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Abstract In order to characterise the distribution and 
role of stem cell factor (SCF), a recently-reported growth 
factor for normal melanocytes, we carried out an immu- 
nohistochemical study on benign and malignant melano- 
cytic tumours with a comparison with the presence of its 
receptor c-Kit proto-oncogene product (c-KIT). In nor- 
mal skin, SCF was mainly observed in endothelial cells 
of blood vessels but not frequently in basal melanocytes, 
whereas c-KIT was predominantly localised in tissue 
mast cells. In benign neoplastic melanocytes (common 
melanocytic naevi), localisation of SCF and c-KIT was 
complementary: SCF was mostly found in dermal naevus 
cells while c-KIT was revealed in epidermal naevus 
cells, although the expression of the latter antigen was 
not frequent. Malignant melanoma cells showed less fre- 
quent expression of these antigens than those in benign 
lesions. Of five cultured melanoma cell lines, SCF was 
observed in only one, and c-KIT was not found in any 
melanoma cells. No quantitative or qualitative alterations 
assessed by Western blot analysis were induced in the 
presence of phenotypic modifiers (sodium butyrate and 
HMBA). Present data suggest that loss of SCF expres- 
sion in neoplastic melanocytes is commonly associated 
with malignant transformation of pigment cells rather 
than loss of its receptor c-KIT. 
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Introduction 

Malignant transformation of pigment cells occurs in a 
multistep progression including loss of dependence on 
growth and/or phenotypic regulators for melanocytes. In 
addition to basic fibroblast growth factor (bFGF) [2, 6] 
and endothelin [26], hepatocyte growth factor (HGF) 
[11] and stem cell factor (SCF) [5] or mast cell growth 
factor (MGF) are new candidate growth stimulators for 
normal melanocytes. Interaction with receptors for these 
ligands, the proto-oncogenes c-Met and c-Kit, respec- 
tively, results in regulation of melanocyte proliferation 
and/or differentiation, mediated through signal transduc- 
tion and protein phosphorylation [4]. Previous reports [7, 
16] showed that the effects of HGF and SCF occasional- 
ly differ between benign and malignant melanocytes. For 
example, Halaban et al. [7] have shown that HGF could 
act as a potent mitogen for melanocytes, whereas cell 
proliferation is independent of the presence of exoge- 
nously supplied HGF when melanocytes become malig- 
nant. Like HGF, SCF activated the proliferation of nor- 
mal melanocytes, but no significant changes were ob- 
tained in melanoma cells [5]. Further, Natali et al. [13] 
reported that the loss of c-KIT expression was closely re- 
lated to the malignant transformation of melanocytes, 
and Lassam and Bickford [10] observed loss of c-kit 
message in cultured human melanoma cells. 

To date, however, no investigation has revealed the lo- 
calisation and role of SCF during the stage of malignant 
transformation of pigment cells. Furthermore, as report- 
ed by Hibi et al. [8], SCF and c-KIT (c-Kit proto-onco- 
gene product) were occasionally coexpressed in malig- 
nant cells at the protein and RNA level, suggesting that 
autocrine factors and their receptors could be implicated 
as regulatory mechanisms in some, but not all, tumour 
cells. Although genes encoding c-KIT and SCF were 
originally reported to play an important part in the regu- 
lation of mouse skin colour [14, 28], it is of interest to 
investigate their possible role during malignant transfor- 
mation of human melanocytic lesions. The aim of the 
present study was therefore to compare the l.ocalisation 
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of SCF in normal skin, melanocytic naevi, and malignant 
melanomas and compare it with the distribution of its re- 
ceptor, c-KIT. In addition, sodium butyrate and hexa- 
methylene bisacetamide (HMBA), which have been re- 
ported to induce various phenotypic alterations in mela- 
noma cells [18, 20], were applied to cultured human 
melanoma cells, to determine whether SCF and/or c-KIT 
could serve as markers for differentiation of pigment 
cells. 

Materials and methods 

One-hundred and twenty-six melanocytic turnouts were chosen 
from the records of the Department of Dermatology, Sapporo 
Medical University School of Medicine, from 1981 to 1993. All 
pathologic tissues were removed surgically or biopsied, routinely 
fixed in 10% neutral formalin, and embedded in paraffin wax. Lo- 
calisation of SCF and c-KIT in various components of normal skin 
were selected from an independent portion discontinous from the 
tumour (Table 1). Melanocytic lesions consisted of 69 cases of 
common melanocytic naevi (7 junctional types, 10 compound 
types, and 41 intradermai types), 2 cases of blue naevi, 5 cases of 
Spitz's naevi, and 4 cases of dysplastic naevi (Table 2). Thirty-five 
cases of primary melanomas (15 superficial spreading types, 7 
nodular types, 8 lentigo maligna types, and 5 acral lentiginous 
types) and 22 cases of metastatic lesions were also studied to com- 
pare the results with those of benign counterparts (Table 2). 

Procedures for cell culture have been described elsewhere [21 ]. 
All cultures were grown in RPMI 1640 medium supplemented 
with 5% fetal calf serum (FCS, v/v), penicillin (100 U/ml), strep- 
tomycin (100 gg/ml), and 3 mM 4-(2-hydroxyethyl)-l-piperazine 
ethanesulfate (HEPES) and were maintained at 37°C in a humidi- 
fied atmosphere containing 5% CO 2. Melanoma cells used in the 
present study were MM96E [21], MMI27 [25], MM138 [25], 
MM170 [25], and MM-S5 [16]. Furthermore, short-term culture of 
melanocytes from pigmented naevus (MC-SV1) were grown to 
compare the antigenic expression with that in malignant melano- 
cytes by Western blot analysis. 

Detailed procedures for immunohistochemistry have been re- 
ported elsewhere [221. Briefly, serial sections were cut 4 gm thick 
from each specimen, and dewaxed with xylene and graded alco- 
hols. Endogenous peroxidase activity was blocked with 0.3% 
H202 in methanol, and nonspecific reaction was reduced by incu- 
bation with normal goat serum. Polyclonal primary antibodies for 
human secretory-type SCF (clone K089) and c-KIT (clone K963) 
were obtained from IBL (Tokyo, Japan). After primary antibodies, 
diluted at 1:100 in PBS (pH 7.2), were applied overnight at 4°C, 
goat anti-rabbit immunoglobulins were reacted, followed by incu- 
bation with ABC-reagent (Nichirei, Tokyo, Japan). Immunoreac- 
tion was visualized with 3-3' diaminobenzidine (DAB), and sec- 
tions were counterstained with Giemsa to differentiate immuno- 
products from melanin pigment. All procedures were performed at 
room temperature (RT) unless otherwise stated. 

In addition to the conventional procedures, trypsin digestion 
pretreatment and the microwave oven heating method reported by 
Shi et al. [17] were carried out to enhance the immunoreactivity of 
antibodies. 

Western blot analysis was performed according to the methods 
reported by Towbin [23] and Burnette [3] with slight modifica- 
tions and carried out at RT unless otherwise stated. Cells were har- 
vested, rinsed in PBS (pH 7,2) and centrifuged. Cell pellets were 
resuspended in cell lysis buffer containing 10 mM Tris (pH, 7.4), 
20% glycerol, 1% sodium dodecyl sulfate (SDS), and 2 mM phe- 
nylmethyl sulphonyl fluoride, and sonicated for 3 min. Cell lysates 
were then immersed in boiling water for 4 rain and centrifuged at 
10,000 rpm for 10 min. Aliquots (15-20 gl/lane) were loaded onto 
a 7.5% gel and electrophoresed in 25 mM Tris containing 192 mM 
glycine and 0.1% SDS. Molecular weight standards were pur- 
chased from Pharmacia LKB (Uppsala, Sweden). After transfer of 

proteins onto nitrocellulose membrane, immunostaining was car- 
ried out as described elsewhere [19]. In order to assess the poten- 
tial of SCF and c-KIT as differentiation markers for melanocytes, 
human melanoma cells (MM96E and MM138) were cultured in 
the presence of sodium butyrate (1.5 raM) or HMBA (10 raM), 
since these doses were the most effective for induction of various 
phenotypic alterations in these cell lines with minimal cellular 
damage [18, 20]. After incubation with each drug for 48 h, cells 
were harvested with trypsin, washed in PBS (pH 7.2), and subject- 
ed to Western blot analysis. 

Results 

Localisation of SCF and c-KIT in tissues was studied us- 
ing normal skin on the margin of a lesion, and results are 
summarised in Table 1. In various cutaneous compo- 
nents, localisation of SCF was observed predominantly 
in the endothelial cells of blood vessels (Fig. la), sug- 
gesting that these cells could be a source of the peptide 
to various cell types including melanocytes. This obser- 
vation was recently confirmed by the study of Rochelle 
et al. [15]. Most of the other cell types in skin, however, 
failed to show SCF localisation, except in some cells 
such as fibroblasts and cells in peripheral nerves 
(Fig. lb). Few basal melanocytes expressed SCF (not 
shown). 

c-KIT generally tended to localise weakly in keratino- 
cytes but most intensely in tissue mast cells (Fig. lc), as 
was identifiable with Giemsa staining (not shown). Like 
SCF, a small proportion of normal melanocytes located 
in the basal layer of epidermis and hair follicles (Fig. lc, 
d) were reactive with anti-c-KIT antibody, and these 
findings were consistent with those reported by others 
[24]. Again, most other cutaneous components failed to 
show significant c-KIT localisation. 

In total, 126 tumours of melanocytic origin were sub- 
jected to immunohistochemical study (Table 2). To ob- 
tain a view on the significance of the data, we considered 

Table 1 Expression of SCF and c-KIT in various components of 
normal skin (SCF stem cell factor, c-KIT c-Kit proto-oncogene 
product, Kc keratinocyte, Mc melanocyte) 

Components n Number of positive cases 

SCF c-KIT 

Epidermis 
Keratinocyte 26 1 15 
Melanocyte 26 4 3 
Langerhans cell 26 0 0 

Dermis 
Sweat gland 12 0 0 
Hair follicle; Kc 10 3 1 
Hair follicle; Mc 10 0 2 
Sebaceous cell 18 0 0 
Fibroblast 25 7 1 
Endothelial cell 25 20 0 
Tissue mast cell 27 0 23 
Peripheral nerve 15 8 0 
Arrector pill muscle 10 0 0 



Fig. la-h Immunoproduct of 
anti-SCF antibody is observed 
in various cell types, such as 
endothelial cells of blood ves- 
sels (arrowheads) and fibro- 
blasts (a), composing cells of 
peripheral nerve (b), and other 
dermal components, x400. 
On the other hand, localisation 
of c-KIT is mainly observed in 
tissue mast cells (large arrow- 
heads), basal melanocytes 
(small arrowheads) (c), and 
follicular melanocytes (d). 
x400. Strong immunoreactivity 
of anti-SCF antibody is ob- 
served in dermal naevus cells, 
whereas that in epidermal mel- 
anocytic nests (arrowheads) 
is minimal or undetectable (e). 
xl80. Unlike SCF, c-KIT is 
predominantly found localised 
in epidermal melanocytic cells, 
while no immunoproducts are 
demonstrated in dermal naevus 
cells except in tissue mast cells 
(f). x 180. No immunoreaction 
of anti-SCF antibody is seen in 
either epidermal or dermal 
melanoma cells (g), whereas 
intense reaction of c-KIT is 
found in epidermal, but not 
in dermal melanoma cells, 
although the number of c-KIT 
positive cases was smaller than 
that of benign naevi (h). x 180 
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the results f rom two viewpoints: the number of  cases 
showing positive staining (positive%) and the mean pro- 
portion of antibody-reactive cells calculated in four high 
power fields (reactive%). 

SCF, the ligand for c-KIT, was observed in neoplastic 
melanocytes of  69 benign melanocytic lesions predomi- 
nantly localised in dermal cells (Fig. le). As summarised 
in Table 2, 7 of  25 lesions with an epidermal melanocytic 
component  (28%) showed a cytoplasmic reaction with 
anti-SCF antibody, while 51 of  62 cases of  the dermal 
melanocytic component  (82%) demonstrated distinct cy- 

toplasmic reactivity. Reactive% of SCF-positive cells in 
epidermis and dermis was 28.6% (standard error of the 
mean, SE, 5.1%) and 62.2% (SE, 3.9%), respectively, a 
difference that was statistically significant as calculated 
by the Chi-square test (P<0.0001). In 35 cases of prima- 
ry melanoma lesions, the percentage of SCF-expressing 
lesions (positive%) was significantly lower than that in 
melanocytic naevi (14%). No positive cells were found 
in 35 epidermal lesions, whereas 5 of  29 dermal lesions 
(17%) showed immunoreactivity. The reactive% ranged 
up to approximately 20% of tumour cells (mean+SE, 
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Table 2 Expression of SCF and c-KIT in benign and malignant melanocytic tmnours 

Type of tumour n Expression of SCF 

No. of positive 
cases (positive %) 

Range of reactive tumour 
cells (mean reactive %) 

Expression of c-KIT 

No. of positive Range of reactive tumour 
cases (positive %) cells (mean reactive %) 

Benign 
Common naevi: 
Junctional type 7 
Compound type: 10 
Epidermal cell 
Dermal cell 
Intradermal type 41 
Blue naevi 2 
Spitz's naevi: 5 
Epidermal cell 
Dermal cell 
Dysplastic naevi: 4 
Epidermal cell 
Dermal cell 

3 (42.9) 0-90 (34.2) 6 (85.7) 0-80 (45.7) 

3 (30.0) 0-90 (25.0) 7 (70.0) 0-80 (46.0) 
8 (80.0) 0-80 (71.0) 1 (10.0) 0-60 (6.0) 

40 (97.6) 0-90 (69.1) 0 (0) 0 (0) 
0 (0) 0 (0) 0 (0) 0 (0) 

0 (0) 0 (0) 1 (20.0) 0-40 (8.0) 
3 (60.0) 0-80 (34.0) 0 (0) 0 (0) 

I (25) 0-80 (35.0) 2 (50.0) 0-60 (20.0) 
1 (25) 0-80 (26.0) 0 (0) 0 (0) 

Malignant 
Primary melanomas ~ 35 5 (14.3) 8 (22.9) 
Epidermal cell 35 0 (0) 0 (0) 8 (22.9) 0-80 (4.8) 
Dermal cell 29 5 (17.2) 0-20 (2.0) 0 (0) 0 (0) 
Metastatic melanomas 22 6 (27.3) 0-40 (4.6) 1 (4.5) 0-10 (0.5) 

a Primary lesions were made up of 15 cases of superficial spreading type, 7 cases of nodular type, 8 cases of lentigo maligna type, and 5 
cases of acral lentiginous type 

2.0+0.4%; Fig. lg). More metastatic lesions are SCF- 
positive (27%), but the reactive% (mean_+SE, 4.6+1.8%) 
was only slightly higher than that observed in primary 
lesions. No significant difference was seen by statistical 
analysis between primary and metastatic lesions, possi- 
bly because of the small number tested. 

Compared with the predominant dermal localisation 
of SCF, 16 of 69 benign melanocytic tumours (23%) 
demonstrated an epidermal c-KIT localisation (Fig. lf). 
The immunoproduct was mostly restricted to the cyto- 
plasm. The proportion of c-KIT-expressing cells varied 
from 0 to 80% (mean___SE, 36.1_+6.3%), whereas that of 
dermal naevus cells was 0-60% (mean_+SEM, 
1.0_+0.1%). However, though the number of melanoma 
lesions tested was small, 8 of 35 primary lesions (23%) 
and 1 of 22 metastatic lesions (4.5%) showed a distinct 
cytoplasmic localisation of c-KIT (Fig. lh). Nonetheless, 
the proportion of c-KIT-positive tumour cells (reactive%) 
was significantly smaller (mean_+SE, 4.8_+0.6%) than that 
seen in the benign counterparts (mean_+SE, 34.2_+6.2%; 
P<0.001). Furthermore, the reactive% of cells expressing 
c-KIT was also lower in metastatic lesions (mean_+SE, 
0.5_+0.1%), suggesting that the expression of  c-KIT de- 
creased with progressing malignant transformation of 
melanocytic cells, although its expression was generally 
low in benign tumours. We further stained a small num- 
ber of frozen tissues to see whether there was a differ- 
ence between formalin-fixed and frozen sections, finding 
no significant difference with respect to the reactivity of 
anti-SCF and c-KIT antibodies (not shown). 

In addition, we performed two different pretreatments 
to see whether epitopes on SCF and c-KIT were masked 
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Locat ion  of  t u m o u r  cells  

Fig. 2 Mean proportion of SCF-positive cells (reactive%) in each 
location. Bar standard error of the mean; *P<0.001; and 
**P<0.0001 (e epidermal, d dermal, NC naevus cell, MM melano- 
ma cell) 

by certain proteins. However, neither enzymatic diges- 
tion with trypsin nor microwave heating pretreatment 
[17] increased the immunoreactivity of antibodies 
against SCF and c-KIT (not shown). 

The overall trend of the localisation of SCF is sum- 
marized in Fig. 2. Although the number of lesions tested 
might be small for the statistical analysis, significant dif- 
ferences in the reactive% were found when epidermal 
naevus cells were compared with dermal naevus cells 
and melanoma cells in each location. 
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Fig. 3 Western blot analysis shows that the expression of SCF 
(lanes 1-5) was observed only in MM138 cell extracts at approxi- 
mately 30 kDa. None of melanoma cell lines (lanes 7-11) demon- 
strated a band recognized by anti-c-KIT antibody, whereas MC- 
SV1 cells (lane 6) showed a distinct band at approximately 
160 kDa, a slightly higher molecular weight than reported previ- 
ously [27]. Lanes i, 7 MM96E, 2, 8 MM127, 3, 9 MM138, 4, 10 
MM170, 5, 11 MM-S5, 6 MC-SV1 

In order to investigate qualitative and quantitative dif- 
ference of SCF and c-KIT further at the protein level, we 
carried out Western blot and immunostaining under 
non-reducing conditions. Of the five melanoma cell lines 
used, SCF-expression was observed in only one 
(MM138) at a molecular weight of approximately 
30 kDa (Fig. 3); that previously reported was 32 kDa [1]. 
Furthermore, all melanoma cell lines failed to show an 
appropriate band of c-KIT, although MC-SV1 revealed a 
distinct band at approximately 160 kDa (Fig. 3), a slight- 
ly higher molecular weight than reported previously 
(145 kDa) [27]. 

We also used two phenotypic modifiers to evaluate 
the phenotypic expression of the antigens in melanoma 
cells (MM96E and MM138). In contrast to suppression 
of c-MET [16], treatment with sodium butyrate and 
HMBA failed to induce any alteration of either the quali- 
tative or quantitative levels of SCF in two melanoma cell 
lines as judged by Western blot analysis (not shown). 

Discussion 

A number of complicated mechanisms are involved in 
malignant transformation of various cell types in either a 
specific or a general manner, including oncogene and 
proto-oncogene changes. However, there may be differ- 
ences between benign and malignant cells in the effects 
induced by these regulators, ligands and receptors. For 
example, recently-reported growth factors for melano- 
cytes, HGF and SCF, activate the proliferation of normal 
melanocytes only as long as they retain a benign pheno- 
type. Natali et al. [13] reported a progressive loss of 
c-KIT expression according to a malignant transforma- 
tion of melanocytes, and Lassam and Bickford [10] dem- 
onstrated that the c-Kit message was lost in cultured 
melanoma cells. 

In the present study we compared the localisation of 
SCF and its receptor c-KIT at the histological level to 
clarify the possible role of this ligand/receptor combina- 
tion during melanomagenesis. The results can be summ- 
arised as follows. (1) In normal skin, localisation of SCF 
was observed predominantly in endothelial cells of blood 
vessels, whereas tissue mast cells constantly expressed 
c-KIT, which can function as a receptor for MGE (2) 
Localisation of SCF and c-KIT in benign neoplastic mel- 
anocytes was rather seen in a complementary fashion; re- 
activity of anti-SCF antibody was almost always found 
in dermal naevus cells, while that of anti-c-KIT antibody 
was recognised mainly in epidermal melanocytic cells, 
although the expression of the latter protein was general- 
ly found in a small proportion of specimens. (3) The pro- 
portion of anti-SCF and c-KIT-positive cells (reactive%), 
but not the number of positive cases (positive%), was 
significantly smaller in melanoma cells than in cells 
from benign counterparts. (4) On Western blot analysis, 
only one melanoma cell line (MM138) showed a distinct 
band of SCF at approximately 30 kDa, and no melanoma 
cell line expressed c-KIT. (5) No evidence of the coex- 
pression of SCF and c-KIT in tumour cells reported in 
small cell lung cancer lines [8] was obtained in melano- 
cytic tumours. (6) No significant changes were observed 
in MM96E and MM138 melanoma cells after application 
of phenotypic modifiers, suggesting that SCF cannot be 
regarded as a marker for melanocyte differentiation. 

As demonstrated in the present study, secretory-type 
SCF was localised predominantly in endothelial cells in 
normal cutaneous components and in dermal naevus 
cells, but not in normal basal melanocytes. Murphy et al. 
[12] reported that melanocyte precursors require SCF for 
survival but not for cell differentiation, in keeping with 
the observation that dermal naevus cells tend to be bio- 
logically inactive but not differentiated, judging by the 
presence of immature melanosomes and low tyrosinase 
content [9]. The obverse localisation of c-KIT in epider- 
mal naevus cells suggests that the growth factor/ligand 
association in melanocytes is disturbed in neoplastic 
cells on a site specific basis. 

Loss of SCF may represent a part of the escape from 
autonomous growth regulation but not from cellular dif- 
ferentiation. Loss of the receptor for SCF, c-KIT, was 
less frequent than for SCF, and therefore may not have a 
critical role in malignant transformation. These data are 
partly consistent with those reported by Natali et al. [13], 
and could be interpreted as showing that SCF in neoplas- 
tic melanocytes plays a critical part in the malignant 
transformation of pigment cells, particularly with respect 
to the cellular proliferation. 
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