al. 1993). One author has speculated that vitiligo is “an
experiment of nature that accomplishes the goal of melanoma immunotherapy”
(Bystryn 1989).

It is not known whether melanoma-associated hypopigmentation and
vitiligo are the same disease. Despite a similar clinical appearance and a

common association with abnormal immune reactivities to pigment cell antigens,

it has yet to be established if they have an identical aetiology. Melanoma
patients with associated hypopigmentation have been variously reported to have
circulating antibodies with different (Merimsky et al. 1994), or shared (Cui &
Bystryn 1995) specificities providing evidence that they have distinct or similar

aetiologies, respectively. More insight will be gained as the immune response in
each disease is further characterised.



1.6 Implications of understanding autoimmune responses in
vitiligo

Characterising the autoimmune response in vitiligo has several potential clinical
implications and applications. It is possible that elucidating the mechanisms
involved in the abnormal immune response in vitiigo may lead to the
development of more effective treatments, as well as a greater understanding of
the action of current immunosuppressive treatments, such as PUVA, which are
effective in some cases of vitiligo. The identification of melanocyte autoantigens
recognised by autoantibodies and/or autoreactive T cells in vitiligo patients might
be of use in the diagnosis of the disorder and in the development of markers for
disease activity and progression. If autoimmune responses could be identified
routinely, more appropriate treatments could be applied to individual patients. It
may also be possible to establish whether particular clinical subtypes of vitiligo
do indeed have separate disease aetiologies. Furthermore, characterisation of
pigment cell antigens that can elicit either a humoral or cellular immune
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