
02 May 2026

STEM CELL FACTOR AFFECTS TUMOUR PROGRESSION MARKERS IN METASTATIC MELANOMA CEELS / F.
PRIGNANO; G. GERLINI; B. SALVADORI; C. ORLANDO; S. MAZZOLI; N. PIMPINELLI; S. MORETTI. - In:
CLINICAL & EXPERIMENTAL METASTASIS. - ISSN 0262-0898. - STAMPA. - 23:(2006), pp. 177-186.

Original Citation:

STEM CELL FACTOR AFFECTS TUMOUR PROGRESSION MARKERS IN
METASTATIC MELANOMA CEELS

Terms of use:

Publisher copyright claim:

(Article begins on next page)

La data sopra indicata si riferisce all'ultimo aggiornamento della scheda del Repository FloRe - The above-
mentioned date refers to the last update of the record in the Institutional Repository FloRe

La pubblicazione è resa disponibile sotto le norme e i termini della licenza di deposito, secondo quanto
stabilito dalla Policy per l'accesso aperto dell'Università degli Studi di Firenze
(https://www.sba.unifi.it/upload/policy-oa-2016-1.pdf)

Availability:
The webpage https://hdl.handle.net/2158/26150 of the repository was last updated on

Questa è la Versione finale referata (Post print/Accepted manuscript) della seguente pubblicazione:

FLORE
Repository istituzionale dell'Università degli Studi

di Firenze

Open Access

https://hdl.handle.net/2158/26150


Abstract Stem cell factor (SCF), next to various rel-

evant biological effects exerted on many cell types, is

able to keep melanocyte homeostasis through its

receptor c-kit. Only a minority of metastatic melanoma

cells (MMC) express c-kit receptor, but c-kit positive

MMC move more slowly towards tumour progression

and have a more natural tendency to undergo apop-

tosis. In our study c-kit positive MMC from human

melanoma metastases and a c-kit positive human

melanoma cell line—SK-MEL-28—showed a clear-cut

reduction of cytokines normally up-regulated along

melanoma progression after SCF stimulation. SCF was

also able to maintain all MMC and SK-MEL-28 cells in

a well differentiated status with an increase in orga-

nellogenesis and in particular of melanosomes in vari-

ous degree of differentiation, but it did not induce

apoptosis as observed in other in vitro models. The

increase of melanosomes matched an increase of

tyrosinase production. SCF did not modify the

expression of NOS while it enhanced the expression of

HLA-DR molecules on MMC membranes. Taken

altogether these data stress the biological activity of

SCF as a cytokine which is able to maintain MMC in a

well differentiated status, and suggest a more in depth

evaluation of possible effects of SCF on melanoma

cells.

Keywords c-kit receptor Æ Cytokines Æ Melanoma

progression Æ Metastatic melanoma cells Æ Stem cell

factor

Abbreviations
SCF Stem cell factor

MMC Metastatic melanoma cells

GM-CSF Granulocyte-monocyte colony stimulating

factor

TGF-b Transforming growth factor-b
TNF-a Tumour necrosis factor-a
IL-6 Interleukin-6

IL-7 Interleukin-7

IL-8 Interleukin-8

IL-10 Inteleukin-10

EM Electron microscopy

Introduction

Stem cell factor (SCF), also known as mast cell

growth factor or kit ligand is a glycoprotein growth

factor [1–3] with important biological functions in

both membrane-bound and soluble forms [2]. Its

natural receptor is c-kit, a tyrosine kinase encoded by

F. Prignano Æ G. Gerlini Æ N. Pimpinelli
The first Dermatology Clinic, Department of
Dermatological Sciences, University of Florence, Florence,
Italy

B. Salvatori Æ C. Orlando
Clinical Biochemistry Unit of the University of Florence,
Florence, Italy

S. Mazzoli
Sexually Transmitted Disease Unit, S.M. Annunziata
Hospital, Azienda Sanitaria di Firenze, Firenze, Italy

S. Moretti (&)
2nd Dermatology Clinic, Department of Dermatological
Sciences, University of Florence, Via della Pergola 60, 50121
Florence, Italy
e-mail: silvia.moretti@unifi.it

Clin Exp Metastasis (2006) 23:177–186

DOI 10.1007/s10585-006-9027-9

123

ORIGINAL PAPER

Stem cell factor affects tumour progression markers in metastatic
melanoma cells

Francesca Prignano Æ Gianni Gerlini Æ
Benedetta Salvatori Æ Claudio Orlando Æ
Sandra Mazzoli Æ Nicola Pimpinelli Æ Silvia Moretti

Received: 17 November 2005 / Accepted: 9 June 2006 / Published online: 22 September 2006
� Springer Science+Business Media B.V. 2006



a protooncogene [4, 5]. Many different cell types are

known to secrete SCF [6]: keratinocytes, fibroblasts,

endothelial cells, bone marrow stromal cells. When

either alone or combined with other cytokines such as

GM-CSF [7], SCF is able to induce the maturation of

primitive progenitors into mature, functional active

cells and to enhance the transformations of monocy-

toid cells into dendritic cells. SCF cause melanoblasts

to differentiate into melanocytes, and it is also highly

mitogenic for melanocytes in vivo and in vitro [8].

The correct SCF/c-kit interaction is crucial for a reg-

ular differentiation of melanocytes during defined

stages of embryogenic development and the homeo-

stasis of mature melanocytes [9]. The SCF/c-kit sig-

nalling pathway plays a peculiar role in melanoma:

melanocytes from metastatic melanoma often lose the

expression of c-kit and there is an inverse correlation

between c-kit expression and neoplastic progression

[10, 11]. SCF/c-kit interaction is also a pathway

through which melanoma cells undergo apoptosis thus

reducing tumoural growth and metastatic invasion

[12]. Only melanoma cells expressing c-kit undergo

apoptosis in vivo and in vitro, so that the loss of c-kit

seems to represent a crucial event in the progression

of human melanoma [12].

In a previous study we demonstrated that some

immunophenotypical markers, including c-kit, of

cutaneous metastatic melanoma cells (MMC) could

affect the chemosensitivity of these cells; therefore the

behaviour of MMC appeared predictable according to

their phenotype [13].

Melanoma cells constitutively produce a large

amount of cytokines and growth factors, in which

normal signalling pathways are often subverted [14].

Growth factors produced by tumoural cells act as

autocrine molecules as they are able to bind to specific

receptors expressed by the cells which can acquire

growth autonomy in this way: the growth factors se-

creted by these cells can also influence neighbouring

cells in a paracrine way [14–16]. Such growth factors

and cytokines are variously expressed along melanoma

progression and they play a role in the diverse array of

phenotypic alterations observed in melanoma cells.

Some cytokines, including SCF, can profoundly influ-

ence the secretion of some other cytokines and/or

growth factors by melanoma cells [17].

We have investigated the effects of SCF on a human

melanoma cell line (SK-MEL-28) and on 5 human

MMC cultures, all characterized by c-kit expression

[18], in order to establish their morphological and im-

munophenotypical profile, and the expression of some

molecules and cytokines related to tumour progression

[16, 19–22]. Our aim was to understand whether and to

what extent SCF is able to affect melanoma progres-

sion markers.

Material and methods

Immunohistochemistry

Immunostaining was carried out on fresh specimens

obtained from five melanoma metastases, using an al-

kakine phosphatase–anti-alkaline phosphatase (APA-

AP) method, with mouse monoclonal anti-human

antibodies (MoAb) serving as primary reagents as lis-

ted in Table 1. Fragments were frozen at –80�C

immediately following surgery; 6 lm cryostat serial

sections were cut and immediately fixed with ice-cold

acetone for 4 min, then subjected to staining. There-

after sections were incubated with human AB-positive

serum followed by primary MoAb for 2 h at room

temperature. After washing for 10 min, sections were

incubated for 40 min with rabbit anti-mouse immuno-

globulin antiserum (RAM, 1:30), (Dako, Glostrup,

Denmark), and then processed with alkaline phos-

phatase–anti-alkaline phosphatase complex (APAAP,

1:50) (Labometrics, Milan, Italy). In order to enhance

the labelling intensity, RAM/APAAP incubation was

repeated twice for surface antigens and 3 times for

cytokines. Binding of the complex was revealed by

hexazotized new fuchsin as chromogenic substrate

(Merk, Darmstadt, Germany). Sections were then

counterstained with Mayer’s haematoxylin. Control

sections were incubated with normal mouse IgG. Two

investigators (SM and FP) read all tissue sections.

Table 1 Antibody panel

Antibody specificity Working
dilution

Source

c-kita 1:30 Biosource
S-100 proteinbc 1:100 Sigma
HMB-45a 1:45 Ortho Diagnostic System
HLA-Drac 1:10 Becton Dickinson
Ki-67bc 1:50 Dako
IL-6a 1:50 R & D Systems
IL-7ac 1:10 Genzyme Diagnostic
IL-8a 1:100 Pepro Tech EC LTD
IL-10a 1:30 Biosource International
TNF-alphaa 1:100 R & D Systems
TGF-betaa 1:100 R & D Systems
GM-CSFa 1:30 R & D Systems
i-NOSac 1:500 Calbiochem
e-NOSac 1:500 Calbiochem

a Mouse monoclonal antibody
b Rabbit polyclonal antibody
c Tested only on cell coltures in immunofluorescence

178 Clin Exp Metastasis (2006) 23:177–186

123



Discrepancies in the reading were resolved by a second

parallel reading of the slides until consensus. The

percentage of stained cells in each lesion was assessed

according to five categories: 0–4%, 5–10%, 11–30%,

31–50%, and 51–100%. A cut-off of 5% positive cells

was selected to identify positive lesions. At least five

·400 fields per section were examined. Staining for

cytokines was considered as positive when melanoma

cells showed cytoplasmic reactivity.

Cell cultures

Melanoma cells (MMC) were obtained from five

subcutaneous metastases of five melanoma patients

after obtaining informed consent and approval of the

local ethical committee. Skin metastases were de-

prived of fat, washed many times in phosphate buf-

fered saline and antibiotics and cut into many pieces.

The first enzymatic digestion was performed with

protease (Boeheringer/Mannheim, Mannheim, Ger-

many) for 4 h at 37�C in RPMI 1640 medium with

1% penicillin/streptomycin (Sigma-Aldrich, Milan,

Italy). The medium with the cells was then centri-

fuged and the supernatant was discarded. A second

enzymatic digestion was then performed with colla-

genase (Sigma) for 3 h at 37�C in 5% CO2 humidified

atmosphere. The enzymatic action was stopped with a

combination of Tris Base, NaCl and EDTA. The cells

were then put in RPMI 1640 medium with 10% foetal

calf serum (FCS) (Sigma), 1% penicillin/streptomycin

(Sigma), 5% glutamine (Sigma), and 1% piruvate

(Sigma) and cultured for numerous consecutive pas-

sages (at least 20 with an immunophenotypical control

at each passage).

SK-MEL-28 cells were maintained in culture with

the same medium as MMC

SCF (Pepro Tech) was added undiluted [7] at con-

centrations of 5 and 10 ng/ml to the culture medium for

72 h. MMC and SK-MEL-28 cells were evaluated be-

fore and after SCF treatment via immunofluorescence,

electron microscopy, PCR and flow cytometry.

Immunofluorescence

MMC and SK-MEL-28 cells were grown on chamber

slides (Nunc International, Roskilde, Denmark), re-

hydrated, blocked with 5% FCS, and incubated with

primary MoAbs and polyclonal antibodies listed in

Table 1. This incubation was protracted for 90 min at

37�C and was followed by either a fluorescein-isothi-

ocyanate-conjugated goat anti-mouse (Sigma) or a

fluorescein-isothiocyanate-conjugated goat anti-rabbit

antibody (Sigma). The slides were then mounted with

Gel/Mount (Biomeda, Augst, Switzerland) for 1 h at

37�C and observed under a Zeiss Axioskop micro-

scope equipped for epifluorescence. Controls were

incubated with normal mouse IgG or normal rabbit

serum.

ELISA

MMC were cultured at 1 · 106 cells/well. Culture su-

pernatants were collected before, 24, 48 and 72 h after

SCF exposure. Cell culture supernatants were assayed

for IL-10, IL-6, IL-8 and GM-CSF production with

commercially available ELISA kits (R&D Systems,

Minneapolis, MN), according to the manufacturer’s

guidelines. Plates were read in an ELISA reader

(Biotech Instruments, Luton, UK), at a wavelength of

490 nm. Cytokine values were calculated from a stan-

dard curve of recombinant human IL-10, IL-6, IL-8

and GM-CSF. Detection limit was 1.5 pg/ml for IL-10,

IL-6 and GM-CSF, and 3 pg/ml for IL-8. Each exper-

iment was performed in double.

Electron microscopy

MMC and SK-MEL-28 cells were fixed in a mixture of

2% formaldehyde and 2.5% glutaraldehyde in

0.1 mmol/l cacodylate buffer, pH 7.4, at 5�C for 3 h,

followed by postfixation in 1% OsO4 in phosphate

buffer, pH 7.4 at room temperature for 2 h. The

specimens were dehydrated in a graded acetone series,

passed through propylene-oxide and embedded in

epon 812. A sequential number of semithin sections

were coloured with toluidine blue, while ultrathin

sections were stained with uranyl acetate followed by

bismuth subnitrate or lead citrate, and examined in a

Jeol 1010 (Tokyo, Japan) at 80 kV.

PCR

Treated and control melanoma cells were subjected to

RNA extraction with the RNeasy Mini Kit (Qiagen)

and RNA samples were stored at –20�C until dosage

(within one week). The concentration and purity of

RNA were detected spectrophotometrically after

Dnase treatment. Each sample was run in triplicate and

each experiment included a positive and a negative

control (with no template).

Each sample (400 ng RNA) was reverse-transcribed

using TaqMan RT-PCR kit (PE Applied Biosystems),
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in a final volume of 80 ll containing 1· TaqMan RT

buffer (500 mM KCl, 0.1 mM EDTA, 100 mM Tris–

HCl, pH 8.3, 600 mM of passive reference ROX),

5.5 mM MgCl2, 500 lM of each dNTP, 2.5 lM of

random hexamer, 0.4 U/ll of Rnase Inhibitor, 1.25 U/

ll of Multiscribe Reverse Transcriptase.

The following primers and probe were selected by

the ‘‘Primer Express’’ software (PE Applied Biosys-

tems) for tyrosinase mRNA measurement with quan-

titative real time PCR: forward primer 1092 5¢-TTCAG

GTTTAGAAATACACTGGAAGG-3¢, reverse pri-

mer 1172 5¢-AATGTGCATGCTGCTTTGAGA-3¢,
and the FAM labelled specific fluorescent probe 1119

5¢-TTTGCTAGTCCACTTACTGGGATAGCGGA

TG-3¢. Twenty five nanogram of cDNA (5 ll/tube)

were used for each sample and 20 ll/tube of PCR mix

containing 1· TaqMan Universal Master Mix, 300 nM

of each primer and 200 nM tyrosinase fluorescent

probe were added. The thermal cycling conditions

were 2 min at 50�C, 10 min at 95�C, and then 40 cycles

at 95�C for 15 s, 60�C for 1 min. PCR amplification was

performed with the ABI Prism 7700 Sequence Detec-

tor (PE Applied Biosystems). To calculate the

expression of tyrosinase mRNA in each sample we

referred to an external reference curve generated with

total RNA extracted from the human SK-MEL-28

melanoma cell line. The reference curve ranged from

25 ng to 0.025 pg of reverse-transcribed total SK-

MEL-28 RNA. Tyrosinase mRNA concentration was

expressed as pg SK-MEL-28 RNA equivalents/lg total

RNA.

Flow cytometry

MMC were cultured with increasing concentrations of

SCF (0, 5, 10 ng/ml) for 72 h. Then cells at a concen-

tration of 1 million/ml were labelled with mouse anti-

human HLA-DR-FTIC (L243, IgG2a) from Becton

Dickinson (San Josè, CA). MoAb dilutions and wash-

ing steps were performed in phosphate buffered saline

(EuroClone) containing 2% FCS and 2 mM EDTA.

Isotype-matched Ab was used as negative control.

Melanoma cells were acquired using FACSort and

analysed using the CellQuest software (Becton Dick-

inson Immunocytometry Systems, San Jose, CA). Se-

ven-amino-actinomycin D (7-AAD; VIA-PROBETM,

BD Pharminger San Diego, CA) was used to exclude

dead cells from analysis.

Statistical analysis was performed using the SPSS

Inc. Software (version 10.1). The comparison between

treated and control cells was performed using Wilco-

xon’s matched pairs signed rank test. A level of

P < 0.05 was considered significant.

Results

Immunophenotypic and phenotypic markers

All five cutaneous metastases expressed c-kit protein at

a percentage of 31–50% of neoplastic cells (Fig. 1) on

tissue sections; accordingly, in basal conditions the

large majority (>80%) of MMC were c-kit positive

(Fig. 2), and SK-MEL-28 cells exhibited a similar

reactivity. We therefore assumed that our melanoma

metastases were strongly c-kit positive, which is cer-

tainly an infrequent finding in MMC [10, 23]. Expres-

sion of HMB-45 antigen was detected on metastatic

tissue (lining 31–50% of melanoma cells in two cases

and 11–30% in the others), and on MMC and SK-

MEL-28 cells in basal condition (Table 2). MMC and

SK-MEL-28 cells also stained for S-100 protein (Fig. 3)

and HLA-DR antigens, whose positivity remained

after SCF treatment (Table 2). Basal Ki-67 staining of

cultured cells dropped from 20–30% to less than 10%

reactivity upon SCF treatment (Table 2).

Flow cytometry confirmed HLA-DR expression of

melanoma cells suggesting a mild dose-dependent,

although not statistically significant, up-regulation of

HLA-DR molecules after increasing SCF stimulation

(Fig. 4).

Tyrosinase mRNA (Fig. 5) was significantly higher

in cells treated with 5 ng SCF (median 1840 pg SK-

MEL-28 RNA/lg total RNA) in comparison to the

untreated control cells (median 1480 pg SK-MEL-28

RNA/lg total RNA) (P = 0.04). 10 ng SCF also pro-

duced an additional increase in tyrosinase mRNA

production (median 2480 pg SK-MEL-28 RNA/lg

total RNA), which also appeared significantly higher

compared to the untreated cells (P = 0.03).

Fig. 1 Melanoma metastasis: c-kit positive clusters of neoplastic
cells (APAAP; 6 mm bar = 30 lm)
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Cytokines

All five metastases exhibited some reactivity for IL-6,

IL-8, IL-10, GM-CSF and TGF- beta on tissue sections

with immunohistochemistry. TGF-beta stained a

majority of cells (>51%) (Fig. 6) in one case and 11–

30% of neoplastic cells in four cases; IL-6 (Fig. 7) and

GM-CSF were found in 11–30% of melanoma cells in

one case and in 5–10% in the others. IL-10 and IL-8

(Fig. 8) were expressed by all lesions at a percentage of

5–10%, and TNF-alpha was detected only in one case

(5–10% of positive cells).

These results were well confirmed with immunoflu-

orescence on cultured cells (Table 2).

In basal conditions most of the cells were positive

for IL-6, IL-7, TGF-b (Fig. 9) and some cells for GM-

CSF, while IL-8 and IL-10 (Fig. 10) were only found in

MMC (and not in SK-MEL-28 cells); TNF-alpha was

expressed by SK-MEL-28 cell line and not by MMC.

After SCF treatment, TGF-beta was undetectable both

in MMC and SK-MEL-28 cells, IL-7 decreased in

MMC but was still present in SK-MEL-28 line; TNF-

alpha cleared in SK-MEL-28 cells; IL-8 was reduced

still, while IL-10 and GM-CSF disappeared in MMC.

Both SK-MEL-28 cells and MMC expressed the two

isoforms of nitric oxide synthase, cNOS and iNOS at

basal level, and this staining was maintained after SCF

treatment.

Cytokine production by three MMC is shown in

Fig. 11. High basal levels of IL-8 decreased sharply

under SCF stimulus at 72 h (P < 0.03). Basal IL-10

levels decreased (P < 0.05 at 72 h) while IL-6 values

Fig. 2 Metastatic melanoma cells (MMC) staining for c-kit
receptor (immunofluorescence; 12 mm bar = 60 lm)

Table 2 Results of immunofluorescence staining

SK-MEL 28 MMC SK-MEL 28
+ SCF

MMC
+ SCF

S-100 + + + +
HMB-45 + + + +
HLA-Dr + + + +
Ki-67 + + ± ±
IL-6 + + + +
IL-7 + + + ±
IL-8 – + – ±
IL-10 – + – –
GM-CSF + + – –
TNF-alpha + – – –
TGF-beta + + ± –
i-NOS + + + +
e-NOS + + + +

Fig. 3 MMC staining for S-100 protein (immunofluorescence;
6 mm bar = 30 lm)

Fig. 4 HLA-DR molecules appear more expressed on MMC in
presence of SCF
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showed only a slight reduction upon SCF treatment,

and low basal values of GM-CSF became nearly

undetectable at all times upon SCF treatment

(P < 0.05). These results appear to agree with the

results observed in immunofluorescence before and

after SCF.

Ultrastructure

In basal conditions MMC and SK-MEL-28 were char-

acterized by a homogeneous morphology: they were

dendritic, with an indented nucleus (Fig. 12). Their

cytoplasm appeared rich in organelles, as smooth and

rough endoplasmic reticulum, Golgi apparatus and

many mitochondria. Some melanosomes at various

degree of differentiation were also detectable in the

majority of cells (Fig. 13). Upon SCF treatment the

cells showed a smooth profile with a reduction of

dendricity (Fig. 14), and an increase of organellogen-

esis—especially in MMC; an increased number of

melanosomes (compared to control) was observed at

various degrees of differentiation close to the Golgian

and perigolgian area of the cytoplasm (Fig. 15). These

modifications were detected especially upon higher

dosage of SCF. There were nor membranous or orga-

nelle alterations typical of apoptosis.

Discussion

In this study the effects of SCF on MMC and SK-MEL-

28 melanoma cell line (all expressing c-kit receptor)

were investigated. Both SK-MEL-28 cells and MMC

are able to maintain a well differentiated status upon

treatment with SCF as documented by immnunophe-

notypical markers, such as HMB45, S100 and HLA-

DR antigens. A reduced HLA-DR expression on

melanoma cells after various cytokine stimuli (but not

SCF) has been reported in literature as an important

Fig. 5 Tyrosinase expression in MMC increases significantly
according to SCF dosage (the asterisk represents a significant
increase)

Fig. 6 Melanoma metastasis: most melanoma cells stain for
TGF-b (APAAP; 6 mm bar = 30 lm)

Fig. 7 Melanoma metastasis: neoplastic cells in the section
express IL-6 (APAAP; 6 mm bar = 30 lm)

Fig. 8 Melanoma metastasis: neoplastic cells stain for IL-8
(APAAP; 6 mm bar = 30 lm)
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feature associated with the development of metastatic

phenotype [24]. In our study SCF increased HLA-DR

antigen expression on MMC, demonstrating an oppo-

site effect on second class MHC, compared to inflam-

matory cytokines [24].

Moreover, SCF-conditioned MMC under electron

microscopy showed the presence of many organelles

within the cytoplasm, and particularly a high number of

melanosomes, suggesting a trend toward a more

differentiated and higher melanogenetic status. Both

SK-MEL-28 cells and MMC increased tyrosinase

expression after SCF, compared to untreated cells. This

is in agreement with the higher number of melanosomes

within the MMC-treated cells in which melanosomes in

various stages of maturation were found. It can be sup-

posed that SCF is capable of inducing synthesis of

tyrosinase in our melanoma cells. It is noteworthy that

SCF is able to induce the transformation of monocytoid

Fig. 9 MMC: the cytoplasm of the cells shows a clear-cut
positivity for TGF-b (immunofluorescence; 12 mm bar = 60 lm)

Fig. 10 MMC: many cells with positive staining for IL-10
(immunofluorescence; 12 mm bar = 60 lm)

Fig. 11 Cytokine evaluation
on cell surnatants expressed
as pg/ml (evaluation
performed on 3 MMC, each
bar representing the
average ± SD of 3 MMC)
before and after SCF
treatment (10 ng/ml;
evaluation performed at 0, 24,
48 and 72 h). IL-8, IL-10 and
GM-CSF secretion decreases
after SCF treatment (the
asterisk represents a
significant reduction)

Fig. 12 MMC: the cell has the typical shape of a melanocyte: an
indented nucleus with many organelles within the cytoplasm and
many dendrites along the cytoplasmic membrane [electron
microscopy (EM); 5 mm bar = 1 lm)]. N = nucleus; RER
= rough endoplasmic reticulum; G = Golgi apparatus;
M = mitochondria
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cells into dendritic cells, enhancing dendricity [7], while

seems to induce a smooth cell profile in MMC.

SCF-treated MMC also show a reduced expression

of some cytokines associated with melanoma progres-

sion, such as IL-7, IL-10, IL-8, GM-CSF and TGF-beta

[16, 19, 20], suggesting that SCF is able to induce a less

malignant phenotype in conditioned cells; this result is

in agreement with the observed decrease in prolifera-

tion rate, assessed by Ki67 antigen. TNF-alpha, which

is not considered a progression marker of melanoma

[16], appeared to be reduced as well. A similar cyto-

kine decrease was observed in SCF-treated SK-MEL-

28 cells, except the expression of IL-7 and TGF-beta

which were maintained or slightly reduced. Surnatant

evaluation of cytokines secreted by MMC paralleled

the results observed in immunofluorescence, and

appeared more evident for IL-8, which is considered an

autocrine growth factor for in vitro melanoma cells

[25].

MMC expressed both cNOS and iNOS in basal

conditions and after treatment with SCF. While cNOS

needs the presence of Ca2+ to be activated, iNOS is

Ca2+ independent and can be activated by many

cytokines [26]. NO role in neoplastic and apoptotic

processes is still controversial [26]. In fact, iNOS

expression was found either to correlate with malig-

nancy [22] or not to correlate clearly in human mel-

anocytic lesions in vivo [27], while an inverse

correlation with tumour progression has been docu-

mented in vitro [28]. Furthermore, a different response

of iNOS to cytokine (as TNF-alpha or IFN-gamma)

induction has been reported by normal melanocytes

and melanoma cells [29]. NO role does not seem

Fig. 13 MMC: Few melanosomes within the cytoplasm at
various degree of differentiation before SCF treatment (EM;
16 mm bar = 0.5 lm). Me = melanosomes; arrowheads pointing
melanosomes

Fig. 14 MMC: smooth and rough endoplasmic reticulum, Golgi
apparatus and many mitochondria within the cytoplasm upon
treatment with SCF (EM; 5 mm bar = 1 lm). N = nucleus;
RER = rough endoplasmic reticulum; G = Golgi apparatus;
M = mitochondria

Fig. 15 MMC: a rich melanogenesis with melanosomes at
various degree of differentiation upon treatment with SCF
(EM; 16 mm bar = 1 lm). Me = melanosomes; arrowheads
pointing melanosomes
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clearly assessed in melanoma progression so far and in

our study it appears not to be affected by SCF treat-

ment. As the expression of both cNOS and iNOS was

present in basal conditions in all 5 MMC, it could be

hypothesized that their expression is strictly related to

their genotype and not induced by any cytokine addi-

tion as stressed by Fecker et al. [29].

Since NO is reported to exert anti-apoptotic activity

in melanoma cells [30], its expression in our cells ap-

pears to agree with the absence of apoptotic changes

observed in SCF-treated MMC under electron

microscopy. In fact, SCF has been reported to induce

apoptosis in enforced c-kit expressing MMC [12], but

apoptosis was not detected in our c-kit positive MMC

after SCF. It is also possible that apoptosis has not

been detected in our MMC because they expressed

c-kit receptor in vivo constitutively, whereas MMC

lines studied by Huang et al. [12] had been transfected

in vitro with c-kit gene, thus creating a peculiar bio-

logical behaviour.

The relevant result of this work is that SCF seems

capable of maintaining MMC in a well differentiated

status, as stressed by morphology and immunopheno-

type, and of reducing or abrogating the production of

cytokines strictly related to melanoma progression.

This SCF activity could give rise to in depth expansion

of these preliminary observations, in order to evaluate

possible further effects on the activity of MMC.
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