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ABSTRACT

Physiochemical properties of an estrogen binding protein were char
acterized in three human melanoma cell lines, I ISO-MKI -I, I ISO-
MI 1-2, and UISO-MEL-4. Estrogen binding to melanoma cytosol was
saturable, specific for estrogens, and represented by a single class of
high-affinity, limited-capacity binding sites (Kt 5.5 x IO"10M, 2.7 Â±0.5
fmol/mg of cytosol protein, UISO-MEL-2; 2.2 x 10"'Â°M, 7.8 Â±3.3,

UISO-MEL-4) (SEM), l ISO Ml I -I cytosols did not bind estradili!.
The binding protein in UISO-MEL-2 and -4 sedimented at 8.5S and
9.2S, respectively, in the presence of 10 m\i sodium molybdate. Solid-
phase radioimmunoassay with a monoclonal antibody specific for human
estrogen receptor (H222 sp\) showed good correlation (r = 0.84) with a
hydroxyapatite biochemical assay of identical melanoma cytosols. Ex
posure of UISO-MEL-2 to estradici produced a time- and temperature-
dependent increase in total nuclear receptor for estrogen in vitro. I stra
dini treatment of athymic mice also significantly increased cytosol pro
gesterone receptor content in UISO-MEL-2 and UISO-MEL-4 xeno-
grafts. Estradiol had no effect on the plating efficiency or growth of any
melanoma cell line or normal melanocytes in vitro. Tamoxifen also had
no effect on melanoma growth in vitro. In contrast, chronic exposure of
athymic mice carrying estrogen receptor-positive UISO-MEL-2 to estra-
diol resulted in a sex-dependent increase in tumor latency and overall
inhibition of tumor growth. Taken together, these observations suggest
that a subset of human melanomas contains limited amounts of an
estrogen binding protein similar to that observed in other estrogen-
responsive tissues. The lack of effect of estradici on melanocyte and
melanoma growth in vitro, coupled with a decrease in tumor growth in
athymic mice, suggests that, while inhibition may be receptor mediated,
possible indirect actions of estradici must also be considered.

INTRODUCTION

The possibility that melanocytes (and their transformed coun
terpart) may be estrogen responsive is suggested by estrogen-
induced changes in melanocyte pigmentation (1-3) and number
(4), the apparent female sex survival advantage in melanoma
(5-8) unless complicated by pregnancy (9,10), and the presence
of putative ER/ in a subset of murine (11), hamster (12, 13),
and human melanomas (14-16).

Received 2/3/88; revised 6/29/88, 9/13/88; accepted 9/19/88.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1Supported in part by Grants ROI CA31046, POI CA31827, and T32

CA09432 (to K. A. F.), the Louis A. Lerner Memorial Fund for Cancer Research,
the Carol Thomas Brigham Fund, and the John A. Gross Memorial Fund for
Cancer Research. This paper is the third in the series, "Mechanism of Estrogen
Action on Melanoma."

2Submitted in partial fulfillment of the Ph.D. degree in anatomy, cell biology.

Department of Anatomy, University of Illinois College of Medicine at Chicago.
3To whom requests for reprints should be addressed, at Division of Surgical

Oncology, University of Illinois College of Medicine at Chicago, 840 South Wood
Street, Chicago, IL 60612.

4 The abbreviations used are: ERÂ«,cytosol estrogen receptor; ERn, nuclear

estrogen receptor; PgR, cytosol progesterone receptor; FBS, fetal bovine serum;
DES, diethylstilbestrol; R5020, promegestone; DTT, dithiothreitol; HAP, hy
droxyapatite; DCC, dextran-coated charcoal; DHT, 5a-dihydrotestosterone;
Mi-Ai II. Eagle's minimal essential medium with Hanks' salts, L-glutamine,

0.75% sodium bicarbonate, 10% fetal bovine serum, penicillin (100 units/ml),
Fungizone (0.2S fig/ml), and streptomycin (100 un mil; NK cells, natural killer
cells; TED buffer, 10 HIMTris-HCl: 1.5 mM EDTArO.5 mM dithiothreitol, pH 7.4;
ELISA, enzyme-linked immunosorbent assay; ER, estrogen receptor; EIA, en
zyme immunoassay; ANOVA, analysis of variance; SNK, Student-Newman-
Keuls; ICA, immunocytochemical assay; o-MSH, a-melanocyte-stimulating hor
mone.

The effects of estrogen manipulation on melanoma growth
in several species are variable. Hamster melanoma apparently
grows to a larger size in female hamsters (17, 18) and is
inhibited by castration (4). In male hamsters, castration has
been reported to decrease the latency of MM-1 melanoma
without altering tumor growth rate from intact controls (17).
Studies in vitro on the same tumor (MM-1) also suggest that
estradici exerts a weak growth inhibition (18, 19). In contrast
to hamster melanoma, murine B16 and Harding-Passey mela
nomas apparently have a slower growth rate in female mice
(20). Ovariectomy enhances B16 proliferation to that in intact
males (20). These reports conflict with the observation that
exogenous estradici enhanced tumor growth and metastasis in
B16 melanoma (21). In contrast, Simon and Ershler (22) were
unable to demonstrate a sex difference on the growth of B16
melanoma, but did note that orchidectomy increased tumor
volume.

The mechanism by which reproductive hormones alter me
lanocyte function is unknown. Walker et al. (14) have provided
initial evidence suggestive that an MR,.' human melanoma cell

line grows faster in male athymic mice and is inhibited by
estradiol. The varied effects on growth may be due to species
differences, dose of estrogen used, duration of exposure, or the
responsiveness of a particular tumor cell line to estrogen(s).
Since the overall level of expression of a specific binding protein
may, in part, be responsible for the varied response of a cell
line to estrogen manipulation (14), the present study character
ized the putative receptor and examined the effect of estradiol
on ER/ and ER<T human melanoma cell lines in vitro and in
athymic mice in an attempt to isolate whether changes in
proliferation were restricted to ERc* cells.

MATERIALS AND METHODS

Reagents. Radiolabeled ligands including 17/3-[2,4,6,7-3H]estradiol
(90 to 101 Ci/mmol), [17a-mefA>>/-3H]promegestone (R5020), and
mefA>'/-14C-labeledbovine serum albumin (20 fiCi/mg) were obtained

from New England Nuclear (Cambridge, MA). Radioinert steroids were
obtained from Sigma Chemical Co. (St. Louis, MO) as were Tris,
EDTA, DTT, RNase-free sucrose, tyrosine, and HAP. Tamoxifen was
obtained from Stuart Pharmaceuticals (Wilmington, DE). Norit A
charcoal was purchased from J. T. Baker Co. (Phillipsburg, NJ), and
Dextran T-70 was from Pharmacia (Piscataway, NJ). Tissue culture
medium was either MEM-H with L-glutamine from GIBCO Labora
tories (Grand Island, NY) or Flow Auto-Pow MEM-H without phenol
red (Flow Laboratories, Inc., Maclean, VA). Antibiotics, FBS, trypan
blue, 7.5% sodium bicarbonate, and 0.5% trypsin:0.2% EDTA solution
were also obtained from GIBCO. Cholera toxin was obtained from
Calbiochem (LaJolla, CA). Culture medium for melanocytes consisted
of MEM-H with penicillin (300 units/ml), streptomycin (300 units/
ml), Fungizone (0.75 Mg/ml), Cholera toxin (10 Â¿ig/ml),10 nM phorbol
myristate acetate, and 5% FBS. ER-EIA and PgR-EIA kits containing
a specific monoclonal antibody to human estrogen and progesterone
receptor, respectively, were a gift from Abbott Laboratories (North
Chicago, IL). Plasma estradiol was quantitated with an antibody gen
erated against estradiol-6-carboxymethyloxime bovine thyroglobulin

7093

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2434372/cr0480247093.pdf by guest on 19 M

ay 2023



ESTROGEN AND HUMAN MELANOMA

(courtesy of Dr. K. Wright and Dr. D. C. Collins, Emory University,
Atlanta, GA).

Isolation and Culture of Melanocytes. Melanocyte cultures were es
tablished from individual human neonatal foreskins essentially accord
ing to Eisenger and Marko (23) in Corning 24-well culture plates (six
wells inoculated from the epidermal cells of each foreskin). Melanocytes
were cultured in 5% CÃ›2 at 37Â°C.Cell lines were passaged when

melanocytes reached confluence in the primary culture. Although me-
lanocytes have been carried through six passages, all studies used
melanocytes from passage 2. Electron microscopy confirmed the me-
lanocytic lineage of a culture.

Cell Lines. Three melanoma cell lines were used to characterize ER.
UISO-MEL-1 obtained from a submandibular metastasis of a 49-yr-
old White male grew in culture as heavily pigmented cells. UISO-MEL-
2 was established from the pleural effusion of a 53-yr-old White female
and grew in culture as lightly pigmented cells as did UISO-MEL-4
obtained from a primary level IV nodular melanoma of a 51-yr-old
White male. The cells were grown as monolayers and maintained in
MEM-H. Routine isoenzyme testing (Corning, Corning, NY) and
screening for cytomegalovirus, Epstein-Bair vims, etc. ensured that the
cells were human and virus free.

ER Characterization. ERÂ«and ERâ€žwere characterized in vitro and in
xenografts essentially as reported (12). Protein was measured according
to the method of Lowry et al. (24). DNA was determined colorimetri-
cally essentially according to the method of Burton (25). Binding
constants, A'.,and Bnâ€ž,were calculated according to the method of

Scatchard (26). Curvilinear data was resolved into two components
(27). ER-EIA was carried out according to the manufacturer's instruc

tions on 11 individual human melanoma cytosols including those from
six UISO-MEL-2 tumors from athymic mice identical to those assayed
by HAP. The ER-EIA includes sodium molybdate and is sensitive to
~2 fmol of ER/ml at 1 mg of protein/ml.

Ligand Specificity. UISO-MEL-2 cytosol was precipitated with am
monium sulfate to 40% saturation for l h at 4Â°Cas described (12, 13).

Aliquots (200 p\ of TED buffer) of the redissolved pellet were incubated
at 4 ( for 16 h with 1.0 nM[3H]estradiol and increasing concentrations

of radioinert steroids and free and bound ligand separated with HAP.
One hundred % specifically bound was calculated as the difference in
total [3H]estradiol binding and binding in the presence of 10 M

radioinert DES.
Sucrose Density Gradient Centrifugation. Tissues were prepared as

previously described (12) with the exception that additional samples
were homogenized in TED buffer containing either 10 HIM sodium
molybdate or 0.4 M KC1. Cytosol aliquots (250 nl) were incubated with
1.0 nM [3H]estradiol at 4'C for 4 h with or without 100-fold excess of

DES (11). Sedimentation coefficients were calculated by the method of
Martin and Ames (28).

Estrogen Receptor Translocation. UISO-MEL-2 cells were grown to
confluence in Corning roller bottles. They were harvested with EDTA,
counted, and pelleted, and K) cells were resuspended in assay tubes
containing MEM-H with 5% FBS and IO"7 M radioinert estradici.
Cells were incubated in a shaking water bath at 30Â°Cfor various

intervals up to 4 h. Incubations were terminated on ice, cells were
pelleted by centrifugaron, and the supernatant was discarded. The
resultant cell pellet was resuspended in TED buffer, trypan blue exclu
sion was used to determine cell viability, and cytosol and nuclear
fractions were prepared. Single point exchange assays (1.0 mM | 'II|

estradici) were performed with specific binding referenced per milli
gram of protein or n%of DNA. In separate studies UISO-MEL-2 was
allowed to grow to approximately 1 cm in diameter in athymic mice.
Mice then received either vehicle or 10 Mgof 170-estradiol s.c. and were
killed 1 and 4 h later, and ERâ€žand IK, were assayed as described
above.

PgR Characterization. PgR was assayed as previously described (29,
20) using [3H]R5020 as the ligand over a concentration range of 0.02
to 10.0 nM. A 100-fold excess of cortisol was included in all of the
incubation tubes to inhibit R5020 binding to the glucocorticoid receptor. Radioinert R5020 (10 ' M) was included in parallel tubes to

estimate nonspecifically bound receptor. Tumor cytosols identical to
those assayed biochemically for ERc and PgR were also assayed by

PgR-EIA (Abbott Laboratories, North Chicago, IL) according to the
manufacturer's instructions. The sensitivity of this assay is ~ 1 fmol/

ml.
Growth Studies in Vitro. Normal melanocytes, UISO-MEL-1, UISO-

MEL-2, and UISO-MEL-4, were cultured to confluence 1 wk prior to
initiating a growth study in control medium to allow the cells to adapt
to the specific experimental conditions. Cells were harvested with
trypsin-EDTA solution and counted in a Coulter Counter (Coulter
Electronics, Hialeah, FL), and IO4 cells were inoculated into 24-well
culture plates in 1.0 ml of Flow MEM-H with 5% FBS; medium was
changed every 2 days. Samples of the FBS were analyzed by radio-
immunoassay for 17/3-estradiol and progesterone content. Cells were
incubated in 5% CÃ›2 at 37Â°Cand counted at specified days after

inoculation. The mean (Â±SEM)of four wells comprised a single data
point.

In Vivo Growth Studies. Four-wk-old male and female specific-
pathogen-free BALB/c-derived athymic mice (courtesy, Dr. C. Reeder,
Frederick, MD) were maintained as previously described (12, 13).
Cholesterol or 17/3-estradiol pellets were inserted s.c. into the left flank
48 h before the inoculation of tumor cells. A second pellet was inserted
21 days post-tumor cell inoculation, since a sustained steroid release
lasted only 3 wk. UISO-MEL-1, UISO-MEL-2, and UISO-MEL-4 (2
x 10' cells) were inoculated s.c. into the right flank when mice were 5

wk of age. Mice were inspected daily to establish the earliest day of
detection (latency) of a palpable tumor (1 to 2 mm). Tumors were
measured using vernier calipers, and the volume was calculated (31).
At necropsy (6 wk postinoculation), blood was obtained from each
group of mice by cardiac puncture, and tumors were quickly dissected
from the surrounding skin and fascia and weighed. A thorough exami
nation was made for gross local and distant mÃ©tastases.

Analysis of Data. Data were analyzed using the BMDP statistical
series (BMDP Statistical Software, Los Angeles, CA). Analysis of
homogeneity of variance was confirmed by Levene's test and the stand

ard distribution of residuals confirmed by the normal probability plot.
Independence of mean and variance was determined with a Box-Cox
plot (32), and an appropriate logarithmic transformation was performed
when indicated. Data were analyzed by one-way ANOVA for multi-
group studies or (-test when only two groups were under investigation.
A S \ K test was used to ascertain significant differences between groups
following ANOVA. Growth rates were determined by first plotting the
data on semilogarithmic paper and identifying the time boundary in
which logarithmic growth occurred. The slope of the growth curve was
determined by simple linear regression. Analysis of covariance was used
to compare differences in slope between groups and to determine which
groups were statistically different.

RESULTS

Binding of [3H]estradiol to ER< was time dependent, with
maximal binding occurring at 30 min at 30Â°C,2 h at 16Â°C,and
~4 h at 4Â°C(Fig. 1). Optimal assay protein concentrations were

determined over a range from 0.3 to 13.9 mg/ml. A linear
relationship between protein concentration and specifically
bound estradiol was noted up to approximately 9.0 mg/ml of
protein (data not shown). Subsequent studies were conducted
on the linear portion of the curve. Binding was protein specific
as it was absent when cytosols were incubated with trypsin, but
not DNase, RNase, or phospholipase A.

Binding Characteristics. UISO-MEL-2 exhibited saturable
binding at approximately 0.6 nM (Fig. 2, inset). At saturation,
approximately 50% of total counts bound was nonspecific.
When the data were replotted according to Scatchard, high-
affinity binding of ['Hjestradiol was demonstrable in the cyto
sols of UISO-MEL-2 and -4 (Fig. 2). A series of additional
analyses was then carried out for all three melanoma cell lines,
and mean KÂ¿and Bmn values were determined (UISO-MEL-1,
0.0, n = 4; UISO-MEL-2, KÂ¿5.5 Â±0.7 x IO'10 M, 2.5 Â±0.5

fmol/mg of protein, n = 14; UISO-MEL-4, KÂ¿2.2 Â±0.1 X
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Fig. 1. Time course of specific estrogen binding in UISO-MEL-2 tumor

cytosol. Specifically bound dpm/mg of cytosol protein are plotted against time at
4"C (â€¢),16'C (D), and 30'C (â€¢).Points, mean of three replicates (SE within

symbols).
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Fig. 2. Scatchard analysis of [3H]estradiol binding to UISO-MEL-2 cytosol.

Bâ€žâ€ž,5.4 fmol/mg of cytosol protein; Kt, 1.4 x 10"'Â°M. Inset, saturation analysis

of the same data; â€¢¿�,total of bound estradici; O, nonspecifically bound estradici;
Q, specifically bound estradiol. ER reached apparent saturation at â€”¿�0.6HM
[3H]estradiol.

10~'Â°M, 7.8 Â±3.0 fmol/mg, n = 2). ER-EIA of cytosol fractions

of 11 individual human melanoma specimens (including 6
UISO-MEL-2 tumors from athymic mice) also assayed with
HAP (range, 0.0 to 10.0 fmol/mg of protein) suggested binding

was specific for estradiol. The correlation coefficient for the
regression line comparing radio receptor assay (fmol/mg) and
ER-EIA (fmol/mg) values was 0.84 (Fig. 3). While there was
no sex difference in ER affinity or content in tumor cytosols
from intact mice, ovariectomy produced an apparent increase
(P < 0.05) in UISO-MEL-2 ERc content with no change in
affinity (Table 1). Estradiol and DES competed for binding in
a dose-related manner (50% inhibitory concentration ~ 1.0 HM).
DHT and tyrosine displaced [3H]estradiol only at pharmacolog
ical concentrations (10~6 M), while progesterone and dexameth-

asone did not compete with estradiol for receptor (Fig. 4).
Sucrose gradients of UISO-MEL-2 cytosol at low ionic strength
in the absence of molybdate resolved a major 4S peak with a
minor peak at ~6 to 7S (Fig. 5A). After addition of 10 mM
sodium molybdate to the homogenization buffer and gradient,
distinct peaks of 8.5 and 9.2S were observed for UISO-MEL-2
and -4, respectively, with a reduction in the 4S binding com
ponent (Fig. 5, B and C). A loss of the 8.5S peak with increased
4S binding was noted after the addition of 0.4 M KC1 to the
gradient (data not shown).

Nuclear Estrogen Receptor. Exposure of UISO-MEL-2 cells
to 10~7M estradiol at 30Â°Cin vitro resulted in a consistent and

significant increase in total IK,, content (exchange) at 1 and 4
h with the maximal increase at 4 h. A parallel decrease was
observed in ERc content (Fig. 6). Cell viability at 4 h was ~90%
as determined by trypan blue staining. Additional studies in
athymic mice showed a similar increase in ERâ€žcontent follow
ing a single s.c. exposure to 10 /ig of estradiol (Table 2). The
level of ERc in UISO-MEL-2 and -4 was below assay sensitivity
4 h post estradiol in vitro and within l h in vivo. Chronic
exposure to estradiol produced a similar increase in apparent
nuclear binding (Table 2).

PgR Receptor. PgR was not detectable in either UISO-MEL-
1, -2, or -4 in untreated mice or in untreated cells in culture.
Subchronic exposure of male mice to estradiol (10 ng s.c./day
for 4 days; range of estradiol levels, 3393 to 5346 pg/ml)
resulted in a small, but consistent, increase in PgR in UISO-

o

RRA (fm/mg)
Fig. 3. Comparison of biochemical (HAP) and EIA (H222 spX) estimates of

ER in human melanoma specimens (r = 0.84). fm, ftnol; RRA, radio receptor
assay.

Table 1 Effects of endocrine manipulation on estradiol binding to UISO-MEL-2
tumorcytosolSexMale

Male
Female
Femalen"5

5
2
3ProcedureOrchiectomized

Intact
Ovariectomized
Intact(fmol/mg)2.2

Â±0.4*

3.8 Â±1.0
6.3 Â±0.8C

2.3 Â±0.7*j2.9

Â±0.47.3
Â±0.8

3.0 Â±1.7
4.5 Â±2.1

Â°Number of assays (tumors).
* Mean Â±SEM.
' Significantly different from the other groups (P < 0.05) as determined by

ANOVA-SNK.
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Fig. 4. Specificity of ER for estrogen in UISO-MEL-2 melanoma cytosol.
17/3-Estradiol (â€¢),DES (â€¢),DHT (A), tyrosine (A), progesterone (O), and
dexamethasone (Q). Points, mean of three determinations (SE <10% of the
mean).

MEL-2 (KA9.0 x KT10 M; 1.4 fmol/mg of protein) and UISO-
MEL-4 (Fig. 7). Resolution of the curvilinear Scatchard plot
(31) obtained for UISO-MEL-4 suggested two binding com
ponents for progesterone (Ad 6.5 x 10~'Â°M, 0.7 fmol/mg of
protein) and a lower affinity component (A"d6.5 x 10~9, 7.9

fmol/mg of protein) in this cell line. Chronic exposure of
confluent cells of the ER<r ERâ€ž"cell line UISO-MEL-1 to
estradici (1 wk, 10~7M) in vitro did not induce PgR. The range

and mean binding of PgR in UISO-MEL-2 following exposure
to estradiol using DCC, HAP, and ELISA were 6.0 to 16.6
fmol, 10.2 Â±2.3, n = 4; 1.4 to 8.8 fmol, 4.5 Â±1.3, n = 5; and
1.0 to 3.7 fmol, 2.2 Â±0.2, n = l (SEM), respectively. All seven
UISO-MEL-2 cytosols assayed by ELISA had measurable re
producible binding.

Estrogen Effects on Growth. Estradiol did not alter the plating
density or growth of three individual lines (passage 2) or human
neonatal foreskin melanocytes in monolayer culture (Fig. 8).
Doubling time was ~6 days in all groups. Melanocyte doubling
time was not influenced by IO"6 M estradiol in the presence or

absence of phenol red (33) or altering initial plating density (1
x 10' to 5 x IO4cells/well) (data not shown).

Preliminary studies also demonstrated that over the range
selected (5 x IO2 to 5 x IO4 cells/well), initial plating density

did not significantly affect plating efficiency or subsequent
growth rate of UISO-MEL-1, UISO-MEL-2, or UISO-MEL-4
in the presence or absence of phenol red. Since all three mela
noma cell lines grew poorly in the presence of 5% FBS stripped
with DCC, we elected to use unstripped serum and to determine
total 17/3-estradioI and progesterone levels by radioimmuno-
assay. Mean levels for 17/3-estradiol were 52 Â±7 pg/ml and 95
Â±10 pg/ml for progesterone in undiluted FBS. Dilution to 5%
in MEM-H reduced estradiol and progesterone concentration
below 3 and 5 pg/ml, respectively. Table 3 shows the plating

* 8 12 16 20 24 28 32 38

FRACTION NUhBCR TOP

Â¡Â§ 181

L

Fig. 5. Sucrose density gradient (10 to 30%) of UISO-MEL-2 and -4 cytosols.
A, low salt differences in binding are noted at 4S and 6 to 7S; (3H]estradiol (10"'
M) (â€¢),[3H]estradiol (10"' M) plus IO"7 M DES (O). B, UISO-MEL-2 cytosol
with 10 HIMsodium tnolybdate (differences in binding are noted at 8.SS); | 'II]
estradiol (10"' M) (D); |3H]estradiol (10"' M) plus 10"' M DES (â€¢).C, UISO-
MEL-4 with 10 HIMsodium molybdate. [3H]Estradiol (10"' M) (â€¢),[3H]estradiol
(10"' M) plus IO"7 M DES (O).

efficiency and doubling time of the three melanoma cell lines
on plastic in the absence of phenol red. The growth of ER<r
UISO-MEL-1, ERc+ UISO-MEL-2, and ER/ UISO-MEL-4

was determined in phenol red-free MEM-H:5% FBS and the
presence or absence of 10~9or 10~6M estradiol. The results are

shown in Fig. 9. There was no significant difference in cell
number at any time point between treatment groups in any of
the three cell lines. Analysis of covariance also failed to dem
onstrate a difference in logarithmic growth rates in the presence
of estradiol. Readdition of 0.2% phenol red also had no effect
on the plating efficiency or growth rate of any cell line.

Overall tumorigenicity of ER/ UISO-MEL-2 and ER/
UISO-MEL-4 was 98% and 92%, respectively, and not sex
dependent. ER/ UISO-MEL-1 did not produce tumors unless
estrogen pellets were implanted prior to tumor cell inoculation
when tumors developed in 71 % of the mice (Table 3). Although
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Fig. 6. Binding of [3H]estradiol to cytosol and nuclear fractions of UISO-

MEL-2 during exposure to 10~7 M estradici in vitro at 30"C. Specifically bound

estradici in the cytosol (O) and nuclear fraction (â€¢)is plotted against time. Points,
mean of three determinations [SE within symbols (<10% of mean)].

Table 2 Binding of estradici to the nuclear fraction of human melanoma cell
lines UISO-MEL-2 and UISO-MEL-4

TumorUISO-MEL-2UISO-MEL-2UISO-MEL-2UISO-MEL-2UISO-MEL-4UISO-MEL-4if444433Group*Control1

h41ChronicControlChronicMean

serumestradiol
level(pg/ml)c1030754293393335346Specific

nu
clearbinding(cpm/>ig

ofDNA)3.0

Â±O.T15.2

Â±3.410.9
Â±3.67.2
Â±3.22.4

Â±1.29.9
Â±2.V

" Number of tumors assayed; each assay was performed in triplicate at a single

saturating dose of estradiol.
*Time after 10 Â«igof 17/3-estradiol by s.c. injection. Represents the mean of 4

samples.
'Serum obtained at time of necropsy.
d Mean Â±SEM.
' P < 0.05 versus UISO-MEL-4 control (ANOVA-SNK).

there was no sex difference in tumor incidence or latency, there
was in final tumor weight. UISO-MEL-2 grew significantly
larger in intact male mice (Table 4). Castration did not signifi
cantly alter UISO-MEL-2 tumorigenicity or latency. Orchiec-
tomy, but not ovariectomy, significantly increased final tumor
weight (Table 4). None of the tumors in either sex was found
invading the musculature of the body wall or flank, and there
was no evidence of gross metastasis at necropsy.

The effect(s) of chronic exposure of estradiol on the rate of
growth of ERc+ UISO-MEL-2 was analyzed in intact and cas

trated mice of both sexes. Exposure of intact mice to estradiol
did not result in a significant change in latency. Tumor latency
was significantly delayed in castrated male mice receiving estra
diol, however (P < 0.05). Chronic exposure to estradiol signif
icantly reduced final tumor weight in castrated mice of both
sexes and reduced tumor weight in intact mice (Table 4).
Analysis of differences in tumor volume demonstrated that
castrated mice receiving estradiol had smaller tumor volumes
than the control groups after Day 15 postinoculation, which
was statistically significant after Days 28 to 30 (Fig. 10).
Although the high levels of circulating estradiol (Table 4)
reduced body weight slightly in all treatment groups, it was not
significantly different from preexposure values or between
groups except for ovariectomized mice. Since the systemic
effects of chronic pharmacological levels of estradiol could

CO

BOUND (fmoles/mg protein)
Fig. 7. Scatchard analysis of [3H)R5020 binding to UISO-MEL-4 tumor

cytosol. Resolution of the curvilinear plot demonstrates two binding components:
Bâ€žâ€ž0.7 fmol/mg of protein, Kt 1.3 x 10~'Â°M; Bmâ€ž7.9 fmol/mg of protein, Kt
6.5 x 10-'M.

possibly account for the decreased tumor size in the estradiol-
treated ovariectomized mice, differences in final tumor weights
were adjusted for animal weight loss. The significant differences
in final tumor weight remained.

Tamoxifen did not alter the growth of UISO-MEL-2 in vitro
in the absence of phenol red either alone (10"' M) or in the
presence of estradici (10~6 M). Additional studies with ER/

UISO-MEL-4 and ER.T UISO-MEL-1 produced similar results
(data not shown). Tamoxifen (25 /ig/day s.c.) also did not alter
the growth of the ERc+ UISO-MEL-2 cell line in male athymic

mice. There was no evidence of gross distant metastasis in any
group of tamoxifen-treated mice at necropsy.

DISCUSSION

The data presented provide evidence for the presence of a
specific, high-affinity receptor for estrogen(s) in selected cell
lines of human melanoma. The use of HAP to separate bound
from free ligand was based on the elimination of putative
interference of tyrosinase with the DCC assay through the
production of .3H2O and labeled metabolites of estradiol (34,

35). Schleicher et al. (12) investigated the differential effect of
DCC and HAP on the binding kinetics of ERc in a cloned
hamster melanoma cell line and noted a shift in the mean
affinity of ER for [3H]estradiol from 10~9M to KT10M for DCC

and HAP, respectively. Solubili/al ER in responsive tissues
generally sediments at ~8S with dissociation into ~4S subunits
in the presence of high salt (36). Binding in a significant number
of breast tumor cytosols is often limited to 4S, however (37).
Molybdate ion stabilizes the time- and temperature-dependent
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1 X 10 5 _l

5X10 -

1

I

1 X 10H

DAY POST INOCULATION
Fig. 8. Effects of 17/3-estradiol on the growth of human neonatal foreskin

melanocytes in vitro. Cells were plated at IO4cells/well in 24-well plates. Control
(â€¢),io" M estradiol (â€¢).Points, mean of three wells (SE consistently less than

10% of the mean). Doubling time was approximately 6 days. There was no
significant difference in growth rale between groups.

Table 3 Growtn characteristics of UISO-MEL-1, UISO-MEL-2, and U1SO-
MEL-4

Cells were grown in 24-well tissue culture plates with MEM-H (without phenol
red) and 5% FBS and plated at 10" cells/well.

Cell line

Plating ef-
ER ficiency" Mean doubling Tumorigenicity

status (%) time (h)* (%)

UISO-MEL-1UISO-MEL-2
+UISO-MEL-4
+UISO-MEL-181

Â±4C60

Â±171
Â±1424860840

(98)*25

(90)17(71)

* Number of adherent cells 24 h after plating.
* Estimated during logarithmic growth.
c Mean Â±SEM.
* Numbers in parentheses, number of mice with tumor.
' Estradiol pellets (5 mg) implanted 24 h prior to s.c. inoculation of 2 X Id'1

cells. P < 0.05 from UISO-MEL-1 not receiving estradiol (Fisher's exact test).

degradation (38) and transformation of ER (39). Our observa
tion of binding at 8.5S and 9.2S, in UISO-MEL-2 and -4,
respectively, in the presence of 10 mM sodium molybdate agrees
with previous reports of demonstrable 8S binding in human
melanoma cytosols (40), but contrasts with those of McCarty
et al. (34), who noted [3H]estradiol binding limited to a 2S to
4S region in gradients containing purified mushroom tyrosin-
ase.

Solubilized ER in responsive tumors is highly specific for
estrogen, with little competition from progesterone, glucocor-
ticoid, or androgen, although the latter at higher concentrations
will bind to ER,: as reported by Schleicher et al. ( 12) for hamster
melanoma. Displaceable binding was also observed at high
concentrations of tyrosine in UISO-MEL-2, an effect consistent
with that seen in hamster melanoma (12, 13). The excellent
correlation between ER-EIA, using an antibody with broad
affinity for ER from a variety of species (41), and the receptor
assay also suggests that the protein is specific for estrogen(s).

10 15 20 34

DAY POST MODULATION

DAT *OST MOOXADON

Â§ IX IO4

S K IO3

DAY POST *<OCU.AT1ON

Fig. 9. Growth of UISO-MEL-1, -2, and -4 in vitro. Cells were plated at 1 x
IO4cells/well in 24-well plates. Points, mean of four wells (SE consistently less
than 10% of the mean). A, ERT UISO-MEL-1 doubling time is ~42 h. Control
(D), IO"' Mestradici (A), 10~*M estradici (O). There was no significant difference

in growth rate between groups. B, ER/ UISO-MEL-2. Doubling time, -48 h.
Control (â€¢),10~' M estradici (O), 10~*M estradici (A). No significant difference

in growth rate between groups was noted. C, ER/ UISO-MEL-4. Doubling time,
-60 h. Control (A), 10~' M estradici (â€¢),10~' M estradici (O). There was no

difference in growth rate between groups.

The reported lack of correlation between DCC and ER ICAs
for receptor in melanoma (42) may be due to the inherent
difficulty in using ER ICA to estimate limited amounts of ERâ€ž,
e.g., <20 fmol/mg (43, 44).

Additional evidence for a functional ER in human melanoma
is provided by the apparent increase in nuclear binding and
disappearance of ER from the cytosol fraction after exposure
of cells (or tumors) to estradiol. Nonfunctional ER has been
described (44, 45) which does not appear in the nuclear fraction
after activation by ligand. This does not appear.to be the
situation in the present study where ER increases significantly
in the nucleus within 1 h after exposure of cells to estradiol.

Estradiol induction of limited amounts of specific, high-
affinity receptor for progesterone similar to that reported for
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Table 4 Effects of chronic exposure to estradiol on the growth characteristics of
U1SO-MEL-2 in castrated athymic mice

Cells (2 x 10') were injected s.c. into the right flank of 5-wk-old alhymic mice.
170-Estradiol was administered via 5-mg slow release pellets placed s.c. 2 days
before tumor inoculation and 21 days later.

OvaxÂ°â€”++Orch-â€”++Mean

serum
estradiol

Estradiol(pg/ml)<15+

3014â€”
<15+
1064-

<15-1-
6862â€”
<15+

1539Tumorigenicity(%)100

(8)*100

(9)100
(9)100
(9)90(10)88(8)100(10)100(10)Latency

(days)8.0

Â±3.0?10.0
Â±3.87.6
Â±1.78.9
Â±2.58.9

Â±1.28.9
Â±1.58.3
Â±1.112.0
Â±l.\fTumor

wt(g)0.30

Â±0.040.18
Â±0.040.32

Â±0.060.09
Â±0.004"0.77

Â±0.060.64
Â±0.081.03

Â±0.08'0.26
Â±0.05*

" Ovax, ovariectomy; Orch, orchiectomy. Castration was performed 2 days
prior to tumor cell inoculation; controls were sham ovariectomized and orchiec-
tomized.

h Numbers in parentheses, number of animals in each group.
' Mean Â±SEM.
d From other three groups (P < 0.05).
' From other three groups (P < 0.01).
^From orchiectomized control (P< 0.05).
* From other three groups (P < 0.05).

human melanoma (40, 46-48) in ER+ UISO-MEL-2 and -4
and the absence of induction in ER~ UISO-MEL-1 are further

suggestive evidence that ER may be functional in these cell
lines.

In spite of the presence of specific high-affinity receptor for
estrogen, estradiol had no effect on plating efficiency or prolif
eration of either ERc"1"or ERc~ cell lines in the absence of phenol

red (33). There are several plausible explanations for this lack
of effect on melanoma growth in vitro. The first is that mela
noma may not respond to estrogens with a stimulation of
growth. Cell lines of estrogen-responsive tissues are not rou
tinely stimulated by estradiol in vitro, even in the absence of
phenol red (49), although growth stimulation does occur and
usually follows an inhibition of cell growth by antiestrogen
(reviewed in Ref. 50). Exposure of ERc+ hamster melanoma

cells to either pharmacological concentrations of estradiol or

tamoxifen in vitro results in growth inhibition (12, 18, 19).
Alternative explanations for the lack of either a stimulatory or
inhibitory response to estradiol in vitro include the limited
amount of receptor present, a requirement for an estrogen-
induced autocrine or paracrine growth factor-mediated growth
response to estrogen (51, 52), or an estrogen(s)-induced de
crease in the level of an intracellular product that inhibits the
intrinsic ability of these cells to proliferate (53). The dilution
of such factor(s) in culture has been proposed to account for
the observed absence of estrogen-stimulated cell growth in
breast tumor cells that otherwise respond to estrogen in vivo by
increased tumor growth (51).

The absence of an estrogen-mediated alteration in ERc* hu

man melanoma growth in vitro is not unique. Reiner and
Katzenellenbogen (49) recently identified an ERc* human breast

cancer cell line in which estrogen induced PgR, but did not
stimulate cell proliferation. Our observation that estradiol in
duces receptor for progesterone in UISO-MEL-2 and UISO-
MEL-4 cells suggests a similar phenomenon may be at work
here.

The lack of an estrogenic effect on melanocyte and melanoma
growth in vitro is not reflected in athymic mice, suggesting that
the inhibitory effect of estradiol on ERc+ human melanoma

growth may be indirectly mediated. Stromal cells have been
suggested to be of vital importance, at least during development,
in determining the manner in which epithelial cells respond to
steroid hormones (54). An alternative explanation may center
on an estrogenic effect on circulating a-MSH (55). Estradiol
reportedly increases the circulating level of a-MSH in castrated
rats (55) which may in turn stimulate the production of melanin
precursors cytotoxic to melanocytes (56, 57). The orchiectomy-

induced increase in final tumor weight was inhibited in response
to estradiol, again suggesting that estrogens may indirectly
influence tumor growth via an increase in a-MSH.

The compromised immunological status of athymic mice was
not considered to be a major factor influencing melanoma
growth in these studies. Adult athymic mice lack T-lymphocytes
but apparently have high circulating levels of NK cells (58). NK
cell activity is decreased in the presence of high levels of

1000.0
Fig. 10. Left, growth of ERÂ«*UISO-MEL-

2 in ovariectomized athymic mice and ovari
ectomized athymic mice implanted s.c. with 5-
mg slow-release 17/3-estradiol pellets at the
time of ovariectomy 2 days prior to inoculation
(2 x 10' s.c.) and 21 days later. Sham ovariec

tomy (â€¢),ovariectomy (O), sham ovariectomy
plus estradiol (â€¢),ovariectomy plus estradiol
(O). Points, mean tumor volume (SE usually
less than 10% of the mean). Tumors from
ovariectomized mice receiving estradiol were
significantly smaller (P < 0.05) than the other
groups from Day 28 on (ANOVA-SNK).
Right, growth of ER/ UISO-MEL-2 in or
chiectomized athymic mice and orchiecto
mized mice implanted s.c. with 5-mg slow-
release 17/3-estradiol pellets 2 days before tu
mor inoculation and 21 days later. â€¢¿�,sham
orchiectomized control; O, sham-orchiectom-
ized mice plus estradiol; D, orchiectomized
control; A, orchiectomized mice plus estradiol.
Points, mean tumor volume of mice in each
group (SEM usually less than 10% of the
mean). Tumor volumes from orchiectomized
mice receiving estradiol were significantly
smaller than all other groups from Day 30 on
(ANOVA-SNK).
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