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Abstract In the present study the action of various cyto- 
kines as regulators of human melanocyte growth and 
differentiation was examined in vitro. Primary melano- 
cyte cultures were obtained in complete medium free of 
12-O-tetradecanoylphorbol-13-acetate or serum. First 
passage melanocytes were treated with various concen- 
trations of recombinant tumour necrosis factor alpha 
and beta (rTNF-alpha, rTNF-beta), as well as with var- 
ious recombinant interleukins (rIL-la, rIL-lb,  rIL-2, 
riLl3, rIL-4 and rIL-6) for 6 days in complete medium 
and for 6 and 12 days in a mitogen-reduced medium 
variant. The 4-methylumbelliferyl heptanoate fluoro- 
metric microassay and Ki-67 staining were used for as- 
sessing cell proliferation, and the immunophenotype was 
evaluated using various monoclonal antibodies. Melano- 
cyte proliferation in complete medium was inhibited by 
rTNF-alpha (-24 % ), rTNF-beta (-17 % ), rIL-la (-21%), 
r IL-lb  (-18%) and rIL-6 (-29%); in contrast, rIL-2, 
rIL-3 and rIL-4 had no antiproliferative effect. Mea- 
surements of Ki-67-positive nuclei confirmed these re- 
sults. In the reduced medium variant, none of the 
above cytokines inhibited melanocyte proliferation. Re- 
combinant TNF-alpha and rTNF-beta markedly re- 
duced the expression of the pigment cell-associated 
antigens HMB-45 and K.1.2, and they enhanced the ex- 
pression of VLA-2, ICAM-1 and HLA class I antigens 
and strongly induced HLA-DR. Similar changes were 
induced by rIL-la,  rIL-b and rIL-6, and rIL-2 de- 
creased the expression of HLA class I antigens and of 
ICAM-1. In conclusion, several cytokines inhibited the 
growth and modulated the phenotype of melanocytes 
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in vitro. Since these cytokines are major mediators of 
inflammatory processes, they may cause the pigmen- 
tary alterations seen after cutaneous inflammatory pro- 
cesses. 
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Introduction 

Inflammatory skin reactions may cause changes in skin 
pigmentation. It has been postulated that mediators pre- 
sent in inflamed skin participate in the: control of 
melanocyte response (Nordlund et al. 1988). Cytokines 
have been implicated in the pathogenesis o~ atopic der- 
matitis (Thestrup-Pedersen et al. 1990; Furue et al. 1991) 
and in longer persisting skin diseases changes of skin 
colour have been observed. In vitiligo it has recently been 
suggested that an early inflammatory phase may occur 
leading to melanocyte destruction (Abdel-Nasar et al. 
1994). Several studies have been performed qn cytokines 
that positively regulate normal human melan0cyte growth 
and differentiation in vitro, and the mitogens ~equired for 
establishment of melanocyte cultures have been defined 

i 

(Gilchrest et al. 1984; Halaban et al. 1987; Herlyn et al. 
1990). 

However, less information is available on the negative 
mechanisms controlling regulation of melano~yte growth 
and differentiation (Krasagakis et al. 1991; Swope et al. 
1991). The aim of the present study was to explore any 
antiproliferative properties of tumour necrgsis factors 
(TNFs) and the interleukin family on normal human 
melanocytes in vitro. Melanocyte proliferatioln was stud- 
ied in the presence of cytokines in optimal and suboptimal 
mitogenic medium conditions. The modulatio~a of several 
melanocyte antigens associated with activation (HMB- 
45), differentiation (K. 1.2) and immune recogoition (HLA 
class I antigens, HLA-DR, ICAM-1 and VL6-2) by the 
TNFs and the interleukin family were also studied. 
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Materials and methods 

Melanocyte culture 

Primary melanocyte cultures were obtained from trypsin-digested 
epidermis of foreskins in a 12-O-tetradecanoylphorbol-acetate 
(TPA)-free complete melanocyte medium (CMM). The CMM 
consisted of MCDB-153 (Biochrom, Berlin, Germany) supple- 
mented with 2 btM Ca 2+, 5 gg/ml insulin (Sigma, St. Louis, Mo., 
USA), 10 gg/ml human transferrin (Sigma), 0,4% v/v whole bovine 
pituitary extract (Clonetics, San Diego, Calif., USA), 2 ng/ml bo- 
vine basic fibroblast growth factor (Boehringer, Mannheim, Ger- 
many), 1 nM choleratoxin (Calbiochem, La Jolla, Calif., USA), 50 
btM hydrocortisone (Serva, Heidelberg, Germany) and antibiotics. 
For the first 3 days of primary culture 2% fetal calf serum (Sero- 
med) was added and for the first 24 h of each subculture. Pure pri- 
mary melanocyte cultures were obtained as shown by staining with 
S-100 antibodies using the alkaline phosphatase-antialkaline phos- 
phatase method. A mitogen-reduced variant of the CMM without 
transferrin, basic fibroblast growth factor or choleratoxin, desig- 
nated as reduced melanocyte medium (RMM), was used in some 
experiments. First or second passage melanocyte cultures were 
used for these studies. 

Proliferation assays 

First passage normal human melanocytes were seeded in tissue 
culture plates (96 flat-bottomed wells) (Becton Dickinson, Heidel- 
berg, Germany) at 2 x 103 cells/well in 0.2 ml CMM supplemented 
with 2% fetal calf serum. The cultures were washed twice with 
CMM or RMM 1 day later and further incubated with fresh CMM 
or RMM respectively containing 0-80 ng/ml recombinant TNF-al- 
pha (rTNF-alpha), 0-20 ng/ml rTNF-beta, 0-20 ng/ml recombi- 
nant interleukin 1 alpha (rIL-la), 0-20 ng/ml rIL-lb, 0-80 ng/ml 
rIL-2, 0-80 ng/ml rlL-3, 0 a 0  ng/ml rIL-4, 0 4 0  ng/ml rIL-6 
(British Biotechnology, Oxford, UK). Fresh medium containing 
the various cytokines was given every 2 days. Cell proliferation 
was determined on day 7 for CMM or on days 7 and 13 for RMM 
by a previously described fluorometric microassay using as sub- 
strate 4-methylumbelliferyl heptanoate (4-MUH; Sigma; Zouboulis 
et al. 1991). The fluorescence values measured using a Titertec 
Fluoroscan II (Flow Laboratories, Meckenheim, Germany) corre- 
lated well with cell counts determined independently. 

Monoclonal antibodies 

The modulation of the antigen expression of normal human 
melanocytes by cytokines in vitro was studied in CMM using the 
following, monoclonal antibodies (mAb): anti-Ki-67 (1:40; 
Dakopatts, Glostrup, Denmark) staining a nuclear antigen associ- 
ated with proliferation; HMB-45 (1:6000; Enzo, N.Y., USA) as a 
pigment cell-specific marker detecting activated melanocytes; 
K.1.2 (1:2; Zelldiagnostika, MOnster, Germany) staining a 
melanoma antigen negatively associated with malignancy; A. 1.43 
(1:20; Zelldiagnostika) as melanoma progression marker staining 
VLA-2; B 9.12.1 (1 : 100; Immunotech, Marseille, France) reacting 
with HLA class I antigens; L243 (1:40; Becton Dickinson, Moun- 
tain View, Calif) detecting HLA-DR class II antigens; and 84H10 
(1:400; Immunotech) binding with the ICAM-1 molecule. All 
mAbs have been described elsewhere (Gerdes et al. 1983; Gown 
et al. 1986; Suter et al. 1985; Briiggen and Sorg 1983; Malissen et 
al. 1982; Lampson and Levy 1980; Rothlein et al. 1986). 

Immunocytochemistry 

Immunocytochemistry was performed using the alkaline phos- 
phatase-antialkaline phosphatase (APAAP) method on acetone- 

fixed air-dried cytospin preparations of ethylenediamine tetra- 
acetic acid-treated (0.5% in phosphate buffered saline, PBS) 
melanocyte cultures as previously described (Cordell et al. 1984). 
After incubation with the primary mouse mAb, a rabbit antimouse 
IgG (Dakopatts, Glostrup Denmark) and an antibody conjugated 
with alkaline phosphatase (Dianova, Hamburg, Germany) were ap- 
plied. The slides were counterstained with Meyer's haematoxylin 
(1%). Negative controls were obtained by staining with isotype- 
matched irrelevant antibodies. On each slide, 200 cells were exam- 
ined for reactivity with the mAb. The number of positive cells is 
given as the mean percentage of three independent experiments. 
The intensity of staining was graded on a scale of 0+ to 5+: 0+ no 
staining, 1+ minimal, 2+ mild, 3+ moderate, 4+ intense, and 5+ 
maximal staining. 

Statistic 

Proliferation experiments were performed five times and staining 
experiments three times; mean values and standard deviations 
were calculated. Statistical differences were evaluated by the two- 
sided Student's t-test. 

Results 

Effect of TNFs and interleukins on melanocyte proliferation 

Prol i fera t ion  studies were  pe r fo rmed  ei ther  in C M M  or in 
RMM. Both rTNF-a lpha  and rTNF-beta  inhibited melano- 
cyte  pro l i fe ra t ion  in a dose-dependen t  manner  after 6 days  
of  incubat ion ( rTNF-a lpha ,  24% at 80 ng/ml,  P < 0.01; 
rTNF-be ta ,  17% at 20 ng/ml,  P < 0.001; Fig.  1A, B). Both 
rIL-la and r I L - l b  inhibi ted me lanocy te  prol i fera t ion in a 
dose -dependen t  manner  in C M M  (21% and 18% at 20 
ng/ml,  respect ively ,  P < 0.01; Fig. 1C). Recombinan t  IL-2  
( 0 - 8 0  ng/ml) ,  r IL-3 ( 0 - 8 0  ng/ml)  and r lL-4  (0 -40  ng/ml)  
had no effect  on me lanocy te  prol i fera t ion  after 6 days  of  
incubat ion.  In contrast ,  r IL-6  caused  inhibi t ion of  
me lanocy te  prol i fera t ion  by  up to 29% (P < 0.001 at 4 
ng/ml;  Fig.  1D). 

In order  to conf i rm these f indings  we p roduced  cy-  
tospin  prepara t ions  o f  cy tok ine- t rea ted  melanocy tes  and 
s ta ined them with  a m A b  detect ing the nuclear  prol i fera-  
t ion ant igen Ki-67 using the A P A A P  technique.  In accor-  
dance  with the M U H  measurements ,  a s ignif icant  reduc-  
t ion in the number  of  posi t ive  nuclei  was found after treat-  
ment  wi th  rTNF-a lpha ,  rTNF-be ta ,  r I L - l a ,  r l L - l b  and 
rIL-6;  in contrast ,  t reatment  wi th  rIL-2,  r IL-3 and r lL-4  
had  no effect  (Fig. 2). M a x i m a l  reduct ion  of  s taining was 
observed  after t rea tment  wi th  40 ng/ml  r IL-6 and 80 
ng/ml  rT N F-a lpha  (22% and 19% pos i t ive  nuclei)  vs 51% 
for the controls  (P < 0.001; Fig.  3). 

We  also inves t iga ted  the effect  of  var ious  cytokines  on 
melanocy tes  cul tured in R M M  in order  to exclude  the 
poss ib i l i ty  that ' supe r s t imula ted '  me lanocy tes  respond  
less to exogenous ly  added  cytokines ,  but  none of  the cyto-  
kines tes ted above  was found to exer t  a s ignif icant  effect  
on me lanocy te  prol i fera t ion  after 6 and 12 days  of  incuba-  
t ion in R M M .  
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Fig. 1A-D Effect of human recombinant cytokines on melanocyte 
proliferation in vitro. First passage melanocyte cultures were incu- 
bated with various cytokines for 6 days in concentrations as indi- 
cated in "Materials and methods". Significant inhibition of prolif- 
eration was observed with rTNF-alpha (A), rTNF-beta (B), rIL-la 
and rIL-lb (C), and rIL-6 (D) as shown in the MUH assay (* P < 
0.01, ** P < 0.001). Results of one representative experiment are 
illustrated 

Modula t ion  of the antigenic profile of melanocytes  
after t reatment with TNFs or inter leukins 

Immunopheno typ ic  examinat ion  of melanocytes  for mod- 
ulat ion of ant igen expression was performed in CMM. In 
this med ium the melanocyte  phenotype showed 100% 
posit ivity for the activation ant igen HMB-45 as well  as 
for the differentiation marker  K. 1.2 and the HLA class I 
antigens. The adhesion receptor VLA-2 stained by the 
m A b  A.1.43 was faintly expressed in 15% of the cells. 
Mild staining was found in 80% of the cells for ICAM-1,  
but no staining for HLA-DR.  

Interestingly, the cytokines that inhibi ted melanocyte  
growth also induced ant igenic alterations on melanocytes  
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Fig. 2 Influence of TNFs and interleukins on Ki-(~7 expression. 
M " " " ' " elanocytes were mcubated for 6 days with various Fytokmes and 
stained with a mAb against Ki-67 nuclear antigen. A ~ignificant re- 
duction in the number of Ki-67 + nuclei was found after treatment 
with rTNF-alpha, rTNF-beta, rIL-la, rlL-ib and rIL~6 
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with the mAb against activation antigen HMB-45 as well 
as with the differentiation marker K. 1.2 was substantially 
decreased from 4+ to 2+ after treatment with rTNF-alpha 
or rTNF-beta (Table 1). In addition, rTNF-alpha de- 
creased the number of K.1.2 + melanocytes from 100% to 
78% (Fig. 5). Significant modulation of VLA-2 adhesion 
receptor was seen after incubation with rTNF-alpha or 
rTNF-beta as stained with the progression marker A. 1.43 
(71% and 32% positive cells, respectively) vs 15% for the 
controls (P < 0.001; Fig.4). The staining intensity for 
HLA class I was increased after treatment with rTNF-al- 
pha and rTNF-beta (Table 1). Both cytokines upregulated 
ICAM-1 expression (100% positive cells, P < 0.001) and 
induced expression of HLA-DR (22% and 8% positive 
cells with rTNF-alpha and rTNF-beta, respectively, P < 
0.001; Figs.4 and 5). 

Similar antigenic changes were induced by several in- 
terleukins. Recombinant I L - l a  and r IL- lb  reduced the 
staining intensity with the differentiation marker K.1.2 
and upregulated HLA class I antigens (Table 1). Recom- 
binant IL- la ,  r IL- lb  as well as rIL-6 increased both the 
staining intensity and the number of positive melanocytes 
with ICAM-1 and these cytokines enhanced the expres- 
sion on more than 94% of the cells (P < 0.01; Table 1 and 
Fig.4). In a similar manner to ICAM-1, induction of 
HLA-DR antigen was seen after incubation of melano- 
cytes with r IL- la ,  r IL-lb,  and rIL-6, and rIL-6 was found 
to be the most potent induced of HLA-DR (27% positive 
cells at 40 ng/ml; Fig. 4). In contrast to the other cyto- 
kines, rIL-2 substantially reduced the staining intensity of 
melanocytes for HLA class I antigens from 3+ to 1+ 
(Table 1) and decreased the number of  ICAM-1 + 
melanocytes from 81% to 59% (P < 0.001; Fig.4). The 
cytokines rIL-3 and rIL-4 had no effect on the antigen ex- 
pression of human melanocytes. 

Fig.3A-C Cytospin preparations of melanocyte cultures untreated 
(A), or treated with 80 ug/ml rTNF-alpha (B) or 40 ng/ml rIL-6 
(C) and stained with a mAb against Ki-67 using the APAAP tech- 
nique (x 500) 

(Table 1). The cytokines of the TNF family and especially 
rTNF-alpha modulated the expression of alt antigens ex- 
amined (Table 1; Figs.4 and 5). The staining intensity 

Discussion 

The findings presented here provide a detailed characteri- 
zation of the antiproliferative and immunomodulatory ef- 
fects of  a variety of  cytokines of the TNF and interleukin 
families on cultured melanocytes. The results extend pre- 
vious observations by us and others that growth and dif- 
ferentiation of melanocytes, non-lymphoid cells, are 

Table 1 Modulation by inter- 
leukins and TNFs of the inten- 
sity of staining by mAbs of 
cultured human melanocytes in 
vitro. Values are staining in- 
tensity graded on a scale from 
0 to 5+:0, no staining; 1+, 
minimal; 2+, mild; 3+, moder- 
ate; 4+, intense; 5+, maximal 
staining (NC, no change in 
comparison to control) 

Cytokine mAb (antigen) 

HMB-45 K. 1.2 A. 1.43 HLA class I HLA-DR ICAM- 1 

Controls 4+ 4+ 1 + 3+ 0 2+ 
rIL- 1 a NC 2+ NC 4+ 3+ 3+ 
rIL- 1 b NC 2+ NC 4+ 3+ 3+ 
rIL-2 NC NC NC 1+ NC 1+ 
rIL-3 NC NC NC NC NC NC 
ril-4 NC NC NC NC NC NC 
rIL-6 NC NC NC NC 3+ 3+ 
rTNF-alpha 2+ 2+ 2+ 4+ 3+ 4+ 
rTNF-beta 2+ 2+ 2+ 4+ 3+ 3+ 
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Fig.4A-C Modulation of melanocyte antigen expression by cy- 
tokines in vitro. First passage melanocyte cultures were incubated 
with various cytokines for 6 days at concentrations as indicated in 
"Materials and methods". Cytospin preparations were made and 
stained using the APAAP technique. Results of one experiment 
performed in triplicate at highest cytokine concentrations are shown. 
A common pattern of modulation was observed showing upregula- 
tion of adhesion molecules VLA-2 (A), ICAM-1 (B) as well as of 
HLA-DR (C) (n = 3) 

F ig .5A-C Effect of rTNF-alpha on melanocyte an!igen expres- 
sion in vitro. APAAP staining of cytospins of melan0cyte cultures 
with K.1.2 (A), ICAM-1 (B) and HLA-DR (C) after 6 days of 
incubation with 0 (left) or 80 ng/ml rTNF-alpha (right) is shown 
(x 500) 

par t ly  regula ted  by  lymphok ines  in vitro ( y o h n  et al. 
1990; Krasagak i s  et al. 1991; Swope  et al. 1991 ). These  
f indings  should  v i ewed  not  only  together  with the results  
of  recent  invest igat ions  demons t ra t ion  the capac i ty  o f  
me lanocy tes  to p roduce  several  immunoregu la to ry  cy-  
tokines  in vi tro (Kr i iger -Krasagakes  et al. 1994), but also 
cons ider ing  the fact  that  substant ia l  amounts  of  cy tokines  
are re lased by non-melanocyt ic  cells,  i.e. kerat inocytes  and 
lymphocy tes ,  in in f l ammatory  skin d iseases  (Anse l  et al. 
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1990; Bochner et al. 1990; Thestrup-Pedersen et al. 1990). 
We have shown here that these cytokines are also involved 
in the regulation of the surrounding melanocytic cells. 

The present study demonstrates for the first time that 
melanocytes are inhibited by rTNF-beta and rIL-lb.  We 
also found that melanocyte growth is inhibited by rTNF- 
alpha, r IL- la  and rIL-6, and confirmed the observations 
of Swope et al. (1991). In our series of experiments rIL-6 
was also inhibitory in the absence of TPA. Since previous 
investigations examining the effects of interferons on 
melanocytic cells have shown that 'superstimulated' 
melanocytes may only partially respond to cytokines 
(Krasagakis et al. 1991), we examined the effect of TNFs 
and interleukins in both complete (CMM) and in reduced 
(RMM) melanocyte media allowing high and low replica- 
tion rates, respectively. As for interferons, a most appro- 
priate medium for demonstrating the effect of cytokines 
was CMM. For investigating the effect of cytokines on 
melanocyte proliferation we also studied the presence of 
Ki-67, a nuclear cell cycle antigen whose expression cor- 
relates with cell proliferation (Gerdes et al. 1983). A de- 
creased number of Ki-67-positive nuclei was seen after 
treatment with rTNF-alpha, rTNF-beta, rIL- 1 a, rlL- 1 b and 
rIL-6, supporting our measurements using the MUH as- 
say. Interestingly, rTNF-alpha also inhibits proliferation 
of epidermal keratinocytes (Detmar and Orfanos 1990). In 
contrast to our findings on melanocytes, other skin cell 
populations including keratinocytes, dermal microvascu- 
lar endothelial cells and fibroblasts are stimulated by IL-1 
(Sander et al. 1988; Detmar et al. 1992; Schmidt et al. 
1982). Thus, these findings point to a differential control 
of proliferation of melanocytes by IL-1 among cutaneous 
cell populations. 

Antigen expression 

To date, only few experimental data on the modulation of 
melanocyte antigens by interleukins and TNFs have been 
reported (Yohn et al. 1990; Kirnbauer et al. 1992). HMB- 
45 has been ultrastructurally localized in melanosomes 
(stages 1-3; Schaumburg-Lever et al. 1991) and has been 
regarded as an activation marker for melanocytes 
(Smoller et al. 1990). The K.1.2.-defined antigen, on the 
other hand, can be seen as a melanocyte differentiation 
marker, and its expression decreases during melanoma 
progression (Suter et al. 1985). Modulation of the VLA-2 
adhesion molecule was studied by staining with the 
melanoma progression marker A. 1.43 (Briiggen and Sorg 
1983; Klein et al. 1991). Several antigens involved in im- 
mune recognition were also investigated, such as HLA 
class I antigens, HLA-DR and ICAM-1. 

The findings presented here indicate that TNF-alpha 
and TNF-beta act as potent immune regulators of 
melanocytes. They lowered the intensity of HMB-45 and 
downregulated the K. 1.2 antigen. These alterations possi- 
bly reflect a decreased state of activation and differentia- 
tion of the melanocytes. VLA-2 was enhanced by treat- 
ment with rTNF-alpha and rTNF-beta. In accordance with 

the results of previous investigations with interferons 
(Tsujisaki et al. 1987; Krasagakis et al. 1991), both rTNF- 
alpha and rTNF-beta enhanced HLA class I and induced 
HLA-DR expression. The modulation of melanocyte 
ICAM-1 by immune cytokines has previously been exten- 
sively studied and our finding of its upregulation by 
rTNF-alpha and rTNF-beta (Yohn et al. 1990; Kimbauer 
et al. 1992) were confirmatory. 

Recombinant IL-la,  r lL- lb  and rIL-6 modulated the 
immunophenotype of cultured melanocytes: r IL-la  and 
rIL-lb reduced the expression of the K.1.2 antigen and 
enhanced the expression of HLA class I, and rIL-6 po- 
tently induced HLA-DR (27% positive cells at 40 ng/ml) 
together with rIL-la  and rIL-lb. These cytokines also en- 
hanced ICAM-1 expression on melanocytes. Similar find- 
ings on the modulation of ICAM-1 by interleukins have 
been previously reported for endothelial cells with the ex- 
ception of IL-6 which had no effect on this cell population 
(Detmar et al. 1992). In contrast, rIL-2 decreased the ex- 
pression of ICAM-1 and HLA class I antigens on cultured 
melanocytes. The downregulation of melanocyte ICAM- 1 
is novel and rather surprising since Kirnbauer et al. (1992) 
found no modulation by rIL-2. In their experiments, how- 
ever, untreated melanocytes expressed no or minimal 
amounts of ICAM-1. In support of our observations in 
melanocytes, IL-2 also decreases the expression of HLA 
class I and of ICAM-1 in melanoma cell lines (Plaisance 
et al. 1993). 

In conclusion, our studies revealed the rTNFs as well 
as rIL-la,  r IL-lb and rIL-6 inhibit the growth of melano- 
cytes and alter their immunophenoype, whereas rIL-2 in- 
fluences only the immunophenotype. The melanocyte 
population observed after cytokine treatment, showing 
low HMB-45, decreased K.1.2 and enhanced or new ex- 
pression of ICAM-1, HLA class I and HLA-DR, may rep- 
resent a less differentiated phenotype of melanocytic cell. 
This is further supported by the observations of Swope et 
al. (1991) who showed decreased tyrosinase activity of 
melanocytes treated with IL-la,  IL-6 or TNF-alpha. Since 
IL-1 and IL-6 as well as TNF-alpha have been detected 
in atopic and contact dermatitis (Bochner et al. 1990; 
Thestrup-Pedersen et al. 1990) and the expression of 
ICAM-1 and HLA-DR was found on melanocytes (A1 
Badri et al. 1993), we believe that various cytokines may 
play a role in vitiligo and may contribute to skin hypopig- 
mentation. The presence of cytokines like TNFs or inter- 
leukins in vitiligo lesions of other postinfiammatory hy- 
popigmentations remains to be investigated in detail. 
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