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Abstract
Melanocytes are cells of the epidermis that synthesize
melanin, which is responsible for skin pigmentation.
Transformation of melanocytes leads to melanoma, a highly
aggressive neoplasm, which displays resistance to apopto-
sis. In this report, we demonstrate that TNF-related apoptosis-
inducing ligand (TRAIL), which was thought to kill only
transformed cells, promotes very efficiently apoptosis of
primary human melanocytes, leading to activation of
caspases 8, 9 and 3, and the cleavage of vital proteins.
Further, we show that stem cell factor (SCF), a physiologic
melanocyte growth factor that activates both the phosphati-
dyl-inositol-3 kinase (PI3K) and the extracellular regulated
kinase (ERK) pathways, strongly protects melanocytes from
TRAIL and staurosporine killing. Interestingly, inhibition of
PI3K or its downstream target AKT completely blocks the
antiapoptotic effect of SCF, while inhibition of ERK has only a
moderate effect. Our data indicate that protection evoked by
SCF/PI3K/AKT cascade is not mediated by an increase in the
intracellular level of FLIP. Further, only a sustained PI3K
activity can protect melanocytes from apoptosis, thereby
indicating that the PI3K/AKT pathway plays a pivotal role in
melanocyte survival. The results gathered in this report bring
new information on the molecular mechanisms involved in
primary melanocyte apoptosis and survival that would help to
better understand the process by which melanomas acquire
their resistance to apoptosis.
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Introduction

Melanocytes are specialized cells of the epidermis that
synthesize melanin. Melanin is responsible for skin pigmenta-
tion and plays a key photoprotective role against the harmful
ultraviolet radiations of the solar light. The malignant
transformation of melanocyte gives rise to melanoma, a
highly aggressive, radiation- and chemotherapy-resistant
neoplasm. Melanoma, whose incidence has strongly in-
creased during the last few years and now concerns young
and middle-aged people, has become a major medical
problem.Melanoma, asmany other neoplasms, gains specific
traits that allow growth and metastasis development. Among
these characteristics, it is well known that transformed cells
and specially melanoma acquire a resistance to apoptosis
mediated by anticancer drugs and death receptor ligands of
the TNF family, which could explain a resistance to
chemotherapy and the escape to the immune response.
Death receptors of the TNF family and their ligands are

major actors of the apoptotic program.1,2 Hence, activation of
fibroblast-associated (FAS) and TNF-related apoptosis-indu-
cing ligand receptors (TRAIL-R1 and -2) by their respective
ligands, Fas-L and TRAIL, promotes the activation of the
initiator caspase 8. The onward cascade of apoptosis is the
activation of the executive caspase 3, which cleaves a number
of vital proteins, including the DNA repair enzyme poly(ADP-
ribose) polymerase (PARP), leading to DNA fragmentation
and apoptotic cell death.3 In several cell types, apoptosis
relies on the mitochondrial contribution to ultimately execute
the apoptotic program.4 Themitochondrial network, which can
also be initiated by stress signals such as anticancer drugs
and irradiation, triggers the release of cytochrome c from
mitochondria. In the cytoplasm, cytochrome c, through
binding to APAF-1, leads to activation of caspase 9, which
in turn contributes to the stimulation of caspase 3.5,6 Several
observations have pointed out to the involvement of the
mitochondrial pathway in apoptosis of melanocytes and
melanomas.7–9 Further, the resistance of melanoma to
apoptosis has been ascribed to the alteration of the expres-
sion of proteins that control the mitochondria apoptosis
pathway such as Bcl2, BclXL and Apaf1.10

Very strikingly, the studies performed until now have shown
that normal melanocytes were resistant to apoptosis evoked
by death receptor commitment.11,12 These observations
suggest the existence of strong survival signals in melanocyte
cultures. Indeed, it is well known that melanocyte culture
requires strongmitogenic and survival agents such as phorbol
ester (PMA), which can be substituted by physiologic growth
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factors such as stem cell factor (SCF) and hepatocyte growth
factor (HGF).
Interestingly, in vivo, SCF and HGF are produced by

keratinocytes and fibroblasts and can act locally on melano-
cytes. The inhibition of SCF action in epidermis causes a
dramatic reduction in melanocyte number and hair whiten-
ing.13,14 Further, transgenic mice expressing elevated levels
of SCF develop melanocyte dysplasia.15 Interestingly, trans-
genic mice overexpressing HGF also develop melanocyte
dysplasia and are prone to develop melanoma upon UV
exposure.16 SCF and HGF act through the activation of their
cognate tyrosine kinase receptors, c-Kit and c-Met respec-
tively, and trigger the activation of the extracellular signal-
regulated kinase (ERK) and the phosphatidyl-inositol-3-
kinase (PI3K), two signalling pathways largely involved in
proliferation and survival of several cell types.17–20

Thus, in this report, we have investigated the molecular
mechanisms involved in death receptor-induced apoptosis of
normal humanmelanocytes. We demonstrate for the first time
that normal melanocytes are highly sensitive to apoptosis
induced by TRAIL, which is generally not able to induce death
in nontransformed cells. In agreement with a general
resistance to apoptosis of tumor cells, we observe that
melanoma cells are less sensitive to apoptotic stimuli than
normal melanocytes. We also show that SCF protects
melanocytes from TRAIL- and staurosporine-mediated apop-
tosis. Interestingly, we demonstrate that the PI3K/AKT path-
way and the ERK pathway to a lesser extent play a key role in
the antiapoptotic effect of SCF. However, sustained activation
of the PI3K pathway, but not that of the ERK, is sufficient to
prevent TRAIL-induced apoptosis of melanocytes.
As a whole, our results bring new information on the

physiologic molecular mechanisms that govern human
primary melanocyte apoptosis and survival. Further, taking
into account that PI3K and ERK pathways are often activated
in melanoma, our data will help us to better understand the
respective role of PI3K and ERK pathways in the acquisition of
the resistance to apoptosis during the etiopathogenesis of
melanoma.

Results

Human primary melanocytes and melanomas
display different sensitivities to TRAIL-induced
cell death

First, we sought to determine the sensitivity of normal human
melanocytes to several proapoptotic agents in the absence of
growth factors in their culture medium. The effects of two
death receptor ligands, CH11 (an antibody that mimics the
effects of Fas-L) and TRAIL, and that of the protein kinase
inhibitor staurosporine were assessed by the XTT dye
reduction assay, an indicator of cell viability. As indicated by
the percentage of viable cells in Figure 1a, TRAIL and
staurosporine strongly decreased viability of primary human
melanocytes by 90% (Figure 1a). Although to a less extent,
TRAIL and staurosporine also reduced viability of the human
WM9, Skmel3 and Skmel5 melanoma cell lines (Figure 1b).
On the other hand, CH11 did not affect viability of normal
melanocytes or that of melanomas. In conclusion, we show for

the first time that TRAIL strongly decreased human primary
melanocyte survival. Further, in agreement with a general
resistance to death of tumor cells, our results indicate that
TRAIL kills melanocytes more efficiently than melanomas.

TRAIL mediates a rapid and massive apoptosis of
human primary melanocytes but not of human
primary keratinocytes or fibroblasts

We next wished to investigate how TRAIL decreased
melanocyte viability. Phase contrast microscopy showed that
TRAIL changed primary melanocyte morphology causing
neurite retraction and rounding shape, characteristic of cell
death (Figure 2a). Interestingly, TRAIL effects on melanocyte
viability and morphology were almost completely blocked in
the presence of Ac-DEVD-fmk, an inhibitor of the caspase 3
family (Figure 2a and b). All caspases are synthesized as
inactive zymogens that need to be activated by proteolytic
processing. Therefore, in Western blots, caspase activation
can be followed by the disappearance of the zymogenic form
that is detected by a specific antibody. In melanocytes, TRAIL
promoted the processing of the procaspase 3 that was
blocked upon Ac-DEVD-fmk treatment (Figure 2c).
We next looked for the effect of TRAIL in normal human

keratinocytes and fibroblasts, two other skin cell types. As
indicated by the percentage of viable cells and by detection of
procaspase 3, TRAIL did not decrease viability of primary
human keratinocytes and only induced a 15% death of
primary fibroblasts (Figure 2d and e). Staurosporine, used
as a positive control, efficiently reduced viability of keratino-
cytes and fibroblasts by 50 and 70% respectively and
promoted the processing of procaspase 3.

Figure 1 TRAIL decreases cell survival of human primary melanocytes and
melanomas. (a) Primary human melanocytes (2� 103/well in triplicate) were
incubated with TRAIL 25 ng/ml (T), CH11 100 ng/ml (CH11) or staurosporine
0.5 mM (St) for 16 h. (b) Human WM9, SKmel3 and SKmel5 melanoma cell lines
were exposed to death inducers as in (a) except for TRAIL 100 ng/ml. Cell
survival was assessed by the XTT dye reduction assay, which measures
mitochondrial respiratory function as described in Materials and methods. Cell
viability is expressed as a percentage of that of control cells (c). Data are
means7S.E.M. of three experiments performed in triplicate
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Next, time course experiments clearly demonstrated that
TRAIL induced a rapid procaspase 8 processing, which is
visible after 30min with TRAIL (Figure 3a). Processing of
procaspase 9 and procaspase 3 followed after 60min.
Further, we investigated the cleavage of PARP, the prototype
of caspase 3 substrate, using an antibody that recognizes the
85 kDa fragment, characteristic of apoptosis. The cleaved
form of PARP was observed after 120min with TRAIL
(Figure 3a). Detection of the receptor for transferrin ensured
that each lane was even-loaded. TRAIL-induced apoptosis
was also dose dependent as shown by caspase 3 processing
and cleavage of PARP in Western blotting (Figures 3b).
Together, these results clearly demonstrate that in normal

melanocytes TRAIL first activates caspase 8, then caspase 9
and caspase 3 and leads to the cleavage of PARP, finally
culminating in apoptosis.
Altogether, conversely to the primary idea indicating that

TRAIL does not induce apoptosis in nontransformed cells, our
observations show that normal human melanocytes display a
strong sensitivity to the proapoptotic effect of TRAIL.

SCF rescues melanocytes from TRAIL-induced
apoptosis

As SCF and HGF play a key role in melanocyte proliferation
and survival, we aimed to evaluate their effect on TRAIL-

induced melanocyte death. We observed that SCF prevented
TRAIL-mediated death of melanocytes, while HGF exerted a
weak protective effect against TRAIL killing (Figure 4a,
upper). TRAIL-induced caspase 3 processing was consider-
ably reduced when melanocytes were treated with SCF
compared tomelanocytes exposed to TRAIL in the absence of
SCF (lanes 2 and 4, Figure 4, lower panel). In agreement with
the experiments of cell viability, HGF hardly inhibited the
processing of caspase 3 caused by TRAIL. Therefore, our
results demonstrate that SCF, but not HGF, strongly protects
melanocytes from TRAIL-induced apoptosis.
In several cell types, HGF and SCF have been reported to

signal through the activation of the PI3K and ERK pathways.
Using phospho-specific antibodies against ERK and AKT, a
downstream target of PI3K, we next evaluated the activation
of the ERK and PI3K cascades in response to SCF and HGF.
We observed that SCF and HGF stimulated the ERK and

PI3K/AKT pathways with different kinetics and intensity
(Figure 4b). Quantitative analysis of the level of phospho-
specific signal showed that SCF was a stronger activator of
AKT than HGF. However, both growth factors activated AKT
with a similar kinetic. HGF had a rapid, robust and sustained
effect on ERK, while SCF also induced a rapid but transient
activation of ERK. Detection of transferrin receptor ensured
the even-loading of each lane.

Figure 3 In human primary melanocytes, TRAIL activates the cascade of
caspases and promotes the cleavage of PARP. (a) Human primary melanocytes
were left untreated or were exposed to TRAIL (25 ng/ml) for the time indicated in
the figure. Cell lysates were analyzed by Western blot with antibodies specific for
procaspase 8 (Casp8), 9 (Casp9) or 3 (Casp3) and with an antibody that
recognizes the cleaved form of PARP (PARPcl) at 85 kDa. Detection of
transferrin receptor ensured even-loading of each lane. (b) Dose response of
TRAIL (3 h) in human primary melanocytes. Protein extracts were then submitted
to immunoblotting using anti-procaspase 3 (Casp3) and cleaved PARP (PARPcl)
antibodies

Figure 2 TRAIL promotes apoptosis of human primary melanocytes. (a) Phase
contrast microscopy images of human primary melanocytes in response to TRAIL
25 ng/ml (T) for 16 h in the presence or absence of 50 mM Ac-DEVD-fmk. (b)
Human primary melanocyte survival was assessed by the XTT dye reduction
assay after treatment with TRAIL 25 ng/ml (T) for 16 h in the presence or absence
of 50 mM Ac-DEVD-fmk. Cell viability is expressed as a percentage of that of
control cells (c). Data are means7S.E.M. of three experiments performed in
triplicate. (c) Melanocyte lysates from (a) were analyzed by Western blot with
procaspase 3-specific antibody or anti-transferrin receptor antibody. (d) Human
primary keratinocytes or (e) human primary fibroblasts (2� 103/well in triplicate)
were incubated with TRAIL 25 ng/ml or staurosporine 0.5 mM for 16 h. Cell
viability is expressed as a percentage of that of control cells (c). Data are
means7S.E.M. of three experiments performed in triplicate. Lysates of
keratinocytes and fibroblasts were also analyzed for the expression of
procaspase 3 (Casp3) by Western blot
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Since SCF has a more pronounced protective effect than
HGF effect, these results suggest that the PI3K route plays a
key role in the antiapoptotic effect of SCF.

SCF predominantly mediates its antiapoptotic
effects through PI3K activation

To investigate the role of the ERK and PI3K/AKT pathways in
the prosurvival action of SCF, we used pharmacological
inhibitors of ERK or PI3K and AKT. The protection evoked by
SCF against TRAIL-induced apoptosis of melanocytes was
reduced by about 30% in the presence of PD98059 and
completely abrogated by LY294002 or AKT inhibitor
(Figure 5a). Addition of PD98059 or LY294002 had no further
effect. Western blot analysis showed that ERK and AKT
activity was fully inhibited by PD98059 and LY294002,
respectively, demonstrating the efficiency of the inhibitors on
both signalling pathways (Figure 5b). Phosphorylation of
GSK3b induced by SCF was prevented by AKT inhibitor,
demonstrating its functionality (Figure 5c).

The PI3K/AKT has been shown to exert its antiapoptotic
activity by increasing the intracellular level of FLIP. However,
short-term treatment of normal melanocytes with SCF did not
affect FLIP-L or FLIP-S expression (Figure 5d).
Cell viability assay demonstrated that SCF also inhibited

chemical-induced apoptosis elicited by staurosporine
(Figure 5e). Further, inhibition of the PI3K/AKT pathway by
LY294002 abrogated the antiapoptotic activity of SCF, while
in the same condition PD98059 had a less significant effect.
The results show that SCF prevents both death and non-

death receptor-induced apoptosis, predominantly through the
activation of the PI3K/AKT pathway.
To confirm this hypothesis, normal melanocytes were

infected with an adenovirus encoding a constitutively active
form of the catalytic subunit of the PI3K (p110) or a
constitutively active BRAF and then were exposed to TRAIL.

Figure 4 SCF protects normal melanocytes from TRAIL-induced apoptosis. (a)
Viability of human primary melanocytes pretreated with SCF (100 ng/ml) or HGF
(100 ng/ml) for 1 h and then incubated with TRAIL (25 ng/ml) or (b) staurosporine
(1mM) for 3 h was measured by the XTT dye reduction assay. Cell viability is
expressed as a percentage of that of control cells (c). Data are means7S.E.M.
of three experiments performed in triplicate. In parallel, protein extracts were
subjected to Western blot with anti-procaspase 3 (Casp3) and transferrin
receptor antibodies. (b) Time course experiments of primary melanocytes
exposed to SCF (100 ng/ml) or HGF (100 ng/ml) for the time indicated in the
figure. Western blot analysis of cell extracts with phospho-Ser473 AKT (pAKT)
and phospho-Tyr204/Thr202 p42/44 ERK (pERK1/2). The resulting AKT and
ERK phosphorylation levels were quantified using the NIH image software

Figure 5 LY294002, AKT inhibitor and to a lesser extent PD98059 prevent the
antiapoptotic effect of SCF. (a) Melanocytes were pretreated with SCF (100 ng/
ml) for 1 h and then incubated for 3 h with TRAIL (25 ng/ml) in the presence or
absence of LY294002 (15 mM) or PD98059 (20 mM) or AKT inhibitor (20 mM).
Cell viability is expressed as a percentage of that of control cells (c). Data are
means7S.E.M. of three experiments performed in triplicate. (b) Lysates from
melanocytes exposed to SCF in the presence or absence of LY294002 or
PD98059 were submitted to immunoblotting with phospho-Ser473 AKT (pAKT)
and phospho-Tyr204/Thr202 p42/44 ERK (pERK1/2). (c) Western blot of
melanocyte lysates exposed to AKT inhibitor was revealed by a phospho-Ser9
GSK3b (pGSK3b) antibody. (b, c) Detection of transferrin receptor ERK2
ensured that each lane was even-loaded. (d) Immunoblotting with antibodies
against FLIP-L or FLIP-S of melanocyte extracts exposed to SCF (100 ng/ml) for
60 or 120 min. (e) Melanocytes were pretreated with SCF (100 ng/ml) for 1 h and
then incubated for 4 h with staurosporine (St, 1 mM) in the presence or absence of
LY294002 (15 mM) or PD98059 (20 mM). Cell viability is expressed as a
percentage of that of control cells (c). Data are means7S.E.M. of three
experiments performed in triplicate
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It is noteworthy that the adenovirus vector infected more than
90% of primary melanocytes. Phase contrast microscopy
showed that infection of the human melanocytes with the
adenovirus p110 almost completely blocked the morphologic
cell change and the induction of melanocyte death caused by
TRAIL as compared to melanocytes infected with an empty
adenovirus or the BRAF adenovirus (Figure 6a and b).
Further, when normal melanocytes were infected with p110,
TRAIL-mediated procaspase 3 processing was strongly
inhibited conversely to control condition or in the presence
of active BRAF (Figure 6c). The efficiency of the constitutively
active PI3K or BRAF was confirmed by their ability to induce a
robust AKT and ERK activity. In conclusion, our data clearly
demonstrate that the activation of the PI3K pathway, but not
that of the ERK pathway, is sufficient to induce melanocyte
survival.

Discussion

In the present report, we have undertaken a study of the
mechanisms involved in normal human melanocytes apopto-
sis and survival. We demonstrated for the first time that TRAIL
promoted very efficiently apoptosis of primary human mela-
nocytes. TRAIL has been initially described to specifically
induce apoptosis in a wide range of transformed and cancer
cells, including melanomas, without affecting normal cells.21

Consistently, we observed that human primary keratinocytes
or normal human skin fibroblasts were resistant to TRAIL-
mediated apoptosis. In both cells types, the intrinsic death
machinery was functional, since keratinocytes and fibroblasts
were efficiently killed by staurosporine, a general inhibitor of
protein kinases, often used for its ability to drive rapidly the
majority of mammalian cells into apoptosis.22,23 However, a
recent report indicates that human primary hepatocytes, upon
growth factor withdrawal, can be efficiently killed by TRAIL,
thereby indicating that TRAIL could promote apoptosis of
normal cells.24 Interestingly, we observed that normal
melanocytes were much sensitive to TRAIL-induced apopto-
sis than hepatocytes. Normal melanocytes have been shown
to be resistant to TRAIL-induced apoptosis but, in these
previous studies, melanocytes were grown in a defined
medium containing several mitogens, including PMA that
could block TRAIL-induced apoptosis.11,25 Here, we demon-
strate that in the absence of such mitogens, TRAIL caused
very efficiently apoptosis in primary human melanocytes.
Analysis of TRAIL receptor expression (DR1, DR2, DR4,

DR5) indicated that the responsiveness to TRAIL of the
different cell types used in this study did not directly rely on
receptor expression (data not shown), and this is noteworthy.
In normal melanocytes, TRAIL promoted the activation of

the initiator caspase 8 and then that of caspase 9 and caspase
3, indicating that TRAIL effect involved the mitochondrial
network. These results agree with the observations made in
melanomas, which demonstrate the key contribution of
mitochondria in TRAIL-mediated apoptosis.26–28 In the same
conditions, CH11, an IgM that mimics the effect of FAS-L, did
not significantly affect the viability of both normal melanocytes
and melanomas. The susceptibility to TRAIL ligand but not to
FAS-L has already been demonstrated in a variant of Jurkat T-
cell line. In this case, it has been suggested that a factor,
present in the cytosol, impeded the function of the truncated
Bid, which controls the release of cytochrome c, suggesting
that the function of Bid is crucial for FAS signalling but can be
overcome by TRAIL.29 Additional studies in melanocytes and
melanomas are required to better understand their resistance
to FAS-L-mediated killing.
Further, our results show that normalmelanocytes aremore

sensitive to different apoptotic stimuli than melanomas, in
agreement with the notion that resistance to apoptosis is a
common characteristic of tumor cells.10,30

Consistent with an antiapoptotic action of some mitogens in
the culture medium of melanocytes, we demonstrated that
SCF, a physiologic melanocyte survival factor, protected
melanocytes from TRAIL-induced apoptosis. Indeed, SCF
potently reduced TRAIL-mediated caspase activation and
melanocyte death. SCF also decreased killing of melanocytes
by staurosporine. HGF, another melanocyte growth factor,

Figure 6 PI3K blocks TRAIL-induced apoptosis of melanocytes. (a) Phase
contrast microscopy of human primary melanocytes exposed for 3 h to TRAIL
(25 ng/ml) after infection with an empty adenovirus or adenoviruses encoding
either an active form of the catalytic subunit of PI3K (p110) or an active form of
BRAF (BRAF). (b) Viability of melanocytes treated as in (a) was evaluated and
expressed as a percentage of that of control cells (c). Data are means7S.E.M.
of three experiments performed in triplicate. (c) Western blot analysis of
melanocytes shown in (a) with antibodies against phospho-Ser473 AKT (pAKT),
phospho-Thr202/Tyr204 ERK1/2 (pERK1/2), procaspase 3 and transferrin
receptor
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exerted only very weak protective effect against apoptosis
elicited by TRAIL. These results are in agreement with
previous experiments, which showed that blocking SCF
function caused murine melanocyte precursors apoptosis.14

On the other hand, deficiency in HGF or its receptor Met does
not cause melanocyte loss, indicating that HGF is not
absolutely required for melanocyte survival31 and HGF alone
is not sufficient for the malignant transformation of melano-
cytes.32–34 Taken together, our data emphasize the key role of
SCF in melanocyte survival.
Interestingly, we showed that both SCF and HGF stimu-

lated the ERK and PI3K/AKT signalling pathways. However,
in primary melanocytes, SCF was a more potent activator of
AKT than HGF, while the latter caused a stronger and
sustained stimulation of ERK activity. Since SCF almost
completely abolished TRAIL-mediated cell death, while HGF
was poorly antiapoptotic, these observations suggest that the
PI3K/AKT pathway is essential for the survival effect of SCF.
Using pharmacological inhibitors of ERK (PD98059) and
PI3K/AKT (LY294002 or AKT inhibitor) pathways, we con-
firmed this hypothesis by demonstrating that LY294002 or
AKT inhibitor prevented the antiapoptotic effect of SCF, while
PD98059 effect was partial. Additionally, we also showed that
forced expression of an activated PI3K catalytic subunit
blocked TRAIL-induced apoptosis in normal melanocytes. On
the other hand, sustained activation of ERK, by expression of
an active BRAF construct, did not affect TRAIL-induced
melanocyte death.
Together, these results show that the PI3K route, and ERK

pathway to a much lesser extent, plays a role in the
antiapoptotic effect of SCF. However, the activation of ERK
pathway alone is not sufficient to protect melanocytes from
apoptosis.
Recent investigations have demonstrated that 66% of

melanomas contain an activating mutation of BRAF leading
to a strong and sustained ERK activity.35,36 Knockdown of
BRAF expression induced apoptosis in melanoma bearing
BRAF-activating mutation37,38 and inhibition of ERK1/2 by
pharmacological inhibitors increased melanoma sensitivity to
TRAIL.27 However, results from the literature showing that
BRAF-activating mutations were also detected in benign nevi
support the notion that the BRAF/MEK/ERK cascade is not
sufficient by itself to promote melanocyte transformation and
the characteristic resistance to apoptosis of the transformed
cells.39,40 These observations are in agreement with our
results demonstrating that the only activation of ERK is not
sufficient to promote a resistance to apoptosis of melano-
cytes.
Thus, the passage from the benign melanocyte hyperplasia

(nevus) to the malignant melanoma requires, in addition to
ERK pathway activation, the deregulation of other antiapop-
totic pathways.
Interestingly, the activation of PI3K is a very potent

antiapoptotic signal and several reports have evoked the role
of the PI3K pathway in melanoma tumorigenicity and
resistance to apoptosis.41–43 Further, PTEN, a phospholipid
phosphatase that downregulates the PI3K pathway, is often
inactivated in melanoma.44 These observations and our
results point out to the key role of the PI3K pathway in
survival of melanocytes and development of melanoma. The

PI3K/AKT pathway has been shown to exert its antiapoptotic
effect through regulation of FLIP45,46 However, in normal
melanocytes, SCF did not change the intracellular level of
FLIP-L or FLIP-S, indicating that FLIP does not mediate the
antiapoptotic effect of SCF. The fact that SCF also protected
melanocytes from staurosporine-induced apoptosis led us to
envision that the SCF/PI3K/AKT cascade acts at the
mitochondrial level to prevent melanocyte apoptosis.
As mentioned above, SCF is a survival factor for melano-

cytes and is required for proper development of the
melanocytes. Interestingly, in vitiligo, a decreased level of
SCF has been found in the depigmented zone, in which
melanocytes were thought to die by apoptosis.47,48 Further,
SCF production by keratinocytes is increased by ultraviolet B
(UVB) radiation, which is known to increase nevi size and
number.49,50 In the same line, transgenic mice expressing
elevated levels of SCF develop melanocyte dysplasia.51

Thus, SCF by preventing apoptosis in melanocytes could
favor melanocyte growth and transformation.
Altogether, the results gathered in this study bring new

information on the molecular mechanisms involved in primary
melanocyte survival and apoptosis that could help in under-
standing the etiopathogenesis of melanomas or that of some
pigmentary defects that affect melanocyte homeostasis.

Materials and Methods

Materials

Staurosporine, hydrocortisone, insulin, phorbol-12 myristate 13-acetate,
MCDB 153 medium, sodium fluoride, sodium orthovanadate, 4-(2-
aminoethyl)-benzene-sulfonyl fluoride (AEBSF), aprotinin and leupeptin
were purchased from Sigma Chem. Co (St. Louis, MO, USA). The MEK
inhibitor PD98059, the PI3K inhibitor LY294002, the AKT inhibitor and the
protease inhibitor acetyl-DEVD-fmk were from MERCK Eurolab.
Dulbecco’s modified Eagle’s medium (DMEM) and trypsin were from
Invitrogen (San Diego, CA, USA), fetal calf serum (FCS) was from Hyclone
and KSFM was from Promocell (Heidelberg, Germany). Recombinant
TRAIL, HGF and SCF (Val114-GlyGly281, described by Ashkenazi et al.52

were obtained from R&D. Recombinant basic fibroblast growth factor was
from Promega Co (Madison, WI, USA). Adenovirus encoding p110-CAAX
was kindly provided by L Pirola (INSERM U145, France).

Antibodies

CH11, an IgM that mimics the effect of Fas-L, and monoclonal procaspase
3 (Casp3) antibodies were from Euromedex. The polyclonal procaspase 8
(Casp8), procaspase 9 (Casp9), cleaved PARP (PARPcl), phospho-
specific Ser473 AKT (pAKT), total AKT, phospho-specific Ser9 GSK3b
(pGSK3b) and Thr202/Tyr204 ERK1/2 (pERK1/2) antibodies were from
Cell Signaling Technology Inc. (Beverly). The monoclonal anti-transferrin
receptor antibody was from Zymed Laboratories Inc. (CA, USA) and the
monoclonal anti-ERK2 (D-2) antibody was from Santa Cruz Biotechnol-
ogy. Horseradish peroxidase-conjugated anti-rabbit or anti-mouse
antibodies were from Dakopatts (Glostrup, Denmark).

Cell cultures

Epidermal cell suspensions were obtained from foreskins of Caucasian
children by overnight digestion in phosphate-buffered saline containing
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0.5% dispase grade II at 41C, followed by a 20 min digestion with 0.05%
trypsin–0.02% EDTA in phosphate-buffered saline (V/V) at 371C. Human
primary melanocytes were grown in MCDB153 medium supplemented
with 2% FCS, 0.4mg/ml hydrocortisone, 5 mg/ml insulin, 16 nM phorbol-12
myristate 13-acetate, 1 ng/ml basic fibroblast growth factor, 10 mg/ml
bovine pituitary extract and penicillin/streptomycin (100 U/ml/50 mg/ml).
Human primary keratinocytes were cultured in KSFM medium in which
0.1 ng/ml epidermal growth factor, 15 mg/ml bovine pituitary extract and
penicillin/streptomycin (100 U/ml/50 mg/ml) were added. Human primary
fibroblasts, derived from the corresponding dermis, were grown in DMEM
7% FCS and penicillin/streptomycin (100 U/ml/50 mg/ml). Human WM9,
SKmel3 and SKmel5 melanoma cells were grown in DMEM supplemented
with 7% FCS and penicillin/streptomycin (100 U/ml/50 mg/ml). All cell types
were maintained in a humidified atmosphere containing 5% CO2 at 371C.
For all experiments, before being exposed to the different effectors,
primary melanocytes were cultured for 16 h in MCDB153, 2% FCS, 0.4mg/
ml hydrocortisone, 5 mg/ml insulin; keratinocytes were depleted in KSFM
serum free medium and melanomas and fibroblasts in DMEM serum free
medium.

Cell viability test

Cell viability was assessed using the cell proliferation kit II (XTT; Roche
Molecular Biochemicals, Indianapolis, IN, USA) according to the
manufacturer’s protocol. Briefly, cells (2� 104 cells per point) were grown
in triplicate in 100ml of the corresponding medium before being starved of
mitogens and growth factor for overnight. Cells were next treated with
TRAIL, CH11 or staurosporine for the time indicated in the legend and
then were incubated with the dye. Cell viability, measured at 490 nm, is
expressed as a percentage of that of control cells.

Western blot assays

Cells were grown in six-well dishes with or without different effectors for the
time indicated in the figure. Then, cells were lysed in buffer A containing
50 mM Tris pH 7.4, 150 mM NaCl, 1% Triton X-100, 10 mM leupeptin,
1 mM AEBSF, 100 U/ml aprotinin, 10 mM NaF and 1 mM Na3VO4.
Samples (30 mg) were separated by 10% SDS–PAGE, transferred onto a
PVDF membrane (Immobilon, Millipore, France) and then exposed to the
appropriate antibodies. Proteins were visualized with the ECL system from
Amersham using horseradish peroxidase-conjugated anti-rabbit or anti-
mouse secondary antibody.

Adenovirus construction and infection of primary
melanocytes

Generation of recombinant adenoviruses using the VmAdcDNA3 system
has been previously described.53 Briefly, pCDNA3 encoding BRAFCAAX
was recombined with VmAdcDNA3 into competent Escherichia coli
BJ5183 (Stratagene, La Jolla, CA, USA). Recombinants were screened by
PCR and amplified in JM109 cells. The recombinant adenoviral vector
encoding BRAFCAAX was digested by PacI before being transfected into
human embryonic kidney 293 cells with Lipofectamine (Invitrogen) and the
resulting viruses were serially amplified in 293 cells. Briefly, adenoviruses
were harvested 36–40 h after infection, pelleted, lysed by three freeze–
thaw cycles and stored in PBS. Viral titer of stocks was X108 PFU/ml.
Transduction efficiency of melanocytes was determined using an
adenoviral vector carrying the green fluorescent protein.54 An adenovirus
consisting of the identical adenovirus backbone without cDNA insert

(empty Adeno) was used as control. Primary melanocytes were infected
with empty, p110CAAX or BRAFCAAX adenovirus at a multiplicity of
infection (MOI) of 3 for 48 h before being exposed to TRAIL (25 ng/ml) for
3 h. Cells were then lysed and the resulting protein extracts were analyzed
by Western blotting.
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