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Abstract

Patients expressing estradiol receptors in melanoma cells have been
reported to have a better prognosis. We therefore decided to investi-
gate the in vitro effects of ß-estradiol and tamoxifen on the growth and
tyrosinase activity of SK-Mel 23 human melanoma cells. Twenty-
four-hour treatment with 0.4 nM ß-estradiol inhibited cell prolifera-
tion in 30% (0.70 ± 0.03 x 105 cells) and increased tyrosinase activity
in 50% (7130.5 ± 376.5 cpm/105 cells), as compared to untreated cells
(1.0 ± 0.05 x 105 cells and 4769 ± 25.5 cpm/105 cells, respectively).
Both responses were completely (100%) blocked by 1 µM tamoxifen.
Higher concentrations (up to 1.6 nM) or longer treatments (up to 72 h)
did not result in a larger effect of the hormone on proliferation or
tyrosinase activity. Competition binding assays demonstrated the
presence of binding sites to [2,4,6,7-3H]-ß-estradiol, and that the
tritiated analogue was displaced by the unlabeled hormone (1 nM to
100 µM, Kd = 0.14 µM, maximal displacement of 93%) or by 10 µM
tamoxifen (displacement of 60%). ß-estradiol also increased the phos-
phorylated state of two proteins of 16 and 46 kDa, after 4-h treatment,
as determined by Western blot. The absorbance of each band was 1.9-
and 4-fold the controls, respectively, as determined with Image-Pro
Plus software. Shorter incubation periods with ß-estradiol did not
enhance phosporylation; after 6-h treatment with the hormone, the two
proteins returned to the control phosphorylation levels. The growth
inhibition promoted by estradiol may explain the better prognosis of
melanoma-bearing women as compared to men, and open new per-
spectives for drug therapy.
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In addition to acting on reproductive func-
tions, estrogens are known to affect growth
and differentiation of a variety of cell types.
It has been reported that estrogens and pro-
gestins may elicit hyperpigmentary responses
by the stimulation of melanogenesis within
skin melanocytes (1). In fact, an increase in
the transcription of tyrosinase, TRP-1 and

TRP-2 (enzymes of the melanin synthesis
pathway), has been reported in normal hu-
man melanocytes by several investigators
(see Ref. 2).

The presence of high-affinity receptors
for estradiol has been reported for 24 pri-
mary human melanomas (3). Patients ex-
pressing estradiol receptors in melanoma cells
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seem to have a better prognosis, suggesting a
putative inhibitory action of estradiol on the
growth of this tumor (4). More recently, a
second estrogen receptor, ERß, cloned from
the rat prostate, has been shown to possess
high affinity for estradiol and to bind to the
same DNA elements as does the classic re-
ceptor, ERα (5). Both receptors may form
heterodimers and modulate gene transcrip-
tion via AP-1, although the effects depend
on the ligand and the receptor type (6).

The modulatory actions of estradiol on
melanoma cells and its mechanism of action
are still poorly understood. We present here
evidence that estradiol promotes the phos-
phorylation of two proteins of 16 and 46
kDa, respectively, followed by growth inhi-
bition and melanogenesis activation in SK-

Mel 23 human melanoma cells.
The human melanoma cell line SK-Mel

23, kindly provided by Dr. Anthony Albino
(Memorial Sloan Kettering Cancer Center,
New York, NY, USA), was maintained in
MCDB 153 medium (Sigma, St. Louis, MO,
USA) supplemented with 5% fetal calf se-
rum (after steroid extraction in 2.5% acti-
vated charcoal), in the absence of antibiot-
ics, at 37ºC.

Twenty-four hours after seeding (105

cells/well on a 6-well plate), the medium
was replaced with fresh medium containing
0.4, 0.8 or 1.6 nM ß-estradiol, and 0.7 µCi/
ml [3H]-tyrosine, in triplicate. In a second
protocol, the medium was replaced with fresh
medium containing 0.4 nM estradiol, 1 µM
tamoxifen, or both, and 0.7 µCi/ml [3H]-
tyrosine, in triplicate. A second control re-
ceived 0.1% ethanol (tamoxifen solvent).

After 24 h, 48 h or 72 h, the cells were
harvested and counted with a hemocytom-
eter, and tyrosinase activity was measured in
the medium (see Ref. 7, modified according
to Ref. 8). Briefly, 200-µl duplicates of each
medium were added to 800 µl of 10% acti-
vated charcoal in 10% trichloroacetic acid.
The mixture was vortexed vigorously, incu-
bated at 9ºC for 20 min and centrifuged at
3000 g for 10 min. The supernatant solution
(500 µl) was added to 5 ml scintillation fluid
and counted.

SK-Mel 23 cells exhibited a statistically
significant 30% decrease in proliferation
(mean ± SEM, 0.70 ± 0.03 x 105 cells) and a
50% increase in tyrosinase activity (7130.5
± 376.5 cpm/105 cells; ANOVA, followed
by the Student-Newman-Keuls tests) after
24-h treatment with 0.4 nM ß-estradiol, as
compared to control (1.0 ± 0.05 x 105 cells
and 4769 ± 25.5 cpm/105 cells, respectively).
Higher concentrations up to 1.6 nM or longer
incubation periods (up to 72 h) with estra-
diol did not result in a larger effect of the
hormone on proliferation or tyrosinase ac-
tivity (Table 1).

An increase in human melanoma growth

Table 1. Effect of ß-estradiol and its blockade by tamoxifen on cell number and
tyrosinase activity.

Treatment Cell number (x 105) Tyrosinase activity
(cpm/105cells)

24 h (N = 7-9)
Control 1.00 ± 0.05 4769.00 ± 25.50
0.4 nM ß-estradiol 0.70 ± 0.03* 7130.50 ± 376.50*
0.8 nM ß-estradiol 0.98 ± 0.07 4003.00 ± 42.00
1.6 nM ß-estradiol 0.90 ± 0.06 5009.50 ± 291.50

48 h (N = 6)
Control 1.41 ± 0.04 3982.17 ± 264.84
0.4 nM ß-estradiol 1.37 ± 0.08 3804.17 ± 334.36
0.8 nM ß-estradiol 1.36 ± 0.09 3961.83 ± 209.04
1.6 nM ß-estradiol 1.23 ± 0.13 3760.25 ± 250.12

72 h (N = 6)
Control 2.21 ± 0.10 2243.67 ± 159.84
0.4 nM ß-estradiol 2.16 ± 0.09 2268.50 ± 215.98
0.8 nM ß-estradiol 2.16 ± 0.10 2116.50 ± 70.32
1.6 nM ß-estradiol 2.06 ± 0.05 2138.67 ± 102.74

24 h (N = 6)
Control 1.02 ± 0.05 2736.86 ± 105.72
0.1% ethanol 0.90 ± 0.04 3317.89 ± 137.37
0.4 nM ß-estradiol 0.64 ± 0.04** 4872.63 ± 219.72**
1 µM tamoxifen 0.93 ± 0.05 3083.33 ± 97.33
0.4 nM ß-estradiol + 1 µM tamoxifen 0.95 ± 0.04 3358.11 ± 277.32

SK-Mel 23 melanoma cells were treated with increasing concentrations of ß-estradiol
for various times, and with 0.4 nM ß-estradiol in the absence or presence of 1 µM
tamoxifen, for 24 h. Data are reported as means ± SEM.
*P < 0.05 compared to control; **P < 0.05 compared to all other treatments in this
block of experiments (ANOVA, followed by Student-Newman-Keuls test).
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in response to estradiol has been reported by
some investigators (9), whereas others have
observed no response (10). However, the
cited authors have used incubation periods
longer than 24 h (10) or pharmacological
concentrations (10-5 M) of the hormone (9).
The data in the literature are also controver-
sial regarding melanogenesis. Jee and co-
workers (11) described a decrease in tyrosi-
nase activity in normal human melanocytes
after 4 days of 1 nM estradiol treatment,
whereas others reported an increase in tyro-
sinase, TRP-1 and TRP-2 (2) transcription.

Melanogenesis is known to be stimulated
by cyclic AMP-dependent protein kinase
(PKA) or diacylglycerol dependent-kinase
(PKC) pathway. Interestingly, PKA-stimu-
lating agents such as cholera toxin and meth-
ylxanthines act synergistically with estradiol
in human non-pigmentary cells (12). In addi-
tion, 17ß-estradiol and calcitriol activate G-
protein-coupled phospholipase Cγ in osteo-
blasts, suggesting the presence of steroid
membrane receptors (13). This may be a
pathway for the ß-estradiol-induced increase
of tyrosinase activity in SK-Mel 23 cells.

However, both the anti-proliferative and
melanogenic responses evoked by 0.4 nM
estradiol were abolished in the presence of 1
µM tamoxifen, suggesting that estradiol prob-
ably exerted its effects through the classical
estradiol receptor.

In view of these observations, we per-
formed competition binding assays with
[2,4,6,7-3H]-ß-estradiol. SK-Mel 23 cells
were plated (2 x 105 cells/well on a 12-well
plate) on MCDB medium supplemented with
5% charcoal-activated serum, and incubated
in 0.1 µM [2,4,6,7-3H]-ß-estradiol and in-
creasing concentrations (1 nM to 100 µM) of
ß-estradiol or 10 µM tamoxifen for 45 min at
37ºC. The medium was removed, the cells
were rinsed with 0.2% albumin-containing
PBS, and lysed with 0.2% albumin and 0.5%
Triton X-100 in PBS. Duplicates of 200 µl of
the lysates were added to 5 ml of scintillation
fluid and counted with a scintillation counter

(model TriCarb 2100 TR Packard, Downers
Grove, IL, USA). Analysis of the competi-
tion curve (Figure 1A) with the Graphpad
Prism software indicated a single binding
site with Kd = 0.14 µM. Maximal displace-
ments of 93 and 60% were seen in the pres-
ence of 100 µM estradiol and 10 µM
tamoxifen, respectively (Figure 1A).

Miller et al. (14), using immunocytochem-
istry, identified classic estrogen receptors in
only 2 of 69 human melanomas. On the other
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Figure 1. A, Representative competition binding assay of 0.1 µM [2,4,6,7-3H]-ß-estradiol in
the presence of increasing concentrations (1 nM to 100 µM) of ß-estradiol (N = 9), or in the
presence of 10 µM ß-estradiol or 10 µM tamoxifen (insert, N = 3) in SK-Mel 23 melanoma
cells. Data are reported as means ± SEM. B. Representative time-course phosphorylation
assay of untreated and 0.4 nM ß-estradiol-treated SK-Mel 23 melanoma cells. Bar graph
shows the values determined by densitometry which are compared to controls.
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hand, in addition to the classic receptor (Kd =
0.1 to 1.0 nM) (see, e.g., Ref. 15), another
binding site, the so-called type II estrogen
receptor, has been characterized in a variety
of human melanomas (16). This site exhibits
lower affinity for the ligand, but the same
specificity, and also recognizes tamoxifen.
Indeed, the significant anti-proliferative ac-
tivity of ß-estradiol and selective analogues
in normal and malignant tissues has been
attributed to type II binding sites (17). Our
data suggest that SK-Mel 23 human mela-
noma cells possess type II estradiol binding
sites, since they exhibit low affinity for the
ligand, and the hormone exerts an anti-pro-
liferative action.

For the phosphorylation assays, 24 h af-
ter seeding (1 x 106 cells/80 cm2 flask), SK-
Mel 23 cells were treated for 16 h with
serum- and P-free RPMI 1640 (Gibco BRL,
Rockville, MD, USA). Cells (5 x 105) were
then resuspended in 100 µl containing 250
µCi/ml 32P (Amersham-Pharmacia, Buck-
inghamshire, England) at 37ºC for 2 h under
constant shaking. Aliquots were incubated
in 0.4 nM estradiol for 15, 30, and 60 min,
and for 2, 4, and 6 h. The cells were then
rinsed in cold PBS on ice (2X, 1 ml), pelleted
and lysed in 50 µl RIPA buffer (1.2% aprot-
inin, 4 µM antipain, 5 mM EDTA, 5 µM
leupeptin, 1.1 mM Na3VO4, 150 mM NaCl,
1.4 mM PMSF, 0.1% SDS, 10 mM Tris-HCl,
1% Triton X-100, pH 7.4; Sigma). The
samples were vortexed vigorously, kept on
ice for 15 min, and centrifuged at 2000 g for
10 min at 4ºC. Cold acetone was then added
to the supernatant (5:1, v/v), which was kept
at -20ºC overnight to precipitate the pro-
teins.

The samples were then centrifuged at
2000 g for 10 min at 4ºC and the proteins
resuspended in 50 µl buffer (5% v/v 2ß-
mercaptoethanol, 0.002% bromophenol blue,
50% glycerol, 2% SDS, and 125 mM Tris-
HCl, pH 6.8; Sigma). After heat denatur-
ation, 1 µl of each sample was removed for
radioactivity reading, and equal amounts of

radioactivity were applied to a 5 to 20%
gradient acrylamide gel which was electro-
phoresed at 10 mA for 1 h. The gel was then
wrapped in cellophane and evaporated in hot
air for 2 h for later contact (1-3 h) with X-ray
film (Kodak scientific imaging film X-OMAT
AIR 13 x 18 cm2). The relative densitom-
etries were determined with the Image-Pro
Plus software, version 4.5.1 (Media Cyber-
netics, Silver Spring, MD, USA).

The phosphorylation assays revealed that
0.4 nM estradiol increased the phosphory-
lated state of 2 proteins, of 16 and 46 kDa,
respectively, after 4 h of treatment. The ab-
sorbance of each band was 1.9- and 4-fold
the control density, respectively. Shorter in-
cubation period (2 h) did not promote phos-
phorylation, and after 6 h of ß-estradiol treat-
ment the 16- and 46-kDa substrates had been
dephosphorylated (Figure 1B).

Reversible tyrosine phosphorylation of
the estradiol receptor occurs after receptor
activation by the ligand. The basal phospho-
rylation level of the receptor increases 3-4
times upon stimulation with estradiol or
tamoxifen (18). However, the receptor is
about 66 kDa, very different in size from the
16- and 46-kDa phosphorylated proteins in
SK-Mel 23 cells.

It is well known that the melanizing hor-
mone, α-MSH, promotes phosphorylation
of tyrosinase, a 43-kDa protein, in murine
and human melanocytes, by either PKA or
PKC (19,20). The phosphorylation of the
46-kDa protein may well be a component of
the cascade leading to the increase in tyrosi-
nase activity promoted by ß-estradiol in SK-
Mel 23 cells.

In conclusion, our data suggest the pres-
ence of type II estrogen binding sites in SK-
Mel 23 cells which, once activated by estra-
diol, induce phosphorylation of 16- and 46-
kDa proteins. These events lead to differen-
tiation of melanoma cells, as there is a de-
crease of proliferation and an increase in
melanogenesis.
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