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ABSTRACT

Cloudman S91 melanoma cells, a peptide hormone 
responsive system, respond in different ways to exposure 
to the steroid hormones estradiol, progesterone, 
testosterone, corticosterone, and cholecalciferol. These 
hormones have different effects on me1anogenesis and/or 
cellular proliferation of S91 melanoma cells in culture.

Estradiol, progesterone, and testosterone have a 
dose response effect on tyronsinase activity. All three

_ 7hormones are least effective when administered at 10 M.
An inverse relation between tyrosinase activity and cell 
growth is demonstrated by exposure of the cells to either

-5estradiol or progesterone at a concentration of 10 M.
-5Exposure of the cells to 10 M cholecalciferol results in 

failure of the cells to grow. None of the five steroids 
had any effect on melanogenesis or cellular proliferation

-9when us'ed at a concentration of 10 M.
Melanocyte stimulating hormone (MSH), a peptide 

hormone, causes an increase in tyrosinase activity. When 
MSH and a steroid are added simultaneously to the cell 
cultures, only corticosterone and cholecalciferol have a 
synergistic effect on the action of MSH on tyrosinase 
activity and melanogenesis.

viii



CHAPTER 1 

INTRODUCTION

Steroid hormones have been implicated as regulators 
of many physiological processes. In general, steroids are 
thought to elicit their effects by binding to cytoplasmic 
receptors in their target tissues. This event is then 
followed by transport of the steroid receptor complex to 
the nucleus,, resulting, then, in activation of the trans
criptional apparatus. The messenger RNA formed is then 
translated, thus a specific steroid-mediated response char
acteristic of that particular target tissue takes place 
(O'Malley and Means, 1974; O'Malley and Schrader, 1976). 
Estradiol, progesterone, testosterone, corticosterone, and 
cholecalciferol (vitamin D )̂ are believed to affect growth 
and pigmentation of normal and abnormal melanocytes. The 
present studies were directed toward determining whether 
these steroid hormones affect these parameters in S91 mouse 
melanoma cell line.

Estrogen was found to increase skin coloration in 
women (Hamilton, 1941). In guinea pigs, mice, and humans, 
application of estrogens in small amounts to the nipple 
and areola resulted in increased pigmentation of these 
tissues (Snell, 1964; Wheeler, Cawley, and Curtis, 1953).

... .1



Estrogen receptors were demonstrated in melanoma tumors in 
hamsters. Moreover, the administration of estradiol was 
shown to increase tumor weight, as well as the growth and 
spread of BIG melanoma (Snyder and Das Gupta, 1977; Lopez 
et al., 1978). In humans, Fisher, Neifeld, and Lippman 
(1976) reported that 16 out of 35 melanoma patients had 
tumors containing estrogen receptors. These workers noted 
that in females, the highest incidence of melanoma occurred 
during the child-bearing years. In many cases, pregnancy 
was found to cause spread of melanoma tumors, whereas par
turition resulted in their regression. In two different 
mouse melanoma cell lines, pigment production increased 
when the cells were exposed to 17 6-estradiol (Cobb and : 
McGrath, 1974).

Male sex hormones caused darkening of the skin in 
men, as well as in male hamsters and mice (Hamilton, 1941; 
Flaks, 1948; Kupperman, 1944). Hamilton reported that male 
sex hormones increased skin pigmentation in castrated and 
eunuchoid men (1941). Moreover, Wilson and Spaziani (1973) 
showed that in humans, testosterone had a darkening effect 
on scrotal skin. In vitro studies indicated that both testos
terone and progesterone darkened the skin of the frog (Rana 
pipiens) (Himes and Hadley, 1971). In two mouse melanoma 
cell lines, however, testosterone at various concentrations, 
either inhibited or had no effect on melanogenesis (Cobb and 
McGrath, 1974).
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There have been many contradictory reports about the 

effect of progesterone on skin pigmentation. In general, 
results indicated that the steroid stimulated melanogenesis 
but to a less extent than estradiol. In 1960, Bischitz and 
Snell observed that progesterone induced a slight increase 
in melanogenesis in ovariectomized guinea pigs. However, 
the results of a study carried out on a human melanoma.cell 
line showed that at high concentrations, progesterone re
duced tyrosinase activity as well as cellular proliferation 
(Fuller and Meyskens, 1979).

Corticosterone increased pigment production in two 
types of melanoma tumors by elevating tyrosinase activity, 
the rate limiting enzyme in melanogenesis. Generally, 
glucocorticoids might induce melanogenesis in vitro even 
when used in very low concentrations (Abramowitz and Chavin, 
1978a; 1978b).

Cholecalciferol is produced by the conversion of 
7-dehydrocholesterol by U. V. irradiation;of the skin. In 
one melanotic mouse melanoma cell line, this steroid caused 
elevation of tyrosinase activity, an effect that was eli
cited specifically by cholecalciferol and not by any of its 
precursors. •

Unlike steroid hormones which bind to cytoplasmic 
receptors, peptide hormones, such as. MSH, are thought to 
interact with membrane receptors.. MSH is believed to bind 
to specific receptors on the plasma membrane of melanocytes.
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causing activation of adenylate cyclase. This activation. 
leads to increased cyclic AMP levels. Cyclic AMP presumably 
activates one or more protein kinases, and this in turn 
induces tyrosinase activity, resulting in melanin synthesis 
(Hadley and Bagnara, 1975). Many of the steroid hormone 
actions are known to be synergistic with, or antagonistic 
to the effects of peptide hormones. .Steroids may act as 
modulators of cyclic AMP action by either altering adenylate 
cyclase or phosphodiesterase levels. Some studies have 
shown that when one of the Steroids was administered, the 
autophosphorylation of the regulatory subunit of a protein 
kinase by its cataytic subunit increased. This effect was 
accompanied by alterations in the cyclic AMP dependent pro
tein kinase (Greengard, 1978). There is, however, more 
evidence that steroid hormones affect target cells by 
changing the rate of m^-RNA synthesis (Oikawa and Nakayasu, 
1974? O'Malley and Means, 1974) . Accordingly, these 
hormones would be expected to increase the rate of tran
scription of m-RNA coding for tyrosinase in pigment cells.

We have carried out Studies to investigate the 
effects of some steroids on S91 mouse melanoma cell line, 
which is a peptide hormone responsive system. Our studies 
aimed at determining whether steroids would modulate the 
action of, or act synergistically with MSH. Estradiol, 
progesterone, testosterone, corticosterone, and cholecalci- 
ferol were the five steroids used. Cell growth and pigment
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production were the two parameters used to determine 
the effects of these hormones on cloudman S91 396 
(GGL 35.1) melanoma cells in culture.



CHAPTER 2

Materials and Methods

Cell Cultures and Experimental Conditions
Cloudman S91 396 (CCL 35.1) melanoma cells were 

obtained from the American Type Culture Collection Cell 
respository. Cells were maintained in Ham's F-10 medium, 
supplemented with 10 percent horse serum and two percent 
fetal calf serum. Penicillin and streptomycin (100
units/ml, and 100 mg/ml respectively) were added to the

: ' ; 5medium. For all experiments, cells were seeded at 3 x 1 0
cells into 25 cm^ Corning flasks, and were kept for the 
first 24 hours in whole medium (Ham's F-10 + 10% horse +
2% fetal calf serum)to allow them to attach. On the next 
day (day 1), the medium was replaced with serum-free medium 
to eliminate the presence of endogenous hormones that may 
interfere with the results by inducing melanogenesis. On 
day 2, the medium was changed again and fresh serum-free 
medium, supplemented with the appropriate hormone(s), was 
added to each flask (steroids were purchased from Sigma 
Chemical Company, and a-MSH was obtained from Dr. Victor 
Hruby of the Department of Chemistry). Since steroids are 
insoluble in water, they were dissolved in ethanol before 
their addition to the medium. The control flasks received

6
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.the same concentration of ethanol to correct for any in
crease in tyrosinase activity, since Cells were found to be 
sensitive to ethanol at concentrations as low as 0.2 per
cent (Fuller, 1978). On day 3, the medium was changed and 
fresh serum-free medium with the appropriate hormone and

3 3 ■1 liGi/ml (H) -tyrosine (ring-3, 5 H tyrosine, specific 
activity 48 Ci/m mole purchased from New England Nuclear) 
was added. All experiments were terminated on day 4, the 
medium from each flask was removed to be used in assaying 
for tyrosinase activity, and cells were counted using a 
hemocytometer. All studies were repeated at least three 
times.

Tyrosinase Measurements
To assay for tyrosinase activity, a modification of 

the charcoal absorption method of Pomerantz was used (Pome^ 
rantz, 1966). This method is'based on assaying for the

3presence of HgO which is produced during the conversion of
3

tyrosine to dopa. H tyrosine is absorbed by charcoal, and 
one ml of the supernatant passed over a Dowex SOW column 
(Bio-Rad Laboratories), which is then rinsed with one ml of 
0.1 N citric acid, to wash off any residual H tyrosine.
The two mis of eluent are collected into a scintillation 
vial and are counted in a Beckman LS-8000 Scintillation 
Spectrometer.



- CHAPTER 3 

RESULTS

In our studies, tyrosinase activity and cell growth 
were the two parameters used to determine the effects of 
MSH, estradiol, progesterone, testosterone, cholecalciferol 
and corticosterone on Cloudman.S91 396 (CCL 35.1) melanoma 
cells in culture. In' such studies, it is preferable to 
maintain cells in serum-free media in order to eliminate 
the. effects of endogenous hormone levels present in serum. 
The use of serum-free medium is important especially when 
studying the behavior of melanoma cells, since melanogene- 
sis can be induced by low concentrations of hormones. This 
has been shown to be true by Abramowitz and Chavin (1978a 
and 1978b), who observed that glucocorticoids at concentra
tions as low as 0.03 mg/ml stimulated melanogenesis in 
melanoma tumors in vitro.

MSH is believed to elicit its effects by elevating 
cyclic AMP levels which results in increasing tyrosinase 
activity and inhibiting cellular proliferation . (Pawelek, 
1977). In our studies, however, this inhibitory effect on 
cell growth was not observed when cells were exposed for 
48 hours to 10  ̂M concentration of MSH, despite a five
fold increase in tyrosinase activity (Fig. 1).

8
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Figure 1. Dose Response Effects of Steroids on Tyrosinase Activity. 
A. MSI! at 10-7M) ; B. Estradiol; C. Progesterone;
D. Testosterone; E. Corticosterone; F. Cholecalciferol.
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Dose response experiments were carried out to study

the effect of different steroid concentrations on cell
growth and tyrosinase activity. The concentrations used
were 10 ^, 10 ^, 10 ^, and 10  ̂M., At 10 none of the
steroids used had any effect on any of the parameters
studied. Because cellular proliferation and differentiation
are thought to be inversely related, it might be expected
that a maximal increase in tyrosinase activity, 'with a
concomitant inhibition of cell growth would occur when :

■ -ssteroids were applied at 10 M concentration. This was
only true for estradiol and progesterone (Table 1). Corti-

-6costerone caused maximal elevation of tyronsinase at 10 M. 
concentration, and cholecalciferol was found to have no

—  6 —  7effect on tyronsinase activity at either 10 or 10 M
-5concentrations. Estradiol at 10 M caused maximal eleva

tion of tyrosinase activity (541 percent of control), less 
effect was caused by progesterone (267 percent), cortico
sterone (247%) then testosterone (207%) all at a concentra
tion. of 10  ̂M (Fig. 1). At this same concentration, 
cholecalciferol prevented cell growth, and. caused the cells 
to detach within 48 hours of its addition to the cultures 
(Figs. 1 and 2).

The reduced cell number observed following.steroid 
treatment likely represented a specific inhibitory effect on



Table 1. Values for Tyrosinase Activity and Cell Growth Following
48 Hours of Exposure of Melanoma Cells to 10~5 m Concentration 
of Steroids.

cpm/flask 
± S.E.*

cpm/106 
± S.E

cells cell counts 
(x 106) ± S.E.

Control 24593 ± 1232 36665 ± 2416 0.865 ± 0.073
MSH (IQ"7 M) 107056 ± 3549 178981 ± 5374 0.865 ± 0.067
Estradiol 72796 ± 2656 96621 ± 3314 0.599 ± (TtOO

Progesterone 36435 ± 2125 69671 ± 3917 0.615 ± 0.095
Testosterone 40797 ± 839 59860 ± 3055 0.861 ± 0.152
Corticosterone 38984 ± 1478 .50205 ± 1942 0.836 ± 0.126

*S.E. Standard error of the mean,



Control A B C D E F

Figure 2. Dose response effects of steroids on cell growth.
A. MSH (at 10 7 M); B. Estradiol; C. Progesterone; 
D. Testosterone; E. Corticosterone; F. Cholecal- 
ciferol. HIX)
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proliferation, and did not seem to be only due to cell

_5sloughing. Cell.counts showed that at a 10 M concentra
tion, estradiol and progesterone caused maximal inhibition 
of cell growth, while testosterone and corticosterone did 
not seem to have any effect at this concentration (Fig. 2). 
Thus, as mentioned before, inverse relation between tyro
sinase activity and cellular proliferation was only illu
strated by the effects of estradiol and progesterone, both

-5 -7at 10 M, on these two parameters (Table 1). At 10 M,
however, only progesterone caused a slight decrease in cell
growth with an increase in tyrosinase activity (Table 2).

Cellular morphology was significantly changed when
-5cells were exposed to 10 M progesterone (Figs. 3 and 4). 

After 48 hours of exposure to this steroid, cells looked
flattened and dendritic. A similar, but a less significant

-5 'effect was observed with 10 .M estradiol. With corticos
terone and testosterone, this effect was minimal. As men
tioned before, cholecalciferol prevented cells from growing

-5when added to the cultures at 10 M concentration. Most 
cells exposed to this concentration of cholecalciferol be
came rounded after 24 hours, and sloughed off by 48 hours. . 

- 6 -7At 10 and 10 M, slight morphological changes were noted 
only with progesterone and estradiol. It was also observed

-7that 10 M MSH caused the cells to become more dendritic 
and spindle-shaped.
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Figure 3. Phase Microscopic View of S91 
Mouse Melanoma Cells after Ex
posure for 48 hours to 10™5 m 
Progesterone (200 x magnification).
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Figure 4. Structure of Control Cells maintained 
for 48 Hours in Serum Free Medium as 
Seen with the Phase Microscope 
(200 x magnification).



Table 2. The Effect of 10 M Steroids on Tyrosinase Activity and Cell 
Growth (Values Obtained after 48 Hours of Exposure of Melanoma 
Cells to Steroid Hormones).

-7

. . ' . cpm/flask 
± S.E.

cpm/106 
± S

cells 
. E.

cell 
(x .106

counts 
) ± S.E.

Control 24593 ± 1232 36665 ±. 2416 0.865 ± 0.073
MSH (10-7 M) 107056 ± 3549 178981 ± 5374 0.865 ± 0.067
Estradiol 29966 ± 394 49456 ±. 1834 0.97 ± 0.126
Progesterone 25094 ± 2 479 56845 ± 8839 0.758 ■ ± 0.132
Testosterone ■ 20957 ± 116 7 : . 29948 ± 159 6 0.845 ± 0.109

Corticosterone 31119 ± 1227 35533 ± 2045 0.972 ± 0.115
Cholecalcif erol. 24525 ± 1307 30137 ± 2006 0.933 ± 0.117
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Experiments were carried out wherein cells were

simultaneously exposed to MSH. and to one of the steroids,
-7both at 10 M, for 48 hours. The effect of both hormones 

on tyronsinase activity and cell growth was determined. 
Corticosterone when added with MSH caused maximal elevation 
of tyrosinase activity. .A similar, but less effect was 
Observed with cholecalciferol, progesterone, testosterone, 
and estradiol, respectively. Thus, from these results, it 
could be concluded that both corticosterone and choleealci- 
ferol had a synergistic effect on the action of MSH. The 
effects of the other steroids, however, did not seem to be 
significant (Fig. 5, Table 3).

Cell growth was not significantly influenced by 
exposing the cells simultaneously to MSH and a steroid. 
Increased proliferation was noted only when cholecalciferol 
and MSH, and when testosterone and MSH were added to the 
cultures (Fig. 6, Table 3). These results, however, require 
further experimentation before they could be confirmed.
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Figure 5. Effect of simultaneous addition of MSB and a 
steroid hormone (both at 10-7 M) on tyrosinase 
activity. A. MSB; B. Estradiol; C. Progesterone; 
D. Testosterone; E. Corticosterone; F. Chole- 
calciferol.
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Control A B O D E

Figure 6. Effect of simultaneous addition of MSH and a 
steroid (both at 10~7 m ) on cell growth.
A. Testosterone; B. Progesterone; C. Estradiol; 
D. Corticosterine; E. Cholecalciferol.



Table 3. Effect of the Simultaneous Addition of MSH and a Steroid on 
Tyrosinase Activity and Cell Growth (Values Obtained after 
48 Hours of Exposure of the Cells to Both Hormones Simul
taneously) .

cpm/flask 
± S . E .

Control 13263 ± 932
MSH (10-7 M) 82853 ± 1669
Estradiol 16168 ± 389
Estradiol + MSH 89559 ± 1473
Progesterone 17422 ± 983
Progesterone + MSH 81546 ± 1590
Testosterone 15038 ± 1379
Testosterone + MSH 87436 ± 1643
Corticosterone 25174 ± 1520
Corticosterone + MSH 111751 ± 4372
Cholecalciferol 14920 ± 860
Cholecalciferol + MSH 100900 ± 134 5

cpm/lO® cells cell counts
± S.E. . (x 106) ± S.E.

13035 ±1142 1.012 ± 0.174
90522 ± 1647 1.065 ± 0.146
14907 ± 409 1.031 ± 0.148
98625 + 1335 1.055 ± 0.131
20160 ± 1402 0.896 ± 0.148

104782 ± 1735 0.893 ± 0.138
18114 ± 1396 0.895 ± 0.137
99269 ± 1928 1.025 ± 0.158
27206 ± 1592 0.999 ± 0.180

138971 ± 7268 9.03 ± 0.163
14151 ± 1350 0.969 ±0.177
110395 ± 1301 1.085 ± 0.166



CHAPTER 4

. DISCUSSION

The role of steroids in various physiological pro
cesses and their effects ' on growth and regression of tumors 
of hormone-dependent tissues have been the subject of inter
est to many investigators. Knowing that steroids might act 
synergistically with peptide hormones, the effects of 
estradiol, progesterone, testosterone, corticosterone, and 
cholecalciferol on growth and melanization of Cloudman S91 
396 (CCL 35.1) melanoma cell line, a peptide hormone re
sponsive system, have been studied and compared. In our 
experiments, serum-free media supplemented with one of the 
steroids at a defined concentration was used for cell 
cultures. Since the main purpose of adding serum of 

media is probably to provide hormones, it should be possible 
to grow cells.in the absence of serum if the appropriate 
hormones were supplemented to the media (Hayashi, earner, 
and Sato, 1978). This has been shown to be true, by Mather 
and Sato who observed that a melanoma cell line, M^R, de
rived from B16 transplantable tumor, could grow indefinitely 
in serum-free hormone-supplemented medium (1979).

MSH, like other peptide hormones,is expected to act 
by increasing intracellular cyclic AMP levels, which in turn

21
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causes inhibition of cell growth. Goldberg (19 74) reported 
the results of studies that were carried out by Shepphard 
and by Pastan and coworkers.' These studies were 
directed at determining the effect of high levels of 
cyclic AMP on the growth of malignant cells in culture.
These cells were found to acquire contact inhibition upon 
treatment with dibutyryl cyclic AMP. Other studies showed 
that an adenylate cyclase activity which could be selec
tive ly activated by MSH was present in whole homogenate and 
washed preparations from S91 Cloudman melanoma (Bitensky, 
Demopoulos, and Russel, 1972). Ten minutes after its addi
tion to melanoma cells, MSH caused elevation of intracellu
lar cyclic AMP levels. Within eight hours, tyrosinase 
activity was elevated, and the cells became dendritic. Ten 
hours later, melanin content was increased (Pawelek et al., 
1973; Pawelek, 1976; and Pawelek, 1977). Similarly, in 
other cultures of mouse melanoma cells, increase in cyclic 
AMP levels caused contact inhibition of growth. Cell-cell 
contact, in turn, was thought to have some role in promoting 
melanin formation (Hu, 1971a). This inverse relation be
tween cell growth and melanization was also observed in mela 
notic and amelanotic melanomas in xiphophorin fish. The 
typical melanotic melanomas which were slowly growing con
tained numerous melanosomes in their dendrites, while the 
rapidly proliferating melanomas consisted of less differen
tiated melanocytes (Vielkind, Vielkind, and Anders, 1971).
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Similarly,, in eight different human melanoma cell -lines, it . 
was observed that the rapidly proliferating cells did not 
synthesize as much pigment as the non-proliferating cells 
(Romsdahl and Hsu, 1971).

. Our results, however, did not show any inhibitory
effect of MSH on cell growth. MSH was found to increase 
tyrosinase activity when added to the cultures at a concen
tration as low as 1.2 x 10 ^  M (Fuller, 1978). In our

'■ _7.experiments, cells were exposed for 48 hours to 10 . M MSH. 
This caused continuous increase in tyrosinase activity, but 
with no effect on cellular proliferation (Figs. 1 and 2).

Peptide hormones act on their target cells by binding 
to membrane receptors and elevating intracellular cyclic AMP 
levels. Steroid hormones, however, elicit their effects by 
binding to cytoplasmic, rather than membrane receptors, and 
activating the transcriptional apparatus in the nucleus.
This results in the synthesis of a specific protein charac
teristic of the target tissue (Fig. 7). Protein synthesis 
seems to be an essential step for steroid action. This has 
been shown to be the case when the effect of testosterone on 
scrotal skin pigmentation in humans was studied. It has 
been observed that protein synthesis is required for stimula
tion of scrotal epidermal melanogenesis (Wilson and Spazi- 
ani, 1973). The action of corticosterone on melanoma tumors 
involves depression of cyclic AMP levels with concomitant



Figure 7. Model for the Mechanism of Action of MSH on Melanoma Cells.
The sequence of cellular events which may occur in response to MSH stimulation are depicted as 
follows:

(1) MSH binding to its receptor causes an activation of adenylate cyclase (AC) leading 
to an increase in cyclic AMP concentration.

(2) Cyclic AMP binds to the receptor moiety (R) of cyclic AMP-dependent protein kinase
thus activating the catalytic subunit (C). „

(3) The active kinase causes a transient increase in protein synthesis through phos
phorylation events at the ribosome or the endoplasmic reticulum.

(4) The active catalytic moiety of the protein kinase also, translocates to the nucleus 
where it binds and phosphorylates specific non-histone chromosomal proteins which then remove 
histones and cause template activation.(5) Gene de.-rcpression leads to increased synthesis of mRNA for either tyrosinase or,

(6) mRNA species coding for melanosomal proteins, or both.
(7) Tyrosinase specific mRNA is translated into enzyme which, in vesicle form, migrates 

to and fuses with pre-melanosomes thus forming an enzymatically active melanosome.
(8) Since steroids have been shown to act synergistically with MSH to increase tyrosinase 

activity, and since their only known cellular site of action is at the nucleus, they may act to 
stimulate mRNA synthesis coding for protein kinase or other species which can act synergistically 
with MSH.
TYR - tyrosinase; RER - rough endoplasmic reticulum; SER - smooth endoplasmic reticulum; MG - 
melanin granule.
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Fuller, 1978.
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elevation of tyrosinase activity (Abramowitz and Chavin, 
1978a,b). This indicates that steroids act on target 
tissues'in a manner that is different from that of peptide 
hormones.

Cell growth in various systems is affected different
ly by different steroids. In a golden hamster melanoma cell
line, control cultures were compared with cultures to. which
either progesterone, testosterone, 17 g-estradiol, or corti-

-6 -9costerone were added at concentrations of 10 , 10 , and
-1210 m . ■ Progesterone and corticosterone at various concen

trations did not have any effect on proliferation, whereas 
testosterone and:17 g-estradiol inhibited cell growth 
(Walker, Chaudhuri, Tito, Snyder and Das Gupta, 1978; Walker 
Chaudhuri, Beattie, Tito, and Das Gupta, 1978). In a human

_4melanoma cell line, progesterone at 10 " M concentration 
caused inhibition of cellular proliferation (Fuller and 
Meyskens, 1979). The effect of estrogen on breast and 
endometrial cancers has also been investigated. Estrogen 
receptors were observed in various, mammary tumors, and 
estrogen was found to stimulate proliferation of tissue 
cultures of breast and endometrial cancers when used at 
low concentrations, but to inhibit growth when applied in 
high doses (Concolino, et al., 1977; Sluyser, Evers, and 
de Goei j ,, 1977; Bruchovsky and Van Doom, 1977) .
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Our results showed that at 10 M concentration, 
estradiol and progesterone inhibited cell growth of S91 
melanoma cells, and that:cholecalciferol seemed to have 
a toxic effect on the cultures. The cells failed to grow 
and detached within 48 hours of exposure to 10 . M of 
this steroid. At this same concentration, however,
testosterone and corticosterone did not seem to have any

-■ ' '■ _ 7inhibitory effect (Table 1, Fig. 2). At 10 M, none of
the steriods caused a significant inhibition of 
proliferation (Table 2, Fig. 2).

Dose response effects on tyrosinase activity were 
observed with estradiol, progesterone, and testosterone. 
Maximal increase in tyrosinase activity was caused by a

_ c _ g10 M concentration of these steroids. Estradiol at 10 M 
was most effective, whereas progesterone and corticosterone 
had less effect than estradiol, but a greater effect than 
testosterone (Fig. 1, Table 1). Corticosterone caused maxi-
mal elevation of tyrosinase activity at 10 M rather than

— 5at 10 M. No effect on enzyme activity was observed with 
10"6 or 10  ̂M cholecalciferol (Fig. 2). Since steroids 
are generally similar in their structure and are derived 
from a common precursor (pregnenolone), it might be possible 
that they, bind nonspecifically to other steroid receptors 
when used at very high concentrations (Fig. 8). This might

■ :; - V  ' ' : - - 5explain why these steroids were maximally effective at 10 M

— 5
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Progesterone Corticosterone

Vitamin D (Cholecalciferol)

Figure 8. Chemical Structure of Testosterone,
Estradiol, Progesterone, Corticosterone, 
and Cholecalciferol.
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Generally, rapidly proliferating pigment cells tend 
to be morphologically different than mature cells.- Cells 
proliferating at a high rate are usually - small, ovoid, or 
round, and as they mature, they;«increase in size and become 
polydendritic and more pigmented (Hu, 1971b). Similar 
morphological changes were observed in our cultures. When 
cells were first seeded, they were small and did not have 
much pigment. Later on, they assumed a more spindle shape 
and became more dendritic and more pigmented.

The results discussed above suggest that some ste
roids affect melanization and growth of S91 mouse melanoma 
cells. Whether steroid hormones have a significant physio
logical role in meianogenesis is a question' that requires 
further studies and experimentation before it can be answered.
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