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SUMMARY SUSAN JENNIFER HEDLEY

INVESTIGATION OF PIGMENTATION AND IMMUNE-RELATED CELL
SURFACE MOLECULES IN CULTURED NORMAL AND VITILIGO
MELANOCYTES.

Vitiligo 1s an acquired idiopathic hypomelanotic disorder which has an unknown
actiology and ultimately affects melanocytes, primarily of the skin. Many patients with
vitiligo suffer from psychological distress and therefore it is important to determine why
melanocytes are destroyed. The aim of this study was to learn more about the basic
cellular physiology of normal and vitiligo melanocytes.

Morphology, proliferation and pigmentation in normal melanocytes were highly
influenced by media additives, bovine pituitary extract (BPE), cholera toxin (CT), foetal
calf serum (FCS) and phorbol 12-myristate 13 acetate (PMA). In the absence of these
factors, extracellular matrix (ECM) proteins increased survival, proliferation and
pigmentation of normal melanocytes, while ultraviolet irradiation (UVR) increased
dendricity and pigmentation in the presence of these factors. Normal and vitiligo
melanocytes were morphologically very similar and long-term cultured vitiligo

melanocytes had proliferation which was not significantly different to that of normal
melanocytes.

Constitutive and cytokine-stimulated expression of intercellular adhesion molecule-1
(ICAM-1), major histocompatibility complex (MHC) class I and II were not
significantly different between normal and vitiligo melanocytes in vitro. The latter
suggested that vitiligo melanocytes do not have an inherent defect in regulation of these

adhesion molecules which could lead to their premature interaction with the immune
system.

o-melanocyte stimulating hormone (a-MSH) has a controversial pigmentary role in
man. In normal melanocytes, only under a limited number of media conditions did

melanocytes exhibit increased melanogenesis to a-MSH. However a-MSH was found
to be particularly effective at opposing the actions of TNF-a-stimulated ICAM-1

expression in melanocytes. This finding supported an immunomodulatory role for a-
MSH 1n normal melanocytes.

Finally a surgical treatment using cultured epithelial autografts (CEA) was used to treat
3 patients with symmetrical (generalised) vitiligo, with mixed results. One patient

showed good repigmentation, while the response was less promising in the other two
patients.
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CHAPTER 1
INTRODUCTION.



1.1 VITILIGO.

Vitiligo 1s described as an acquired idiopathic hypomelanotic disorder which
indiscriminately affects persons of any race and any age and results in the clinical
manifestation of characteristic milky white macules of the skin. The aetiology of the
disorder remains enigmatic but several theories have been proposed, i.e. neuronal, self-
destructive and immunological. The consensus prevalence of the disorder is 1% of the

population (Lemer, 1971), although from a recent review (Nordlund, 1997), the author
has suggested the prevalence is approximately 0.5% of the world population. This is in
agreement with two large population studies from Denmark (Howitz et al, 1977) and

India (Das et al, 1985a) where the prevalence of vitiligo was 0.4% and 0.46%

respectively. The prevalence of familial cases of vitiligo have been reported to vary
from 6.25% to 38% (Ortonne et al, 1983). Although not a life threatening disease,
depigmentation can cause low-self esteem and psychological problems in many patients

(see Porter et al, 1986, 1987 & 1990; Salzer & Schallreuter, 1995; Kent & Al’ Abadie,

1996) and for this reason, amongst many, it is important to study the disease.

Melanocytes are derived from the neural crest (Rawles, 1947; Weston, 1970; Cramer,
1991), migrate during embyrogenesis and populate the epidermis at approximately 6-7
weeks estimated gestational age (Holbrook et al, 1989; Le Poole et al, 1996a), hair
follicles, the mucous membranes (Laidlaw & Cahn, 1932; Zak & Lawson, 1974), the
eye, the inner ear (Savin, 1965; Miyamoto & Fitzpatrick, 1957), the leptomeninges
(Goldeieger, 1984) and various internal organs. Epidermal melanocytes are the primary
target 1n vitiligo. Many investigators report that some patients additionally suffer from
ophthalmologic and/or auditory complications (Albert et al, 1983; Wagoner et al, 1983;
Cowan et al, 1986; Halder et al, 1987; Tosti et al, 1987). However, two additional
studies suggest that an increased incidence of auditory disturbances does not occur 1n
vitiligo patients (Orecchia et al, 1989; Escalante-Ugalde et al, 1991). Patients with
Vogt-Koyanagi-Harada syndrome (VKH), a multisystem disease, often develop vitiligo-
like hypomelanotic macules (Barnes, 1988). All the tissues involved in VKH contain

melanocytes, suggesting that vitiligo, like VKH, could be a disease with a systemic

component (Nordlund et al, 1980).
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Figure 1.1 A schematic overview of melanogenesis. The pathway illustrated is based
on Figure 2 in Riley (1998). Eumelanin and phacomelanin are synthesised following
the conversion of tyrosine to dopaquinone. Tyrosinase catalyscs this important
regulatory step in melanogenesis. The subsequent steps in eumelanogenesis, which can
occur spontaneously, involve tyrosinase, tyrosinase-related protein (TRP)-1 and TRP-2
although the precise role of TRP-1 remains uncertain. Sulphydryl compounds such as
cysteine (or glutathione) are required for phacomelanogencsis. The melanin polymers
not only include eumelanin and phaeomelanin but appear to incorporate several of the

different intermediates of melanogenesis (intermediates incorporated arc indicated by *)




1.1.1 Melanogenesis.

The main function of melanocytes is to synthesise the melanin pigments in specialised
organelles termed melanosomes. The melanosomes are then transferred to keratinocytes
by endocytosis of the dendrite ends (Wolff et al, 1974). As keratinocytes differentiate
they migrate outwards and melanins are then able to form a protective barrier against the
harmful rays of UV. At birth, epidermal melanocytes already transfer melanosomes to

the keratinocytes (Glimcher et al, 1973). Melanins comprise the brown-black
eumelanins and the reddish-yellow phaeomelanins. Eumelanins and phaeomelanins
have distinct properties but only eumelanins appear to be photoprotective. While both

forms have been detected in the epidermis of humans (Thody et al, 1991), dark skinned
individuals form predominantly eumelanin, while light skinned individuals such as the

red-haired Celts have a larger proportion of phacomelanin (Prota, 1980).

The pigmentation pathway (Figure 1.1) is complex and undefined in many segments.
The 1nitial steps in the synthesis of melanin were initially described by Raper in the
1920s and then modified by Mason (1948). The pathway splits into the production of
eumelanins or phaecomelanins at the point of dopaquinone. Phaeomelanogenesis relies
on the presence of sulphydryl containing compounds such as cysteine or glutathione for
the formation of the cysteinyl-dopa intermediates (Prota, 1980), while subsequent
reactions from dopaquinone to eumelanin can progress slowly without enzymes (Prota,
1988). A family of related proteins, tyrosinase and tyrosinase-related protein-1 and -2

(TRP-1 and TRP-2) are now known to play a role in eumelanogenesis (described 1n
Section 1.1.1a).

Melanosomes in which melanogenesis proceeds (Seiji et al, 1961), are formed from the
smooth endoplasmic reticulum and progress through four distinct stages as they mature
(Quevedo, 1987). During maturation, the melanogenic enzymes are incorporated.
Melanosomes  containing eumelanin  become elliptical in shape while
phacomelanosomes remain spherical. Melanosomes are required to enclose the
pigmentary pathway as it is a dangerous process; many of the intermediates are highly
reactive and exhibit significant cytotoxicity against melanocytes (e.g. Wick et al, 1977;

Fujita er al, 1980; Pawelek et al, 1980; Urabe et al, 1994). Additionally melanin can



produce and absorb free radicals and active oxygen species (Korytowski et al, 1987).
The dangerous nature of melanogenesis was highlighted in transfection studies where
fibroblasts with only the full pigmentary machinery were capable of surviving the

production of melanins (Bouchard et al, 1989).

1.1.1a The tyrosinase protein-related family.

Tyrosinase, a copper binding, highly glycosolated 70kDa enzyme, catalyses the main

regulatory step in melanogenesis, the conversion of L-tyrosine to dopaquinone (Kémer

& Pawelek, 1982; Garcia-Carmone et al, 1982; Hearing & Jiménez, 1987). It
additionally catalyses the oxidation of 5,6-dihydroxylindole (DHI) to indole 5,6 quinone
(Komer & Pawelek, 1982; Hearing & Jiménez, 1987) in eumelanogenesis (see Figure

1.1). The level of tyrosinase activity has been proposed as a factor in deciding whether

predominantly eumelanins or phacomelanins are synthesised (Burchill ez al, 1986 &
1989). Glutathione, which suppresses the translocation of tyrosinase from the Golgi
complex to the melanosome may also contribute to which melanin pathway is followed
(Imokawa, 1989). The human form of tyrosinase has been cloned and is located on the
long arm of chromsome 11 which maps to the mouse albino locus on chromosome 7
(Kwon et al, 1987). The human tyrosinase gene, which is about 70kb in length,
contains five exons (Shibahara et al, 1988) and tyrosinase negative oculocutaneous

albinism (OCA-1) has been associated with numerous mutations in the gene (reviewed

in Spntz & Hearing, 1994).

TRP-1, the melanosomal protein gp75, maps to the mouse brown locus on chromosome

4 (Jackson, 1988; Bennett et al, 1990; Bell et al, 1995) and is located on human
chromosome 9 (Abbott et al, 1991; Murty et al, 1992). The human form has been

cloned (Cohen et al, 1990; Vijayasarahdi et al, 1990). The catalytic activity of TRP-1
has been described as tyrosinase-like (Jiménez et al, 1991; Jiménez-Cervantes et al,
1993; Zhao et al, 1994b), a melanosomal specific catalase (Halaban et al, 1990) or
dopachrome tautomerase (Winder et al, 1993). It was ascribed a dihydroxyindole
carboxylic acid (DHICA) oxidase activity (Jiménez-Cervantes et al, 1994; Kobayashi et
al, 1994) but this has recently been disputed for human TRP-1 (Boissy et al, 1998). In

human pigment cells TRP-1 expression has been shown to correlate with



eumelanogenesis (del Marmol et al, 1993). TRP-1 has been reported to associate with
stage I and II melanosomes while tyrosinase i1s associated with stage III and IV

melanosomes (Orlow et al, 1993). TRP-1 may therefore have a role in melanosome
formation as indicated by the predominantly spherical phacomelanosomes of mice with
mutations at the brown locus (Hearing & Jiménez, 1989). Winder et al. (1994 & 199)5)
have suggested that tyrosinase and other melanosomal enzyme activites may be
stabilised by TRP-1. Mutations in the TRP-1 gene may lead to tyrosinase-positive
albinism (OCA-3) (Boissy et al, 1996) or rufous OCA (Manga et al, 1997). A recent
study analysing the TRP-1 gene from 100 Caucasian individuals with varying hair
colour and two individuals with hypopigmented 9p- syndrome showed no

polymorphisms and the authors suggested that the gene was not an important factor in

normal human pigmentation differences (Box et al, 1998). The precise role of TRP-1

still remains unclear.

TRP-2, an iron and zinc binding glycoprotein (Solano et al, 1996; Furumura et al, 1998)
has dopachrome tautomerase activity (Hearing & Tsukamoto, 1991; Tsukamoto et al,
1992; Yokoyama et al, 1994) and converts dopachrome to 5,6-DHICA through
tautomerisation (Aroca et al, 1990). It may play a regulatory role in determining the
proportion of DHI (black units) to DHICA (brown units) integrated into the eumelanin
polymer (Urabe et al, 1993). In mice, the TRP-2 protein maps to the slaty locus on
chromosome 14 (Jackson et al, 1992), while in humans the gene is located 1n
chromosome 13 (Sturm et al, 1994). During development of the foetus, expression of
TRP-2 begins prior to the expression of tyrosinase and TRP-1 (Steel et al, 1992). The

difference in catalytic activities of the three melanogenic enzymes may be due to the
differential binding of divalent metal cations (Furumura et al, 1998). In addition to the

metal ions already mentioned, manganese, nickel and cobalt can influence melanogenic
reactions (Palumbo et al, 1988), while pigmented melanocytes have high levels divalent

cations (Jara et al, 1990) which are located in the melanosome (Shibata et al, 1993).

The three genes have been cloned and their genomic organisation described (Sturm et
al, 1995). Regulatory elements in the promoter region of the tyrosinase gene, such as
the M and E boxes were recently reviewed by Ferguson & Kidson (1997). Winder et al.

(1994) suggested that the melanogenic enzymes existed in a protein matrix associated



complex and their expression was under the control of the tyrosinase promoter. Several

studies indicate that the expression of the three tyrosinase-related proteins are not
necessarily co-ordinated (e.g. Abdel-Malek et al, 1994b; Abdel-Malek et al, 1995;
Kobayashi et al, 1995; Mengeaud & Ortonne, 1996; Maeda et al, 1997; Eberle et al,
1998; Kippenberger et al, 1998b). The adenosine 3’:5’-cyclic monophosphate
(cAMP)/protein kinase A (PKA) pathway, already known to have a pivotal role in the
regulation of melanogenesis (e.g. Halaban et al, 1983; Hearing & Tsukamoto, 1991;
Abdel-Malek et al, 1992; Englaro et al, 1995) has recently been shown to increase the

promoter activites of tyrosinase through the E box promoter element (Bertolotto et al,
1996) and TRP-1 and TRP-2 through the M box promoter element (Bertolotto et al,

1998). A cAMP response element (CRE)-like motif was also involved in the increased
TRP-2 promoter activity (Bertolotto et al, 1998). Microphthalmia, a basic helix-loop-
helix transcription factor, transcribed from the mi gene in mouse (Hodgkinson et al,
1993; Hughes et al, 1994) and the human homolog, microphthalmia-associated
transcription factor (Tachibana et al, 1994) activate the tyrosinase (Bentley et al, 1994)
and TRP-1 promoters (Yavuzer et al, 1995; Yasumoto et al, 1997). The TRP-2
promoter 1s activated by microphthalmia (Bertolotto et al, 1998) but not by the human
homolog (Yasumoto et al, 1997). In accordance with the presence of a CRE in the
microphthalmia promoter (Fuse et al, 1996), Bertolotto et al. (1998) found that
expression and binding of microphthalmia to the TRP-1 and TRP-2 M boxes was also
increased by cAMP. Ultraviolet radiation (UVR), the major modulator of pigmentation,
may act through a variety of different mechanisms. In addition to the PKA pathway and

UVR, other hormonal and paracrine elements exist to regulate melanogenesis (discussed
in Chapter 3).

1.1.1b Additional melanosomal proteins.

In addition to the tyrosinase family of proteins, three other melanosomal proteins have
been discovered, which may play a role in melanogenesis. Pmel-17, which maps to the
mouse silver locus on chromosome 10 and is located on chromosome 12 in humans
(Kwon et al, 1991), may act distal to tyrosinase as a stablin in melanogenesis
(Chakraborty et al, 1992). Mutations of the silver locus result in the graying of hair and

a loss of melanocytes which may be related to the build up of toxic intermediates during



melanogenesis (Johnson & Jackson, 1992). Lysosome-associated membrane protein-1
may provide protection for the melanosomal membrane (Thody, 1995), or have a role in

melanosomal development as it has been associated mainly with stage I and II
melanosomes (Zhou et al, 1993). The p protein which maps the mouse pink-eyed
dilution locus on chromosome 7 (Gardner et al, 1992; Rinchik et al, 1993) may be a

melanosomal transport protein for tyrosine. Mutations in the human P gene located on

chromosome 15 (Ramsay et al, 1992) lead to type II oculocutaneous albinism (Rinchik
et al, 1993; Lee et al, 1994).

1.2 HISTOLOGICAL APPEARANCE OF NORMAL AND VITILIGO SKIN.

1.2.1 Histological appearance of normal skin.

In normal skin, melanocytes lie adjacent to the basal lamina, interspaced between the
basal keratinocytes. They project dendrites through the keratinocyte layers and interact
with keratinocytes in a tightly regulated fashion. One melanocyte contacts
approximately 36 keratinocytes to form the so-called epidermal melanin umt
(Fitzpatrick et al, 1967). The importance of keratinocytes has been illustrated 1n
numerous in vitro studies (De Luca et al, 1998a & b; Valyi-Nagy et al, 1990; Haake &
Scott, 1991; Scott & Haake, 1991; Donatien et al, 1993; Valyi-Nagy et al, 1993;
Nakazawa et al, 1995a; Tenchini et al, 1995; Kippenberger et al, 1996; Nakazawa et al,
1997; Kippenberger et al, 1998a; Nakazawa et al, 1998). A precursor population of

melanocytes have been detected in the skin by the use of ¢-Kit staining (Grichnik et al,

1996). c-Kit is expressed by melanocytes as they migrate from the neural crest (Wehrle-
Haller & Weston, 1995). Melanocytes additionally contact Langerhans’ cells and the

epidermal melanin unit has been more recently labelled the keratinocyte-Langerhans’
cells-melanocyte complex (Pelc & Nordlund, 1993). The interaction of normal
melanocytes and the peripheral nervous system has been unclear for many years and
only one study has indicated innervation of cutaneous melanocytes in normal skin by
confocal microscopic analysis and electron microscopy (Hara et al, 1996). The

connection between the nerve and melanocyte was through a synapse-like structure.



Active melanocytes populate the hair bulb matrix and infundibulium, while amelanotic
melanocytes occupy the outer root sheath (Staricco, 1959; Cui et al, 1991; Horikawa et
al, 1996a). Two distinct populations of melanocytes, amelanotic and pigmented, can be
1solated from the hair follicle, and these in turn are distinct from epidermal melanocytes
as seen by immunophenotyping and morphology (Tobin & Bystryn, 1996). The
amelanotic melanocytes derived from the hair follicles were able to proliferate and were
serially passaged, whereas the pigmented melanocytes derived from the hair follicles

would not proliferate (Tobin & Bystryn, 1996).
1.2.2 Histological appearance and pathophysiology of vitiligo lesions.

1.2.2a The presence or absence of active/inactive melanocytes.

Within the depigmented area of vitiligo it is generally accepted that there 1s an absence
of melanin granules and melanocytes. A detailed immunohistochemical study using a
wide range of antibodies that react with pigmentary-related epitopes and non-
pigmentary related epitopes (Le Poole et al, 1993c), presented evidence for the absence
of melanocytes in the depigmented lesions. c-Kit staining also revealed the absence of
melanocytes in vitiligo skin (Dippel et al, 1995). In perilesional skin, c-kit expression
was reduced in comparison to control skin (Norris et al, 1996). Several light and
electron microscopy studies and histochemical studies which rely on the detection of

active melanin synthesis and the appearance of melanosomes, have verified this lack of

melanocytes and melanin granules (Jarrett & Szabo, 1956; Hu et al, 1959; Birbeck et al,

1961; Zelickson & Mottaz, 1968; Bleehen, 1979; Ortonne et al, 1979; Ortonne et al,
1980; Moellmann et al, 1982; Bhawan & Bhutani, 1983; Cui et al, 1991; Hann et al,

1992b; Galadari et al, 1993; Ahn et al, 1994; Fargnoli & Bolognia, 1995). Early
patches of vitiligo may demonstrate the continuing presence of a few dopa-positive
melanocytes (Dourmishev et al, 1982; Abdel-Naser et al, 1994; Dourmishev & Pekov,
1993; Galadari et al, 1993; Horn & Abanmi, 1997). In perilesional regions, abnormal
melanocytes which are fragmented, grossly enlarged or show vacuolization are noted
(Morohashi et al, 1977; Iyenger & Misra, 1988; Kao & Yu, 1990; Hann <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>