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ABSTRACT 

C10udman S91 melanoma cells respond to a variety of endocrine 

factors, including me1anotropins and steroid hormones. The murine S91 

melanoma cell line, CCL 53.1~ responded to ~me1anocyte-stimulating 

hormone (~-MSH) in a dose- and a time-dependent manner, by increased 

tyrosinase activity. The minimal effective dose of ~-MSH required to 

stimulate tyrosinase activity was lO-9M. By prolonging the exposure 

period of the cells to the hormone from 24 to 48, to 72 hours, the 

magnitude of tyrosinase stimulation was increased, but the minimal 

effective dose was not changed. OZ-MSH action involved elevation of 

intracellular cyclic AMP levels, and did not require the influx of 

extracellular calcium. 

Three me1anotropin 
4 7 

analogues, [Nle , Q-Phe 1~-MSH, Ac-

have been shown to be more active than ~-MSH in dispersing melanosomes 

within amphibian and reptilian integumental melanophores. These 

analogues also demonstrate prolonged activities and resistance to 

enzymatic degradation. The unique properties of these me1anotropin 

analogues led to investigate their effects on the phenotypic expression 

and on the proliferation of S9l melanoma cells. 

The relative potency and the possible prolonged actions of the 

three [N1e4 , Q-Phe7 l-substituted analogues were investigated and 

compared to those of o<,,-MSH. The melanotropin analogues proved to be 

x 
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100-1000 fold more active than~-MSH in stimulating tyrosinase activity. 

These analogues elicited significant tyrosinase activation following 

brief contact times with the cells, and maintained their stimulatory 

effects for days after removal from the culture flasks, and after the 

~-MSH effect had totally dissipated. 

Contrary to previous reports that me1anotropins inhibit the 

·47 
proliferation of melanoma cells, ~-MSH and [N1e , Q-Phe ]~-MSH 

stimulated, rather than inhibited, the proliferation of CCL cells 

under culture conditions that allowed optimal phenotypic expression. 

Also, the effects of the steriods,~-estradio1, progesterone, 

and dexamethasone, on eCL cells were studied. Dexamethasone had the 

most remarkable effects, which involved stimulation of tyrosinase 

activity and inhibition of proliferation in monolayer culture and in 

soft agar. Furthermore, this study defined some of the factors that 

influence the endocrine responsiveness of melanoma cells. 

The results of this study have important implications for the 

regulation of phenotypic expression and of proliferation in S9l 

melanoma cells, and for the properties of the melanoma me1anotropin 

receptor. 



CHAPTER 1 

INTRODUCTION 

Melanoma is a hormone-responsive tumor type. Evidence for this 

comes from the observation thatC(-melanocyte-stimulating hormone (~-MSH; 

Lee et al. 1972, Pawelek 1976, Fuller and Viskochil 1979) and 

prostaglandins (Kreiner et al. 1973) stimulate cyclic AMP formation by 

activation of adenylate cyclase, resulting in increased melanogenesis 

in melanoma tumor cells, and from the observation that melanoma growth 

is inhibited by prostaglandins and retinoids (Bregman and Meyskens 

1983, Meyskens and Salmon 1979). Further evidence is provided by the 

observation that growth of melanoma tumors is influenced by steroid 

hormones. 

In Syrian hamsters, melanoma tumors grow faster in females than 

in males (Lipkin 1970), and in female mice, estradiol stimulates, 

while antiestrogens inhibit tumor growth (Lopez et al. 1979). Further

more, it has been documented that melanoma is rare in prepubertal 

women and that peak incidence of tumor growth is in the third and fifth 

decades of life which are periods of high estrogen activity (Sadoff 

et al. 1973). In addition to sex steroids, glucocorticoids have been 

shown to affect melanoma tumor cells by inhibiting their growth 

(Disorbo et al. 1983, Horn and Buzard 1981), and by stimulating 

melanin synthesis (Disorbo et a1. 1984). 

1 
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Regulation of integumental pigmentation of vertebrate melano

phores byC(-MSH has been amply documented (Hadley and Bagnara 1975, 

Sawyer et al. 1983, Hadley 1984). c(-MSH is a tridecapeptide that is 

secreted by the pars intermedia of the vertebrate pituitary gland as 

part of a larger protein, pro-opiomelanocortin, which is also the 

precursor of (3 -lipotropic hormone, (3-endorphin, and corticotropin--like 

intermediate lobe peptide, CLIP (Thody 1980). Q{-MSH may also playa 

role in fetal growth, in memory retention, in facilitated learning, and 

in thermo-regulation, and the hormone may act as a neurotransmitter in 

the central nervous system (O'Donohue 1982). 

Besides affecting normal melanocytes, ~-MSH also induces melano

genesis in melanoma cells, including human melanoma c2lls (Legros et al. 

1981). It is well-documented that murine melanoma (Lee et al. 1972), 

in particular, Cloudman S91 melanoma cells, respond too(-MSH by 

increased dendritogenesis and enhanced melanogenesis, as measured by 

increases in the activity of tyrosinase (Wong and Pawelek 1973), the 

rate limiting enzyme of the melanin biosynthetic pathway, and in melanin 

content (Pawelek 1976). 

Tyrosinase (monophenol monoox:rgenase, monophenol dihydroxyphenyl

alanine) is an enzyme with a molecular weight of 70,000 which increases 

to 80,000 upon post-translational processing (Halaban et al. 1983). 

Murine melanoma tyrosinase is associated with three subcellular 

components, melanosomes, microsomes, and ribosomes, as well as soluble 

cellular components (Seiji and Iwashita 1963). At least three forms of 

tyrosinase have been identified, two soluble forms, Tl and T
2

, that 

comprise 20% of the total amount of active tyrosinase, and T
3

, a 



highly polymerized form that is usually bound to particulate material 

(Burnett et a1. 1967). The three forms of tyrosinase are present in 

normal me1anocytes of mice and in murine melanotic melanoma. T1 and 

3 

T2 are isozymes with a molecular weight of 66,000 and 56,000 respective

ly. They differ in their amino acid composition and in their electro

phoretic mobilities (Burnett 1971), but are immunologically homogene

ous, since antiserum prepared against tyrosinase T1 cross-reacts with 

both T1 and T2 from microsomal and soluble fractions (Ohtaki et a1. 

1973). The insoluble tyrosinase, T
3

, can be solubilized with urea and 

separated from contaminants on a polyacrylamide gel (Burnett 1971). It 

has initially been reported that T1 and T3 vary significantly in their 

amino acid contents and molecular weights, suggesting that these two 

forms may be coded for by different genetic loci (Burnett 1971). 

However, evidence has been accumulating that T1 and T3 are similar and 

interconvertib1e (Hearing et a1. 1978, 1980). It has been suggested 

that T3 represents the de novo form of tyrosinase that is post-trans-

1ationa11y modified by the addition of neutral sugars and sialic acid 

to give rise to T
1

, which in turn can be comp1exed to other membranous 

proteins. The T2 isozyme seems to be an artefact that is generated by 

deamidation to T3 during electrophoresis (Hearing et a1. 1980). 

According to this report, the post-translational modifications seem 

to be responsible for the deposition of active tyrosinase on the 

interior surface of the me1anosome membrane within me1anocytes • 

Tyrosinase is a copper-containing enzyme that catalyzes at 

least two reactions, namely the oxidation of tyrosine to L

Dihydroxypheny1alanine (L-DOPA) and the dehydrogenation of L-DOPA to 



dopaquinone (Pawelek 1976). Recently, it has been reported that 

tyrosinase also catalyzes the dehydrogenation of 5,6-dihydroxyindole 

to melanochorme (Korner and Pawelek 1982). Besides tyrosinase, other 

factors have been implicated as regulators of melanin synthesis. 

These are dopachrome conversion factor, which catalyzes the conversion 

of dopachrome to 5,6-dihydroxyindole, 5,6-dihydroxyindole conversion 

factor, which catalyzes the conversion of 5,6-dihydroxyindole to 

melanin, and 5,6-dihydroxyindole inhibiting factor, which inhibits the 

latter reaction and is itself inhibited by melanotropin treatment 

(Pawelek et al. 1980). 

The mechanism of action of~-MSH, like many other peptide 

hormones, involves binding to a specific membrane receptor, which 

results in activation of adenylate cyclase (Kreiner et al. 1973) and 

in increased intracellular cyclic AMP (Pawelek 1976, Fuller and 

Viskochil 1979). This cyclic nucleotide acts as a second messenger 

and triggers a cascade of phosphorylation events leading to derepres

sion of specific genes, and eventually to increased tyrosinase activity 

(Pawelek 1976; Fuller and Viskochil 1979). Stimulation of tyrosinase 

activity requires transcriptional and translational events, since it is 

inhibited by actinomycin D and cycloheximide (Fuller and Viskochil 

1979). ~-MSH induces tyrosinase activity either by stimulating the 

synthesis of a protein that inactivates an inhibitor of tyrosinase 

(Wong and Pawelek 1975), thus activating an already existing enzyme 

population, or by stimulating de novo synthesis of the enzyme itself 

(Fuller and Viskochil 1979). Therefore, ~-MSH is an example of a 

4 



peptide hormone which elicits its effects by activation of a second 

messenger, cyclic AMP, and by induction of genomic expression. 

Many of the reactions leading to a melanotropin effect have 

already been elucidated. In murine melanoma cells, an~-MSH induced 

increase in adeny1ate cyclase activity can be measured, and a rise in 

intracellular cyclic AMP can be observed only minutes after exposure 

of melanoma cells to the me1anotropin (Pawelek 1976, Fuller and 

Viskochil 1979). It has been documented that a significant increase 

5 

in tyrosinase activity requires a minimal exposure time of 6-8 hours to 

~-MSH, and that an increase in melanin content follows 16-18 hours 

thereafter (Pawelek 1976). Electron microscopy has revealed that prior 

to~-MSH treatment, S91 melanoma cells contain numerous preme1anosomes 

which become fully melanized me1anosomes upon exposure to ~-MSH. This 

suggests that ~-MSH treatment might provide the available preme1anosomes 

with factors necessary for regulation of melanization (Pawelek et a1. 

1973). The actions of ~-MSH can be mimicked by cyclic AMP or related 

analogues (Fuller and Viskochi1 1979), or by agents that increase 

intracellular cyclic AMP, such as prostaglandins and phosphodiesterase 

inhibitors (Kreiner et a1. 1973). These findings provide ample 

evidence that cyclic AMP is the second messenger that mediates ~-MSH 

action. 

Although many of the processes involved in ~-MSH action have 

been revealed, there are still important questions under investigation. 

There have been attempts by several investigators to characterize the 

me1anotropin receptor. These attempts, however, have not been success

ful mainly because the iodination of ~-MSH rendered the me1anotropin 



inactive for receptor studies (Heward et ale 1981). Another un

resolved issue is whether the O(-MSH receptor is cell cycle specific 

or is cor.~inuously expressed on the melanocyte membrane. Varga et ale 

(1974) have reported that the~-MSH receptor is only expressed in the 

G2 phase 0; the cell cycle. However, contrary to this report, Fuller 

and Brooks (1980) showed that ~-MSH can bind melanoma cells and induce 

melanogenesis in any phase of the cell cycle, implying that the 

melanotropin receptor is constantly expressed. 

The possible effect of ~-MSH on the proliferation of melanoma 

cells is yet another area of controversy. Cyclic AMP is known to be a 

determinant of proliferation in many cell types. In general, it has 

been suggested that high levels of this nucleotide are inhibitory to 

cellular proliferation, although in some cases, this may be a signal 

for cells to divide (Chlapowski et al. 1975). In murine melanoma, 

O\-MSH was reported to inhibit cellular growth through increasing 

intracellular cyclic AMP, evidenced by the ability of cyclic AMP or 

factors that increase intracellular levels of this nucleotide to retard 

melanoma cell proliferation (Table 1). However, the inhibitory effect 

of ~-MSH was only observed in vitro, since treatment of S9l or B16 

tumors with the melanotropin did not inhibit the rate of tumor growth 

(Pawelek 1976, Lee et ale 1972). The in vitro inhibitory effect of 

~-MSH was attributed to factors related to the culture conditions 

under which melanoma cells are maintained. Increasing the concen

tration of tyrosine, the substrate for tyrosinase, in the culture 

medium resulted in increased melanin synthesis, and thus in the 

accumulation of melanin byproducts known to be toxic to melanoma cells 

6 



Table 1. Reports on the effects of~-MSH, cylic AMP, and 

agents that increaae intracellular cyclic AMP, on the 

Investigators 

Lee et 31. (1972) 

Pawelek et 31. (1973) 

Pawelek et a1. (1975) 

~ong and Pawelek (1973) 

Kreider et 31 (1973, 1975) 

Cobb and ~cGrath (1974) 

growth rate of melanoma cells 

Response 

a-~5H injection into mice bearing B16 melanoma tumors did not affect 
tumor growth. 

~-~5H either increased or had no effect on 591 tumor growth in 
animals fed a regular diet. Inhibition of tumor gro"'th was only 
observed when oc.-~15H was injected into animals fed a high tyrosine 
diet. 

C)C.-~!5H decreased the proliferation of a melanotic, but not of an 
amelanotic 591 clone after 4 days of treatment. 

Treatment with~-~5H or cyclic ~~ did not decrease O~A content in 
591 melanoma cells. 

Cyclic A!-!P, dibutyryl cyclic A!-!P, theophyll ine and cafi eine resul tee 
in inhibition of proliferation of B16 melanoma cells following 
4-6 days of treatment. Theophylline decreased the proliferative 
capacity and tumorgenicity of B16 cells after 5 days of 
treatment. 

Inhibition of proliferation of 591 melanoma cells was observed after 
5 days of contact with -~5H. However, the plating efficiency ~'as 

increased after 10 days of M5H treatment. 

O'Keefe and Cuatrecasas (1974) o.I-~15H and cholera toxin inhibited O~A synthesis in 591 melano!::a 
cells. 

Halaban and Lerner (1977) C'-~!5H either inhibited or stimulated the growth. of 591 melanor.:a 
cells depending on the culture conditions (e.g. concentration 0; 
tyrosine in th~ culture mediurr., ane the freq'Jency of supplyin~ tht 
cells "'ith fresh medial under which the cells were maintained. 

Oispasquale and ~cGuire (19ii) 24 or 48 hours of treatment with oc.-~5H, dibutyryl cyclic ~'!P, or 
theophylline decreased the proliferation of 591 melanoma cells. 

~iles and ~karski (1978) 

~ick (1981) 

Legros et a1. (1961) 

oc.-M5H and cyclic AHP inhibited the proliferation of B16 melanoma 
cells with 10'" metastatic potential after 46 hours of contact. 

t><.-M5H or theophylline had no effect on the growth of 591 melanD!::" 
cells. In combination, both agents decreased monolayer growth, 
cloning efficiency and tumogenicity of cells after 1-5 days of 
treatment. 

CX-~5H inhibited the proliferation and 3H-thymidine incorporation 
in a human melanoma cell line, in a dose-dependent manner after 
24-72 hours of exposure. 

7 
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(Halaban and Lerner 1977). Evidence for the toxicity of melanin 

intermediates came from the observation that several byproducts of the 

melanin synthetic pathway, primarily 5,6-dihydroxyindole, inhibited 

the growth of S9l melanoma cells (Pawelek et al. 1980). The 

inhibitory effect of tyrosine was also evident in vivo, since feeding 

melanoma tumor bearing mice and hamsters a high tyrosine diet resulted 

in decreased tumor size. ~-MSH either stimulated or had no effect on 

melanoma tumor growth in vivo. However, when animals with melanoma 

tumors were fed a high tyrosine diet and injected with O(-MSH, tumor 

growth was inhibited (Pawelek et a1. 1973). These observations 

suggest that inhibition of melanoma growth was not a direct effect of 

~-MSH treatment. In vitro, the frequency of feeding the cells was yet 

another factor that influenced the Dl.:-MSH effect on proliferation 

(Ha1aban and Lerner 1977). It has been observed that frequent 

replenishment of the medium, especially in the presence of high 

tyrosine concentrations, retarded the growth inhibitory effect of O',.-NSH. 

Increased melanogenesis in response to ~NSH treatment may result in 

increased utilization of nutrients, particularly tyrosine, available 

in the culture medium. This, in turn, may decrease the proliferative 

rate of melanoma cells. 

In the present study, ~ -MSH and three 

747 
Q-Phe ]-~-MSH, Ac-[N1e , Q-Phe ]~-MSH4_l1-NH2 

4 analogues [Nle , 

4 7 and Ac-[N1e , Q-Phe ]-

c(-NSH4_l0-NH2 , were utilized to . investigate the effects of melano

tropins on the phenotypic expression (tyrosinase stimulation) and the 

rate of proliferation of S91 melanoma cells. The use of hormone 

analogues in endocrine research allows fo'r a better understanding of 
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hormone-receptor interaction and for determination of the active site, 

i.e. the minimal amino acid sequence of a peptide hormone required 

for biological activity. Some hormone agonists are of special value 

because they not only mimic, but also amplify the effects of the native 

hormone. ~-MSH is a relatively short peptide (13 amino acids), which 

makes it feasible to manipulate its structure in order to prepare super-

potent analogues. It has long been known that heat-alkali treatment 

of ~-MSH results in racemization of some amino acid residues of the 

tridecapeptide (Lee and Buettner-Janusch 1963). This treatment renders 

the melanotropin more potent and its actions on normal integumental 

melanocytes more prolonged than the native hormone, in vivo and in vitro 

(Bool et al. 1981). Quantitative determination of the extent of 

racemization of amino acid residues present in q-MSH indicated that 

phenylalanine-7 is racemized to a greater extent than expected (Engel 

et al. 1981). It has also been shown that incorporation of norleucine 

onto position 4 of ~-MSH renders the melanotropin more potent and more 

resistant to oxidation during the iodination of the hormone (Heward 

et al. 1981). The subsequent synthesis of an ~-MSH analogue by re-

placement of methionine, the fourth position of ~-MSH by norleucine, 

and substitution of the seventh position, ~-phenylalanine, with the 

D-enantiomer yielded a melanotropin analogue, [Nle4 , Q-Phe7]-~-MSH 

that is 10-1000 fold more potent than ~-MSH in several bioassays 

(Sawyer et al. 1980, 1982), and is also resistant to biodegradation 

(Castrucci et al. 1984 a, b). [Nle4 , Q-Phe7]-~-MSH is more effective 

than ~-MSH is stimulating adenylate cyclase and tyrosinase activity of 

S9l melanoma cells (Sawyer et al. 1980, Burnett et al. 1981). 



In an effort to determine the minimal amino acid sequence 

required for full biological activity, ~-MSH fragment analogues have 

been synthesized, two of which are AC-[N1e
4

, Q-Phe7]~-MSH4_11-
4 7 

NH
2

, and Ac-[N1e , Q-Phe ]~-MSH4_10-NH2' Both analogues proved to 

be more potent and with more prolonged effects than ~-MSH in several 

bioassays (Wilkes et a1. 1983). The [N1e
4

, Q-Phe
7
]-substituted 

analogues are perhaps the most interesting me1anotropin analogues 

synthesized thus far. 

This study attempted primarily to determine the possible 

relation between phenotypic expression and proliferation in melanoma 

cells. The aforementioned [N1e4 , Q-Phe 7]-substituted me1anotropins 

not only mimicked ~MSH, but also magnified the actions of the native 

me1anotropin on normal me1anocytes. The unique attributes of these 

10 

analogues led to their utilization as probes for studying the regulation 

and the kinetics of tyrosinase induction, and for investigating the 

me1anotropin effects on melanoma cellular proliferation. This in-

vo1ved determining the magnitude of tyrosinase stimulation in S91 

melanoma cells byOZ-MSH and the three [N1e4 , Q-Phe
7
]-substituted 

4 4 7 
analogues, [N1e , Q-Phe] --o<.-MSH, Ac-[N1e , Q-Phe ] ~HSH4_11-NH2' and 

[N1e
4

, Q-Phe7]-~-MSH4_10-NH2' and investigating the minimal exposure 

times to the me1anotropins required by the cells to increase tyrosinase 

activity. It also involved monitoring the duration of the prolonged 

effects of the me1anotropins after their removal from contact with the 

cells, as well as determining the rate of proliferation of cells, in 

monolayer culture and in bilayer soft agar culture, following me1ano-

tropin treatment. The results obtained provide a better understanding 



of the melanotropin mechanism of action and of the properties of the 

melanotropin receptor. 

11 



CHAPTER 2 

METHODS AND MATERIALS 

The Cloudman S9l (3960, CCL 53.1) is a moderately 

melanotic melanoma cell line that was originally obtained from the 

American Type Culture Collection Repository and has been alternately 

maintained by limited subculturing as mono layers or as tumors in 

syngeneic DBA/2J mice. All experiments were performed on early 

passage (less than ten) cells to insure the lack of phenotypic drift 

often observed in long-term cultures. Cells were grown in Ham's F-IO 

medium supplemented with 10% horse serum (GIBCO Laboratories, Flow 

Laboratories) and 2% fetal calf serum (GIBCO Laboratories), both heat-

inactivated at 56°C for 30 minutes, which maintains the integrity of 

~-MSH in the culture medium, and was also supplemented with 100 units/ml 

penicillin together with 100~g/ml streptomycin. Cells were incubated 

at 37°C in a humid atmosphere of 5% CO2 , 95% air. For monolayer 

experiments, cells were seeded at a density of 2xl05 cells/25 cm
2 

flask, unless stated otherwise. Cells were harvested with EDTA-

containing Tyrode's solution and were then counted with the aid of a 

hemacytometer. 

~-MSH was obtained from Sigma Chemical Co. The related 

analogues 

4 
Ac-[Nle , 

4 7 4 7 
[Nle , Q-Phe ]~-~1SH, AC-[Nle , Q-Phe )~-MSH4_ll-NH2' and 

Q-Phe7)-~MSH4_l0-NH2' were synthesized in the laboratory 

of Dr. V. Hruby of the Department of Chemistry at the University of 

Arizona. These peptides were used frequently in this study to 

12 
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determine the effects of me1anotropins on tyrosinase acti-

vat ion and melanoma cell proliferation. Stock solutions of these 

me1anotropins were prepared by dissolving the peptides in phosphate-

buffered saline. The solutions were then sterilized by filtration 

through 0.22 ~m pore size Mi11ex-GS filter units. 

~-Estradio1, progesterone, and dexamethasone were used to 

investigate the effects of steroids on proliferation and phenotypic 

expression of CCL cells. Stock solutions of the steroid hormones 

were prepared by solubilizing the hormones in 100% ethanol. The 

appropriate concentrations for experiments were prepared by diluting 

stock solutions with sterile Phosphate-buffered saline. 

Procedure for Anchorage-dependent Growth Experiments 

For experiments aimed at determining the relative potencies of 

the hormones, cells were seeded and exposed to the hormones for 24, 

48, or 72 hours. In experiments that involved 24 hours of exposure 

to the hormones, the cells were seeded at 2x105 ce11s/25 cm
2 

flask and 

48 hours later the culture medium was replaced with medium containing 

I ~Ci/m1 3H-tyrosine (specific activity 53.8 Ci/mmol, New England 

Nuclear) and the appropriate hormone concentration for the next 24 hour 

period. For 48 or 72 hour hormone treatments cells were allowed to 

attach overnight and then the medium was removed and replaced each day 

thereafter with medium containing the hormones. Twenty-four hours 

before data collection the media were replaced with media containing 

3H . 11 th h -tyros1ne as we as e ormones. Finally the medium from each 

flask was collected and assayed for tyrosinase activity, and the cells 

were harvested and counted with a hemacytometer. 



In order to determine the minimal required exposure time for 

melanotropins to significantly stimulate 24-hour tyrosinase activity, 

14 

48 hours after seeding the cells, they were treated with melanotropins 

f 1 2 4 8 12 16 d 24 h rs After each time period the flasks or , , , , , an ou. 

were rinsed twice with plain F-IO medium to remove the melanotropins and 

then each flask received melanotropin-free medium containing l~Ci/ml 

3H . 
-tyros~ne. Twenty-four hours following the addition of labeled 

medium, the cells were harvested and counted with the aid of a hemacyto-

meter, and the medium was collected and assayed for tyrosinase activity. 

The prolonged effects of the melanotropins on tyrosinase 

activity were determined by seeding the cells into 25 cm2 flasks and 

treating them 24 hours later with the melanotropins for varying time 

periods. The flasks were then rinsed, and tyrosinase activity was 

measured daily. In these experiments, whenever cells were treated 

with 10-7M [Nle
4

, Q-Phe7]4X-MSH, a special procedure was followed to 

completely remove the analogue from the flasks before prolonged 

effects could be measured. The flasks were rinsed twice with serum-

free F-lO medium, serum-supplemented medium was then added, and the 

flasks were incubated for 1 hour. After the 1 hour incubation 

period, the flasks were rinsed again and the above procedure was 

repeated for a total of 3 one hour incubations such that no melano-

tropic activity could be detected in the incubation media by the 

frog skin bioassay, which is sensitive to melanotropin concentration 

at least 10 fold lo~er than the minimal effective dose needed to 

stimulate tyrosinase activity. 
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Tyrosinase Assay 

Tyrosinase activity was determined according to a modification 

of the charcoal absorption method of Pomerantz (1966, 1969). This 

3 assay is based on the measurement of the amount of H
2
0 released 

during the conversion of 3H-tyrosine to L-DOPA, a reaction catalyzed 

by tyrosinase. The procedure is as follows: duplicate 1 ml samples 

were taken from each flask into glass test tubes. To each tube, 1 ml 

of activated charcoal (10% wlv in 0.2 N citric acid) was added and 

the tubes were vortexed and centrifuged at 3000 rpm for 10 minutes. 

One m1 of the supernatant from each tube was then passed through a 

Dowex SOW column to remove the residual 3H-tyrosine. Each column was 

rinsed with 1 ml of 0.1 N citric acid and the eluents were collected 

into scintillation vials. Each vial received 12 ml of scintillation 

fluid [toluene:triton X-lOO, 2:1 vlv with 5.5 gm PPOll (Beckman)], and 

then counted in a Beckman LS-8000 scintillation spectrometer. 

Data analysis involved determination of the mean, ± S.E., 

6 tyrosinase response of 10 cells to the hormones at the concentrations 

noted, and the values were then expressed as a percent of control 

(basal). Student's T-test was employed to determine whether or not 

the experimental groups were significantly different in their 

tyrosinase activities from the control group with the significance 

level set at p(0.05. 

Cyclic AHP Assay 

Cyclic AHP levels were determined using a radioimmunoassay 

kit obtained from New England Nuclear. Cells in logarithmic growth 

phase were harvested with the aid of a rubber policeman, centrifuged 



at 1250 rpm for 5-10 minutes and resuspended in 1.5 m1 of serum-

supplemented F-lO medium. The cells were counted and lOOpl samples 

of the cell suspension were aliquoted into microcentrifuge tubes and 

were incubated at 37°C in a shaking water bath. Duplicate samples 

were treated for 20 minutes with the appropriate hormone concen-

tration and the volume in each tube was adjusted to 250 pI by adding 

the appropriate volume of medium. After this time period, each tube 

received 500~1 of cold 0.05 M sodium acetate (NaAc) buffer, 

pH 6.2, and the cells were then sonicated for 30 seconds, maintained 

on ice, and centrifuged for 20 minutes in a microcentrifuge at 4°C. 

Duplicate 100~1 samples of supernatant were aliquoted from each 

microcentrifuge tube into glass test tubes, and cyclic AMP levels were 

determined as follows: 
125 

Each tube received 100 pI of I-tracer that 

was initially mixed with normal rabbit serum, followed by the additicn 

of 100 pI of antiserum. The tubes were vortexed and incubated at 4°C 

for 16-18 hours. After this incubation period, 1 ml of 0.05 M NaAc 

buffer was added to each tube, and the tubes were centrifuged for 

20 minutes at 4°C. The supernatant was totally aspirated and the 

pellet in each tube was counted in a Gamma set counter. For each 

experiment, a standard curve was prepared, and the cyclic AMP values 

were expressed as pmoles cyclic AMP/l0
6 

cells. 

Procedure for Bilayer Agar Cultures 

The effects of hormones on the ability of CCL cells to form 

colonies in soft agar were determined by plating a known number of 

cells into 30 mm diameter petri dishes in 0.3% agar in serum-supple-

16 

mented F-IO medium over an underlayer of the same m~dium with 0.5% agar. 



Cultures were continuously exposed to the appropriate hormone and 

were incubated for 10 days. Colonies were then counted and grouped 

according to size with the Omnicon FAS II (Bausch and Lomb, New York) 

optical image analyzer (Kressner et a1. 1980). 
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CHAPTER 3 

RESULTS 

The responsiveness of murine melanoma cells to me1anotropins was 

studied by investigating the effects of Cl(-HSH and the related [N1e4 , 

7. 4 7 4 7 Q.-Phe ]-substHuted analogu.es, [N1e , D-Phe ]-CX-MSH, AC-[N1e , Q.-Phe ]-

~-MSH4_11-NH2' and Ac-[N1e
4

, Q.-Phe7]-~-MSH4_10-NH2' on the phenotypic 

expression and the proliferation of S91 murine melanoma cells. 

The effects on the phenotypic expression of these cells 

were determined by measuring the ability of the me1anotropins to 

stimulate tyrosina~e activity and thus melanogenesis. Dose-response 

experiments were carried out to determine the minimal effective doses 

of the me1anotropins, and to compare their relative potentials to 

activate tyrosinase. The relative potencies of the me1anotropins were 

futher studied by determining the minimal exposure time required by 

these peptides to stimulate tyrosinase activity 24 hours after initial 

contact with the cells. After studying the minimal exposure time 

required to induce tyrosinase activity, experiments were carried out to 

determine the prolonged effects of the ~e1anotropins on enzyme activity 

and to compare the ability of each of the me1anotropj.ns to maintain 

significant tyrosinase stimulation after their removal from the culture 

flasks. In addition to studying the effects of me1anotropin concen-

tration and time in contact with cells, the effect of cell density on 

the responsiveness of melanoma cells to o(-MSH and its [N1e 
4

, D-Phe 
7

]_ 

substituted analogues was investigated. 

18 



The melanotropin effects on the proliferation of S9l melanoma 

cells were determined by comparing the rate of proliferation of cells 

continuously exposed to Ol-HSH or [Nle4 , Q-Phe71-tX-MSH or briefly 

treated with melanotropins, with that of control cells, in monolayer 

19 

cultures, and by comparing the cloning efficiency and the proliferative 

capacity of control and melanotropin-treated cells plated in soft agar. 

In addition to melanotropins, S9l melanoma cells were respon-

sive to steroid hormones, particularly glucocorticoids. Studies on 

the influence of dexamethasone, a synthetic glucocorticoid, on 

proliferation, and tyrosinase activation were carried out. 

Dose-response to Melanotropins in Monolayer Culture 

The ability of the native melanotropin, O(-MSH, and the three 

[Nle4 , Q-Phe7]-substituted melanotropin analogues, [Nle4 , Q-Phe
7

]....o(. •. MSH, 

4 7 4 7 
Ac-[Nle , Q-Phe ]~-MSH4_ll-NH2' and AC-[Nle , Q-Phe ]~-MSH4_l0-NH2 

(Figure 1) to stimulate melanoma cell tyrosinase activity was deter-

mined. When cells were exposed to different concentrations of ~-MSH 

for 24 hours, the minimal effective dose of the melanotropin was 10-9M, 

and the maximum tyrosinase response (1-2 fold above basal level) was 

achieved at 10-7M O\-MSH (Figure 2). In comparison, the tridecapeptide 

analogue, [Nle4 , Q-Phe7]-~MSH had a minimal effective dose of la-11M, 

i.e. 100 fold lower than that of ~-MSH. Following 24 hours of contact 

4 7 9 with the cells, [Nle , Q-Phe ]-ct-MSH, at 10- N, induced tyrosinase 

activity to a maximum level of 2-3 fold above basal level. Based upon 

these results, it can be concluded that [Nle4 , Q-Phe7]-~-MSH is 100 

fold more active than ~-MSH in stimulating tyrosinase activity of S9l 

melanoma cells. \.Jhen the exposure time of the cells to C\.-HSH or 



2 3 4 5 6 7 8 9 10 II 12 13 
Ac -Ser-T1r-Ser-Mat -Glu -His-Phe- Arg -Trp-Gly-Lys-Pro-Val-NH2 

Ac - Ser-Tyr - Ser- Nle - Glu-His-Q-Phe-Arg-Irp-Gly- Lys - Pro -Val-NH2 

Ac- Nle- Glu-His-Q-Pho-Arg-Trp-Gly-Lys- NH2 

Ac - Nla ~ Glu-His-Q-Phe-Arg -Trp-Gly - NH2 

(l-MSH 

[Nla4,Q-Phe7]..£NJlSH 

AC{Nle4,Q-Phe~ -OC-MSH4-II-NH2 

Ac -[Nla~ Q-Phe~0!·MSH4_IO-NH2 

Fig_ 1. Primary Structure of ~-MSH and the Related [Nle
4

, D-Phe
7
]-substituted 

Melanotropins. 
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Fig. 2. Dose-related Stimulation of Melanoma Cell Tyrosinase 
by 24 Hour Exposure to 0'.-HSH or [Nle4 , Q_-Phe7]-«-MSH. 
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Tyrosinase activities were determined as described in ~~terials and 
Methods. N=24 determinations for the control group, and 12 determi
nations for each of the experimental groups. An asterisk (*) indicates 
that the response to the melanotropins is not significantly (p<O.OS) 
different from the control group in that experiment, as determined b y 
Student's T-test. 
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[Nle4 , Q-Phe7]-~-MSH was increased from 24 to 48 hours, the minimal 

effective doses of both melanotropins were unchanged, however, the 

maximal stimulated enzymatic activities were higher at 48 hours than 

at 24 hours of treatment (Figure 3). After 48 hours of contact with 

4 7 
the cells, both~-MSH and [Nle , Q-Phe ]-~MSH elevated tyrosinase 

activity to 4-5 fold its basal activity compared to a maximum response 

of 2-3 fold above control elicited after 24 hours of exposure. The 

above results indicate that tyrosinase activation is dependent on the 

melanotropin concentration as well as on the time the cells are in 

contact with the hormones. When the exposure time was further increased 

to 72 hours, the stimulation of enzymatic activity above basal level 

was even greater than that elicited after 48 hours of exposure, yet the 

minimal effective doses of both melanotropins were again unchanged 

-9 -11 4 7 
(10 M for Ol-MSH and 10 M for [Nle , Q-Phe ]~-MSH, Figure 4). It 

was observed during these exposure periods (24, 48, and 72 hours) 

6 that the basal tyrosinase level per 10 cells was lowest at 72 hours 

(Table 2). 
6 

The maximal stimulated enzyme activity per 10 cells was 

highest at 48 hours of melanotropin treatment, however, the ability 

of the cells to increase tyrosinase activity above basal level was 

greatest at 72 hours. 

4 7 
The two fragment analogues AC-[Nle , Q-Phe ]~-MSH4_ll-NH2' and 

Ac-[Nle
4

, Q-Phe7]-~-MSH4_10-NH2' also affected tyrosinase activity in 

a dose-dependent manner. After 48 hours of contact with the cells, these 

two melanotropins had a minimal effective dose of 10-12M (p <0.05, 

Figure 5). The octapeptide, AC-[Nle
4

, Q-Phe71-~MSH4_ll-NH2' elevated 

tyrosinase activity to a peak of 5-6 fold, while the heptapeptide, 
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Fig. 3. Dose-related Stimulation of Melanoma Cell Tyrosinase by 48 Hour Exposure to 
~-MSH or [Nle4 , D-Phe 7 ]-~-MSH. 

N=l8 determinations for the control group and 6-12 determinations for the experimental groups. 
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Fig. 4. Dose-related Stimulation of Melanoma Cell Tyrosinase 
by 72 Hour Exposure to ~-MSH or [Nle4, Q-Phe7]-~-MSH. 
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N=l2 determinations for the control group and 6 for each of the experi
mental groups. 



Table 2. Maximal Tyrosinase Activity after 24, 48, and 72 hours of Exposure to 

4 7 
~MSH or [Nle , Q-Phe ]~-MSH 

24 h 48 h 72h 

6 cpm/lO cells % Control 
6 

cpm/lO cells % Control 
6 

cpm/lO cells % Control 

Control 3049 ± 51 100 ± 2 2679 ± 58 100 ± 2 1651 ± 44 100 ± 3 

~MSH 8031 ± 259(b) 263 ± 8 12722 ± 656(a) 484 ± 30 9880 ± 23l(c) 598 ± 14 

4 7 [Nle , Q-Phe ]~-MSH 11450 ± 253(b) 375 ± 7 15213 ± 484(c) 577 ± 23 10830 ± 353(c) 656 ± 21 

a = activity induced by 10-6M melanotropin 

b activity induced by 10-7M melanotropin 

c = activity induced by 10-8M melanotropin 

Tyrosinase activity was expressed as the mean 
6 cpm/lO cells, ± S.E., and as a percent of 

control, ± S.E., of 12-24 determinations for control groups and of 6-12 determinations for experi

mental groups. Maximum activity was defined as the experimental group at which the mean cpm/106 

cells was the greatest for that time period. 

N 
\.." 



48 hour Tyrosinase Bioassay 

700 D Control 

f2l a-MSH 

600 ~ Ac{Nie~Q-Phfl)-«-MS~rNHz 

• Ac{Nie~Q-Phi]-.~ 

200 

•• 
• 100 

Control 13 12 II 10 9 8 7 6 13 12 II 10 9 8 7 6 13 12 II 10 9 8 7 6 

·LoQ(Couceuhaliou) (M) 

Fig. 5. Dose-related Stimulation of Melanoma Cell Tyrosinase 
by ~-MSH, Ac-[Nle4 , Q-Phe7]~-MSH4_11-NH2 , and Ac-[Nle4, D-Phe7]
~-MSH4_10-NH2 After 48 Hours of Treatment. 

N=24 determinations for the control group and 6 and 12 determinations, 
respectively, for the 4-11 and 4-10 melanotropin analogues. Double 
asterisks (**) indicate that the response to the melanotropins is 
significantly different from the control group at p( 0.05 but not 
at p(O.Ol. 
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AC-[Nle , Q-Phe 1~-MSH4_l0-NH2' stimulated enzymatic actiyity 4-5 fold 

above control levels. Therefore, all three [Nle4 , Q-Phe71-substituted 

melanotropin analogues studied proved to be superpotent agonists of 

~MSH, being 100-1000 fold more active than~-MSH in stimulating 

tyrosinase activity, and thus melanogenesis of murine melanoma cells. 

The superpotency of the three aforementioned [Nle4 , Q-Phe71-

substituted melanotropin analogues is not caused by their greater 

resistance to degradation by serum enzymes than ot-MSH, since under the 

culture conditions employed (i.e. using heat-inactivated horse and 

fetal calf sera) ~-MSH maintained its full biological activity, as 

determined by the frog skin bioassay, even after 72 hours of incubation 

in the culture medium (Figure 6). Therefore, the greater ability of 

the melanotropin analogues to stimulate tyrosinase activity in melanoma 

cells can be attributed to the unique structural properties of these 

analogues, rather than to their greater longevity as compared to ~-~!SH 

when in culture. 

Time-dependent Induction of Tyrosinase Activity 

Next, the minimal exposure times of the cells to the melano-

tropins necessary to significantly stimulate tyrosinase activity 

during a 24-hour period following melanotropin removal were determined. 

Cells were treated with ~-MSH or the three [Nle4 , Q-Phe71-substituted 

melanotropins, [Nle
4

, Q-Phe71~MSH, AC-[Nle
4

, Q-Phe71~-MSH4_ll-NH2' 
4 7 

and Ac-[Nle , Q-Phe 1-~-MSH4_l0-NH2, for varying time periods (1-24 

hours). The melanotropins were removed at the end of each exposure 

period, and tyrosinase activity was measured 24 hours thereafter. 

Under these experimental conditions, when cells were treated with 
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Stability of ~-MSH at 10-
7

M was determined after 72 hours of hormone 
incubation (37°C, 5% Co /95% air) in 25 cm2 flasks containing Ham's 
F-10 medium supplemente~ with 10% horse and 2% fetal calf sera, both 
heat-inactivated (56°C, 30'), or in flasks containing CCL cells 
maintained in the above medium. The activity of ~-MSH was measured 
in the frog skin bioassay. Each value represents the mean, ± S.E., 
darkening response of the skins (N=6) to ~-MSH with and without serum 
and to ~-MSH with serum and cells, at the concentrations noted. 
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-9 4 7 10 M O(-MSH or [N1e , ~:-Phe ] -IX:-MSH, the cells required 24 hours of 

contact with ~-MSH, but only 8 hours of contact with [N1e
4

, Q_Phe7]_ 

~-MSH to significantly increase tyrosinase activity (Figure 7). 

Twenty-four hours after me1anotropin treatment, a slight yet significant 

increase in enzyme activity was elicited by ~-MSH, compared to a 1-2 

4 7 
fold increase above basal level elicited by [N1e , Q-Phe ]-~MSH, as 

determined 24 hours following removal of the me1anotropins (Figure 7). 

When the concentration of ~-MSH or [N1e
4

, Q-Phe7]-~-MSH was increased 

to 10-8M, a minimal contact time of 4 hours with ~-MSH was required by 

the cells to significantly activate tyrosinase compared to only 1 hour 

4 7 
of contact with [N1e , Q-Phe ]~-MSH, as measured 24 hours after 

initial contact with the me1anotropins (Figure 8). Enzyme activity 

increased proportional to the increased time in contact with either 

me1anotropin, and after 24 hours of incubation with 10~8M, enzyme 

4 7 activity was elevated 2 fold above basal level with [N1e , Q-Phe ]-

~MSH, but only 1 fold with ~MSH (Figure 8). The response of the 

cells to 10-7M [N1e4 , Q-Phe7]~-MSH was similar to the response 

-8 generated at 10 M (Figure 9). However, the magnitude of the response 

-7 4 7 to 24 hour treatment with 10 M [N1e , Q-Phe ]~-MSH was lower than 

-8 that with 10 M, and this might be attributed to pH and temperature 

changes inflicted on the cells during the 3-hour rinsing procedure 

-7 required to remove the me1anotropin analogue when applied at 10 M 

(Figure 9). In conclusion, at all the me1anotropin concentrations 

tested, cells required a shorter exposure period to [N1e4 , Q_Phe 7]_ 

O{-MSH than to O\-MSH to significantly increase their tyrosinase activity 

during the 24 hour period subsequent to me1anotopin removal. 
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Fig. 7. Induction of Tyrosinase Activity by Different 
Exposure Periods to 10-gM ~-MSH and [Nle4 , Q-Phe7]-~-MSH, as 
Determined 24 Hours After the Melanotropins were Removed. 

-9 4 7 
Cells were treated with 10 M ~MSH or [Nle , Q-Phe ]-~-MSH for 2, 4, 
8, 12, 16, and 24 hours, after which periods the melanotropins were 
removed by rinsing the flasks twice with melanotropin-free medium. 
Medium containing 3H-tyrosine was then added to all flasks, and 
tyrosinase activity was determined 24 hours thereafter. A series of 
control flasks (lacking the melanotropins) were set to monitor any 
change in the basal tyrosinase level after the 2, 4, 8, 12, and 
24 hour incubation periods. N=l2 determinations for each control 
and experimental group. 
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Fig. 8. Induction of Tyrosinase Activity by Different 
Exposure Periods to 10-8M~-MSH or [Nle4, Q-Phe7]~-MSH. 

The procedure is the same as described in the legend for Fig . 7. 
N=l 2 determinations for each control and experimental group. 
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Fig. 9. Induction of Tyrosinase Activity by Different 
Exposure Periods to 10-7M [Nle4, Q-Phe7]-0rMSH. 

The procedure is the same as described in the legend of Fig. 7, except 
that at 1o-7M [Nle4, Q-Phe7]-~MSH, the f~asks had to be rinsed twice 
with melanotropin-free medium followed by rinsing after 1 hour of 
incubation, a procedure that was repeated 3 times to totally remove 
the melanotropin analogue. N=l2 determinations for each group. 
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4 4 
The two fragment analogues, Ac-[Nle , Q-Phe ]~MSH4_ll-NH2' 

and Ac-[Nle
4

, Q-Phe7]~-MSH4_l0-NH2 at 10-7M were similar to [Nle4 , 

7 Q-Phe ]-C(-MSH at an equimolar concentration in that they required only 

minimal exposure time periods (2 and 1 hour respectively) to stimulate 

melanoma cell tyrosinase activity, as compared to 4 hours required by 

10-7M ot-MSH. The magnitude of stimulation by the 4-10 and 4-11 frag-

ment analogue~ was increased by prolonging the time in contact with 

the cells (Figure 10). The Ol-MSH-induced tyrosinase level was 2-3 fold 

higher than basal enzyme activity and was equivalent to the response 

elicited by AC-[Nle
4

, D-Phe7]-~-MSH4_ll-NH2' following 24 hours of 

contact with the cells. However, the response to 24 hour treatment with 

4 7 Ac-[Nle , Q-Phe ]-OrMSH
4

_
l0

-NH
2 

was a 4 fold stimulation of tyrosinase 

above basal level (Figure 10). The preceding results demonstrate the 

superpotency of the three [Nle4 , Q-Phe7]-substituted melanotropin 

analogues in stimulating tyrosinase activity, and also reveal that 

only a minimal contact time is required by these analogues to signifi-

cantly activate the enzyme as compared to O{-MSH. The above results also 

indicate that tyrosinase activity remains elevated 24 hours after 

removal of the melanotropins, particularly with the [Nle4 , Q_Phe
7

]_ 

substituted analogues. 

The superpotency of the [Nle
4

, Q-Phe
7
]-substituted melano-

tropins can not be attributed to their greater ability to stimulate 

intracellular cyclic A}~ levels than~-MSH. Following twenty minutes 

-8 -7 4 7 of exposure to 10 Hand 10 M cx-HSH or [Nle , Q-Phe ]-d.-HSH, 

equivalent increases in cyclic AMP were elicited by equimolar concen-

trations of both pep tides (150% and 250% of control value elicited by 

-8 -7 10 Hand 10 H me1anotropins, respectively, Table 3). In the cyclic 
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Fig. 10. Induction of Tyrosinase Acfivity b7 Different Exposure Periods to l0-7M~-MSH, 
Ac-[Nle4, Q-Phe7]~-MSH4 _11-NH2 , and Ac-[Nle , Q-Phe ]-~-MSH4_10-NH2 . 

The procedure is the same as described in the legend of Fig. 7. N=6 determinations for each group. 



Table 3. Effects of Melanotropins and 'of PGEI on 

Cyclic AMP Levels 

Control 

PGE
I 

0.1 ..ug/ml 

Pc,;El 1.0 pg/ml 

PGEI 10..ug/ml 

()(-MSH 10-8M 

O(-MSH 10-7M 

4 7 -8 [Nle , Q-Phe ]~-MSH 10 M 

4 7 -7 [Nle , Q-Phe ]~-MSH 10 M 

Percent of 
Control 

100 

289 

309 

369 

150 

250 

150 

269 

Stimulation of cyclic AMP levels was determined 

after 20 minutes of treatment of the cells with the above hormones. 

N=8 determinations for the control, and 4 for the experimental groups. 

Values were expressed first as pmole cyclic AMP/l06 cells and then 

as percent of control. This assay was repeated twice with similar 

results each time. 
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AMP radioimmunoassay, prostaglandin E1 was used as a positive control, 

since it has a greater stimulatory effect on cyclic AMP levels than 

~-MSH. 

The Prolonged Effects of Me1anotropins on Tyrosinase Activation 

After demonstrating that the stimulated tyrosinase activity was 

maintained 24 hours after removal of the me1anotropins from the culture 

medium, the time period during which this stimulated activity could be 

sustained was determined. At first, the prolonged effects of [N1e
4

, 

7 Q-Phe ]~-MSH was determined and compared to that of the native 

tridecapeptide, q-MSH. 
-7 4 7 

Cells were treated with 10 M [N1e , Q-Phe ]-

~-MSH or ~-MSH for 24 hours, after which time the me1anotropins were 

removed and tyrosinase activity determined daily for 6 days thereafter 

beginning 24 hours after me1anotropin removal. In this experiment, the 

effects of ~MSH on tyrosinase was significant for 48 hours after the 

hormone was removed, and 72 hours after removal, the~-}lSH effect 

totally dissipated (Figure 11). In comparison, following removal of 

4 7 [N1e , Q-Phe ]~-MSH, tyrosinase activity remained elevated 2-3 fold 

above basal level for 48 hours, then gradually declined but remained 

significantly higher than control for 6 days (Figure 11). When the 

-7 4 7 
exposure period to 10 M ~-MSH or [N1e , Q-Phe ]-~-MSH was reduced to 

4 hours, ~MSH failed to elicit a significant tyrosinase stimulation 

even 24 hours after the hormone was rinsed off (Figure 12). However, 

the effect of the tridecapeptide analogue still remained significant 

for 6 days after its removal (Figure 12). By this time, the cells had 

undergone 5-6 rounds of cell division (Table 4), nevertheless, 

tyrosinase activity was still stimulated by initial treatment with 



>-::: 
-~ 0 
- ~!: -c 
~8 
$o o_ 
c c 

·c;; B e ... 
~! 

400 

300 

200 

100 

D Control 

~ a-MSH 

II ~le~Q-Phe7}a-MSH 

Days after removal of melanotropin 

Fig. 11. Prolonged Tyrosinase Stimulation following 24 Hour 
Exposure to 1o-7M ~-MSH or [Nle4, Q-Phe7]-«-MSH. 
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Cells were seeded into flasks and allowed to attach overnight, then were 
exposed to 10-7M C(-MSH or [Nle4, Q-Phe7]-«-MSH for 24 hours, after 
which time the melanotropins were removed. A series of rinses were 
required to remove [Nle4, Q-Phe7]-~-MSH at 10-7M, as previously 
described. Tyrosinase activity was first determined 24 hours after 
melanotropin removal and daily thereafter for 5 subsequent days, 
24 hours following the addition of medium containing 3H-tyrosine. 
N=l2 determinations for the control groups and 6 for each experimental 
group. 
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The procedure is the same as described in the legend of Fig. 11, except that here, cells were only 
exposed for 4 hours to either melanotropin. N=l2 determinations for the control groups and 6 
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Table 4. Proliferation of CCL Cells in Monolayer Culture 

Following 4 Hour Exposure to 10-7M [N1e4 , Q-Phe7]-~-MSH 

39 

Days after me1anotropin Control 4 7 
[N1e , Q-Phe ]~-MSH 

Removal number of cells/flask ex 106) 

1 0.49 ± 0.078 0.469 ± 0.007 

2 0.998 ± 0.02 1.096 ± 0.034 

3 2.345 ± 0.081 2.678 ± 0.055* 

4 3.696 ± 0.089 3.684 ± 0.105 

5 4.133 ± 0.169 4.37 ± 0.147 

6 6.15 ± 0.375 6.019 ± 0.120 

7 6.18 ± 0.120 7.324 ± 0.135;\-

ace11s were seeded at an initial density of 2 x 10
5 

ce11s/ 

2 25 em flask and were allowed to attach overnight. Cultures were then 

-7 4 7 treated with 10 M [N1e , Q-Phe ]-~-MSH for 4 hours, after which time 

the me1anotropin was removed. The cells were then incubated for seven 

days subsequent to removal of the me1anotropin with daily changes of 

fresh medium lacking the me1anotropin. The above figures represent 

cell counts expressed as the mean number of cells ex 10
6
)/f1ask eN= 

4 flasks for each value), ± S.E., determined daily for the 7-day 

duration of the experiment. 

*signi£icant1y different from control at P(0.05, as determined 

by Student's T-test. 
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4 7 [Nle , Phe ]~-MSH. Interestingly, the response of the cells to 4-hour 

exposure to [Nle4 , Q-Phe7]-~MSH gradually increased between 24 and 

72 hours following melanotropin removal, reaching a maximum of 3 fold 

above basal. -8 4 7 When cells were treated with 10 M [Nle , Q-Phe ]~-MSH 

for 24 hours, the tyrosinase response remained significant for 72 hours, 

and dropped back to basal level after 96 hours of melanotropin removal, 

i.e. 5 days following initial contact with [Nle4 , Q-Phe7]~-MSH 

(Figure l3). 

Next, the prolonged effects of the two melanotropin analogues 

4 7 4 7 
Ac-[Nle , Q-Phe ]-~-MSH4_ll-NH2' and Ac-[Nle , Q-Phe ]-~-MSH4_l0-NH2 

were determined. After 24 hours of contact with the cells. both 

-7 melanotropins, at 10 M. elicited a significant yet slight increase in 

tyrosinase activity during the 24 hour period subsequent to their 

removal (Figure 14). Although this response was sustained for 6 days, 

its magnitude was less marked than that of the response elicited by 

[Nle4 , Q-Phe7]~-MSH, under the experimental conditions employed here 

[i.e., 24 hour treatment with melanotropins 24 hours after the cells 

were seeded (Figures 11, 14)]. Therefore, the stimulatory effects of 

all three [Nle4 , Q-Phe7]-substituted melanotropin analogues were more 

prolonged than the effects of ~-MSH at all the different concentrations 

and exposure periods tested. 

Calcium Involvement in~-MSH Action on Melanoma Cells 

+2 The divalent cation, calcium (Ca ), has been shown to be re-

quired for ~-MSH action on normal melanophores (Vesely and Hadley, 1971, 

1976, de Graan et ale 1983). d . f C +2. 1 In order to etermine ~ a ~s a so 

required for C(-MSH action on murine melanoma cells, experiments were 
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Fig. 13. Prolonged Tyrosinase Stimulation Following 24 Hour 
Exposure to 10-8M [Nle4, Q-Phe7]-~-MSH. 

The procedure is the same as in the legend of Fig. 11, except that at 
1o-8M, [Nle4, Q-Phe7]-~-MSH could be removed by rinsing the flasks 
only twice with melanotropin-free medium. N=6 determinations for 
each group. 
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The procedure is the same as described in the legend of Fig. 11, but here, 2 consecutive rinses were 
sufficient to remove the melanotropins at the end of the exposure period. N=12 determinations for 
each group. 



43 

carried out whel'eby cells were treated concomitantly with O(-MSH (10-7M) 

and various concentrations of the Ca+2 channel blocker, verapamil. The 

effects of verapamil plus ~-MSH on tyrosinase activity were then deter-

mined. Contrary to what was expected, the presence of verapamil did not 

blockO\-MSH stimulation of tyrosinase activity, and at high concen-

trations (l),lM and 5 ),lM), verapamil enhanced the o{.-MSH effect. Even 

when cells were treated only with verapamil, tyrosinase activity was 

significantly increased above its basal level (Figure 15). The growth 

rate of melanoma cells was not altered by verapamil treatment except at 

the highest concentration of 5 ),lM, at which verapamil caused a signifi-

cant (about 25%). inhibition of growth. 

Effects of Melanotropins on the Proliferation 

of CCL Cells in ~1onolayer and Bilayer Cultures 

The anchorage-dependent (monolayer) growth of melanoma cells was 

not affected by melanotropin treatment. Even in the face of maximal 

phenotypic expression (tyrosinase stimulation), cellular proliferation 

was not inhibited. In experiments aimed at studying the prolonged 

effects of melanotropins, particularly of [Nle4 , Q-Phe7]-~-MSH at 

-7 
10 M, after 24 hours of contact with the cells, maximal stimulation of 

tyrosinase was achieved and maintained for 48 hours after hormone re-

moval, but was not accompanied by inhibition of the rate of cellular 

proliferation (Table 5). Similarly, following 24 hours of treatment 

4 7 
with ~-MSH, 4-11 or 4-10 [Nle , Q-Phe ]-fragment analogues, and when the 

prolonged effects of these melanotropins on tyrosinase activation were 

maximal (2, 3, and 5 fold above control, respectively), cellular pro-

liferation was not retarded (Table b). A better evidence for the lack of 
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Fig. 15. The Effects of Verapamil on Basal and a::-MSH
stimulated Tyrosinase Activities. 

-7 -7 
Melanoma cells were treated with 10 M ~-MSH, verapamil at 5 x 10 , 
10-6, or 5 x 10-6M, or with a combination of each verapamil concen
tration and ~-MSH, 48 hours after the cells were seeded into flasks. 
Tyrosinase activities were determined after 48 hours of treatment. 
N=l2 determinations for the control group, and 6 for each of the 
experimental groups. 
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Table 5. Proliferation of CCL Cells in Monolayer Culture 

-7 4 7 Following 24 Hour Exposure to 10 M [Nle , Q-Phe ]~-MSH. 

Days after melanotropin Control [Nle 4 , Q.-Phe 7] --«'-NSH 

Removal number of 6 cells/flask (x 10 ) 

1 0.355 ± 0.008 0.406 ± 0.042 

2 0.573 ± 0.039 0.596 ± 0.072 

3 0.943 ± 0.031 0.915 ± 0.055 

4 1.643 ± 0.052 1.626 ± 0.012 

5 2.288 ± 0.11 2.748 ± 0.4 

6 3.603 ± 0.177 4.120 ± 0.255 

acel1s were initially seeded at 2 x 105 ce11s/25 cm2 flask, and 

-7 4 7 treated the next day with 10 M [N1e , Q-Phe ]~-MSH. After the 24 

hour exposure period, the melanotropin analogue was removed, and cell 

counts/flask were determined daily for 6 subsequent days, beginning 

24 hours post melanotropin removal. Each value represents the mean 

cell number (x l06)/flask of triplicate flasks, ± S.E. 



Table 6. -7 Proliferation of CCL Cells following 24 Hour Exposure to 10 M ~-MSH, Ac-

4 7 4 7 
[Nle , D-Phe ]~-MSH4_1l-NH2' or Ac-[Nle , ~-Phe ]-orMSH4_l0-NH2 

4 7 
Ac-[Nle , ~-Phe 1- 4 7 

Ac-[Nle , ~-Phe ]-
Time after melanotropin 

Control O(-MSH O\-MSH4_11-NH2 0I-MSH4_
l0

-NH
2 removala 

6 number of cells/flask (x 10 ) 

1 1.064 ± 0.033 1.277 ± 0.029* 1.192 ± 0.02* 1.277 ± 0.039* 

2 2.806 ± 0.147 2.857 ± 0.065 3.156 ± 0.083 3.037 ± 0.203 

3 4.864 ± 0.125 4.75 ± 0.062 4.60 ± 0.072 5.03 ± 0.176 

4 5.267 ± 0.077 5.5 ± 0.336 5.867 ± 0.22 5.873 ± 0.075* 

5 8.44 ± 0.179 7.827 ± 0.428 7.667 ± 0.177 8.72 ± 0.185 

a 2 5 cells were seeded into 25 ern flasks at 2 x 10 cells/flask, and treated 48 hours later 

with the appropriate melanotropin for 24 hours, after which time the melanotropins were removed 

from the culture flasks. Cells were counted daily for 5 days after melanotropin removal. Each 

value 
6 

represents the mean cell number (x 10 ) of 3-4 determinations, ± S.E. 

*significantly different from control at P <. 0.05. as determined by Student's T-test. 

.p
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growth inhibition by me1anotropins, came from the observation that even 

with continuous exposure to 10-7M~-MSH or [N1e4 , Q-Phe7]-~MSH for 6 

consecutive days, the growth rate of the cells was not decreased 

(Table 7). 

The bilayer soft agar assay was employed to measure the effects 

of hormones on anchorage-independent growth. This assay is perhaps the 

best in vitrp assay for transformation and has been amply utilized to 

estimate the chemosensitivity of human tumor cells (Neugut and Weinstein 

1979, Shin et a1. 1975) to various agents, as depicted by their ability 

to inhibit colony growth (Salmon et a1. 1978, Von Hoff et a1. 1981, 

Meyskens et a1. 1983, Meyskens et a1. 1984). This assay has also 

been used to study the effects of various biological modifiers, such as 

retinoids and postag1andins, on the c1onogenic growth of tumor cells 

(Meyskens and Salmon 1979, Bregman and Meyskens 1983, Salmon et a1. 

1983). Since a linear relationship exists between the initial number 

of cells plated and the number of colonies formed in soft agar, plating 

murine melanoma cells at optimal cell density leaves adequate room for 

expression of the transformed phenotype and the proliferative potential. 

eeL cells plated in soft agar and continuously exposed to a-MSH 

or its potent analogue [N1e4 , Q-Phe7]~-MSH formed deeply melanized 

colonies. The formation of melanized colonies in response to me1ano-

tropins was observed regardless of the initial density at which the 

cells were plated. However, colony size, which is an indication of 

the proliferative capacity of the colony forming cells, was affected 

by the initial plating density and by melanotropin treatment. 

When cells were plated at 5000 cells per plate and continuously 



Table 7. Proliferation of CCL Cells Continuously Exposed to 10-7M ~-MSH or [Nle4 , 

Q-Phe7]-~MSH in Monolayer Culture 

Days in Contact with 4 7 Control O(-HSH [Nle , Q-Phe ]-~-HSH 
He1anotropins a 

1 0.346 ± 0.009 0.315 ± 0.01 0.347 ± 0.015 

2 0.624 ± 0.023 0.670 ± 0.013 0.707 ± 0.016* 

3 1.258 ± 0.074 1. 738 ± 0.073* 1.535 ± 0.02 * 
4 3.263 ± 0.067 3.477 ± 0.11 3.363 ± 0.058 

5 4.391 ± 0.0517 4.745 ± 0.208 4.570 ± 0.122 

6 5.813 ± 0.152 5.950 ± 0.074 5.955 ± 0.117 

a 5 2 -7 cells were seeded at 2 x 10 cells/25 cm flask and treated 24 hours later with 10 M 

4 7 
o<.-MSH or [N1e , ~-Phe ]-~MSH. Cell counts/flask were determined daily for the 6 day exposure 

period to the melanotropins. 6 Each value represents' the mean cell number (x 10 ) /flask of 

3 determinations, ± S.E. 

*significantly different from control at P(0.05, as determined by Student's T-test. 

.p
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treated with different concentrations of ~-MSH (10-9_ 10-6M) or [Nle4 , 

Q.-Phe 7]-o<'-MSH (10-11_ 10-6M), both melanotropins increased the cloning 

efficiency of eeL cells, as depicted by an increase in the total number 

of colonies per plate (Table 8). With ~-MSH treatment, the prolifera-

tive capacity, as determined by the number of large size colonies 

(diameter.) 104 ,um) 

7 
Q.-Phe ]~-MSH, the 

4 was not affected, while with the potent analogue [Nle , 

proliferative capacity was inhibited by concentrations 

-8 greater than or equal to 10 M (Table 8). 

To further investigate the effect of melanotropins on cellular 

proliferation, cells were plated at different cell densities (625, 1250, 

1875, 2500, 3125, 5000, and 7500 cells per plate) and continuously 

-7 4 7 
exposed to 10 M ~-MSH or [Nle , Q.-Phe ]~-MSH. At all initial densities 

employed, both melanotropins increased the plating efficiency of eeL 

cells (Table 9). Furthermore, at densities~OOO cells per plate 

the melanotropins stimulated the proliferative capacity of the colony 

forming cells. At 7500 cells per plate, both melanotropins inhibited 

large colony formation although the cloning efficiency was enhanced 

(Table 9). In a similar experiment, cells were seeded at different cell 

-7 4 7 densities, treated with 10 M ~-MSH or [Nle , Q.-Phe ]-~MSH, fed on 

day 5 and incubated for 5 more days before they were counted. Some 

plates that were initially treated with melanotropins received a second 

hormone treatment at the time of refeeding, some did not (Table 10). 

Similar to the results of the preViously discussed experiment, at low 

cell densities, the proliferative capacity was stimulated even when 

cells were treated twice with melanotropins. At high cell densities, 

however, the me]anotropins inhibited, rather than stimulated, cellular 
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Table 8. Response of Cells Plated in Soft Agar To 

Continuous Exposure to Different Concentrations of 

Melanotropins 

42-104 um diameter ~104 um diameter 

Control 684±28 652!46 

ot-MSH 10-9M 756±72 880±126 

oc,-MSH 10-8M 1042±42 600±16 

ct.-NSH 10-7M l764±90 636±22 

O(-MSH 10-6M l536±46 588±74 

[Nle4 , 7 -11 
~-Phe ]-~-NSH 10 M 1026±86 688±20 

4 [Nle , ~-Phe7]~-MSH 10-9M l468±74 6l4±70 

4 [Nle , 7 -8 
~-Phe ]~-MSH 10 M l292±146 468±36 

[Nle 4 , 7 -7 
~-Phe ]-O<.-MSH 10 M l286±64 576±24 

4 [Nle , 7 -6 
~-Phe ]-~-NSH 10 M l6l0±38 468±8 

Cells were plated in soft agar at 5000 cells/plate and continu-

ously exposed to the above melanotropin concentrations. Six plates 

were set as control, and triplicate plates for each experimental group. 

The plates were incubated for 10 days and then counted. This experi-

ment was repeated twice with similar results each time. Each value 

represents the mean colony number/plate of 3-6 determinations, ± S.E. 



Table 9. Response of Different Cell Densiti~ to Continuous 

Exposure to Melanotropins in Soft Agar 

625 cells/plate 

Control 
+10-7M .. -MSH 

+10-7M [Nle4 , ~-Phe7)-«-MSH 

1250 cells/plate 

Control 

+10-7M CI(-MSH 

+lO-7M [Nle4 , ~Phe7)~-MSH 

1875 cells/plate 

Control 

+lO-7M "'-MSH 

+10-7M [Nle4, ~-Phe7]""-MSH 

2500 cells/plate 

Control 

+10-7M "'-MSH 

+10-7M [Nle4, ~-Phe7]-a-MSH 

3125 cells/plate 

Centrol 

+10-7M oo-MSH 

+10-7M [Nle4, ~-Phc7)~-MSH 

5000 cells/plate 

Control 
+l0-7M "'-MSH 

+10-7M [Nle4, ~-Phe7)-~MSH 

7500 cells/plate 

Control 
+10-7M .... MSH 

+lO-7M [Nle4, Q-Phe7)~-MSH 

42-104 urn d1arnete~ 

56 ~ 9 

102 ~ 22 

119 ~ 13 

142 : 28 

196 : 7 

223 ! 35 

137 ~ 15 

278 ~ 28 

243 ! 29 

170 ~ 24 

512 ~ 12 

418 ~ 20 

201 ! 19 

624 ~ 19 

617 ~ 16 

784 ! 51 

1611 ~ 19 

1611 ! 40 

1591 : 140 

2459 : 109 

2065 ! 96 

4104 urn dia~cter 

38 ~ 11 

351 ~ 41 

349 ! 19 

117 ! 15 

487 ~ 16 

539 ! 16 

162 ! 29 

527 ! 44 

474 ! 33 

413 ! 67 

651 ! 26 

644 ~ 34 

390 ! 36 

544 ! 90 

737 ! 65 

482 : 38 

342 ! 46 

269 : 28 

345 : 18 

80 ! 7 

130 ! 20 

51 

Cells were plated at the above densities, and continuously ex
posed to melanotropins. Colonies were counted after 10 days of incu
bation, and grouped according to size. Each value respresents the mean 
number of colonies/plate of 6 determinations, ± S.E. 



Table 10. The Effect of Refeeding on the Response of 

Different Cell Densities to Melanotropins 

625 cells/plate 

Control 

+l0-7M ~-MSHa 
+l0-7M oI.-MSHb 

+10-7M [Nle4 • D-Phe7)~_MSHa 
-7 4 - 7 b 

+10 M [Nle • £-Phe )-d-MSH 

1250 cells/plate 

Control 

+10-7M ot-MSHa 

+l0-7M ol-MSHb 

+10-7M [Nle4 • D-Phe7)~-MSHa 
+l0-7M [Nle \ Q-Phe 7) ~-MSUb 

2500 cells/plate 

Control 

+l0-7M o(-MSHa 

+l0-7M tI..-MSHb 

-7 4 7 a +10 M (Nle , D-Phe )~-MSH 
-7 4 - 7 b 

+10 M [Nle , £-Phe )~MSH 

5000 cells/plate 

Control 

+10-7M tol-MSHa 

+l0-7M oi-MSHb 

+10-7M [Nle4 , D_Phe7)_~_MSHa 
-7 4 - 7 b 

+10 M [Nle , £-Phe )~-MSH 

7500 cells/plate 

Control 

+l0-7M "'-MSHa 

+l0-7M Cl.-MSHb 

-7 4 7 a +10 M [Nle , D-Phe )~-MSH 
7 4 - 7..J b 

+10- M [Nle • £-Phe )-~MSH 

42-104 um diameter 

265 :': 51 

211 :': 5 

221 :': 10 

237 :': 12 

215 :!: 4 

320 :!: 26 

343 :': 24 

305 :': 10 

366 :!: 3 

348 :!: 29 

592 :': 39 

571 :!: 35 

554 :!: 25 

483 :!: 20 

479 :': 37 

706 :!: 21 

895 :!: 37 

809 :!: 3 

937 :': 36 

889 :': 57 

1352 :': 86 

2145 :': 59 

2263 :': 112 

2486 :': 78 

2556 :': 82 

104 um diameter 

85 :!: 12 

160 :': 13 

201 :!: 15 

200 :': 5 

220 :': 26 

260 :': 20 

311 :': 18 

301 :': 29 

347 :': 15 

399 :!: 19 

548 :': 36 

601 :': 23 

758 :': 25 

681 :!: 21 

572 :': 26 

638 :': 27 

871 :!: 41 

848 :!: 15 

951 :': 51 

940 :': 6 

1297 :': 47 

927 :': 37 

831 :': 66 

683 :': 55 

741 :': 50 

52 

Cells were fed on day 5 after plating and incubated for 5 more 
days before counting. acells were fed but not re-treated. bcell s were 
fed and re-treated with melanotropins. Each value represents the mean 
colony number/plate of 6 determinations, ± S.E. 
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proliferation. Therefore, from these results it can be concluded that 

melanotropins stimulate the growth of murine melanoma cells, and that 

in these cells, phenotypic expression and proliferation are not in-

versely related. Inhibition of the proliferative potential of CCL cells 

in high density bilayer cultures is not a direct effect of melanotropin 

treatment but may be caused by other factors, such as the accumulation 

of toxic byproducts of melanin synthesis stimulated by melanotropins, 

or by the rapid depletion of nutrients from the culture medium. Such an 

inhibition of growth was not observed in monolayer culture even with 

prolonged exposure to melanotropins in long-term culture, where the 

cells were reaching confluency. The culture medium was changed daily 

in monolayer experiments, supplying the cells with sufficient nutrients 

and removing the toxic metabolic byproducts (Table 7). This may account 

for the difference in melanotropin effects on proliferation in mono-

layer versus soft agar cultures. 

The Effect of Cell Density on the Phenotypic Expression 

of CCL Cells in Monolayer Culture 

There have been several indications during the course of the 

previous experiments that cell density is a factor that affects the re-

sponsiveness of CCL cells to melanotropins. The results of experiments 

designed to determine the potency or the prolonged effects of melano-

6 tropins showed that the basal tyrosinase level (cpm/IO ) changed as 

the cells were maintained for several days in culture. Also, in 

studies on the prolonged actions of melanotropins on tyrosinase 

activity, a decrease in the stimulated enzyme ~ctivity was observed 

with time in continuous culture, following exposure of the cells to 
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me1anotropins and after me1anotropin removal (Figures 11, 12). It was 

not known, however, whether this decrease was only affected by continu

ous cell division and distribution of initially occupied me1anotropin 

receptors to the newly formed daughter cells, or was caused by increased 

cell-cell interactions that accompany increased cell density. Thus, ex

periments were designed to study density effects on the cellular re-

sponsiveness to me1anotropins. At first, the growth profile of CCL cells 

was defined by seeding the cells at 0.2 x 10
6 

cells per flask, maintain

ing them in culture for 8 days and determining cell number daily 

(Figure 16). Cells doubled only once during the first three days 

in culture and exhibited logarithmic growth for 3 days thereafter, 

with a doubling time of about 24 hours. The rate of cell division 

then slowed down between 5 and 8 days in culture, as cell cultures 

approached conf1uency. 

The responsiveness of the cells in continuous culture to long 

term exposure (6 days) to me1anotropins was then determined. Maximal 

tryosinase activity was achieved after 3 to 4 days of cellular contact 

with 10-7M~-MSH or with [N1e4 , ~-Phe7]-~MSH (Figure 17). However, 

after 5 to 6 days of me1anotropin treatment, the responsiveness of the 

cells decreased, as evidenced by decreased tryosinase stimulation above 

basal level. The magnitude of tyrosinase stimulation by continuous 

exposure to me1anotropins was the same whether the amount of 3H-tyrosine 

supplied to the cells 24 hours prior to determination of enzyme activity 

was doubled or not. 

It has frequently been observed that basal tyrosinase activity 

decreased as the duration of cells in culture increased. The decrease 
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Fig. 16. Growth Curve of CCL Cells in Monolayer Culture. 

Cells were seeded into flasks at a density of 0.2 x 106 cells/flask 
(day 1), and were counted with the aid of a hemacytometer after 48 
hours, and daily thereafter for 5 subsequent days. The medium in 
each flask was changed daily. Each value represents the mean cell 
number/flask of triplicate flasks; all standard errors were less 
than 10% of control. 
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Fig. 17. Stimulation of Tyrosinase Activity by Prolonged 
Exposure to 1o-7M ~-MSH or [Nle4, D-Phe7]-~-MSH. 

6 Melanoma cells were seeded at 0.2 x 10 cells/flask, were allowed to 
attach for 24 hours, and were then treated with 1o-7M ~-MSH or [Nle4, 
D-Phe7]-~-MSH for 24, 48, 72 hours up to 6 days. The stimulated 
tyrosinase activity was determined daily 24 hours after the addition 
of labeled medium. The medium in all flasks was changed daily and 
fresh melanotropins were added. N=6 determinations for each group. 
This experiment was repeated 3 times with similar results. 
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was evident following 4-5 days of maintenance of the cells in monolayer 

culture, i.e. during logarithmic phase of growth (Table 11). 

From these results, it could be speculated that the decline in 

the ability of the cells to respond to melanotropins may be caused by 

down-regulation of the melanotropin receptor due to prolonged exposure 

to the hormones, rather than to increased cell density. In an 

attempt to explain the decreased responsiveness to melantropins, the 

above experiment was repeated~ but following the third and the sixth 

days of melanotropin treatment, some of the control and treated flasks 

6 were reseeded at the original density of 0.2 x 10 cells/flask. The 

4 7 treated flasks immediately received~-MSH or [Nle , ~-Phe ]-~MSH, and 

were maintained in contact with the melanotropins for 3 more days, with 

tyrosinase a~tivity determined daily (Fig. 18). The responsiveness to 

melanotropins was restored and tremendously enhanced. By decreasing 

cell density, the magnitude of tyrosinase stimulation above basal level 

was remarkably increased, despite an increase in basal tyrosinase 

activity of the subcultured control cells, relative to the basal 

activity of the cells that were not subcultured (Table 12). Definitive 

proof for the effect of cell density on the phenotypic expression of 

melanoma cells came from seeding cells at differ.ent initial densities 

6 -7 (0.2-3.2 x 10 cells/flask) and exposing them to 10 M~-MSH for 

24 hours (Figure 19). The greatest stimulation of tyrosinase activity 

6 
was obtained with cells seeded at 0.2 and 0.4 x 10 cells per flask. 

As the seeding density increased above 0.4 x 10
6 

cells per flask the 

response to melanotropins decreased and was minimal at the highest 

6 density of 3.2 x 10 cells per flask. Therefore, there is an optimal 
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Table 11. Change in Basal Tyrosinase Activity of S9l 

CCL Melanoma Cells Over Time in Culture 

Basal Tyrosinase Activity 

Days in Culture (cpm/l06 cells) 

Experiment 1 Experiment 2 

4 1626 ± 71 1074 ± 84 

5 1237 ± 14 1212 ± 27 

6 701 ± 12 891 ± 29 

7 657 ± 16 798 ± 36 

8 420 ± 10 504 ± 13 

9 484 ± 22 626 ± 7 

Cells were seeded at 0.2 x 106 cells/flask and allowed to 

attach for 48 hours. The medium in each flask was then daily replaced 

with fresh medium. Tyrosinase activity was determined after 4 days of 

maintaining the cells in culture, and daily thereafter for 5 more 

days. 6 Tyrosinase activity is expressed as cpm/IO cells; each value 

6 
represents the mean cpm/IO cells, ± S.E., of 6 determinations in 

experiment 1, and of 8 determinations in experiment 2. 
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Fig. 18. Cell Density Effect on the Responsiveness of Cells to 
Prolonged Melanotropin Treatment. 

As in the legend of Fig. 17, cells were seeded at 0.2 x 106 cells/flask 
and were treated with 10-7M o<.-MSH or [Nle4 , Q.-Phe7]-~HSH for 6 consecu
tive days. However, in this eXEeriment, some of the control and treated 
cells were reseeded at 0.2 x 10 cells/flask, after 3 and 6 days of 
exposure to the melanotropins, and were instantly kept in contact with 
C(-MSH or [Nle4 , Q-Phe7 ]-0<.-MSH for 3 more days. Tyrosinase activity was 
determined daily and was expressed as mean percent of control value of 
6 determinations, ± S.E. 
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Table 12. Basal and Melanotropin-stimulated Tyrosinase 

Activities in High-density Melanoma Cultures and After Reseeding 
6 the Cells at 0.2 x 10 Cells/flask 

Days of Contact Tyrosinase Activity 
(CI~m/l06 cells) 

With Melanotropins 
4 7 Control ex -MSH [Nle , D-Phe ] -O(-MSH 

4a 2014 ± 47 12374 ± 92 12498 ± 377 

5a 2869 ± 101 7835 ± 150 9501 ± 104 

6a 1941 ± 84 7772 ± 191 7591 ± 155 

4b 3675 ± 329 25821 ± 567 30240 ± 366 

5b 3184 ± 140 21222 ± 355 19506 ± 450 
£b 2751 ± 160 10337 ± 260 9231 ± 92 

7
c 4545 ± 328 45216 ± 2362 51391 ± 809 

8c 3750 ± 251 38876 ± 1385 47005 ± 2258 

9
c 2281 ± 50 22285 ± 695 24756 ±" 255 

-7 Cells were seeded into flasks and 
[Nle4 , 

exposed to 10 M ~-MSH or 
~-Phe7]-~MSH, as described in the legend of Fig. 18. 

a 

b 

c 

= Tyrosinase activities of control cells, and of cells that were 
exposed to melanotropins for 4, 5, and 6 days, in continuous 
culture (i.e. without subculturing). 

= Tyrosinase activities of control cells, and of cells that were 6 
exposed to melanotropins for 3 days, after reseeding at 0.2 x 10 
cells/flask. The melanotropin-treated flasks were instantly 
maintained in contact with ~-MSH or [Nle4 , D-Phe7]-~-MSH after 
subculture for 3 more days, and basal (control) and melanotropin
stimulated tyrosinase activites were determined daily. 

= Tyrosinase activites of control cells, and of cells that were ex-
posed to melanotropins for 6 days, after reseeding at 0.2 x 106 

cells/flask. The melanotropin-treated flasks were instantly main
tained in contact with d-.-MSH or [Nle4 , Q.-Phe7]~-MSH after sub
culture for 3 more days, and basal and melanotropin-stimulated 
tyrosinase activites were determined daily. 

Tyrosinase activity is expressed as cpm/l06 cells; each value represents 
mean cpm/l06 cells of 6 determinations, ± S.E. 
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Cells were seeded at different initial densities, and on the next day 
received labeled medium and were treated with 10-7M orMSH for 24 hours, 
after which time tyrosinase activities were determined. As in the 
pervious experiments, tyrosinase activity is expressed as mean percent 
of control, ± S.E. N =6 determinations for each group. 



density at which cells respond maximally to melanotropin treatment. 

In this experiment, the basal tyrosinase activity (cpm/106 cells) 

6 
decreased as cell density inceased from 0.2 to 1.6 x 10 cells per 

6 
flask, and was maintained at the same level between 1.6 and 3.2 x 10 

cells per flask (Figure 20). 
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While studying the prolonged actions of 0{ -MSH, Ac-[Nle 
4

, 

~-Phe7]~-MSH4_l1-NH2' and Ac-[Nle
4

, ~-Phe7]~-MSH4_10-NH2' it was noted 

that when cells were seeded initially at 0.2 x 10
6 

cells, and 24 hours 

-7 
thereafter exposed for a 24-hour period to 10 M melanotropins, the 

prolonged effects of ~-MSH, AC-[Nle
4

, ~-Phe7]-~-MSH4_ll-NH2 and Ac-

4 7 
[Nle , Q-Phe ]...o(,....MSH4_l0-NH2 were maintained over several days, yet 

were of a very low magnitude (Figure 14). However, when cells were 

seeded at the same initial density and treated 48 hours thereafter 

with equimolar concentrations of the three melanotropins for the same 

time period as the aforementioned experiment, the prolonged effects 

4 7 of the 2 [Nle , Q-Phe ]-~MSH fragment an~logues, and even that of _ 

~MSH were much more pronounced (3 to 5 fold greater than control). 

The stimulated tyrosinase activity with each of the melanotropins was 

about 2 fold greater under these experimental conditions than under 

the conditions of the preceeding experiment (Figure 21). Here, it 

could be argued that the differential responses obtained from the 

above two experiments were related to treating cells maintained for 

different time periods in culture, and not to difference in cell 

density. To clearly demonstrate that cell density was responsible 

for the latter differential responses, cells were seeded at different 

-7 initial densities and treated the following day with 10 H Ol....-HSH, 
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Fig. 20. Effect of Cell Density on Basal and ~-MSH-Stimu1ated 
Tyrosinase Activities. 

The data presented in this Figure is the same as that of Fig. 19. 
However, tyrosinase activity here is expressed as cmp/106 cells, rather 
than as percent of control. 



Fig. 21. Prolonged Stimulation of Tyrosinase Activity Following Exposure of the Cells 
48 Hours After Seeding to 1O-7H C>(-HSH, Ac-[Nle4 , Q-Phe7]-~MSH4_11-NH2' and Ac-[Nle4 , Q-Phe7]
D(-HSH4_l0-NH2 For 24 Hours. 

The procedure of this experiment is similar to the precedure described in the legend of Fig. 14 
except that here, cells were exposed to the melanotropins 48 hours, rather than 24 hours, after 
seeding into flasks. Tyrosinase activity was determined daily for 5 days following melanotropin 
removal. N=6 determinations for each group. 
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Fig. 21. Prolonged Stimulation of Tyrosinase Activity Following Exposure of the Cells 
48 Hours After Seeding to 10-7M ~-MSH, Ac-[Nle4, Q-Phe7]-~MSH4_11-NH2 , and Ac-[Nle4, Q-Phe7]
~MSH4_10-NH2 For 24 Hours. 
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4 7 4 7 4 
[Nle , ~-Phe ]-~MSH, AC-[Nle , ~-Phe ]-~MSH4_ll-NH2' and Ac-[Nle , 

7 
Q-Phe ]~-MSH4_l0-NH2 for 24 hours, after which time the melanotropins 

were removed and tyrosinase activity was determined 24 hours thereafter. 

With all four melanotropins, the greatest responses ~ere achieved ~hen 

6 
cells were initially seeded at 0.5 x 10 cells per flask. \1ith the high-

6 est seeding density of 0.65 x 10 cells per flask, the magnitude of 

4 7 tyrosinase stimulation by (X-HSH, AC-[Nle , Q-Phe ] -O{-MSH
4

_
ll

-NH2 , and 

Ac-[Nle4 , Q-Phe7]-~MSH4_l0-NH2 24 hours following melanotropin removal 

was greater than when cells were initially seeded at a density of 

6 0.2 x 10 cells per flask (Figure 22). Therefore, from these results 

and from the results of experiments carried out in soft agar, it can 

be concluded that cell density is one factor that influences the pheno-

typic expression and the proliferation of murine melanoma cells in 

response to melanotropins. 

Response of Melanoma Cells to Steriod Hormones 

In addition to studying the effects of melanotropins, the 

responsiveness of murine melanoma cells to steriod hormones, namely 

estradiol, progesterone, and dexamethasone, was investigated. Follow-

ing 48 hour treatment with estradiol, melanoma cell tyrosinase activity 

and proliferation were not affected (Table 13). Treatment with 

progesterone, however, stimulated tyrosinase enzyme activity without 

affecting the growth rate of the cells. The effects of dexamethasone 

were the most interesting, since the glucocorticoid resulted not only 

in stimulation of tyrosinase, but also in remarkable inhibition of 

cellular growth (about 50%). When cells were concomitantly treated 

with one of the above steroids plus o(-HSH, an additive effect on 
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Fig. 22. The Effect of Seeding Density on the Prolonged 
Actions of ~-MSH, [Nle4, Q-Phe7]-~-MSH, Ac-[Nle4, Q-Phe7]-Q-MSH4_

11
-

NH2, and Ac-[Nle4, Q-Phe7]~-MSH4 _10-NH2 , at 10-7M. 

Melanoma cells were seeded at 0.2, 0.5, and 0.65 x 106 cells/flask, 
and were treated the next day with 1o-7M of the above melanotropins 
for 24 hours. The melanotropins were then removed, and 24 hours later, 
tyrosinase activities were determined. N=6 determinations for each 
group. 

Final densities of cells seeded at 0.2, 0.5, or 0.65 x 106 cells/flask 
were 0.469 ± 0.016, 1.33 ± 0.022, and 2.723 ± 0.047 (x 106) cells, 
respectively. Each value represents the mean cell number 
(x 106)/flask of 3 determinations, ± S.E. 



Table 13. Effects of Steroids, or Steroid + ~-MSH on Proliferation and Tyrosinase 
Activity of CCL Cells Following 48 Hours of Exposure 

Treatment 

Control 

o(-MSH 10-7M 

-8 Estrogen 10 M 

-7 Estrogen 10 M 

-7 -7 Estrogen 10 M + O(..MSH 10 M 

-8 Progesterone 10 M 

-7 Progesterone 10 M 

-7 -7 Progesterone 10 M +OI..-MSH 10 M 

-8 Dexamethasone 10 M 

-7 Dexamethasone 10 M 

-7 -7 Dexamethasone 10 M + ()(....MSH 10 M 

Cell Counts 
a 

Tyrosinase Activity 

100% 100% 

92 ± 2 477 ± 9 

109 ± 10 95 ± 8 

110 ± 7 107 ± 7 

87 ± 2 574 ± 12 

102 ± 9 173 ± 17 

104 ± 6 156 ± 14 

92 ± 5 605 ± 36 

63 ± 7 147 ± 13 

54 ± 2 174 ± 10 

54 ± 4 761 ± 60 

5 2 Cells were seeded at 2 x 10 cells/25 cm flask and treated the next day with the ap-

propriate steroid hormone at 10-7 or 10-8M for 48 hours. Cells were counted, and Tyrosinase 

activity determined at the end of the 48 hour exposure period. aFor cell counts, each value 

represents the mean percent of control of triplicate flasks, ± S.E. bFor tyrosinase activity, 

each value represents the mean percent of control of 6 determinations, ± S.E. 
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tyrosinase activity was achieved. However, under identical conditions, 

the inhibitory effect of dexamethasone was not altered (Table 13). 

Following these preliminary experiments the effects of dexamethasone 

were studied in more detail. Dose-response experiments were carried 

out in monolayer culture and in soft agar. In anchorage-dependent 

growth, cell proliferation was inhibited by dexametha?one in a dose-

dependent manner, and after 48 hours of exposure, the minimal effective 

dose required to inhibit cell growth and to stimulate tyrosinase 

activity was la-8M (Figure 23, 24). At the highest concentration of 

-6 dexamethasone (10 M), tyrosinase activity was stimulated one fold 

above its basal level (Figure 24) and cell growth was inhibited by 

about 50% (Figure 24). In anchorage-independent growth experiments, 

the inhibitory effect of dexamethasone was even more pronounced, as at 

10-7M colony formation was totally inhibited (Figure 25). The effect 

of dexamethasone in soft agar was always inhibitory regardless of the 

initial density at which cells were plated (Table 14). Therefore, 

unlike melanotropins which stimulate phenotypic expression and promote 

growth, glucocorticoids, exemplified by dexamethasone, stimulate 

tyrosinase yet inhibit proliferation. 
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Cells seeded at 0.2 x 106 cells/flask were treated 48 hours later with 
different concentrations of dexamethasone. Cell numbers were determined 
after 48 hours of exposure to dexamethasone. Each bar represents the 
mean cell number (x 106)/flask of 6 determinations for the control 
group, and of 3-6 determinations for the experimental groups, ± S.E. 
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Fig. 24. Dose-related Stimulation of Melanoma Cell Tyrosinase 
Activity by Dexamethasone. 

The experimental procedure is the same as described in the legend for 
Fig. 23. Tyrosinase activities were determined after 48 hours of 
exposure to the various concentrations of dexamethasone. Each value 
represents the mean percent of control of 12 determinations for the 
control group and 6-12 determinations for the experimental group, 
:!: S.E. 
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Fig. 25. Comparison of the Inhibitory Effects of Dexamethasone 
on the Anchorage-dependent (a) and the Anchorage-independent Growth of 
Melanoma Cells (0). 

For anchorage-dependent growth, the experimental procedure is the same 
as described in the legend for Fig. 23. Each value represents the cell 
number/flask, expressed as mean percent of control of 3-6 determi
nations. For anchorage-independent growth, cells were plated at 
5000 cells/plate in soft agar and continuously exposed to the above 
concentrations of dexamethasone. The plates were incubated for 
10 days and were then counted. Each value represents the total number 
of colonies/plate, expressed as mean percent of control of 6 determi
nations. 



Table 14. Effect of Dexamethasone Treatment on CCL Cells 

Plated in Soft Agar at Different Initial Densities 

Ce11 Density Control Dexamethasone 5 -8 x 10 N 

1250 ce11s/plate 484 ± 32 208 ± 20 

2500 ce11s/plate 912 ± 56 444 ± 24 

5000 ce11s/plate 1784 ± 120 676 ± 4 

7500 ce11s/plate 2380 ± 24 928 ± 60 

Cells were plated at the densities indicated and continuously 

exposed to 5 x 10-8N dexamethasone. The total number of colonies was 

determined after 10 days of incubation. Each value represents the 

mean number of colonies~60~m in diameter/plate, of 3 determinations, 

± S.E. 
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CHAPTER 4 

DISCUSSION 

~-MSH is known to stimulate tyrosinase activity and thus 

melanogenesis, of S9l melanoma cells (Wong and Pawelek 1973, Pawelek 

1976, Fuller and Viskochil 1979). The minimal concentration at 

which~-MSH elicited a significant increase in tyrosinase activity of 

S91 CCL 53.1 cells after 24, 48 , or 72 hours of cellular contact was 

4 Studies on the relative potency of ~-MSH and the three [N1e , 

Q-Phe
7

]-substituted melanotropins [N1e4 , Q-Phe7]-~-MSH, Ac-[N1e4 , 

7 4 7 
D-Phe ]~-MSH4_1l-NH2' and AC-[Nle , Q-Phe ]~-MSH4_10-NH2' revealed 

that these analogues are more active than the native hormone in stimu-

1ating melanoma cell tyrosinase activity. The tridecapeptide analogue 

4 7 [N1e , Q-Phe ]~-MSH proved to be 100 fold more potent than ~-MSH, 

based upon their minimal effective doses (10-11M and 10-9M, re-

spectively). Likewise, the 4-11 and 4-10 analogues were 1000 f01d 

more active than~-MSH, having a minimal effective dose of la-12M, as 

-9 
compared to 10 M for~-MSH (Figure 5). This demonstrates that the 

first three N-termina1 amino acid residues and the last three C-

terminal residues are not required for the full superpotency demon-

4 7 strated by the parent peptide, [Nle , Q-Phe ]-~-MSH. 

Activation of melanoma cell tyrosinase was dependent on me1ano-

tropin concentration and dependent on the time of exposure to 

melanotropins. \Vhen cells were treated for 24, 48, and 72 hours with 

4 7 
ot-MSH or [Nle , Q-Phe ]-c(-MSH, stimulation of tyrosinase activity 
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increased over time and was maximal after 72 hours of exposure to 

either melanotropin (Figures 2, 3, 4). These results imply that under 

conditions of prolonged stimulation by melanotropins, amplification of 

the early events involved in hormone action, such as increased intra-

cellular cyclic AMP, may result in enhancing intracellular processes 

(cellular hypertophy) 'related to melanin synthesis. 4 All three [Nle , 

Q-Phe7]-substituted analogues were shown to be superpotent agonists of 

C(-MSH in several integumental melanocyte systems such as the frog and 

lizard skin bioassays (Hadley et al. 1981). The potency of these 

analogues relative to~-MSH in the melanoma tyrosinase assay was even 

greater than their relative potency in the above-mentioned bioassays. 

This may be due to the fact that in determining tyrosinase activity, 

long-term effects of the melanotropins involving transcriptional and 

translational processes are measured (Fuller and Viskochil 1979). 
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However, in the former bioassays short-term events are being monitored, 

such as cyclic AMP production in the adenylate cyclase assay or melanin 

dispersion within melanophores in integumental melanocyte bioassays. 

The [Nle4 , Q-Phe7]-substituted melanotropins demonstrated 

resistance to degradation by serum enzymes or purified proteolytic 

enzymes, such as trypsin and ~-chymotrypsin (Castrucci et al. 1984, 

a and b). This, however does not account for the superpotency of 

these analogues in the tyrosinase assay, since ~-MSH maintained its 

full biological activity following 72 hours of incubation in medium 

supplemented with heat-inactivated sera, in the presence or absence of 

cells. as determined in the frog skin bioassay (Figure 6). Therefore, 

the superpotency of the [Nle4 , Q-Phe7]-substituted analogues relative 



to ~-MSH is most likely due to their unique structural and confor-

mational properties, rather than to their greater stability relative 

to ~-MSH, under the culture conditions used in these experiments. The 

potency of the three [Nle
4

, Q-Phe7 ]-melanotropins does not seem to be 

related to their ability to increase intracellular cyclic AMP, since 

both ~-MSH and its tridecapeptide analogue [Nle4 , Q-Phe7]~-MSH were 

equipotent in stimulating cyclic AMP levels (Table 3). It was 

previously demonstrated that in S9l melanoma cells, maximal activation 

of adenylate cyclase is not required for stimulation of tyrosinase 

activity to peak levels, and that the ~-MSH concentration required 

to activate tyrosinase is lower than that needed to stimulate 

adenylate cyclase (O'Keefe and Cuatrecasas 1974). 

Also, it has previously been reported that 6-8 hours of 

75 

exposure of S9l melanoma ~ells to ~-MSH were required before tyrosinase 

activity was significantly stimulated (Pawelek 1976, Fuller and 

Viskochil 1979). Recently, it was demonstrated that only 0.5 hour of 

contact with [Nle4 , Q-Phe7]~-MSH, compared to 8 hours of contact with 

~-MSH, was required to elicit a significant tyrosinase stimulation, as 

measured 24 hours after both melanotropins were removed (Burnett et al. 

1981). When CCL cells were exposed for a series of time periods (1-24 

4 7 
hours) to different melanotropin concentrations, [Nle , Q-Phe ]-~-MSH 

consistently stimulated tyrosinase activity 24 hours after its removal, 

following shorter exposure periods than the native hormone, C\ -MSH 

(Figures 7, 8, 9). Similarly, cells required shorter exposure periods 

474 
to the fragment analogues, AC-[Nle , Q-Phe ] ~-MSH4_l0-NH2 and Ac-[~ne , 

Q_Phe7] -c\-HSH
4

_
11

-NH
2

, than to C\-HSH to elicit significant stimulation 
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of tyrosinase, as measured 24 hours post me1anotropin removal 

(Figure 10). 

The above results demonstrated that tyrosinase activity remained 

remarkably elevated 24 hours after the me1anotropins were removed, thus, 

further experiments were initiated to determine how long enzyme 

activity would remain stimulated in the absence of the me1ano-

tropins. -7 4 7 
When cells were exposed to 10 H D{-HSH or [N1e , Q-Phe ]-

O(-HSH for 24 hours, a near maximal stimulation of tyrosinase was 

4 7 obtained 24 hours following removal of [N1e , Q-Phe ]-~HSH. At this 

time period, however, the magnitude of the response to Ol..-HSH was much 

lower than that to 4 7 [N1e , Q-Phe ]-~-HSH. The tyrosinase level 

stimulated by [N1e4 , Q-Phe7]-~HSH was still significantly elevated 

after 6 days, while the ~-HSHainduced response dissipated 72 hours 

after melanotropin removal (Figure 11). Hore interestingly, when the 

exposure period to both me1anotropins was reduced to only 4 hours, 

[N1e4 , Q-Phe7]~-HSH elicited remarkable stimulation of enzyme 

activity, which reached a maximum level 72 hours after melanotropin 

removal, and remained elevated for 6 days following the 4-hour exposure 

period (Figure 12). In this experiment, however, ~-HSH failed to 

elicit any significant stimulation of enzymatic activity. Even at a 

-8 4 7 me1anotropin concentration of 10 H, the effect of [N1e , Q-Phe ]~-HSH 

was still more prolonged than that of ~MSH (Figure 13). The 4-10 and 

the 4-11 me1anotropin fragment analogues also activated tyrosinase 

for a longer period than~-MSH after an initial exposure period of 

24 hours (Figures 14, 20). 4 7 [N1e , Q-Phe ]-OI.-MSH also caused ultra-

prolonged in vitro and in vivo dispersion of melanosomes \vithin 
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reptilian and amphibian integumental melanophores (Hadley et al. 

1981, Sawyer et al. 1982). These melanophores are highly differenti-

ated cells in which melanosome movement is rapidly activated. In 

comparison, tyrosinas.e stimulation by initial treatment with [Nle4 , 

7 4 7 Q-Phe ]~-MSH or the two fragment analogues, Ac-[Nle , Q-Phe ]-

4 7 
~-MSH4_ll-NH2' and AC-[Nle , Q-Phe ]-~-MSH4_l0-NH2' an event that 

required transcriptional and translational processes, was maintained 

for 5-6 days, despite continuous cell division (Tables 4, 5, 6). The 

data suggest that these analogues elicit their prolonged effects by 

one of two mechanisms: i) irreversible stimulation of the trans-

duction mechanism that leads to adenylate cyclase activation, or 

ii) irreversible binding to the melanotropin receptor, or to some 

component of the transduction process between receptor and adenylate 

cyclase, thus retaining the melanotropin through subsequent cell 

divisions. As for the former suggestion, (i), it seems unlikely that 

an initial stimulus received by the cells is maintained for days 

after removal of the analogues and in the absence of the hormone-

receptor complex. The second suggestion seems more possible since it 

is supported by the observation that cholera toxin can irreversibly 

stimulate adenylate cyclase in many cell types by irreversibly binding 

to a regulatory protein in the transduction process (Enomoto and 

Gill 1980). The data also suggest that S91 melanoma cells may have 

spare melanotropin receptors; perhaps the best evidence for this 

suggestion is the observation ~hat tyrosinase activity increased. 

4 7 
rather than dimished, between 24 and 72 hours after [N1e , Q-Phe ]-

~-MSH was removed. If this peptide was irreversibly bound to the 



receptor or to some component of the transduction process, then with 

subsequent cell divisions the occupied receptors or components would 

be randomly distributed to the daughter cells. With time and after 

servera1 rounds of cell division (about 3 divisions) tyrosinase 

activity gradually declined, perhaps due to the diminishing number of 

occupied receptors per cell. A definitive interpretation of the 

prolongation phenomenon awaits studies aimed at localization, 

characterization, and possible mobilization of the me1anotropin 

receptor. Nevertheless, these studies on the prolonged effects of 

the [N1e4 , Q-Phe71-me1anotropin analogues reveal the unique attibutes 

of these peptides and provide information on the possible nature and 

properties of the melanoma me1anotropin receptor. 

The possible requirement for calcium in ~-MSH action on 

melanoma cells was studied. Calcium is known to be required by ~-MSH 

to elicit its darkening effects on lizard and frog skins. In the 

absence of this divalent cation from the incubation medium, ~-MSH 

failed to disperse the ·me1anosomes within reptilian and amphibian 

me1anophores (Vesely and Hadley 1971, 1976). Calcium was required 

for ~-MSH, but not for me1anosomes dispersion per se, since in the 

absence of this divalent cation, agents such as dibutyryl cyclic 

AMP and theophylline maintained their darkening effects on lizard 

skins (Vesely and Hadley 1976). The calcium requirement for me1ano-

4 7 tropin action was further demonstrated with [N1e , Q-Phe l-~-MSH on 

lizard skins, where the prolonged effect of the me1anotropin was 

inhibited in the absence of calcium, but restored upon its re-addition 

(Hadley et a1. 1981). In yet another report, photoaffinity labeling 
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of the ~~MSH receptor showed that melanophores of Xenopus tadpoles 

were stimulated by ~-MSH only in the presence of calcium (de Graan 

et ala 1982). In this study, it was concluded that calcium was 

specifically required for the initial binding of ~-MSH to its receptor. 

On melanoma cells, the actions of ~MSH did not require 

calcium. In fact, when calcium channels were blocked by verapamil 

treatment, the~-MSH effect was enhanced rather than inhibited 

(Figure 15). Verapamil at different concentrations stimulated tyro

sinase activity, even when QtMSH was not present. These results are 

in accordance with previous data obtained with CCL cells (Fuller, 

unpublished data) where it was demonstrated that increasir.g calcium 

influx by the calcium ionophore A23187 inhibited, rather than 

stimulated, the ~-MSH-induced tyrosinase activity. These findings 

indicate that unlike normal melanocytes, melanoma cells do not require 

calcium influx to respond to ~-MSH. 

Several investigators have reported inhibition of melanoma 

cell proliferation by O(-MSH or by agents that can mimic C(-NSH (Table 1). 

Despite these reports, the effects of D(-NSH on growth have been a 

controversial issue, particularly because the inhibitory action of 

the hormone was observed ~ vitro, not in vivo, since the size of 

melanoma tumors in tumor-bearing mice was not decreased by C(-MSH 

treatment (Pawelek 1973). Apparently, the inhibition of proliferation 

observed in vitro was due to the conditions under which melanoma cells 

were maintained in culture, rather than a direct effect of the melano

tropin. Halaban and Lerner (1977) reported that in vitro, o.-NSH 

treatment resulted in increased melanogenesis and thus in accumulation 



80 

of the metabolic byproducts of melanin synthesis, which are toxic to 

melanoma cells. This suggestion is supported by the observation that 

some intermediates in the pathway of melanin synthesis mainly 5, 6-

dihydroxyindole, could indeed inhibit the proliferation of 591 

melanoma cells (Pawelek et ale 1980). When the effects of melano-

4 7 tropins, namely ~-M5H and its potent analogue, [Nle , Q.-Phe ]-O<..-H5H, 

on the proliferation of 591 CCL cells were investigated, inhibition of 

proliferation was not evident in monolayer nor in bilayer agar cultures. 

Contrary to the findings of Wong and Pawelek (1973), neither~-H5H nor 

[Nle4 , Q.-Phe7]~-H5H caused inhibition of monolayer growth of melanoma 

cells, even after 6 days of continuous exposure to the rnelanotropins 

(Table 7). The lack of growth inhibition of eeL cells in monolayer 

culture by melanotropins could be attributed to daily change in the 

culture medium, thus supplying the cells with sufficient nutrients and 

removing any accumulated metabolic wastes. 

4 7 
In soft agar, ~-H5H and [Nle , Q.-Phe] -~H5H stimulated, 

rather than inhibited, the proliferative capacity as well as the clon-

ing efficiency of eCL cells at low plating densities. This was evident 

by an increase in the number of large size colonies (colonies greater 

than or equal to 104 ~m in diameter), and in the total number of 

colonies per plate, respectively. It should be noted here, that colony 

size is an indication of the proliferative capacity of the melanoma 

colony forming cells. Using a nomogram that was recently constructed, 

the total number of cells in a colony could be determined from the 

cell and colony diameters (~~yskens et ale 1984). Based upon this, a 

colony of eeL cells greater than 42~m in diameter is estimated to 
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contain at least 10 cells, and a colony greater than 104 ~m in diameter 

is composed of at least 105 cells (Meyskens et at. 

at very high plating densities did ~-MSH and [Nle
4

, 

1983,1984). Only 

7 
Q-Phe ] -C\-MSH 

inhibit cellular proliferation in bilayer culture, and that effect 

may be dee to the increased accumulation of metabolic byproducts of 

melanin synthesis. This assumption is supported by the results 

reported earlier that ~-MSH did not inhibit the growth of melanoma 

cells in agar, and that growth inhibition was only evident when 

~-MSH and theophylline, which augments the ~-MSH effects on melano-

genesis, were concomitantly added (Wick 1981). 

It is interesting to note that the nutritional requirements for 

eeL cells to clone in soft agar are more stringent than the require-

ments for growth in monolayer. eeL cells will grow in monolayer, yet 

fail to clone in soft agar in serum-free media, however, the addition 

of ~MSH allows the melanoma colony forming cells to express their 

cloning and proliferative potentials (Bregman et al. 1984). In a 

very recent report, it was documented that B16 melanoma tumors 

enhance their own growth by secreting an insulin-like factor(s) (Bajzer 

et al. 1984). Perhaps treating melanoma cells with melanotropins 

promotes the production of such factor(s), and thus stimulates cellular 

growth and proliferation. 

In another report, it was suggested that the ability of 

transformed cells to clone in agar was directly related to the 

amount of intercellular fibronectin (Rajaraman and Lonergan 1984). 

Therefore, ot--HSH might possibly stimulate colony formation through 



increasing the rate of production of this type of fibronectin. Based 

upon this information, melanotropins may have a direct, or indirect 

growth promoting effects on murine melanoma clonogenic cells which 

are evident under appropriate culture conditions. 

The results thus far obtained indicate that modulation 

of the phenotypic expression and proliferation of S9l melanoma 

cells by melanotropins is dependent on at least two factors, 

melanotropin concentration and the time in contact with the cells. 

There is yet a third factor that may be of equal importance, cell 

density. Hence, the effects of initial seeding density on melano-

tropin action in monolayer cultures of eeL cells were studied. 

It has previously been demonstrated that the ability of S9l 

melanoma cells in monolayer culture to respond to ~-MSH treatment 

with increased tyrosinase activity is decreased with prolonged 

contact with the me1anotropin (Fuller and Lebowtiz 1980). When 

6 
eeL cells were seeded at 0.2 x 10 cells per flask, and continu-

ously exposed to «-MSH or [Nle4 , ~-Phe7]~-MSH, a similar decline 

in tyrosinase stimulation was observed. Tyrosinase activity 

increased between 24 and 72 hours of treatment, and reached a 

maximum level between 72 and 96 hours of exposure, yet gradually 

declined thereafter (Figure 16.) Normal response after 4 days 

of melanotropin treatment could not be restored by doubling the 

amount of 3H-tyrosine in the culture medium, which rules out the 

availability of enzyme substrate (tyrosine) as a limiting factor 

for the response of high density cultures. 
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Cells that were reseeded at the original initial density of 

6 
0.2 x 10 cells/flask, after 3 or 6 days of exposure to ~-MSH or 

[Nle
4

, D-Phe7]-~MSH, exhibited increased potential to stimulate 

tyr~sinase activity in response to continued contact with the 

melanotropins (Figure 18). Restoration of the responsiveness to 

melanotropins may be caused by the removal of an inhibiting factor 

that is possibly secreted by cells at high densities. Another 

possibility is that in high density cultures, the melanotropin 

receptors may be masked, but after decreasing cell density, the 

receptors may be made excessible to melanotropin binding. The 

increased responsiveness achieved after reseeding cells that were 
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previously treated for 3 or 6 days with melanotropins may be interpreted 

by the possibility that the cells may already have increased intra-

cellular synthetic machinery required for tyrosinase stimulation 

(e.g. endoplasmic reticulum, RNA), which can be expr~ssed when the 

cells are released from the inhibitory effects of high density cultures. 

To further determine whether cell density or receptor down-

regulation was responsible for the decline in tyrosinase stimulation, 

cells were seeded at different initial densities and exposed the 

following day to ~-MSH for only 24 hours. Interestingly, cells seeded 

at densities of 0.2 and 0.4 x 10 6 cells/flask responded with greater 

stimulation of enzyme activity than cells seeded at higher densities 

(Figure 19). These results confirm previous data obtained by Fuller 

and Lebowitz (1980), and imply that it was indeed increased cell 

density that inhibited the magnitude of the response to melanotropins. 

An important observation was that basal ty'rosinase level of CCL cells 
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decreased as cells were growing logarithmically in continuous culture 

(Table 11). Similarly, by increasing the initial seeding density, the 

basal enzyme level was decreased (Figure 20). These same observations 

were reported by Fuller and Lebowitz (1980), who also showed that the 

decrease in tyrosinase activity correlated with increased cell density. 

In contrast, however, in B16 melanoma cells, it was reported that 

during the logarithmic phase of growth and with increased cell 

density, basal tyrosinase activity increased, not decreased, with 

time (Wade and Burkart 1978). 

Cell density also affected the prolonged actions of me1ano-

tropins. At first it was observed that when cells were treated with 

4 7 4 7 
DZ-MSH, Ac-[N1e , Q-Phe ]~-MSH4_11-NH2' or Ac-[N1e , Q-Phe ]~-MSH4_10-

NH2 , 24 hours after seeding, the magnitude of the prolonged response to 

the me1anotropins was lower than that achieved when cells were seeded 

at the same initial density but treated 48 rather than 24 hours there-

after (Figures 14, 21). The difference in the degree of tyrosinase 

stimulation could, in this case, be attributed to cell density, or to 

differences in cell-cell interactions due to different maintenance 

periods in culture prior to exposure of the cells to me1anotropins. 

Therefore, in an effort to clarify this controversy, cells were seeded 

at different initial densities and stimulated the following day with 

me1anotropins. Interestingly, the prolonged response of cells 24 hours 

6 
after me1anotropin removal, when seeded at 0.2 x 10 cells/flask was 

less than when cells were seeded at 0.5 x 106 cells/flask (Figure 22). 

It is important to mention here that final cell densities of cultures 

6 seeded at 0.5 x 10 cells corresponded to that of cultures seeded at 
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0.2 x 10
6 

cells and treated 48 hours after seeding (Figure 22, Table 6). 

When initial cell density was further increased to 0.65 x 106 cells/ 

flask, the prolonged response to melanotropins diminished again since 

the stimulated enzymatic activity was lower at this density than at 

0.5 x 106 cells/flask (Figure 22). These results illustrate that 

there is an optimal density at which cell-cell communication allows 

the responsiveness to melanotropins to be best expressed. 

The results of anchorage-independent growth experiments 

support the contention that plating density is a determinant of the 

responsiveness of cells to melanotropin exposure. It has been shown 

that the cloning efficiency and the proliferative capacity of colony

forming cells are determined by the number of cells initially plated. 

Thus, a linear relationship exj.sts between plating density and the 

total number and size of colonies formed (Meyskens et al. 1983). When 

cells were plated at different cell densities and continuously treated 

with melanotropins, the cloning efficiency as well as the proliferative 

capacity were stimulated above control values (Table 9, 10). The 

greatest increase in proliferative capacity was observed at the lowest 

cell densities. The magnitude of melanotropin stimulation decreased 

with increased cell density, and became inhibitory at densities ~5000 

cell/plate. These results emphasize the importance of cell density 

in interpreting the growth response to melanotropins. Unlike melano-

tropins, the inhibitory action of jexamethasone on proliferation was 

not altered by varying the plating density. The magnitude of 

dexamethasone inhibition of colony formation and proliferation was not 



significantly different whether cells were plated at 1250 or 7500 

cells/plate (Table 14). 

The effects of steriods on S91 melanoma cells were studied 

since these hormones have been known to modulate the growth of 

melanoma cells. Estrogen is known to promote tumor growth in animal 

(Lipkin 1970, Lopez et a1. 1978), as well as in human females 
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(Sadoff et a1. 1973). On the other hand, glucocorticoids have been 

known to inhibit the growth of several types of melanoma, including 

murine B16 (Adachi et al. 1968), Syrian hamster (Horn and Buzard 1981), 

and human melanoma cells (Disorbo et a1. 1983, 1984; Bregman et a1. 

1983). Moreover, specific steroid receptors have been indentified and 

characterized in melanoma cells. In B16 melanoma, specific estrogen 

and glucocorticoid receptors have been detected (Markland and Horn 

1980), and in Syrian hamster and human melanomas, glucocorticoid 

receptors have also been identified (Markland and Horn 1980, Bhakoo 

et a1. 1981). 

To determine the effects of steroids on S91 melanoma cells, cells 

in monolayer culture were treated with estrogen, progesterone, or 

dexamethasone. Unlike its effects in vivo, estrogen did not have any 

significant effect on in vitro growth and also failed to elevate 

tyrosinase activity (Table 13). Progesterone treatment resulted in 

stimulation of enzymatic activity without any effect on cellular pro

liferation (Table 13). Dexamethasone, on the other hand, inhibited 

cell growth and enhanced tyrosinase activity (Figures 23, 24). The 

effects of dexamethasone on S91 melanoma cells are comparable to the 

effects of another glucocorticoid, triamcinolone acetonide, which 
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increased tyrosinase activity and at the same time inhibited the growth 

rate of melanoma cells (Disorbo et a1. 1984). However, murine 

melanoma cells were even more sensitive to glucocorticoid treatment, 

since the magnitude of their response (stimulation of tyrosinase activi-

ty and inhibition of growth) was greater than that of the human melanoma 

cells. The ability of glucocorticoids to inhibit the growth of melanoma 

tumor cells and to interact with other biological modifiers (Bregman 

et a1. 1983) makes them potentially important in chemotherapeutic 

regimens for the treatment of melanoma. 

The results included in this report demonstrate how potent 

endocrine factors can regulate the phenotypic expression and the 

proliferation of malignant melanoma cells. 
·47 
The [N1e , Q-Phe 1-

me1anotropin analogues greatly stimulated the phenotypic expression, 

as evidenced by their stimulatory effects on tyrosinase activity 

in monolayer culture, and yet enhanced the proliferation capacity 

of c1onogenic murine melanoma cells. The rate of induction of 

tyrosinase activity by me1anotropins, its maintenance after the 

me1anotropins were removed, and its decay, were studied in detail. 

On the other hand, the potent glucocorticoid, dexamethasone, 

stimulated phenotypic expression yet dramatically inhibited cellular 

proliferation. From these results, it could be concluded that in 

the S91 melanoma cell line employed in this study, phenotypic ex-

pression and proliferation are independent events and are not 

necessarily inversely related. This study also illustrates how 

hormone analogues can provide a better understanding of hormonal 



effects and mode of action. The [Nle4 , Q-Phe
7

J-melanotropins used 

should prove to be useful in research aimed at characterization and 

localization of the melanotropin receptor. 
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