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chapter 4 

Abstract 

Vitiligo is a skin pigmentary disorder characterized by complete absence of melanocytes 

from the lesion. Complement-activating anti-melanocyte antibodies have been implicated in 

vitiligo pathogenesis. Since membrane regulators of complement activation, membrane cofactor 

protein (MCP), decay accelerating factor (DAF) and CD59 protect cells from elimination by 

autologous complement, their absence or down-regulation on melanocytes may be associated 

with auto-antibody and complement mediated melanocyte destruction in vitiligo. Therefore, we 

studied the expressions of the above regulatory proteins in nonlesional, perilesional and lesional 

vitiligo skin as compared to those of control specimens by immunohistochemistry. In addition, 

possible constitutive changes in the expression levels of these molecules were investigated by 

flow cytometric analysis of cultured melanocytes. Immunohistochemical data showed that 

expression of MCP and DAF in whole epidermis was lower in lesional and perilesional skin in 

comparison to nonlesional skin. The reduced in situ expressions appeared to be vitiligo specific. 

In consequence of these immunohistochemical data, it was investigated whether melanocytes can 

influence keratinocyte susceptibility to autologous complement by regulating keratinocytic DAF 

and MCP expression levels. However, co-culture experiments indicated that this is not the case. 

Further, flow cytometric analysis of cultured melanocytes convincingly demonstrated that 

nonlesional vitiligo and control melanocytes have comparable DAF, MCP and CD59 expression 

levels. It is, therefore, concluded that there is no constitutive melanocyte defect per se that could 

be related to the in vivo expression of these molecules in vitiligo. Nevertheless, the present data 

suggest that both keratinocytes and melanocytes in the involved vitiligenous whole epidermis 

express lower levels of DAF and MCP as compared to controls that could render them more 

vulnerable to autologous complement attack. 

Introduction 

Vitiligo is an acquired pigmentary disorder and is characterized by the presence of white 

macules on the skin. The number and size of these lesions can change in time. ' Depigmentation 

occurs due to the complete absence of pigment producing melanocytes in the lesional epidermis." 

The etiology of vitiligo is still unclear but autoimmune mechanisms involving cellular"3 and/or 

humoral responses6"" have been implicated as underlying causes. As regards humoral immunity, 

patient's sera were observed to have antibodies which can damage melanocytes by complement 
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mediated and cellular antibody mediated cytoxicity. This was further substantiated by the fact 

that the incidence and level of antibodies correlates with disease activity. Moreover, when IgG 

isolated from patient sera was injected intraveneously into nude mice grafted with normal human 

skin, epidermal immunoglobulin deposits could be seen that coincided with melanocyte 

destruction.8 In this respect, at least some of the antibodies in patient sera appear to be directed 

against the melanocyte membrane as indicated by 1 ) fluoresence microscopy of unfixed cells " , 

2) immunoprecipitation assay for antibodies to surface antigens ' ' , and 3) the presence of 

antibodies against melanocyte differentiation antigen, TRP-1. The latter antigen is expressed on 

the surface of human and mouse melanoma cells and administration of monoclonal antibody 

(MoAb) to TRP-1 induces a vitiligo like depigmentation pattern in mice. ' 

In homeostasis, self cells are protected from classical and alternative pathway of 

complement activation by membrane embedded complement regulatory proteins, that inhibit 

different steps of complement activation." These proteins include membrane cofactor protein 

(MCP: CD46), decay accelerating factor (DAF: CD55) and CD59. MCP and DAF inhibit, 

although via different mechanisms, the formation of C3/C5 convertases of the classical and 

alternative pathway. CD59 controls the terminal pathway by interfering with the assembly of 

the cytolytic membrane attack complex (MAC).13 It has been suggested that decreased 

expression of these molecules on melanocytes, in the presence of circulating antibodies against 

these cells, may contribute to complement mediated melanocyte loss in vitiligo.' In relation to 

this, it was recently shown that in vitro melanocyte lysis by autoantibodies and complement is 

enhanced by blocking the activities of DAF and MCP.17 

This study was carried out to further investigate the possible role of complement 

regulators in vitiligo pathogenesis. We evaluated the in situ expression of these complement 

regulators in the skin obtained from control individuals, and in nonlesional, perilesional and 

lesional vitiligo specimens. Additionally, in order to see whether constitutive abnormalities in the 

expression of these molecules on melanocytes exist in vitiligo, we compared the in vitro DAF, 

MCP and CD59 expression levels of normal melanocytes with those obtained from nonlesional 

vitiligo-epidermis. 

Materials and methods 

Antibodies and their specificities 

Specificity, source and working dilutions of primary monoclonal antibodies used in this 

study are listed in table 1. 
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Table 1. Specificity, source and working dilutions of all monoclonal antibodies used in this investigation 

antibody specificity source dilution in 

flow 

cytometry 

dilution in 

immuno-

histochemisry 

IA10 DAF(CD55; 

Decay 

Accelerating 

Factor) 

Dr. M. Willow' 1:250 1:3000 

BR1C216 DAF Instruchemie" 1:4000 1:600 

TRA-2-10 MCP (CD46; 

Membrane 

Cofactor Protein) 

Dr. P. Andrews 1:500 1:100 

J4-48 MCP Instruchemie" 1:1000 1:1000 

IF-5 CD59 Dr. N. Okada4 1:500 1:10000 

MEM-43 CD59 Instruchemie" 1:250 1:500 

NKI-beteb melanocytes 

(gplOO) Sanbio'̂  

not 

applicable 

1:40 

F8/86 vWF (von 

Willebrand Factor, 

endothelial cells) 

Dako6 not 

applicable 

1:200 

1. Dr. M. Whitlow. New York University Medical Center (NY), USA; 2. Instruchemie. Hilversum. The Netherlands; 

3. Dr. P. Andrews, Wistar Institute. Philadelphia (Pa), USA; 4. Dr. N. Okada, Fukuoka University, Fukuoka, Japan: 

5. Sanbio, Uden, The Netherlands; 6. Dakopatts, Glostrup, Denmark. 

Tissue specimens obtained for immunohistochemical stainings 

Skin biopsies (3mm0) of ten patients with generalized vitiligo were studied. 

Perilesional biopsies were taken from the border of progressive lesions and contained parts of 

pigmented and depigmented skin. Lesional and nonlesional biopsies were taken at least five 

centimetres away from the border region. Normal control skin was obtained from surgical 

material of seven different healthy donors. Lesional and nonlesional skin biopsies from 

piebaldism (n=3) and psoriasis donors (n=3) were also included as controls. 
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Immunohistochemistry 

Single staining of NKI-Beteb, DAF, MCP, CD59 and von Willebrand Factor (vWF) was 

performed as described earlier using the streptavidin-biotin immunoperoxidase method. 

Sections were counterstained with hematoxylin and staining of endogeneous intracellular 

peroxidase was inhibited by preincubating sections with 0.1% sodium azide/0.3% hydrogen 

peroxide. To ensure specificity, isotype-matched irrelevant monoclonal antibody with specificity 

to Aspergillus niger glucose oxidase (Dakopatts) was used as a negative control in place of 

primary antibodies. 

Double stainings for NKI-Beteb/DAF, NKI-Beteb/MCP, NKI-Beteb/CD59, vWF/DAF, 

vWF/MCP and vWF/CD59 were carried out according to the method described earlier.19 To 

avoid variability in staining conditions between donors, each particular staining was carried out 

for all donors simultaneously. Epidermal staining intensities for DAF, MCP and CD59 were 

recorded by using an arbitrary scale ranging from 0 (absence of staining) to 3+ (most intense 

sta ig). Example sections, signifying each point of this arbitrary scale, were selected prior to 

the evaluation and used as references to grade the observed staining intensities. Evaluation of 

stainings was carried out by Y-Pij and then confirmed by two investigators in a blinded fashion, 

the latter two were not aware of the exact nature of these investigations. 

Cell Isolation and (co)-culture 

a) Melanocyte culture 

Melanocyte isolation and culture was performed as described before." Briefly, 

nonlesional split-thickness skin was harvested from vitiligo and piebaldism donors and 

trypsinized with 0.1% trypsin for 10 minutes. Surgical material that was used as a source of 

normal adult skin, was first subjected to an overnight treatment with fhermolysin (0.5 mg/ml; 

Sigma), epidermis was then removed and incubated in 0.1 % trypsin. Cell suspensions were then 

plated in melanocyte culture medium: HAM's F10 (Gibco BRL, Breda, The Netherlands) 

supplemented with 1% v/v Ultrocer G (Gibco), 0.1 mM 3-isobutyl-methylxanthine (Sigma, St 

Louis, USA), 10 ng/ml tetradecanoyl phorbol 13-acetate (PMA, Sigma), 100 IU/ml penicillin / 

100 mg/ml streptomycin (Gibco) and 2mM glutamin (Gibco). Contaminating fibroblasts and 

keratinocytes were eliminated by addition of 100 mg/ml geneticin (Gibco) for three consecutive 

daj s. 

bj Keratinocyte culture 

Keratinocyte cultures were obtained from normal control skin by plating cell 

suspensions (isolated as described above) in serum free keratinocyte medium (Gibco). 
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Subsequently, in passage one and two, contaminating melanocytes were removed by selective 

trypsinisation/adhesion. Complete absence of melanocytes was confirmed by 

immunohistochemical staining with NKI-Beteb. 

c) Co-cultures of melanocytes and keratinocytes 

Melanocyte depleted keratinocytes were cultured on glass slides until subconflueney. 

then 0%, 5% and 10% autologous melanocytes were added. Cells were cocultured for forty-eight 

hours, adherent cells were then acetone fixed and subsequently DAF, MCP and CD59 were 

double stained with NKI-Beteb in order to visualize the expression levels on NKI-Beteb negative 

keratinocytes. 

Flow cytometry 

Flow cytometric measurements of baseline expression levels of DAF, MCP and CD59 

were carried out on nonlesional vitiligo (n=5), nonlesional piebaldism (n=5) and normal control 

cell cultures (n=5). In short, the staining procedure consisted of the scraping of melanocytes from 

the culture flasks followed by sequential incubation with monoclonal antibodies (IA10, TRA-2-

10 or IF-5; Table 1), biotinylated rabbit-anti-mouse (Dakopatts, Glostrup, Denmark, 1:25) and 

phycoerythrin-labelled steptavidin (Dako, 1:25) for 30 minutes at 0 °C. Fluorescence intensity 

was measured by FACScan (Becton & Dickinson, San Jose (Ca), USA). Staining experiments 

were carried out twice to ensure reproducibility of results. In addition, melanocytic expression of 

all three molecules was investigated using a second set of monoclonal antibodies against DAF, 

MCP and CD59 (BRIC 216, J4-48 or MEM-43; Table I) on a smaller number of cell cultures 

(n=4). Differences in results between normal control and patient melanocytes were tested for 

statistical significance using nonparametric Mann-Whitney test and were considered significant 

when p values were less than 0.05. 

Results 

/. Distribution of melanocytes in normal and diseased skin 

As seen imunohistochemically, the distribution pattern of melanocytes in normal 

control, nonlesional vitiligo, nonlesional piebaldism and nonlesional and lesional psoriasis skin 

was similar. Lesional piebaldism and vitiligo skin sections were devoid of melanocytes whereas 

partial absence was consistently observed in perilesional vitiligo skin. 
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2. Expression of complement regulatory molecules in normal and diseased skin 

Single stainings of normal skin sections showed that DAF, MCP and CD59 were 

expressed on various skin structures including the epidermis, sebaceous-and sweat glands, hair 

follicles, ducts and endothelial cells. In addition, the anti-DAF MoAb also recognized elastic 

fibres. Although all three molecules were expressed in the epidermis, staining intensities showed 

donor to donor variation (see Table 2). 

Except for epidermal expression, staining intensities of DAF and MCP on all structures 

in vitiligo skin sections were comparable to that of normal control skin. In 8 out of 10 patients a 

reduced expression of DAF was observed in lesional epidermis as compared to nonlesional skin 

of the same donor (example: Figs 1A and IB). Lesional MCP expression was lowered in 9 out of 

10 patients (example: Figs 2A and 2B). In most of the patients lower epidermal expression levels 

were also apparent in the area bordering lesional/nonlesional sites (perilesional skin). 

Importantly, immunohistochemical stainings of serial perilesional skin-sections with the 

melanocyte marker NKI-Beteb, and DAF and MCP showed that there is no abrupt loss of 

staining of DAF and MCP. The expression levels are already low when melanocytes are still 

present (Figs 3A, 3B, 3C). Staining results of the individual patients are listed in Table 2. 

Direct demonstration of decreased expression of DAF and MCP on perilesional 

melanocytes demands immunohistochemical double staining of DAF/NKI-Beteb and MCP/NKI-

Beteb. Such stainings were performed, however, it was difficult to distinguish to what extend 

such decreased DAF and MCP are expressed by a melanocyte or neighboring keratinocytes. 

Double stainings (and single stainings using serial sections) with vWF indicated that 

lev nal and perilesional endothelial cells do not have lowered expression of DAF and MCP. 

High DAF and MCP expressions on lesional endothelial cells can also be observed in figures 1B 

and 2B (marked with arrow heads). In contrast to this, in lesional psoriatic skin sections, 

epidermal cells as well as endothelial cells showed lower DAF and CD59 expression levels 

compared to nonlesional skin, as reported earlier21 (data of the present series not shown). No 

consistent differences were observed when stainings for DAF, MCP and CD59 in nonlesional 

and lesional piebaldism skin sections were compared. 
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Table 2. Epidermal staining intensities of DAF, MCP and CD59 

DAF MCP CD59 

Donor 

Number 

NL PL L NL PL L NL PL L 

Normal 1 2 2 2 

Normal 2 2 3 3 

Normal 3 1 2 2 

Normal 4 2 2 2 

Normal 5 1 3 2 

Normal 6 2 2 3 

Normal 7 2 2 2 

Vitiligo 1 2 1 0/1 3 2 1 2 2 2 

Vitiligo 2 7 1 0/1 3 1 1 3 3 2 

Vitiligo 3 2 0/1 0/1 3 2 2 3 3 2 

Vitiligo 4 1 0/1 1 2 1 1 2 3 3 

Vitiligo 5 0/1 0/1 1 3 2 3 2 2 2 

Vitiligo 6 7 1 1 9 1 0 3 3 3 

Vitiligo 7 2 1 0 2 2 1 3 3 3 

Vitiligo 8 2 2 1 2 1 0 3 3 2 

Vitiligo 9 1 1 0 2 1 1 3 3 3 

Vitiligo 

10 

2 2 1 3 2 2 2 2 nd 

Piebald. 1 2 nd 7 9 nd 7 3 nd 3 

Piebald. 2 2 nd 7 2 nd 2 2 nd 2 

Piebald. 3 2 nd 7 3 nd 1 | nd 3 
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Figure 1 : Immunoenzymatic single stainings for decay accelerating factor (DAF) performed on nonlesional (A) and 

lesional (B) skin sections of vitiligo patient number 1. Epidermal staining intensity of nonlesional epidermis (graded 

as :: \as higher than that of lesional epidermis (graded as 0/1), whereas lesional endothelial cells remained to 

express high level of DAF (arrow heads). The reduced staining intensity of lesional elastic fibers does not reflect 

ob« \ ations in other patients, blue color is due to counterstaining with hematoxylin. Original magnification: x66. 

fit. 

B &L.?a 'i •., % 

Figure 2: Immunoenzymatic single stainings for membrane cofactor protein (MCP) performed on nonlesional (A) 

and lesional (B) skin sections of vitiligo patient number 1. Staining intensity of nonlesional epidermis was graded as 

- and staining of lesional epidermis as scale 1. Lesional endothelial cells remained to express high level of 

MCP (arrow heads). Original magnification: x66. 

reproductions of Figure I and 2 in last section of this thesis. 
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Figure 3: Immunoenzymatic single stainings with anti NKI-Beteb (A), anti DAF (B) and and MCP MoAbs (C) on 

serial sections of perilesional vitiligo skin. In contrast to the adjacent nonlesional side (marked with NL), NKI-bcteb 

positive melanocytes (arrow heads, red) are absent from the adjacent lesional side of the epidermis (marked with L; 

2A). Note that there is no abrupt downregulalion of DAF (2B) and MCP (2C) expressions. Original magnification: 

x66. 

3. Expression levels of DAF, MCP and CD59 on cultured melanocytes 

Since melanocytes are absent from lesional vitiligo and piebaldism skin, baseline in 

vitro expression levels had to be investigated on nonlesional melanocytes. Using flow cytometric 

analysis it could be shown that all three molecules, DAF, MCP and CD59 were present on all the 

nonlesional vitiligo, nonlesional piebaldism and normal control melanocyte cultures (Fig 4). 
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Fig. 4 Melanocyte cultures derived 

from normal adult, nonlesional 

vitiligo and nonlesional piebaldism 

skin were stained for baseline in 

vitro expression levels of decay 

accelerating factor (DAF). 

membrane cofactor protein (MCP) 

and CD59. Mean fluorescence 

staining intensities (mean +/-

standard deviation) were determined 

by tfow cytometry, the observed 

differences are not statistically 

different. 

DAF MCP CD59 

The presence of these molecules could be confirmed by using the second set of three 

monoclonal antibodies recognizing these proteins (see materials and methods section). Impor

tant:}, when the flow cytometric expression levels of these melanocytes were compared by 

statistical analysis, no significant differences were observed for any of the three molecules. 

4. Melanocytic regulation of keratinocyte expression of DAF, MCP and CD59 

The reduced expression of DAF and MCP in whole epidermis of involved vitiligo skin 

prompted further studies whether melanocytes could be regulating the expression of these 

molecules on keratinocytes. The assumption was that loss of melanocytes in vitiligo lesions may 

result in the lowered expression of these molecules on keratinocytes. In order to test this 

hypothesis, keratinocytes where cultured alone and in combination with melanocytes. From two 

seperate experiments, it was apparent that coculture of keratinocytes with autologous 

melanocytes does not influence expression of DAF, MCP and CD59 on keratinocytes (data not 

shown). 
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Discussion 

The in vitro lysis of melanocytes due to antibody mediated complement attack is 

increased when complement regulatory molecules DAF and MCP are blocked. This 

observation raises the question whether in vivo melanocyte death in vitiligo can occur due to 

decreased expression of these regulators of complement. The importance of this question is 

evident from the fact that complement-activating auto-antibodies specific for the melanocyte 

membrane are present in serum of vitiligo patients. ' "Using conventional 

immunohistochemical techniques we observed that in situ expression levels of DAF and MCP 

are lower in lesional and perilesional epidermis as compared to nonlesional vitiligo epidermis. 

The observed changes seem to be disease specific because they were not seen in lesional skin 

sections obtained from patients with the congenital pigmentary disorder piebaldism. Moreover, 

the altered expression pattern of MCP and DAF in vitiligo was entirely localized in the 

epidermis, which is in contrast to the general downregulation in expression of DAF and CD59 

observed in psoriasis"1, since they were also found to be reduced in endothelial cells. Thus, 

indications are that melanocytes and keratinocytes in the involved vitiligenous areas, starting 

with perilesional skin, express lower than normal level of DAF and MCP that make them more 

vulnerable to autologous complement attack. Since the anti melanocytic antibodies that are 

present in patient=s sera are directed against the melanocytic membrane ' " , whereas anti-

keratinocyte antibodies are directed against cytoplasmic antigens", subnormal expression of 

DAF and MCP will make melanocytes more susceptible to lysis than keratinocytes. 

Regarding the lowered expression of DAF and MCP in the lesional site it should be 

noted that the main feature of lesional skin is the absence of melanocytes. This lead u to 

investigate the possibility that in homeostasis melanocytes may be involved in keeping up the 

expression of complement regulatory molecules on keratinocytes, and, therefore, in maintaining 

proper keratinocyte defence against complement attack. However, our co-culture experiments 

suggest that such regulation of keratinocytic DAF and MCP by melanocytes does not take place. 

In addition to the observed local in situ changes, constitutive abnormalities related to the 

expression of complement regulatory molecules may exist in vitiligo melanocytes. This 

possibility was adressed by comparing DAF, MCP and CD59 levels on cultured melanocytes of 

affected and unaffected donors by flow cytometric analysis. Interestingly, it was reported earlier 

that CD59 is not expressed by normal human melanocytes in vitro.17 In contrast to these 

observations we found high level of CD59 on all investigated cultures, herewith confirming an 

earlier report by Brasoveanu et al. " Most importantly, however, no significant differences in 

DAF, MCP and CD59 expression were detected when melanocyte cultures obtained from 
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normal, nonlesional vitiligo and nonlesional piebaldism skin were analyzed. 

In conclusion, the present study indicates that decreased expression of DAF and MCP 

occurs in whole epidermis of vitiligo lesional and perilesional skin. The suboptimal in vivo 

expression levels of these protective molecules may contribute to complement mediated loss of 

melanocytes in vitiligo. 
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