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Abstract 

Cytotoxic T cell responses against the same epitopes are involved in the destruction of 

melanoma cells and normal melanocytes in vitiligo and melanoma-associated vitiligo. T cells 

induce target cell apoptosis via perforin/granzyme exocytosis and CD95-ligation. Importantly, 

several mechanisms were shown to contribute to melanoma escape from T cell mediated 

destruction. Expression of anti-apoptotic cellular FLICE-inhibitory protein (cFLIP) by melanoma 

was reported to convey resistance to CD95-ligation. Further, it was indicated that melanoma cells 

may express functional CD95-ligand that is instrumental in counterattacking autoreactive Tcell 

responses. These findings prompted us to investigate whether melanocytes and melanocytes 

derived from vitiligo patients use similar defense mechanisms. All investigated melanocyte 

cultures were refractory to CD95-ligation. Interestingly, although melanocytes could be induced 

to express cFLIP, this was not a prerequisite for the observed insensitivity. After HLA-matched 

melanocytes were loaded with appropriate exogenous peptide, a cytotoxic CD4+ T cell clone was 

able to induce melanocyte apoptosis via the perforin/granzyme pathway. This antigen-specific 

recognition of target cells also lead to activation-induced cell death of the effector T cells. 

Although immuno-blotting indicated that melanocytes may express CD95-ligand, T cell death 

could not be observed in the absence of exogenous target peptide. In conclusion, the present 

results suggest that melanocytes from vitiligo patients and normal control donors are equa I well 

protected against CD95-ligation. This trait is not related to cFLIP expression and does not protect 

these cells from perforin/granzyme-induced apoptosis. Finally, it is unlikely that melanocytes 

suppress immune responses via the expression of functional CD95-ligand. 

Introduction 

The acquired pigmentary disorder vitiligo is characterized by the complete loss of 

pigment producing melanocytes from the lesions', which leads to the occurrence of milk-u lute 

skin macules". Although the loss of pigment cells is usually unwanted, the occurrence of vitiligo 

in patients with melanoma is regarded as a good prognostic sign3 and the presence of vitiligo is 

associated with the regression of melanoma during immunotherapy4. In this respect, T cells in the 

vitiligo-like halo around a regressing melanoma tumor and in the melanoma lesion itself, used 

identical T cell receptor Vß regions5. 
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Melan-A/MART-1 is one of the melanocyte expressed differentiation antigens that is 

recognized by cytotoxic T lymphocytes (CTLs) in melanoma4. Interestingly, analysis of 

peripheral blood mononuclear cells of melanoma patients with concurrent vitiligo revealed high 

frequencies of melan-A specific CD8+ T cells, in comparison to those in melanoma patients 

without vitiligo and normal control donors6. Moreover, regression of metastatic melanoma and 

the occurrence of vitiligenous skin lesions in response to immunization with Melan-A peptide 

were both associated with oligoclonal expansion of Melan-A reactive CTL7. When a patient with 

metastatic melanoma was infused with Melan-A-specific CD8+ T cells, this patient developed 

inflammatory skin lesions and depigmented spots that were associated with the local presence of 

these T cell clones8. Importantly, high frequencies of skin-homing melan-A specific CD8+ T cells 

were also demonstrated in the peripheral blood of vitiligo patients that do not present with 

melanoma, and these T cells are capable of killing human leukocyte-antigen (HLA)-matched 

melanoma cells9. Furthermore, T cells in infiltrates at the border of vitiligo lesions can be found 

in close contact with melanocytes10"13. These T cells are mostly CD8+ and express the skin-

homing marker cutaneous leukocyte-associated antigen (CLA) as well as the cytotoxic effector 

molecules perforin and granzyme-B13. These findings indicate that immune-mediated destruction 

of melanoma cells and normal melanocytes in vitiligo and melanoma-associated vitiligo is 

mediated by CTL responses against the same epitopes. 

CTLs are capable of inducing target cell apoptosis via perforin/granzyme exocytosis14 as 

well as via the CD95 (Fas) cell death receptor pathway15. Escape of melanoma cells from CTL 

attack was suggested to be due to the expression of functional CD95-Iigand (CD95-L) by the 

melanoma cells themselves, which would facilitate elimination of melanoma-reactive CD95-

expressing lymphocytes " . In addition, transformed melanocytes are relatively insensitive to 

apoptosis induction by CD95-L18' '9. In melanoma, this insensitivity is related to the expression 

of the anti-apoptotic cellular FLICE-inhibitory protein (cFLIP)20. This molecule renders cells 

resistant via the inhibition of caspase-8/FLICE activation, herewith inhibiting the subsequent 

cleavage of downstream effector caspases21. The possible importance of cFLIP expression in 

immune evasion was emphasized in a murine tumor model where it was shown that over 

expression facilitates tumor escape22. These data suggest that melanoma cells selectively acquire 

cFLIP in order to escape T cell-mediated killing via the CD95 cell death receptor pathway. 

However, it was shown that normal epidermal keratinocytes are also capable of expressing 

functional CD95-L" " . Therefore, to maintain epidermal homeostasis it may be of major 

impi ; tance that normal melanocytes are also protected from CD95-L induced apoptosis. Indeed, 

in a mouse melanoma regression model, it was shown that concurrent autoimmune destruction of 

normal melanocytes could not proceed in the absence of perforin27, indicating that melanocytes 
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may be refractory to CD95-L-induced cell death. Obviously, if such a protective mechanism is 

impaired or absent, this may lead to inappropriate melanocyte cell death as observed in vit go. 

The current study was designed to investigate whether normal melanocytes can employ 

similar defense mechanisms as melanoma cells are suggested to do. Pathways in T cell mediated 

killing of melanocytes, as well as the possible melanocyte (CD95-L) induced killing of T cells 

were studied. Importantly, earlier reports regarding functional CD95-L expression by melanoma 

may be confused due to the unwanted occurrence of activation-induced cell death (AICD) in 

melanoma-specific effector T cells28. AICD refers to a negative feedback mechanism by w hich 

activated T cells kill themselves and/or each other to eliminate excess effector cells ' . It was 

shown that the central mediator of this process is CD95/CD95-L interaction, and T cells require 

additional T cell receptor activation at the time of CD95 engagement, thus making AICD an 

antigen-specific event29. In the present investigation, a cytotoxic CD4+ T-cell clone was used that 

can only recognize target melanocytes after loading the melanocytes with exogenous peptide' . 

In this way, mechanisms of T cell induced melanocyte-killing and melanocyte-induced T cell 

killing can be studied in the same model system. Further, agonistic anti-CD95 antibody was used 

to inventory melanocyte susceptibility to CD95-ligation, and it was investigated if the 

pathogenesis of the pigmentary disorder vitiligo is associated with alterations in the CD95 cell 

death receptor pathway of melanocytes. 

Materials and methods 

Antibodies 

Specificity, source and working dilution of monoclonal antibodies (MoAb) used are 

listed in table 1. 

Cell culture 

Melanocytes of several differentiation stages were isolated and cultured as described 

before^'. In short, nevus (n=5) and fetal (n=4) tissue, as well as nonlesional vitiligo (n=5) >have 

biopsy specimens were directly incubated in 0.1% trypsin for 10 minutes. Alternativeh idult 

(n=5) and neonatal (n=5) skin tissue was first incubated overnight in 0.5 mg/mL thermoi • -in 

(Sigma-Aldrich, Zwijndrecht. the Netherlands), after which the epidermis was stripped of and 

subsequently incubated in 0.1% trypsin. Cell suspensions were then plated and expanded in 

medium consisting of Ham's F10 (Gibco Life Technologies, Breda, the Netherlands) w ; 

v/vUltrocerG(Gibco), 10ng/ml tetradecanoylphorbol 13-acetate(TPA; Sigma), 0.1 mmol/L3-
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isobutyl-methylxanthine (Sigma). The protein kinase C-activating phorbol-ester TPA induces 

mitogen-activated protein kinase (MAPK) signaling, and such MAPK activation can suppress 

CD95-mediated apoptosis in T cells' possibly via the induction of cFLIP" ". Therefore, part of 

the experiments were carried out using melanocyte cultures that were maintained in the absence 

of TPA for 14 days, prior to their usage. 

N3A9 is an HLA-DR1 restricted CD4+ T cell clone that both proliferates and displays 

cytotoxic activity upon presentation of the C7 peptide of the 65 kD mycobacterial heat shock 

protein34. N3 A9 does not react to the partly overlapping peptide A1. N3A9 cells were expanded 

in IMDM medium (Life Technologies, Paisley, UK) supplemented with 10% normal human 

serum (Biowhittaker. Walkersville, MD, USA); 10 U interleukin-2/ml (Eurocetus, Amsterdam, 

The Netherlands) and 0.05 % PHA (Difco, Detroit, MI, USA) in the presence of allogenic feeder 

cells. Hut-78 and Jurkat T cell lines were maintained as suspension cultures in DMEM medium 

plus 10% fetal calf serum; both cell lines are sensitive to agonistic anti-CD95 ant ibody '" ' . All 

culture media used in these investigations were supplemented with 100 IU/ml penicillin; 100 

rag/ml streptomycin (Gibco) and 2 mmol/1 glutamine (Gibco). 

Flow cytometry 

All melanocyte cultures were studied between passages 2 and 6. Melanocytes were 

detached from the culture flask by scraping with a rubber policeman. Cell suspensions were then 

incubated with primary antibody for one hour, followed by biotinylated rabbit-anti-mouse IgG 

(Dakopatts, Glostrup, Denmark, 1:25). After 30 minutes, cells were incubated with phyco-erytrin 

labelled streptavidin (Dako, 1:25). All incubations were carried out on ice and cells were washed 

after each incubation step, using PBS supplemented with 0.1 % sodium azide and 2% fetal calf 

serum. Negative controls consisted of isotype-matched control MoAb (Dako). Flow cytometric 

analysis was performed on a FACScan flow cytometer (Becton & Dickinson, San Jose (Ca), 

USA). 

Data were analysed using WinMDI flow cytometry application software 

(http://facs.scripps.edu/). For data analysis viable melanocytes were gated according to their light 

scatter characteristics and specific Mean Fluorescent Intensities (MFI) are after subtraction of 

control values. Results were tested for statistical significance using nonparametric Mann-

Whitney test and are considered significant when P values are less than 0.05. 
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Table 1. Name, specificity, source and concentration of all monoclonal antibodies used in this 
investigation 

Monoclonal Specificity concentration 
(dilution) used 

UB2' CD95 (flow cytometry) 10 ug/ml 

CHl l ' CD95 (in vitro apoptosis induction) 500 ng/ml 

ZB4' CD95 (in vitro apoptosis inhibition) 500 ng/ml 

clone 33" CD95-ligand (Western blotting) 1 u,g/ml 

anti-Usurpin' cFLIP (Western blotting) 

GrB-74 granzyme-B (immunocytology) 1:50 

Delta G95 perforin (immunocytology) 3 ng/ml 

L2436 HLA-DR (MHC class II , flow cytometry) 1:50 

NKI-Beteb4 GP-100 (melanocyte specific, immunocytology) 1:40 

', Immunotech, Marseille, France;2, Transduction Laboratories. Lexington, Kentucky, USA; 

\ Prof DW Nicholson, Pointe Claire-Dorval, Quebec, Canada; 4, Monosan/Sanbio BV, Uden, 

The Netherlands;5, Endogen, Woburn, Massachusetts, USA;6, Becton & Dickinson, Mountain 

View, California, USA. 

Anti CD95 induced in vitro melanocyte apoptosis 

Melanocytic sensitivity to CD95 mediated apoptosis was investigated by incubating 

cultured adherent melanocytes (normal melanocytes (n=2), nevus cells (n=2) and nonlesional 

vitiligo melanocytes (n=2)) with the agonistic anti CD95 MoAb CH-11 (500 ng/ml) or control 

IgM MoAb (Dako). After the addition of Hoechst 33342 (Molecular Probes, Leiden. The 

Netherlands) and propidium iodide (Molecular Probes) percentages of apoptotic cells were 

established at time points 7,24 and 48 hours (methodology as published before" ). CH-11 treated 

Hut 78 and Jurkat cells were used as positive control. 

Since IFN-y was reported to convert CD95-ligation insensitive melanoma cells to a 

sensitive phenotype'7. melanocytes were also investigated after 72 hours of culture in the 

presence of 200 or 1000 IU IFN-y/mL. In additional experiments, CH-11 was added in the 

presence of the protein synthesis inhibitor cycloheximide35 (CHX, 10 ug/mL, Sigma) to 

treated (200 IU/mL, 72 hours) as well as untreated cells. 
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Western blotting 

Gel electrophoresis was carried out under denaturating conditions using 12% 

Polyacrylamide gels. cFLIP and CD95-L expression were investigated using cell culture lysates 

(1.106 cells/lane for detection of cFLIP and 3.105 cells/lane for CD95-L). After electrophoresis 

proteins were transferred to nitrocellulose and a-specific binding of antibodies was inhibited by 

incubation with 5 % nonfat dry milk in PBS/Tween buffer. MoAbs were applied for 60 minutes, 

followed by 60 minutes incubation with peroxidase-labeled rabbit anti mouse (Dako). Bound 

antibodies were revealed by ECL staining (Amersham International, Little Chalfont, England) 

and exposure to film (Kodak, Rochester (NY), USA). Thorough washing with PBS/Tween buffer 

was performed after each step in the staining procedure. 

In vitro T cell I melanocyte interactions 
51Cr-release assays using the N3A9 T cell clone as effector cells were performed as 

described before30. In short, HLA-DR1 typed melanocytes (culture Mf9013) were induced to 

express HLA-class II molecules by IFN-y treatment (1000 IU IFN-y/ml, 48 hours, TNO, 

Rijs.1 ijk. The Netherlands), HLA-DR1 molecules were then loaded with peptide (C7 or Al . 10 

ug/ml. 48 hours). Subsequently, melanocytes were 'Cr-labelled and cocultured with N3A9 T 

cells (N3A9:melanocyte = 70:1) for 6 hours in 37 °C / 5% CO:. Supernatants were harvested and 

"'Cr-release was determined by gamma counting. Spontaneous and maximum release was 

determined using test medium and 1% Triton-X-100 respectively. The percentage of specific 

lysis vas calculated according to the formula: % specific lysis = [(experimental ' Cr-release -

spontaneous 51 Cr-release) : (maximal 'Cr-release - spontaneous 3 Cr-release)] * 100%. To 

facilitate for improved washing after slCr-uptake and antibody labelling (see below), target 

melanocytes were trypsinized after peptide loading. Trypsinization did not negatively affect 

CD95 and HLA-DR expression levels as determined by flow cytometric comparison of 

trypsinization versus scraping of cells (data not shown). 

The role of T-cell mediated CD95-L induced apoptosis was investigated by 30 minutes 

pre-incubation of melanocytes with antagonistic CD95 antibody (ZB4: 500 ng/ml), and 

subsequent washing of the cells before coculture. The contribution of the perforin/granzyme 

pathway was investigated with the use of concanamycin A (CMA, Sigma). CMA increases the 

pH of the cytotoxic granules and thereby accelerates the degradation rate of perforin . N3 A9 T 

cells were pre-incubated with 25 nM CMA for two hours and then washed. Viability of T cells 

was confirmed before their use in coculture experiments. 

Involvement of the perforin/granzyme effector pathway was also investigated by 

immunocytology. Melanocytes were grown on glass slides and, after HLA-class II induction and 
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peptide loading, were subsequently cocultured with N3A9 T cells. After 6 hours, the glass, slides 

were gently washed with PBS and adherent cells were fixed with acetone. Immunohistochemical 

single and double stainings for perforin, granzyme-B and melanocyte specific NKI-Beteh were 

performed as described earlier'". 

Antigen-specific recognition of melanocytes may lead to the induction of AICD i m 

1C N3A9 effector-T-cells. This was investigated in " Cr-release assays (n=2), where melanocyti 

HLA-DR1 molecules were loaded with either C7 or A1 -pöple or no peptide at all. 

Subsequently, different ratios of trypsinized Mf9013 melanocytes and 5lCr-labelled N3A9 Tcells 

were cocultured as described above (T celhmelanocyte ratio ranging from 1:1 to 70:1 ). 

Functional expression of CD95-L by TPA-cultured Mf9013-melanocytes was 

investigated with 51Cr-labelled N3A9 and Jurkat T cells as potential targets (n=3). IFN-y 11000 

IU/ml, 48 hours) treated or untreated effector melanocytes and target T cells were cocultured in 

different ratios (T celhmelanocyte ratio ranging from 1:1 to 1:30). Targets were pre-incubated 

with antagonistic anti-CD95 or control MoAb for 30 minutes and washed prior to coculture with 

melanocytes. To avoid possible hindrance by simultaneous AICD in N3A9 T cells, melanocytic 

MHC-class II molecules were not loaded with exogenous peptide. 

Evidence for T cell induced in vitro melanocyte apoptosis instead of necrosis 

Since '"" Cr-release by target melanocytes reflects secundary necrosis rather than 

apoptosis, the exact nature of T cell (N3A9) induced melanocyte cell death was established with 

electron microscopy. In short, peptide loaded melanocytes were co-cultured with N3 A9 T cells in 

24 well plates for 6 hours. Floating as well as adherent cells were then fixed with Karnowski 

fixative and processed as described before'''. Ultraviolet-B (UVB) irradiated melanocytes {UVB 

exposure as described before16) were used as positive control for melanocyte apoptosis. 

Concurrently, floating cells were harvested after 6 hours of N3A9/melanocyte coculture and 

stained with fluorescein isothiocyanate (FITC)-labelled Annexin V (BenderMedSystems, 

Heidelberg. Germany) and propidium iodide39. Annexin V binds to phosphatidyl serine that is 

translocated to the outer layer of the membrane in the early phase of apoptosis. Annexin V 

positive cells were analysed by fluorescence microscopy. 
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Results 

Melanocyte CD95 expression and anti-CD95-induced apoptosis 

Evaluation of baseline CD95 expression by flow cytometry indicated that nevus cells 

express significantly more CD95 than melanocytes derived from neonatal, normal control and 

nonlesional vitiligo skin (P<0.005, Fig la). Although these results indicated that the level of 

CD95 expression can differ among melanocyte subsets, vitiligo nonlesional and normal control 

melanocytes were found to have similar expression levels. Further, IFN-y was shown to induce 

enhanced CD95 expressions in all investigated cultures in a dose dependent manner 

(representative example in Fig 1 b). 
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Fig 1 a CD95 protein expression levels in various melanocyte cell cultures, as determined from the respective 

mean lluorescence intensities by flow cytometry. Levels are expressed as the mean +/- SD. Nevus cells expressed 

sig) mtly more CD95 than melanocytes derived from neonatal, normal adult and nonlesional vitiligo skin 

005 versus nevus cells). Fig lb. Representative example of the dose dependant induction of CD95 protein 

ion by IFN-y in a normal melanocyte culture, as determined by flow cytometry. Expression of HLA-DR was 

od as a positive control for IFN-y activity. 

Agonistic anti-CD95 MoAb (CH-11) induced apoptosis in control Hut-78 and Jurkat 

cell which could be inhibited by pretreatment with antagonistic ZB4 antibody. CH-11 was 

unable to induce cell death in any of the investigated melanocyte cultures. The observed 
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insensitivity could not be reversed by pretreating melanocytes with low or high dose IFN-y nor 

by the presence of cycloheximide (data not shown). 

cFLIP expression and susceptibility to anti-CD95-induced apoptosis 

Possible expression of cFLIP by melanocyte culture Mf9013 was investigated by 

immunoblot analysis. Cell lysate of Mf9013 was compared with that of the Jurkat cell line JFL2, 

which is stably transfected with FLIP cDNA20 (JFL2 cells were kindly provided by Dr. J. 

Tschopp, Institute of Biochemistry, University of Lausanne, Epalinges, Switzerland). 

Immunoblotting indicated that JFL-2 cells express both the long (FLIPL; 55kD) and the short 

(FLIPs~28kD) form of FLIP. Melanocytes cultured in the presence of TPA were negative for 

FLIPs but expressed low amount of FLIPL. FLIPL expression by melanocytes was not detected 

when the cells were cultured without TPA (Fig 2). However, absence of TPA did not confer 

susceptibiltity to agonistic anti-CD95 MoAb in Mf9013 melanocytes. Moreover, absence of TPA 

in combination with the presence of high dose IFN-y, could also not change melanocyte 

sensitivity to anti-CD95 MoAb (data not shown). 

< ? Q. O-
^— f— Fig. 2. FLIP expression detected by 

• + immunoblotting with anti-Usurpin MoAb. Lane 1 ; 

FLIPL (-55 kD) and FLIPS (-28 kD) expression in 
5 5 K D * , , , , , , , ' a cellular lysate of FI1P transfected JFL-2 cells. 

Lane 2; absence of detectable FLIP in Mf9013 

melanocytes cultured without TPA. Lane 3; 

Mf9013 cells cultured in the presence of TPA 

express low amount of FL1PL. The somewhat 

higher molecular weight of FLIPL in the JFL2 cell 

line as compared to that of endogenous 

9 ft [C D "BBfc melanocyte-expressed FLIPL is due to the presence 

of a FLAG-tag that reduces the mobility of the 

transfected FLIP in JFL-2 cells 20. 
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T cell I melanocyte interaction 
y 'Cr-release assays showed that Mf9013 melanocytes become a cytotoxic target for the 

N3A9 T cell clone when melanocytic HLA-DR1 molecules are loaded with C7 peptide, but not 

when they are loaded with Al peptide, thus confirming earlier results" . When, prior to co-

culture. C7 loaded melanocytes were pre-incubated with antagonistic anti-CD95 MoAb or 

control IgG the rate of melanocyte killing was not changed. However, reducing the available 

amount of perforin by pre-treating N3A9 T cells with CMA, completely abrogated the killing of 

melanocytes. A representative example of three 51Cr-release experiments is shown in Fig. 3a. 

Importantly, the percentage of specific lysis did not change when melanocytes were cultured in 

the absence of TPA (Fig. 3b). 

Al C7 C7 C7 C7 C7 
anti- Ctrl cma cma 

CD95 IgG anti-
(ZB4) CD95 

no Ab anti- Ctrl 
CD95 IeGI 
(ZB4) 

Fig. 3a. Representative example of a "Cr-release assay (n=3) showing N3A9-induced antigen-specific killing of 

Ml'9 ! melanocytes. Target cells were lysed when loaded with peptide C7 but not with peptide AI. The percentage 

of specific lysis was not altered when melanocytes were pre-incubated with antagonistic anti-CD95 MoAb. 

Inhibiting perforin-based cytotoxic activity, by pre-treating N3A9 T cells with CMA. completely abolished the lysis 

of melanocytes. The standard error of the mean for triplicate measurements never exceeded 10%. 

Fig. 3b. "Cr-release assay using C7-loaded target melanocytes that were cultured either with or without TPA. 

N3A9-mediated specific lysis of melanocytes was not enhanced when cells were cultured in the absence of FLIPL 

inducing TPA. The standard error of the mean for triplicate measurements never exceeded 59c. 
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The role of perforin/granzyme in the killing of target melanocytes was examined by 

immunocytology. During interaction with melanocytes, the N3A9 T cells expressed both perforin 

and granzyme. Expression of these effector molecules was confined to the site of cell-cell contact 

(Fig. 4a and 4b). 

Fig. 4. Immunocytological evaluation of N3A9/melunocyte 

interaction. Color reproduction in last section of this thesis. 

Fig. 4a. perforin positive (red) N3A9 T cells adhere to NKI-

Beteb* (blue) melanocytes 

/ 

- . Fig. 4b. Granzyme-B (red) expressing N3A9 T cells interact 

with a melanocyte (melanocyte identified by it's dendrite-

like morphology). N3A9 expression of perforin und 

granzyme-B is confined to the site of cell/cell contact 

(arrows). 

Electron microscopy of N3A9 cells and C7-loaded melanocytes in coculture revealed 

that classical apoptosis was induced in N3A9 T cells (Fig. 5a). The nuclear morphology of such 

classical apoptosis is characterized by condensed chromatin clumps that press against the nuclear 

membrane and cause membrane protrusions. With respect to the dying melanocytes, it was 

observed that the nuclear appearance of these cells was not compatible with regular apoptosis 

(compare Fig. 5a and 5b). However, Annexin-V staining and subsequent fluorescence 

microscopy confirmed induction of apoptosis instead of necrosis in both melanocytes and N3A9 

T cells (data not shown). Since the unexpected nuclear morphology was also observed in I 'B-

treated melanocytes (observations done by electron microscopy, data not shown), this feature is 

not specific for melanocyte death induced by T cells, but may be associated with melanocyte 

apoptosis in general. 
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I* 

* 

t Fig.5.Electron microscopy analysis of N3A9/melanocyte 

interaction. 

Fig.5a. apoptotic T cell showing the classical pattern of 

condensed chromatin clumps pressing against the 

nuclear envelope, and protrusion of the nuclear 

membrane. 

Fig.5b. apoptotic melanocyte (recognized by the 

presence of numerous electron-dense melanosomes). As 

in Fig 5a., condensed clumps of chromatin arc present, 

but they do not localize against the nuclear envelope and 

do not cause membrane protrusions. 

CD95-L expression by normal melanocytes 

A MoAb suitable for Western blotting experiments (clone 33, Transduction 

Laboratories) was used to investigate expression of CD95-L. At the expected molecular weight 

of approximately 37 kD, a positive signal was obtained for cell lysates of melanocyte culture 

Mf9013 (lane 1 -4, Fig 6), T cell clone N3A9 (lane 5) and Jurkat T cells (lane 6-8). Melanocyte 

expression of the detected protein was lower when TPA was absent from the culture medium 

(compare lanes 1/2 with lanes 3/4), whereas the presence of high dose IFN-y (1000 IU/ml, 48 

hours) did not alter the expression level (compare lanes 1 with 2, and 3 with 4). Although 

nonspecific triggering of T cells was reported to increase CD95-L expression , the 37 kD signal 

)t enhanced (lanes 6-8) when Jurkat cells were cultured in the presence of PMA (TPA, 

10ng/ml)/ionomycin (Calbiochem, La Jolla, Ca, USA, 1 ug/ml) for 3 and 8 hours respectively 

(compare lanes 6,7,8). 

When 51Cr-labelled N3A9 T cells were cocultured with C7-loaded Mf9013 melanocytes, 

I) - if N3A9 T cells occured in a ratio dependent manner, maximum killing was observed when 

Tcelkmelanocyte = 10:1 (Fig. 7). Since no such response was detected in the absence of peptide 

or in the presence of overlapping Al-peptide only, these results seem to signify AICD upon 

antigen-specific recognition of target melanocytes instead of melanocyte-induced killing of T 
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cells. Moreover, even when high numbers of effector7; melanocytes were used (T 

cell:melanocyte ratio ranging from 1:1 to 1:30), melanocytes could never induce lysis of target T 

cells in the absence of C7 peptide (data not shown). 
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Fig. 6. CD95-L (~ 37 kD) 

expression detected by 

immunoblotting with MoAb clone 

33. Lanes 1-4; Mf9013 

melanocytes, lane 5; N3A9 T 

cells, and lanes 6, 7, 8: Jurkat 

cells cultured in the presence of 

PMA/ionomycin (0,3 and 8 hours 

respectively). 

Fig. 7. Ratio dependant lysis of Cr-

labelled N3A9 T cells after antigen-

specific T cell receptor activation bj C7-

loaded melanocytes. Lysis was not 

observed when melanocytes were 

cultured with overlapping Al pepiideor 

in the absence of specific peptide. 

140 



lethal T cell I melanocyte interactions 

Discussion 

Depigmented skin lesions in vitiligo and melanoma-associated vitiligo arise due to T 

cell-mediated autoimmune destruction of normal melanocytes4 6'9' '3. Although cytotoxic T cells 

can induce target cell apoptosis via perforin/granzyme exocytosis14 and CD95 ligation15, the 

latter pathway seems to be ineffective in the killing of melanoma cells'8' '9. This insensitivity was 

attributed to the role of cFLIP20, that inhibits the activation of the caspase cascade that is needed 

to execute the cellular suicide program21. Additionally, it was indicated that melanoma cells can 

escape from effective T cell responses via the autologous expression of functional CD95-L16"18. 

The current investigations were undertaken to establish whether normal melanocytes can also use 

CD95-L and cFLIP to protect themselves from killing by autoreactive CTLs. Further, although 

effector T cell responses may be similar in melanoma-associated skin depigmentation and 

vitiligo, differences might exist at the level of target cell defence. Therefore, it was investigated 

whether vitiligo-derived melanocytes have altered susceptibility to CD95-ligation. 

After comparison of baseline CD95 expression levels and the sensitivity to apoptosis 

inducing anti-CD95 MoAb, we conclude that melanocytes from vitiligo patients and normal 

control donors are equally well protected against CD95 induced apoptosis. The observed 

insensitivity of normal control donors is compatible with an earlier report by Rivoltini etalP. 

With respect to the possible mechanisms that mediated protection from CD95-ligation it was 

found that the presence of TP A in melanocyte culture medium induced the expression of cFLIP. 

TPA is a protein kinase C-activating phorbol ester that is used to replace the natural in vivo 

melanocyte mitogen-and survival factor b-FGF40,41. TPA and b-FGF both activate the mitogen-

activated protein kinase (MAPK) cascade and it was shown that MAPK signalling induces the 

expression of cFLIP in Jurkat T cells32'31. Surprisingly, melanocyte insensitivity to agonistic 

anti-CD95 MoAb was unchanged after withdrawal of cFLIP inducing TPA from the culture 

medium. Similarly, a CD95-L expressing T cell clone could not induce CD95-L induced killing 

of normal melanocytes that were cultured in the absence of TPA. In contrast, T cell expressed 

perforin/granzyme was shown to be effective in the induction of melanocyte cell death by 

apoptosis (the latter was confirmed by electron- and fluorescence microscopy). These in vitro 

results correspond to the in vivo observations in vitiligo, where perforin/granzyme expressing T 

cells are found in close apposition to the dying melanocytes in the lesional border area13. 

The observation that loss of cFLIP expression by normal melanocytes does not confer 

CD95-L sensitivity seems to contradict the findings obtained for melanoma cells. However, 

Ugurel et al. observed strong cFLIP expression in constituti vely CD95-L sensitive melanoma cell 

lines' . These data not only show that some melanoma cell lines are not refractory to CD95-L 
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induced apoptosis, but also indicate that other mechanisms than expression of cFLIP may be 

involved in protecting melanoma from CD95-ligation. In this respect, it was found that the level 

of BCL-2 expression in melanoma cells is closely associated with sensitivity to CD95-L37. 

Earlier investigations indicated that also normal melanocytes have constitutively high BCL-2 
„42 

expression levels , including those present at the border of vitiligenous lesions36. Regulation of 

susceptibility to CD95-L induced apoptosis is important for melanocytes in view of the 

observation that epidermal keratinocytes express functional CD95-L upon UVB-irradiation26. 

Obviously, when melanocytes are not well equipped to protect themselves from CD95-ligation, 

these cells become an unwanted target of this keratinocyte trait. 

In addition to cFLIP, normal melanocytes also seemed to express CD95-L as indicated 

by Western blotting. In contrast to the killing potential ascribed to their malignant counterparts16' 

', killing of target T cells by normal melanocytes was never observed in functional assays. 

However, the observed death of anti-melanoma T cells in earlier investigations was probably not 

caused by melanoma expressed CD95-L, but due to induction of AICD upon tumor recognition 

instead28. In the current investigation, AICD of effector T cells was detected when melanocytes 

were loaded with C7-peptide. When variable amounts of non C7-loaded 'effector' melanocytes 

were used, killing of target T cells (N3A9 or Jurkat) was not observed. Thus, these data confirm 

the important role of AICD in this type of hvestigation and also indicate that normal 

melanocytes do not express functional CD95-L. 

In conclusion, it was shown that normal melanocytes as well as those derived from 

vitiligo patients are well protected against CD95-ligation. Protection is not mediated by cFLIP 

and does not confer resistance against perforin/granzyme induced apoptosis. Finally, it is 

unlikely that melanocytes are capable of counter-attacking autoreactive T cell responses via the 

expression of functional CD95-L. 
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