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ABSTRACT 

The objectives of this research were to determine whether 

melanotropin receptors are characteristic (constant) membrane 

markers of melanocytes, and, more importantly human melanoma 

cells. 

Methodologies were developed to visualize these receptors 

by light, scanning electron (SEM) and fluorescence microscopy. 

Multiple copies (up to a hundred) of [Nle4,~-Phe7]a-MSH, a 

superpotent analog of a-melanocyte stimulating hormone (a

MSH), were conjugated to macromolecular carriers, either latex 

beads (microspheres and macrospheres) or another inert 

substrate, polyvinyl alcohol (PVA). Multiple copies (up to a 

hundred) of a fluorophore were also attached to the PVA. 

Incubation in the presence of the macromolecular conjugates of 

the analog resulted in binding of human normal epidermal 

melanocytes and melanoma cells (but not other cells) to both 

small and large beads and to the fluorescent conjugate. 

Binding of the microspheres or the fluorescent conjugate to 

the cells exhibited a unique cluster pattern (capping) 

suggesting a receptor internalization related phenomenon. 

Only a single aggregate of beads was present on each cell 

suggesting a focal site of endocytosis. Most importantly, 

every cell of every melanoma cell line possessed receptors as 
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visualized by fluorescence microscopy. since the cells were 

not synchronized, binding apparently took place during all 

phases of the cell cycle. Therefore, receptor expression is 

not cell-cycle dependent. 

Specificity of binding of the macromolecular conjugates 

was demonstrated by several studies: (1) binding of 

melanocytes/melanoma cells to the conjugates was specific 

since it could be blocked by prior incubation of the cells in 

the presence of the unconjugated hormone analog, (2) the 

macromolecular substrates (latex beads, PVA) lacking bound 

ligand did not bind to the melanoma cells or melanocytes, (3) 

another peptide ligand (e.g., substance-P) attached to the 

substrates failed to bind to the cells, and (4) cells of 

nonmelanocyte origin (e.g., mammary cancer cells, lung cancer 

cells, fibroblasts) did not bind to the macromolecular 

conjugates. ThUS, cell specific melanotropin receptors appear 

to be characteristic cell surface markers of epidermal 

melanocytes and melanoma cells. Fluorescent melanotropin 

conjugates should be useful in determining whether all human 

melanoma (primary and metastatic) tumors possess such 

receptors. These receptors may provide targets for 

melanotropic peptides for the identification , localization, 

and chemotherapy of melanoma. 
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CHAPTER 1 

INTRODUCTION 

1.1 Melanoma 

cutaneous melanoma has become an all too common form of 

cancer. In the past two decades there has been a marked 

increase in both the incidence of and mortality from cutaneous 

malignant melanoma. The world-wide occurrence of melanoma is 

19/100,000 at present (Emmett and O'Rourke, 1991). The 

disease tends to also affect the younger age group with about 

30% of patients being below the age of 40 years (Higgius, 

1991). In the united states it has been predicted that one 

out of 90 Americans will be afflicted with melanoma by the 

year 2000 (Rigel et al., 1987). Death due to melanoma in the 

white population is rapidly increasing at a rate of 8% per 

year (Lee, 1988). Although great effort has been made to 

prevent the incidence of melanoma, there is virtually no 

successful chemotherapy for this type of cancer. 

Metastatic melanoma is considered one of the most lethal 

diseases in light of its rapid growth rate, aggressive 

invasion and wide metastasis to other tissues. The median 

survival time of patients with metastases of two or more lymph 

nodes is about 46 months (Barth et al., 1991). However, if 
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the disease is diagnosed early (a thin melanoma by histologic 

evaluation), the prognosis is usually good. Hence, the early 

diagnosis of melanoma is considered to be crucial for the 

prognosis of this disease (Salmon and Rogers, 1990; Paladugn 

and Yonemoto, 1983). 

A number of methods have been recommended for the 

diagnosis of melanoma in current clinical practice. Of those 

methods morphological (histological) examination is the one 

most-commonly used. The method is based on the fact that 

melanosomes (melanin granules) within melanoma cells can be 

visualized under light and electron microscopes. However, 

melanoma tissue from metastases viewed under the light 

microscope often resemble various types of soft tissue 

sarcoma. This renders identification of the melanocytic 

nature of the tumor more difficult, particularly in cells 

where the primary lesion remains unknown (Lodding et al., 

1990). In addition, for amelanotic melanomas, the method is 

useless because of the lack of melanosomes in those tumors 

(Nakhleh et al., 1990). Therefore, current morphological 

methods are not adequate to assess or diagnose all melanomas 

in the clinic. 

With the development of immuno-fluorescent techniques and 

radionuclide image techniques, the application of antibodies 

specifically against melanoma antigens have been suggested for 

diagnosis of melanomas along with the use of the fluorescent 
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microscope or a radiodetector. A monoclone antibody (HMB-45) 

has been considered to be specific for melanomas, with 60 of 

62 melanomas having reactions (Gown et al., 1986). In one 

mul ticentre trial using 99mTC-Ia beled antibody NR-ML-05, a 

murine antibody to the 250-kD proteoglycan melanoma-associated 

antigen, approximately 82% of tumors with a size over 3 cm in 

diameter were detected by antibody imaging with gamma camera 

scans (Salk et al., 1988). Similar results were also obtained 

when Fab fragments of other antibodies were applied to the 

same antigens (Eary et al., 1989; Lamki et al., 1990). 

Nevertheless, the inj ection of murine antibodies is often 

accompanied by the generation of antimurine antibodies in a 

majority of patients (Blottiere et al., 1990; Lamki et al., 

1990). certain toxic effects due to those antibodies have 

also been reported from a small but significant population of 

patients (Dillman et al., 1988). As far as sensitivity is 

concerned, the method seems to be unable to detect small 

tumors (Lodding et al., 1990). This is primarily ascribed to 

the complex antigenic profiles of human melanomas in that the 

melanomas reportedly possesses a high degree of antigenic 

heterogeneity (Leong and Meyskens, 1990). Moreover, specific 

antigens have not yet been found on the human melanoma cell 

surface. Therefore, antigen diagnosis and therapy are 

presently not clinically feasible. 
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Determination of S-100 protein has been shown of value in 

diagnosis of melanoma and also in identification of amelanotic 

and otherwise divergent types of malignant melanoma (Cochran 

et al., 1982). While the method has proved to be useful for 

its high sensitivity, a number of studies demonstrate that 'the 

8-100 protein does not seem to be exclusively present in 

melanoma (Jain, 1989; Lodding et al., 1990). Not only does 

the S-100 protein exist in a variety of neuroectodermal, 

mesenchymal and epithelial tumor cells, such as Schwann cell 

tumors, chondrosarcomas, osteosarcomas and other histocytic 

tumors (Cocchia et a1., 1983; Nakajima et al., 1982; Nakamura 

et al., 1983; 8tefansson et al., 1982) , it is present in 

various normal tissues such as myocardial cells, renal tubular 

cells, Langerhans cells and chondrocytes (Haimoto et al., 

1987; Kahn et al., 1983; Nakajima et al., 1982). The wide 

distribution of this protein limits its application as a 

unique marker for melanoma. 

Besides lack of any reliable method for diagnosis of 

melanoma, the lack of effective therapeutic options for the 

advanced disease contributes also to the rapidly increasing 

incidence and mortality due to malignant melanoma (Koh, 1990). 

Unlike most cancers, metastatic melanoma has been shown to 

have no significant response to "standard" therapeutic 

modalities, i.e., surgical, radiological, and chemical 

therapy, that are effectively used in management of many other 
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neoplastic diseases (Liotta et al., 1987). The failure of 

chemotherapy is thought to be mainly due to a low selectivity 

of drugs for the specific target organ (melanoma). Although 

the early surgical excision of the tumor is still a maj or 

means against this life-threatening neoplasm (Pawlowski and 

Lea, 1989), much attention has been directed to the 

development of new therapeutic strategies. For instance, 

immunotherapy against melanoma has been suggested and is under 

development (McGee, 1991). Immunotherapy refers to autologous 

or allogenic inoculation of cell products or transplantation 

of tumor cells into patients with cancer. 

Hence, to date, neither a satisfactory method for early 

diagnosis nor the means for treatment of melanoma has been 

established either by in-vitro or in-vivo methods. It is 

obvious that success in these clinical approaches demands the 

finding of a specific marker for melanoma cells so as to 

improve the methods for detection and development of 

therapeutic agents that could be specifically delivered to 

melanoma tumors for treatment. The melanotropin receptor, a 

receptor apparently specific to melanocyte/melanoma cells, is 

localized to the cell surface of melanoma cells. These 

receptors are reported to be components of some human melanoma 

cells, but it is less clear whether these receptors are 

present in all human melanomas. Therefore development of 

methods to visualize and identify these receptors may help in 
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the diagnosis and chemotherapy of this skin cancer. In other 

words, melanotropin receptors may provide specific membrane 

markers of cells of melanocyte origin, including melanoma. 

1.2 Melanotropins, Melanocytes, and Melanoma 

a-melanocyte stimulating hormone (a-MSH, a-melanotropin) 

is a tridecapeptide, AC-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp

Gly-Lys-Pro-val-NH2 (Fig. 1-1), synthesized within the pars 

intermedia of the pituitary (Hadley, 1988a). The molecular 

weight of this hormone is 1665 Daltons. The sequence of the 

molecule has been found to be highly conserved in all 

vertebrate species so far examined (Eberle, 1988). The 

function of this peptide hormone is to regulate melanocyte 

activity in the skin of many vertebrates (Hadley, 1988b). 

Melanocytes arise from the neural crest durin.g early 

fetal development and then migrate to the skin and several 

other peripheral sites (Weston, 1970). In mammals, including 

humans, melanocytes reside primarily in the basal layer of the 

epidermis. The melanocytes contain melanin, a colored polymer 

localized in a subcellular structure referred to as a 

premelanosome. When this organelle becomes fully melanized, 

it is known as a melanin granule or melanosome. The 

melanosomes migrate into the dendritic processes of the cells 
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where they are subsequently released into the surrounding 

cells (keratinocytes) of the epidermis, the process being 

responsible for melanin pigmentation of the skin. In normal 

pigment cells, melanin production provides a sunscreen type of 

protection that prevents the skin from the deleterious actions 

of solar radiation, especially the radiation in the 

ultraviolet B range (280 to 320 nm). It is known that 

ultraviolet B radiation plays a critical role in the 

pathogenesis of melanoma, a cancerous form of melanocytes (Koh 

et al., 1990; Sober, 1987). 

The production of melanin, in the skin of humans may be 

regulated by a-MSH. It has been proposed that the action of 

melanotropins (a-MSH and other melanotropic peptides) is 

mediated through a specific membrane receptor (Fig. 1-2), 

which by a number of biochemical events activates the enzyme 

tyrosinase (Hearing and Jimenez, 1987). Tyrosinase is a well-

characterized enzyme of melanocytes. The expression and 

regulation of tyrosinase have been extensively studied in 

mammals. Over the past few years several attempts have been 

made to identify the gene encoding tyrosinase both in animals 

and in humans. In one study, a polyclonal antibody that was 

developed against hamster tyrosinase was used to isolate 

Pme134, a eDNA clone derived from a human melanocyte cDNA 

library (Kwon et al., 1987). The isolated eDNA, however, did 

not contain an entire coding sequence, which hinders any 
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further identification and functional analysis of the gene. 

Using a synthetic oligonucleotide homologous to Pme134, a full 

length cDNA clone was isolated from a human melanoma library, 

and expressed in mouse L cell fibroblasts under the control of 

the SV 40 promotor (Bouchard et al., 1989). The transfected 

cultures were capable of stably producing melanin pigment. 

Despite some difficulties encountered in the study of 

tyrosinase at the molecular level, the functions of tyrosinase 

are well-known. It catalyzes the hydroxylation reaction of the 

amino acid, tyrosine, which eventually results in an increase 

of intracellular melanin (Hearing and Jimenez, 1987). 

Human melanoma shares the common characteristics of many 

other types of malignant tumors, such as fast growth rate and 

invasive metastatic nature (Barth et al., 1991). Human 

melanoma cells also possess a variety of receptors and 

antigenic proteins on the cell surface. For example, Herlyn 

and other authors proposed that at least six systems of growth 

factors and growth factor receptors may be active in human 

melanoma cells (Herlyn et al., 1987; Ellis et al., 1987; 

Halaban et al., 1987). Results using monoclonal-antibodies 

indicate that a series of antigenic proteins may exist on the 

surface of melanocytes in all stages of tumor progression, 

including high-molecular-weight oncofetal proteins (e.g., 

chondroitin sulfate proteoglycan), growth factor receptors, 

cation transport and binding proteins (e. g., transferrin-



27 

related p97 protein, or melanotransferrin), Class II HLA 

antigens, and gangliosides (e.g., GD2 , GD3) (Herlyn et al., 

1987 and 1988; Houghton et al., 1982; Thomson et al., 1988; 

Hersey, 1991; Hendrix et al., 1990). Houghton et al. (1982) 

have proposed, based on morphological features and differing 

expression of antigen in cultured cells, that three stages of 

differentiation (early, intermediate, and late) ofmelanocytes 

may help to define the pathology of tumor progression from 

benign to malignant melanocytes. These investigations are 

expected to help distinguish specific melanocyte phenotypes. 

Nevertheless, cell-surface melanotropin receptors should be 

far more specific than any other presently recognized 

receptors and/or proteins for identification of membrane 

markers of melanoma. 

1.3 Melanotropin Receptors 

While some hormone molecules (e.g., steroids) react with 

intracellular receptors, peptide hormone receptors are 

considered to be components of the target cell membrane. 

Hormones interact with membrane receptors much as do 

antibodies with antigens. Hormones can therefore be viewed as 

probes that can rather specifically be directed to cellular 

plasmalemma receptors. 
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It has long been recognized that a-melanotropin receptors 

exist in melanoma cells (Lee et al., 1972). The evidence was 

based on the observation that a-MSH stimulates tyrosinase 

activity in mouse melanoma tumor cells. However, the increase 

of tyrosinase activity by a-MSH was only indirect evidence for 

the receptor-mediated reaction, since tyrosinase is a mid-step 

between receptor binding and the cellular response. 

More direct evidence for the existence of melanotropin 

receptors came from the work of Fuller and viskochil (1979), 

who found that exposure of cultured mouse melanoma cells to a

MSH for 20 min resulted in a marked increase in intracellular 

cAMP levels. As cAMP is known as a second messenger resulting 

from hormone-receptor interaction, the results indicate that 

mouse melanoma cells contain melanotropin receptors. 

In the late 1980's, several groups of investigators used 

radioreceptor binding assays and autoradiography techniques to 

identify melanotropin receptors in mouse and several human 

melanoma cell lines (Panasci et al., 1987; siegrist et al., 

1988, 1989; Ghanem et al., 1988; Libert et al., 1989; Tatro et 

al., 1990a,b). Work conducted by Siegrist et al. (1988) using 

mono iodinated a-MSH in a radioreceptor assay suggests that the 

average number of binding sites per B16 mouse melanoma cell is 

about 10,000. In human melanoma cells, the receptor number is 

estimated to be between 1000 to 2000 per cell among three cell 

lines tested (Ghanem et al., 1988). Recently, our laboratory 
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has developed a more stable, potent, and enzymatically 

resistant analogue of a-MSH, [Nle4,~-Phe7]a-MSH (Abdel Malek 

et al., 1985; Castrucci et al., 1984; Marwan et al., 1985; 

Sawyer et al~, 1980). When the natural hormone was replaced 

by [Nle4,~-Phe7]a-MSH and used in receptor binding studies, 

the results indicated that the assay with [Nle4,~-Phe7]a-MSH 

yielded receptor expression in six of ten melanoma cell lines, 

whereas in the experiments with the natural hormone, a-MSH, 

only four of the ten tested cell lines were found to express 

receptors (Libert et al., 1989). Therefore, this newly 

synthesized analog (Fig. 1-1) has a great potential as a 

specific binding ligand for the study of melanotropin 

receptors. 

These results, no matter which melanotropic ligands are 

used, indicate that melanotropin receptors are present on the 

cell surface of both mouse and human melanoma cells. 

1.4 CUrrent Considerations 

Recently, more evidence has been provided that human 

melanoma cells contain melanotropin receptors (Mountjoy et 

al., 1992; Murphy et al., 1986; Liu et al., 1988; Tatro et 

al., 1992; Wraight et al., 1992). In addition to the 

classical binding technique, one laboratory recently cloned 
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the genes that encode melanotropin and ACTH (a precursor of 

MSH) receptors in murine and human melanomas (Mountjoy et al., 

1992). Receptor studies have led several research groups to 

try and develop novel a-MSH hybrid molecules for therapeutic 

purposes. The molecules were designed to kill melanoma cells 

either directly using MSH-toxin hybrid molecules, that bind to 

MSH receptors with a high affinity in vivo (Varga et al., 

1977; Murphy et al., 1986), or indirectly by targeting the 

cells for T cell-mediated destruction using MSH (anti-CD3 

receptor) conjugates (Liu et al., 1988). Tatro et al. (1992) 

recently synthesized an [Nle4,~-Phe7]a-MSH-diphtheria toxin 

fusion protein (DAB389-MSH). Applying this hormone-toxin 

conjugate in biopsy specimens of human and murine species with 

melanoma metastases, the authors found that DAB389-MSH inhibits 

the binding of 125I-[Nle4,~-Phe7]a-MSH to metastatic tissue of 

murine B-16-F1C23 melanoma, and to melanoma metastases of 

three human patients. 

concentration related. 

The inhibition was reportedly 

In other words, the DAB389-MSH 

conjugate could specifically bind to the melanotropin 

receptors. This finding provides a possible clue for killing 

of malignant melanoma by using melanotropic peptide analogs as 

carrier molecules. 

The concept of using a labeled melanotropin hormone for 

diagnostic imaging of melanoma is relatively new. Wraight et 
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al. (1992) have recently developed a chelating derivative of 

MSH which consists of two complete MSH sequences linked by 

their N-termini to a single molecule of diethylenetriamine 

pentaacetic acid (DTPA). with the radioisotope of indium-111 

as a marker, they used the conjugate for the diagnostic 

targeting of melanoma. In nine patients suffering from 

melanoma with a total of 46 lesions over 10 mm encountered, 41 

(89%) of those lesions were imaged. The clinical potential of 

these approaches is critically dependent on the presence of 

functional a-MSH receptors on human melanoma cells in vivo. 

Obviously, with the development of highly specific 

melanotropic peptide analogs, the diagnosis and therapy of 

malignant melanoma may become technically possible in the near 

future. As Bard et ale reported (1990), . [Nle4 ,.Q-Phe7] a-MSH4_10-

DTPA conjugate localized to tumor tissue was much faster and 

higher than the native a-MSH conjugate in a mouse melanoma 

model. It suggests that the analog (Fig. 1-1) may be 

preferred for targeting agents to image melanoma. 

1.5 Significance of the Studies 

A thorough understanding of the characteristics of 

melanotropin receptors on human melanoma cells and melanocytes 

requires a much broader knowledge than is known at present. 
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Although melanotropin receptors have been found on melanoma 

cells by radioreceptor binding techniques, the results from 

the assay did not explain the lack of receptor expression in 

some of the human melanoma cell lines. Neither did this 

technique give information about the possible homogeneity or 

heterogeneity within each individual cell line, for it only 

determines the mass binding of radioactive probes to a 

population of cells. Moreover, most radio-tracers used 

possess some technical limitations, such as relatively low 

specific activity with consequent uncertainty in determination 

of biological activity, and susceptibility to metabolic 

degradation. 

The knowledge of cellular homogeneity or heterogeneity of 

a particular type of receptor is important for assessment of 

the efficacy of the binding of the ligand to the receptor. A 

common problem in directing probes toward cellular membrane 

markers is that these markers may often be expressed 

heterogeneously among cells of a specific type. In other 

words, cellular heterogeneity of the marker could preclude the 

delivery of drug or other agent to every cell. No information 

is available in the literature as to the homogeneity or 

heterogeneity of melanotropin (or other hormone) receptors. 

Therefore, it is imperative to use a method other than the 

radio-ligand receptor binding technique to study receptor 

homogeneity and heterogeneity between different cell lines as 
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well as within an individual melanoma cell line. 

As far as clinical applications are concerned, it is 

important to know whether an anticancer agent attached to a 

melanotropin also localizes to noncancerous, normal cells, 

besides its localization to the target tissue. since a 

melanocyte and its surrounding keratinocytes compose a so 

called "epidermal melanin unit" in the skin (Fitzpatrick and 

Breathnach, 1963; Hadley, 1988b), it is possible that normal 

keratinocytes may also have melanotropin receptors. The work 

conducted by Birchall et ale (1991) showed that MSH-binding 

proteins were expressed on the surface of KHER human squamous 

carcinoma cells which are primarily derived from 

keratinocytes. By using 125I-~-MSH, crosslinking techniques, 

gel electrophoresis and autoradiography, the authors stated 

that the proteins found in keratinocytes are quite similar to 

those expressed on Cloudman mouse melanoma cells (Birchall et 

al., 1991). These results suggest the existence of MSH-

binding proteins in both melanoma cells and keratinocytes. It 

is still unclear whether these proteins represent melanotropin 

receptors or receptor-related proteins in those cells. 

Therefore, it is important to investigate melanotropin 

receptors in normal human tissues to provide information about 

the selectivity of melanotropins as targeting agents for 

possible clinical application. 
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A number of melanotropin analogs that are superpotent and 

biologically stable (resistant to proteolytic degradation) 

have been synthesized and biologically characterized in the 

laboratories of Dr. Hruby and Dr. Hadley at the University of 

Arizona. It has been demonstrated that these peptides can be 

modified considerably and still possess maximal or even 

superpotent melanotropic acti vi ty. In other words, these 

peptides can be structurally altered, i . e., shortened in 

length, conjugated to large molecules, or radiolabeled, 

without losing significant biological activity (Sharma et ale , 

1993a, b; Hadley et al., 1991; Hrubyet al., 1980). Among 

those molecules, [Nle4,~-Phe7]a-MSH (Fig. 1-1) has been found 

to be most potent and therefore it was utilized throughout the 

present studies. 

Recently, a microscopic method coupled with the use of 

synthesized melanotropin-Iatex bead conjugates or fluorescent 

melanotropin-macromolecular conjugates has been developed in 

this laboratory in order to visualize the melanotropin 

receptors on the melanoma cell surface (Sharma et al., .1991; 

Jiang et al.,1993). The.conjugates possess multicopies of a 

highly potent melanotropin analog that interacts in a specific 

way with melanotropin receptors, but not other receptors. 

Since the latex beads/fluorescent macromolecular conjugates 

can be visualized under the microscope, the interaction of 
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the conjugates on the cell surface could be used as an 

indicator of the binding of the ligand to a specific cellular 

receptor. This technology provides a simple and straight-

forward way to identify melanotropin receptors, which should 

have potential usefulness in the clinical diagnosis of 

melanoma. Application of melanotropin-Iatex bead conjugates 

and fluorescent melanotropin-macromolecular conjugates should 

also provide more information about the membrane distribution 

of a-MSH receptors on melanoma cells, and their 

internalization subsequent to ligand receptor binding. The 

capping phenomenon was originally observed from the reaction 

of antibody and antigen on the cell surface (Darnell et al., 

1986). Once binding occurs, surface antibodies are aggregated 

by multivalent antigens due to the fluidity of the lipid 

bilayer of the plasma membrane. After island patches form on 

the surface of the cell, the aggregates coalesce into a cap 

that is either shed into the surrounding fluid or internalized 

by endocytosis. The capping phenomenon has been demonstrated 

to be associated with a variety of hormone receptors (White 

and Escolar, 1990; de Priester et al., 1990; Khrebtukova et 

al., 1991). It could be important to learn whether a-MSH 

receptors once bound to melanotropin-conjugates also exhibit 

such a capping phenomenon. Indeed, evidence of a capping 

phenomenon might be a part of the evidence for the existence 

of melanotropin receptors and their subsequent 
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internalization. 

1.6 spec,ific Objectives of My Research 

1) Determine the presence of melanotropin receptors in 

B16 mouse melanoma cells for which the existence of 

melanotropin receptors has already been proven by other 

pharmacological or biochemical methods. These control cells 

should sUbstantiate that the methods we plan to use are valid 

for visualizing melanotropin receptors. 

2) Determine the presence or absence of melanotropin 

receptors of a number of cultured human melanoma cell lines. 

It is important to know whether all human melanoma cell lines 

have melanotropin receptors, i.e., homogeneity or 

heterogeneity of melanotropin receptor expression among each 

human cell line. 

3) Determine melanotropin cellular receptor homogeneity 

or heterogeneity within a single human melanoma cell line. 

That is, determine whether every melanoma cell of a specific 

cell line expresses melanotropin receptors. 

4) Determine the presence or absence of melanotropin 

receptors of normal human epidermal melanocytes. This will 

determine whether the receptor is specific to cells of 

melanogenic potential. 

5) Determine the distribution of melanotropin receptors 
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in a number of normal and abnormal cells. If a radiolabeled 

melanotropin or a cytotoxic-drug melanotropin conjugate are to 

be used for the localization and/or the chemotherapy of 

melanoma, then it will be important to identify those cellular 

elements of the body that might interfere with radio-imaging 

of metastatic melanoma or might be vulnerable to the cytotoxic 

actions of a melanotropin drug conjugate. For determination 

of melanoma melanotropin receptor status, our methods may 

prove particularly valuable in the identification of 

amelanotic melanomas. 
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Ham's F-10 medium, horse serum, fetal bovine serum, and 

penicillin-streptomycin solution (10,000 units/ml and 10 

mg/ml, respectively) were purchased from GIBCO Laboratories 

(Grand Island, NY). Radioactive L-3',5,-[3H]-tyrosine 

(specific activity 53.0 Ci/mmol) was purchased from New 

England Nuclear (Boston, MA). a-MSH, EDTA (Ethylene

diaminetetraacetic acid), Dowex 50W resin and untreated 

activated charcoal were obtained from Sigma Chemical Company 

(st. Louis, MO). citric acid was purchased from Fisher 

Scientific Co. (Los Angeles, CA). Scintillation fluid was 

obtained from Research Products International Corp. (Mt. 

Prospect, Illinois). Membrane filters were from Nucleopore 

Corp. (Pleasanton, CA). The melanotropin analog [Nle4 ,~

Phe7]a-MSH (MelanoTan I, MT-I) was synthesized by Dr. S. 

Sharma in the laboratory of Dr. V. Hruby, Dept. of Chemistry, 

University of Arizona, according to previously published 

methods (Sawyer et al., 1980). 

2.2 Cell CUltures 
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1) Mouse Melanoma 

The B16/F10 mouse melanoma cell line was obtained from 

Dr. Stanley P. L. Leong of the Laboratory of Surgical Oncology 

at the Arizona Cancer Center. The cell line was originally 

provided by Dr. A. overjera of the Frederick Cancer center, 

Frederick, MD. The cell line was maintained in monolayer 

culture and was grown in Ham's F-10 medium with NaHco3 

(1.2g/liter) supplemented with 10% horse serum and 2% fetal 
o 

bovine serum (both heat-inactivated at 56C for 30 min) and 1% 

penicillin-streptomycin (100 units/ml, 100~g/ml, 

respectively). Cells were subcultured weekly and were 

maintained in culture for only 10 passages to avoid phenotypic 

drift that is often observed in long-term cultures. 

2) Human Melanoma 

Human melanoma cell lines A375P, A375M and C8161 were 

obtained from Dr. M. Hendrix, Dept.of Anatomy, University of 

Arizona. HD, VS, JLC, KM, HB, C83-2Y, JD, BL, CaCI 73361, 

HS294, BW, PIP, HSL, JH, LR 1649, LR 1650, LR 1714, WC, MA, 

and TMS cells were obtained from Dr. S Leong, Laboratory of 

Surgical Oncology, Arizona Cancer Center. Among these cells, 

HD, JLC, KM, HB, A375P, A375M, LR 1649, LR 1650, MA, and PIP 

cell lines are melanotic as determined by gross and 

microscopic examinations whereas the others were amelanotic. 
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The human melanoma cells were maintained in monolayer culture. 

Cells were grown in Ham's F-10 medium supplemented with 10% 

heat-inactivated fetal bovine serum and 1% penicillin

streptomycin. 

3) Normal Human Epidermal Melanocytes 

Normal human epidermal melanocytes and growth medium were 

a gift from Dr. Z. Abdel Malek, Dept. of Dermatology, 

University of Cincinnati. The cells derived from neonatal 

foreskins were grown in culture according to the modified 

method of Eisinger and Marko (1982). The medium consisting of 

Ham's F-10 medium, 8% Nu-serum, 8% NBCS (newborn calf serum), 

1% penicillin-streptomycin, 0.1 mM IBMX (3-isobutyl-1-

methylxanthine), 1.6 x 10·8M TPA (12-o-trtradecanoyl-phorbol 

13-acetate) and 10 nM cholera toxin. 

4) Other Cell Lines 

Human small cell lung cancer (SCLC) cell lines including 

NCI-N417 (variant) and NCI-N592 (classic) were obtained from 

Dr. T. Davis, Dept. of Pharmacology, University of Arizona. 

The human small cell lung cancer cell lines grow as floating 

aggregates in Ham's F-10 medium supplemented with 10% heat-

inactivated 

streptomycin. 

fetal bovine serum and 1% penicillin-
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Human breast cancer MCF-7 cell line was obtained from Dr. 

D. Blask, Dept. of Anatomy, University of Arizona. Cells were 

maintained in monolayer culture and grown in Ham's F-10 medium 

supplemented with 10% heat-inactivated fetal bovine serum and 

1% penicillin-streptomycin. 

Normal human keratinocytes and keratinocyte growth medium 

(KGM) were purchased from Clonetics Co. (San Diego, CA). The 

KGM is serum free, and supplemented with recombinant EGF, 

insulin, hydrocortisone, antimicrobial agents and bovine 

pituitary extract. 

All cells were grown in Falcon 75-cm2 tissue culture 

flasks at 37°C in a humidified atmosphere of 5% CO2 and 95% 

air. 

2.3 Tyrosinase Bioassays 

1) Short-Term stimulation 

In this assay, flasks were seeded at a density of 2-5 x 

105 cells/25 cm2 flask in 4 ml of medium and allowed to attach 

overnight; the medium was changed, and the melanotropins were 

added each day thereafter for two to three days depending on 

the particular experiment. 24 hr before data collection the 

medium in a set of control and melanotropin treated flasks was 

replaced with 4 ml of medium containing 1 ~Ci/ml [3H]-tyrosine 
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as well as melanotropin. At the end of the experiment, the 

cells were harvested using EDTA-containing Tyrode's solution 

and counted with the aid of a hemacytometer. The labeled 

medium from each flask was collected for determination of 

tyrosinase activity. 

Tyrosinase activity was assayed according to a 

modification of the charcoal absorption method of Pomerantz 

(1966). This assay was used to measure the extent of 

tyrosinase stimulation and is based on the hydroxylation 

reaction of [3',5,_3H]-L-tyrosine with simultaneous formation 

After melanoma cells are "fed" tritium-labeled 

tyrosine which is the substrate for melanin production, the 

enzyme, tyrosinase, which is activated by melanotropins, 

catalyzes at least 2 reactions in the melanin biosynthetic 

pathway, namely the oxidation of tyrosine to L-DOPA and the 

dehydrogenation of L-DOPA to dopa quinone (Fig. 1-2). 

The procedure of the assay was as follows: duplicate 1 

ml samples taken from the medium in each flask and were 

pipetted into glass test tubes. To each tube, 1 ml of 

activated charcoal (10% wt/vol in 0.2N citric acid) was added 

and the tubes were vortexed and centrifuged at 1300 x gfor 10 

min. One ml of the supernatant from each tube was then passed 

through a Dowex 50W column to remove any remaining [3H]_ 

tyrosine and was collected into scintillation vials. Each 



43 

column was then rinsed with 1 ml of O.lN citric acid, and the 

eluent was collected into the scintillation vials. Each vial 

received 12 ml of scintillation fluid (Toluene: Triton X-IOO, 

2:1 vol/vol, with 5.5g diphenyloxazole/liter) and then was 

counted in a Beckman LS-8000 scintillation spectrometer. All 

tyrosinase values were first expressed as counts per minute 

(cpm) per million (106) cells, and then, as a percentage of 

the control value. Experimental groups were determined to be 

different from the control groups by Student's t-test at a 

significance level of p<0.05. All experiments were performed 

at least twice. Each figure is either the combined data of 

two similar experiments (n=6-12), or a representative 

experiment (n=6), as indicated in the individual figure 

legends. 

2) Prolonged (Residual) stimulation 

To determine whether melanotropins induce residual 

stimulation of tyrosinase activity, cells were seeded at a 

density of 0.2 x 106 cell/25 cm2 flask and incubated in 4 ml 

medium for 24 hr. Then the melanotropins (10-7M) were added 

to each flask for an additional 24 hr of inCUbation. At day 3, 

the melanotropins were removed from the culture flasks by 

rinsing three times with 4 ml of serum-free Ham's F-IO medium 

at 10 min intervals. The cells were reincubated in 
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melanotropin-free medium for a number of days thereafter as 

indicated in the figure legends. The medium in all of the 

flasks was replaced daily; each day to a set of control and 

treatment flasks were added 4 ml [3H] -tyrosine containing 

medium. On the next day, media from each flask were collected 

for tyrosinase assay. 

3) Long-Term stimulation 

In this experiment, cells were seeded for 24 hr and 

followed with the addition of fresh melanotropin-fortified 

medium daily for 6 to 43 days. The assay procedure was the 

same as the short-term stimulation experiment. 

2.4 Melanoma Cell Growth (Proliferation) 

Cells were seeded at a density of 2-5 x 105 cells/25cm2 

flask in 4 ml of medium for 24 hr. The media were changed, 

and the melanotropins were added each day thereafter for 2 to 

3 days (short-term stimulation) or 6 to 37 days (long-term 

stimulation). During the long-term treatment, cells were 

subcultured to the initial density when they were confluent. 

At the end of the treatment, cells were harvested by replacing 

the culture medium with EDTA containing Tyrode' s solution 

(1.86g Na2EDTA, 8g NaCI, O. 2g KCI, o. 2g CaCI2 , O.lg MgCI2 , 



45 

O.05g NaH2Po4 , 19 NaHC03 per liter). An aliquot of cells was 

then counted using a hemacytometer. 

2.5 Melanotropic Peptide Conjugates (Design and Synthesis) 

All melanotropic peptide conjugates were designed and 

synthesized by Dr. Shubh Sharma in the laboratory of Dr. V. 

Hruby, Department of Chemistry, University of Arizona. The 

general procedures are as follows: 

1) Small or Large Latex Bead (Microsphere or Macrosphere) 

Melanotropin Conjugates 

Microspheres or macrospheres were derivatized with 3-(2-

pyridyldithio)-propionic acid-N-hydroxysuccinimide ester for 

the synthesis of composites in which the MSH molecules are 

attached to the beads via a disulfide linkage. The successive 

treatment of the derivatized beads with a sulfhydryl

containing ligand (an MSH analog or a substance-P analog) 

provided the desired composites. The beads were washed by 3 

additions of buffer following centrifugation after each 

reaction step. The peptide derivatives used for conjugation 

were synthesized by SPPS (Solid-Phase Peptide Synthesis) and 

purified by HPLC. 



46 

2) Fluorescent Melanotropin conjugates 

Poly-vinyl alcohol used as a substrate was derivatized 

with 3-(2-pyridyldithio)-propionic acid-N-hydroxysuccinimide 

ester for the synthesis of composites in which the MSH 

molecules are attached to the polymer via a disulfide linkage. 

The successive treatment of the deri vatized polymer wi th 

fluorescein isothiocyanate and a sulfhydryl-containing ligand 

(thioethanol, an MSH analog or a substance-P analog) provided 

the desired composites. The polymer substrate was dialyzed 

extensively after each reaction step and the degree of 

sUbstitution calculated spectrophotometrically. The peptide 

derivatives used for conjugation were synthesized by SPPS and 

purified by HPLC. 

2.6 Scanning Electron Microscopy 

1) structure of Melanotropin Conjugated Small Latex Beads 

(Microspheres) 

[Nle4 ,2-Phe7]a-MSH molecules were conjugated with latex 

beads through disulfide (-S-S-) bonds (Fig. 2-1a). The beads 

were of 1 ~m diameter. About 50 copies of a melanotropin 

analog were attached to the beads (calculated 

spectrophotometrically) . Since the analog molecules are 

selectively bound to melanotropin receptors, the conjugates 
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with mUlticopies of this molecule should provide a high local 

concentration of hormone that in turn allows the conjugates to 

interact with those cells which contain melanotropin 

receptors. 

2) Identification of Human Melanoma and Normal Human 

Melanocyte Melanotropin Receptors by Small Beads 

(Microspheres) by Scanning Electron Microscope 

The human melanoma cell lines used in this study include 

HD, A375P, A375M (melanotic), and VD, C8161 (amelanotic). 

Normal human melanocytes were harvested with trypsin 

containing Tyrode's solution. Cells (3 x 105) were incubated 

with 7.5 x 106 MSH-conjugated small beads in 0.5 ml of 

incubation medium for 30 min with occasional agitation (every 

5 to 10 min) at room temperature (Incubation medium was 

supplied by Dr. Sharma in The Chemistry Dept. at the 

University of Arizona). At the end of incubation, the 

cell/bead suspension was filtered through a membrane with pore 

size of 0.4 Mm in diameter. The filtrate was discarded. 

Another membrane filter was then placed on the top of the 

original filter so that the retentate is retained within the 

two membranes. The samples (retentates) were immersed in 2.5% 

glutaraldehyde in 0.1 M phosphate buffer at O°C overnight for 

fixation. After washing 3 times with O.lM phosphate buffer at 
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pH 7.4, samples were post-fixed with 1% osmium tetroxide 

followed by three washings with distilled water. The samples 

were then subjected to a series of dehydrations in 30, 50, 70, 

90, and 100% ethanol. Finally, the samples were dried with a 

Polaron critical point drier and then coated with 30 nm of 

gold with a Hammer sputter Coater. The binding of 

hormone-latex beads to cells was visualized under an I.S.I. 

model DS-130 Scanning Electron Microscope at a voltage of 20 

kv. 

Throughout these studies, a mouse B1G melanoma cell line 

that possesses melanotropin receptors and a MCF-7 human breast 

cancer cell line that theoretically possesses no melanotropin 

receptors were used as positive and negative controls, 

respectively. 

3) Receptor Homogeneity/Heterogeneity Study 

While studying the receptor binding as described above, 

we also counted the number of cells which were bound to 

conjugated beads and then expressed these cells as a 

percentage of binding (MSH-conjugate bound cells + total # of 

cells = %). For this purpose, the pretreated samples were 

examined under SEM at a magnification of 1000X. Ten screens 

(SEM monitor) of cells in each cell line were counted to 

obtain total cell number and bound cell number. 
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4) Binding Specificity study 

Four experiments were designed to study binding 

specificity: 

a) Cleavage of melanotropin-bead conjugate by dithiothreitol 

(OTT) or 2-mercaptoethanol (2-ME). The conjugation of 

melanotropin with latex beads is dependent upon a bridge 

between the hormone and bead, i.e. -s-s- bond. Reducing 

agents such as OTT and 2-ME should be able to reduce this 

-s-s- bond and therefore to release hormone from the 

beads. In this experiment, MSH-bead conjugates were 

incubated with OTT or 2-ME (final concentration: 50 roM) 

for 1 hr at room temperature with constant shaking. Then 

the beads were washed with phosphate buffer 3 times. 

Released free melanotropins were removed at this step. 

OTT- or 2-ME-treated beads were then used to study 

binding with a variety of cells. The detailed procedure 

has been described in section 2.6(2). 

b) Competi tion of unbound melanotropin hormone wi th 

melanotropin-conjugated beads for receptor binding. To 

demonstrate receptor-specific binding, the addition of 

unbound hormone to the medium would be expected to result 

in blockade of the beads which are conjugated with the 

same melanotropin analog. In this experiment we pre

incubated the cultured cells with 10·~ to 10·4M unbound 
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[Nle4,~-Phe7]a-MSH for one hr at room temperature. 

Melanotropin-conjugated beads were then added to the 

culture medium. The cells were cultured for another 30 

min. At the end of incubation, the cells were processed 

as described in section 2.6(2) to study the binding with 

the SEM. 

c) Comparative binding of unconjugated latex beads (without 

attached melanotropin) or substance-P conjugated beads to 

the cells. This is another control experiment. The 

cultured cells were incubated with unconjugated beads for 

30 min at room temperature. The binding status of beads 

to the cells was examined under SEM. 

d) 

Normal human melanocytes, mouse B16 melanoma cells and 

A375P human melanoma cells were also used in this 

experiment. 

Negative control study. Theoretically, MCF-7 human 

breast cancer cells should not possess melanotropin 

receptors. Incubation of melanotropin-conjugated beads 

with these cells should provide a control to determine 

cellular specificity of binding to the melanotropin-bead 

conjugates. We incubated MCF-7 cells with melanotropin

conjugated beads for 30 min at room temperature and 

visualized the binding under the same conditions as 

described in section 2.6(2). 
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5) Determination of the Presence or Absence of Melanotropin 

Receptors in Some Normal and Abnormal Cells 

a) Binding of melanotropin-conjugated beads to human 

keratinocytes. Cells were harvested with trypsin 

containing Tyrode's solution. The cell suspension was 

incubated with melanotropin-conjugated beads for 30 min. 

At the end of incubation the cells were treated in the 

same way as described in section 2.6 (2) so that the 

samples could be examined under SEM. 

b) Binding of melanotropin-conjugated beads to small cell 

lung cancer cells. NCI-N417 (variant) and NCI-N592 

(classic) lung cancer cells were used in this experiment. 

Melanotropin-conjugated beads were added to the 

incubation medium which contained lung cancer cells for 

30 min at room temperature. The samples were then 

processed for and viewed with SEM. 

2.7 Fluorescence Labeling and Microscopy 

1) Structure of Fluorescent Multivalent Melanotropin

Macromolecular Conjugates (Fig. 2-2) 

The conjugates consisted of a water soluble polyvinyl 

alcohol (PVA) of average molecular weight ranging between 

10,000 and 200,000. To the polymer about 10-50 copies of a 
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melanotropin analog, [Nle4,Q-Phe7]a-MSH, were attached through 

disulfide linkage (calculated spectrophotometrically). In 

addition, 10-50 copies of fluorescein (FITC) were also 

covalently attached directly to the polymeric backbone. 

2) Fluorescence Labeling of Melanotropin Receptors 

About 106 cells per test tube were incubated either with 

FITC-PVA (unconjugated substrate; negative control) or with 

FITC-PVA-MSH at various concentrations at room temperature for 

15 min. The cells were then washed in the test tube with 

buffer 3 times. The cell pellet was resuspended in 500 ~l of 

the buffer. Then, about 30 ~l of cells were dropped onto a 

glass slide and mixed with the same volume of glycerin. 

Samples were examined under an immunofluorescence microscope 

for visualization of cellular fluorescence. 

2.8 Light Microscopy 

1) structure of Melanotropin Conjugated Large Latex Beads 

(Macrospheres) (Fig. 2-1b). 

The beads have a diameter of 40-100 ~m. About a thousand 

copies of the melanotropin analog were attached to each of the 

beads (calculated spectrophotometrically). Cells which have 

melanotropin receptors should be able to bind to the MSH-
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beads. 

2) Identification of Melanotropin Receptors of Human Melanoma, 

Normal Human Melanocytes and other Cell Types by Large MSH

Bead Conjugates by Light Microscopy. 

In order to develop a more rapid and less expensive way 

to visualize the receptor binding, [Nle4 ,Q-Phe7] a-MSH was 

conjugated with large latex beads with a diameter of 40-100 

J,Lm. Cells (5 x 105) were incubated with about 12,000 

melanotropin-conjugated large beads in 0.5 ml of incubation 

medium at room temperature. After a 30 min incubation, an 

aliquot (50 J,LI) of the cell/bead suspension was placed on a 

glass slide and covered with a cover slip. The sample was 

immediately examined under the light microscope before drying. 

The cell lines examined were those described in the SEM 

section. Mouse B16 melanoma cells and human breast cancer 

MCF-7 cells were used as either positive and negative 

controls, respectively. The experiments described in the SEM 

section also apply to the light microscopy studies. 
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CHAPTER 3 

RESULTS 

In order to investigate melanotropin receptors of human 

melanoma cells, two-stage experiments were performed. First, 

we measured the tyrosinase activity of a variety of human 

melanoma cell lines in response to melanotropins following 

both acute- and long-term exposures. Few, if any, detailed 

studies on the possible effects of melanotropin peptides on 

human melanoma tyrosinase activity have been reported. The 

effect of melanotropins on the proliferation of B16 mouse 

melanoma and various human melanoma cells was also studied by 

comparing the cell number of cells exposed to a melanotropin 

wi th those of control groups. These conventional physio

/pharmacological experiments should provide indirect evidence 

for the existence of human and mouse melanoma cell 

melanotropin receptors. The other important aspect of this 

work was to choose a melanotropin analog known to be 

superpotent, prolonged acting, and resistant to proteolytic 

inactivation so that it could be used as a standard ligand in 

all our studies. For this purpose, a comparison of the 

potency and the prolonged effect on tyrosinase activity was 

made between the native hormone, a-melanocyte stimulating 
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hormone (a-MSH), and a synthetic derivative (analog), [Nle4 ,D

Phe7]a-MSH. 

The melanotropin receptors of human melanoma cells, 

normal human epidermal melanocytes and some other normal and 

abnormal cells were then investigated by a number of direct 

visualization methods such as fluorescent microscopy, scanning 

electron microscopy and light microscopy. These techniques 

allowed us to determine the homogeneity or heterogeneity of 

melanotropin receptors between different cell lines and within 

a particular cell line. The results from the microscopic 

experiments should provide direct evidence that melanotropin 

receptors are localized to the cell membrane of melanocytes 

and melanoma cells. 

3.1 Physio-/Pharmacological Evidence of Melanotropin Receptors 

on Melanoma Cells 

1) Mouse B16 Melanoma Cell study 

a) Acute-stimulation (48 hr) 

The mouse B16 melanoma cell line used is a well

established cell line with a well-characterized tyrosinase 

system (Lee et al., 1972). This cell line has been routinely 

used to study the cellular activities that are specific to 



58 

melanogenesis. In the tyrosinase assay, we compared the 

effect of native a-MSH and the analog, [Nle4 ,.Q-Phe7] a-MSH. 

When melanoma cells were exposed to various concentrations of 

melanotropin for 48 hr, tyrosinase activity was significantly 

increased as compared to the control. The cellular responses 

to the hormone or its analog were dose-related. with 

increasing melanotropin concentrations, the 

activity was correspondingly increased (Fig. 3-1). 

tyrosinase 

[Nle4 ,.Q-

Phe7] a-MSH was about 10 times more potent than a-MSH in 

stimulating enzyme activity (Fig. 3-1). The minimal effective 

dose (MED) to significantly increase (p<0.05) tyrosinase 

activity over the control level was 10-10M for a-MSH, whereas 

the value for [Nle4,.Q-Phe7]a-MSH was about 10_11M or less. The 

maximal increase in tyrosinase activity in response to 

[Nle4 ,.Q-Phe7] a-MSH was approximately 3- to 4-fold greater than 

the control level at 48 hr. 

b) Prolonged (Residual) Activity 

Based on the above experiment, it was clear that [Nle4 ,.Q

Phe7]a-MSH was more effective than a-MSH in stimulating 

tyrosinase activity of mouse B16 melanoma cells. We then 

questioned whether or not the molecule induces a prolonged 

(residual) effect on B16 melanoma cells after its removal from 

the incubation medium. The B16 cells were treated with 10-7M 
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Fig. 3-1. Dose-related activation of B16 melanoma cell 
tyrosinase activity by a-MSH and [Nle4,Q-Phe7]a-MSH after 48 
hr of treatment 

Tyrosinase activity was determined as described in 
Materials and Methods. N=12 determinations for the control 
group, and 6 determinations for the a-MSH- and analog- treated 
groups. The standard errors of the means are provided. An 
asterisk (*) indicates that the response to the melanotropins 
was not significantly different (p<O. 05) from the control 
group as determined by Student's t-test. 
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of either a-MSH or [Nle4,ll-Phe7]a-MSH for 24 hr after which 

time the melanotropins were removed (by several rinses) from 

the medium. The residual tyrosinase activity was measured for 

the next six consecutive days after removal of the 

melanotropins. 

While a-MSH significantly increased tyrosinase activity 

about 1.4 fold above the control level at 24 hr after removal 

of the hormone, the effect of a-MSH was totally dissipated by 

48 hr (Fig. 3-2). In contrast, [Nle4,ll-Phe7]a-MSH stimulated 

tyrosinase activity about 2-3 fold above the basal level 

during the first four days after the analog was removed from 

the medium. At day 5 to day 6, the magnitude of the residual 

stimulation induced by the analog gradually decreased; but it 

was still maintained at a significant, detectable level (Fig. 

3-2) . 

These results using a mouse melanoma model system 

demonstrate the presence of melanotropin receptors as assessed 

by their physiological response to the hormone and the hormone 

analog. 

2) Human Melanoma Cell study 

a) Short-Term (72 hr) Exposure 

In order to determine whether human melanoma cells 



61 

c:J Control 
7 ISS! «-llSH 10- K 

_ [Nle4, D-Phe 7]a-llSH 10-7)« 

300 --

--

~ • 
f.&~ • • ~ 

r.i~ ~~ • ~~ -I- ~ ~ riI ~ 

~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ o 

---- ---- ---- ---- ----- ----
1 234 5 6 

Days After Removal ot Yelanotropins 

Fig. 3-2. Residual tyrosinase activity following an 
initial 24 hr treatment with 10-7Ma-MSH and [Nle4,~-Phe7]a-MSH 

B16 mouse melanoma cells were seeded into fla~ks and 
allowed to attach overnight, then were exposed to 10- Ma-MSH 
or [Nle4 ,Q-Phe7 ]a-MSH for 24 hr, after which time the 
melanotropins were removed and the cells rinsed 3 times with 
F-10 medium. Tyrosinase activity was determined 24 hr after 
melanotropin removal and daily thereafter for 6 days. Each 
value is the mean of 6 determinations for each experimental 
group. The standard errors of the means are provided. An 
asterisk (*) indicates that the experimental group was not 
significantly different (p<0.05) from the control group as 
determined by Student's t-test. 
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respond to melanotropins, the tyrosinase activity in 17 human 

melanoma cell lines was investigated by exposure of cells to 

[Nle4 ,Q-Phe7Ja-MSH at a concentration of 10-7M for 72 hr. Of 

the 17 human melanoma cell lines, only one cell line, the 

human HD cell line, showed a minimum, but significant (p< 

0.05), increase in tyrosinase activity, about a 1.2 fold 

increase over the control level (Fig. 3 -3). This increase has 

also been confirmed by a similar experiment which showed a 1.7 

fold increase in tyrosinase activity (Table 3-1). a-MSH 

(10-7M), however, did not significantly stimUlate tyrosinase 

activity in any of the cell lines (Fig. 3-3). In contrast, 

when a-MSH or its analog were incubated for 72 hr with mouse 

B16 melanoma cells which were used as a positive control 

(since it is recognized that these cells possess an active 

tyrosinase system), tyrosinase activity was enhanced 5- to 6-

fold above the control cells by the analog, and 4- to 5-fold 

above control by a-MSH, respectively, (Fig. 3-3). 

The other 16 human melanoma cell lines did not show an 

increase of tyrosinase activity to [Nle4 ,Q-Phe7]a-MSH (Table 

3-1). Among these cell lines, VS, JLC and KM cell lines were 

found to have a measurable basal level of tyrosinase activity. 

However, no increase in tyrosinase activity over basal level 

was observed in the melanotropin-treated groups. The other 

human melanoma cell lines, including HB, C8161, C83-2Y, JD, 
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Fig. 3-3. stimulation of Human SO Cell Line Tyrosinase 
Activity by 72 hr Exposure to a-MSH or [Nle4 ,Q-Phe7]a-MSH. 
The left bar is the B16 mouse melanoma cell line as a positive 
control. 

Tyrosinase activity was determined as described in 
Materials and Methods. N=12 determinations for the control 
groups and 6 determinations for the melanotropin-treated 
groups. The standard errors of the means are provided. An 
asterisk (*) indicates that the experimental group was not 
significantly different (p<O.05) from the control group as 
determined by Student's ~test. 
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Table 3-1. Effect of [Nle4,D-Phe7]a-MSH on human melanoma cell 
tyrosinase activity (72h) 

Tyrosinase Activity (Percent of Control) 

Cell line Control Analog 10-7M 

* B16a EXp. I 100±7 522±10 
II 100±17 646±22 

* HD EXp. I 100±4 117±4 
II 100±5 170±3 

VS EXp. I _c _d 

II 100±10 64±9 

* JLC EXp. I 100±4 121±5 
II 100±12 63±14 

* KM EXp. I 100±2 86±2 
II 100±1 92±3 

HB - C -d 

C8161 _c _d 

C83-2Y -C -d 

JD _c _d 

BL _c _d 

CaCI 73361 _c -d 

HS294 -C -d 

BW _c -d 
* _c _d A375M 
* C _d A375P -
* C d PIP - -
HSL - C _d 

TMS _c _d 

MCF7 b _c -d 

<0.05 
<0.05 

<0.05 
<0.05 

<0.05 

* . melanot~c melanoma cell line (all other cells are amelanotic) 

~ouse melanoma cell line 

bhuman breast cancer cell line 

Cno basal tyrosinase activity 

dno stimulated activity 
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BL, CaCI 73361, HS294, BW, A375M, A375P, PIP, HSL and TMS, did 

not show any basal level of tyrosinase activity, nor was any 

activity noted in the melanotropin-treatment groups (Table 3-

1). The negative control MCF-7 cell line, which is a human 

breast cancer cell line, did not show, as expected, any basal 

or stimulated tyrosinase activity. 

b) Long-Term (7-43 days) Exposure 

We then determined whether longer exposure of human 

melanoma cells to the melanotropin would stimulate tyrosinase 

activity. In this experiment, we tested the HO, A375P, C8161 

and VS cell lines. The A375P and HO cell lines were chosen 

because these cells represent melanotic melanoma cells. The 

human VS and C8161 cell lines are amelanotic and have basal 

tyrosinase activity (VO) or have no basal tyrosinase activity 

(C8161) as demonstrated in the short-term exposure study 

(noted above). After the cells were seeded for 24 hr, they 

were treated with [Nle4 ,.Q-Phe7]a-MSH at 10-7M for 6 to 43 

consecutive days. Fresh medium containing the melanotropin 

was provided each day of incubation. Cells were subcultured 

to the initial plating density when they became confluent. In 

a 6-day experiment, [Nle4 ,.Q-Phe7]a-MSH increased the 

tyrosinase activity in the HO cell line about 1.7 fold above 

the control level (Table 3-2). However, the other three cell 
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Table 3-2. Tyrosinase activity following long-term treatment 
with [Nle4,,Q-Phe7]a-MSH (10·7M) 

6 Day 

15 Day 

27 Day 

43 Day 

Cell line 

A375P 
C8l6l 
HD 
VS 

A375P 
C8l6l 

A375P 
HD 

HD 
VS 

ano basal tyrosinase activity 

Control 

_a 
_a 

lOO±16 
lOO±23 

lOO±8 
_a 

_a 

lOO±29 

lOO±8 
_a 

bno stimulated tyrosinase activity 

* l70±3 
69±33 

~~±15 

* l3l±14 

* 363±42 
_b 

*significantly different (stimulated) from control value 
(p<O.05) 
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lines did not show any response to [Nle4,~-Phe7]a-MSH (Table 

3-2). The A375P (melanotic) and C8161 (amelanotic) cell lines 

lacked both basal and stimulated tyrosinase activities. 

Following 43 days of exposure to [Nle4,~-Phe7]a-MSH the 

tyrosinase activity in HD cell line increased 3.6 fold above 

the control level, whereas no response was observed for the 

other cell lines tested (Table 3-2). 

These results when compared to the mouse melanoma model, 

demonstrate that human melanoma cell lines (with apparently 

one exception) fail to respond to a melanotropic peptide by 

enhanced tyrosinase activity. 

3.2 Proliferation of Melanoma Cells 

The determination of tyrosinase activity is based on the 

specific enzyme activity observed per million cells in each 

flask. Whether or not melanotropin peptides affect the 

proliferation of treated melanoma cells might affect the 

expression of enzyme activity. Hence, it is important to 

know, in addition to the enzyme activity, whether 

melanotropins also stimulate melanoma cell growth. In 

addition, any effect on the proliferative potential of human 

melanoma would indicate that indeed, these cells possess 

melanotropin receptors. For this purpose, the numbers of 
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cells of melanoma cell lines treated with [Nle4,~-Phe7]a-MSH 

were deter.mined at day 3, 6, 15, 30, and 37. In the short

term exposure experiment, after the cells were incubated with 

[Nle4 ,~-Phe7] a-MSH at 10-7 M for 72 hr, the total celi numbers 

in experimental groups (melanotropin treated) were found to be 

not significantly different from those in control groups, as 

determined by Student's t-test (Table 3-3). In other words, 

exposure of cells to the melanotropin did not affect the rate 

of cell proliferation. 

For the long-term exposure experiment, we measured cell 

proliferation in A375P, C8161, HD, and VS cell lines, 

following treatment of [Nle4,~-Phe7]a-MSH for 6 to 37 

consecutive days. The results showed that the analog did not 

affect human melanoma cell proliferation under continuous 

exposure to the melanotropin (except 30 day exposure for the 

HD cells) (Table 3-4). We also used a potent short chain 

analog, [Nle4,~-Phe7]a-MSH4_10NH2' in addition to [Nle4,~

Phe7]a-MSH, to treat the human melanoma cells for 5 to 6 days. 

Again no significant difference was observed between the 

control and treatment groups (Table 3-5). These results again 

suggest that most human melanoma cells are unresponsive to the 

melanotropic peptides tested even under conditions of 

prolonged inCUbation with the agonists. The following 

observation provides an important exception to the general 
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Table 3-3. The effect of [Nle4 ,ll-Phe7 ]a-MSH on the growth of 
human melanoma cell lines (72h) 

No. of cells/flask ex 106 + SE) 

Cell line 

* HD 

VS 

* JLC 

* KM 

HB 
C8161 
C83-2Y 
JD 
BL 

Control 

EXp. I 2.920 ±0.104 
II 4.270 ±0.634 

EXp. I 1.820 ±0.107 
II 1.665 ±O. 019 

EXp. I 0.603 ±0.022 
II 1.830 ±0.090 

EXp. I 4.795 ±0.243 
II 1.340 ±O.166 

EXp. I 4.335 ±0.095 
II 7.601 ±0.326 

CaCI 73361 
HS294 

1.724 ±0.152 
1.314 ±0.035 
1.263 ±0.033 
3.115 ±0.330 
2.812 ±0.205 
1. 290 ±O. 070 
3.135 ±0.226 
3.325 ±0.297 
5.635 ±0.503 
3.590 ±0.072 
2.160 ±0.059 
0.678 ±0.075 

~W 
A375M 

* *A375P 
PIP EXp. I 

HSL 
TMS 
MCF-7c 

II 

2.690 ±0.302 
1.748 ±0.093 
0.965 ±0.077 

2.007 ±0.084 
3.553 ±0.266 

1.733 ±0.058 
1.652 ±0.026 

0.678 ±0.048 
1.647 ±0.112 

4.667 ±0.321 
1.713 ±O.407 

4.100 ±0.076 
8.472 ±0.121 

2.082 ±0.063 
1.388 ±0.188 
1.368 ±0.180 
3.453 ±0.371 
3.492 ±0.062 
1.273 ±0.048 
2.967 ±0.090 
2.553 ±0.343 
4.667 ±0.376 
3.680 ±0.130 
2.787 ±0.151 <0.05b 

0.637 ±0.048 

3.133 ±O.130 
2.256 ±0.148 
0.940 ±0.050 

~ouse melanoma cell line. 
bExperimental groups (melanotropin treated) were not 
significantly different (cell #) from control groups 
(p<0.05), except where noted a, as determined by student's t
test. 

chuman breast cancer cell line. 
*. . melanot1c melanoma cell 11ne (all other cells are 

amelanotic) . 
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Table 3-4. The effect of [Nle4 ,ll-Phe7 ]a-MSH on the growth of 
human melanoma cell lines (6-43 days) 

Cell line Control Analog 10·7M 

6 Day A375P 2.000±0.204 2.l00±0.115 
C8l6l 2.325±0.138 2.200±0.058 
HO 1.424±0.08l 1.109±0.019 
vs 1.750±0.115 1.733±0.29l 

15 Day A375P 0.970±0.205 0.575±0.025 
C8l61 2.028±0.636 0.850±0.291 
HD 2.795±0.139 2.583±0.064 

30 Day HO 3.164±0.110 0.888±0.016a 

37 Day HD 2.445±0.217 1.896±0.14l 

aExperimental groups (melanotropin treated) were not 
significantly different (cell #) from control groups 
(p<0.05), except where noted a, as determined by student's 

t-test. 
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Table 3-5. The effect of [Nle4,n-Phe7]a-MSH4_10 on the growth 
of human melanoma cell lines (5-6 days) 

Cell line Control Analog 10·7M 

5 Day A375P 2.565±0.206 3.336±0.536 
A375M 2.259±0.188 1.984±0.094 
JLC 2.568±0.148 2.420±0.189 
C8161 4.413±0.113 4.292±0.478 

6 Day HD 1. 296±0 .196 1.348±0.313 
VS 0.656±0.035 0.672±0.028 
C83-2Y 0.140±0.021 0.144±0.017 

Experimental groups (melanotropin treated) were not 
significantly different (cell #) from control groups (p<O. 05) , 
as determined by Student's t-test. 
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results. 

Our data reveal that with the exception of one human 

melanoma cell line (HD), all others (13 cell lines) were 

unresponsive (no enhanced tyrosinase activity) to melanotropic 

peptides whether incubated for short or for long periods of 

time. One observation we believe to be of considerable 

importance was that although only the HD cell line exhibited 

minimal but significantly increased tyrosinase activity in 

response to [Nle4,Q-Phe7]a-MSH, the cells also became 

morphologically different from the control (unstimulated) 

group. In most experiments during long-term incubation, the 

cells were subcultured to the initial density when they tended 

toward confluency. Under these conditions we generally could 

not note morphological differences between the control and 

hormone-stimulated cells. One exception we made to this 

general methodology turned out to be most interesting. After 

the HD cells were subcultured at 15 days treatment, they were 

allowed to grow for another 15 days and to become confluent. 

The control cells became so confluent that the excess cells 

became detached and were released into the medium. In 

contrast, the cells incubated with the melanotropin were 

considerably larger (much larger) and possessed many more 

dendritic processes than the unstimulated (control) cells. 

There was also evidence of increased melanization within these 
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cells. The control cells remained bipolar and unmelanized. 

The melanotropin-stimulated cells were much less confluent. 

Cell counts demonstrated the anti-proliferative actions of the 

melanotropin (Fig. 3-4). In other words, it appears that 

melanotropic peptides can enhance differentiation and decrease 

the proliferative rate of responsive human melanoma cells. 

3.3 Demonstration of Melanotropin Receptors By scanning 

Electron Microscopy 

The results described above demonstrate rather 

convincingly that most human melanoma cells are unresponsive 

to melanotropic peptides. Whether this lack of responsiveness 

of the cells is correlated with a lack of melanotropin 

receptors was then determined. 

1) Binding of Melanotropin-Latex Bead conjugates to Melanotic 

and to Amelanotic Melanoma Cells 

To determine whether melanotropin receptors exist in 

melanoma cells, a number of human melanotic (HO, A375P, A375M) 

or amelanotic (VS, C8161) melanoma cell lines were selected to 

interact with [Nle4,~-Phe7]a-MSH conjugated beads (MSH-beads). 

The structure of the MSH-beads is illustrated in Figure 2-1. 

Following inCUbation of MSH-beads with the cells for 30 min, 
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Fig. 3-4. Long-term culture of HD human melanoma cells with or 

without melanotropin treatment 

A: Control cells showing bipolar morphology. Cells are 

much more confluent. B: The analog-treated cells showing 

larger cell body and more dendritic processes. Cells are also 

less confluent. Bar = 100 ~m. 
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Fig. 3-5. MSH-beads bind specifically to human melanotic 

melanoma cells 

Scanning electron microscopy photomicrographs show MSH

beads bound to the cell surface. A: HD cell. B: A375P cell. 

e: A375M cell. Bar = 5 ~m. 
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the beads were found to bind to both melanotic (Fig. 3-5), as 

well as amelanotic melanoma cells (Fig. 3-6). Interestingly, 

once binding of the melanoma cells with the beads occurred, a 

single cluster (cap) of the beads could be observed on those 

properly-oriented cells after 30 min of incubation, (for 

instance, VS cells, Fig.3-6A). In some cases, a partial 

invagination of this cluster was seen. In the negative 

control experiment, a MCF-7 human breast cancer cell line was 

utilized for it might be expected to lack melanotropin 

receptors. Incubation of the breast cancer cells with the 

MSH-beads did not result in any binding of the MSH-beads to 

the cells (Fig. 3-7). However, the positive control B16 mouse 

melanoma cells did bind to the MSH-beads. Clustering of the 

beads on the cell surface and apparent invagination were also 

found in B16 cell line (Fig. 3-8). These results demonstrate 

that although most human melanoma cells lack responsiveness to 

a melanotropic peptide, these cells do possess receptors for 

the peptide. 

2) Specificity of Binding of the MSH-conjugated Beads to 

Melanotropin Receptors 

Binding of melanotropin-conjugated latex beads to 

melanoma cells could be a receptor-mediated event, or it could 

also be due to non-specific binding. It is important to 

demonstrate the specificity of binding of the beads to the 
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Fig. 3-6. MSH-beads bind specifically to human amelanotic 

melanoma cells 

Scanning electron microscopy photomicrographs show MSH

beads bound to the cell surface. A: VS cell, a clustering of 

beads can be seen on the cell membrane. B: C8161 cell. 

Scale bar = 5 ~m. 
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Fig. 3-7. MSH-beads do not bind to human breast cancer MCF-7 

cells 

Scanning electron microscopy photomicrographs show no 

beads bound to the MCF-7 cell membrane. MSH-beads can be 

noted on the membrane filter background. Scale bar = 10 ~m. 

Fig. 3-8. MSH-beads bind specifically to B16 mouse melanoma 

cells 

Scanning electron microscopy photomicrographs show MSH

beads bound to the·cell surface. A clustering of the beads 

and apparent invagination (endocytosis) were observed. Scale 

bar = 5 ~m. 
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cells. The following experimental approaches were performed 

in order to address binding specificity. 

Incubation of the beads alone, i. e., without the hormonal 

ligand attached, did not result in any binding of the beads to 

either human A375P melanoma cells or to BIG mouse melanoma 

(Fig. 3-9). 

Since the disulfide bond (-S-S-) links the hormone 

molecules to the beads, cleavage of this bond by a reducing 

agent (DTT or 2-ME) should remove the hormone molecules from 

the beads, rendering the beads with a lack of affinity for 

melanotropin receptors. As shown in Fig. 3-5C, while the MSH

beads bound specifically to A375P human melanoma cells, the 

DTT pretreated MSH-beads failed to bind to the same cells 

(Fig. 3-10B). The 2-ME pretreated MSH-beads also failed to 

bind to BIG mouse melanoma cells (Fig. 3-10A). 

In a competition (swamp out) study, A375P human melanoma 

cells were pre-incubated with [Nle4 ,.Q-Phe7]a-MSH (10-~) and 

then incubated with the analog-latex bead conjugates. The 

presence of unbound hormone significantly abolished the 

binding of MSH-beads to the cells (Fig. 3-11). 

In addition, mouse (not shown) and human (Fig. 3-12) 

melanoma cells failed to bind to substance-P (a peptide 

hormone) conjugated beads. 

Finally, in a negative control experiment, the MSH-beads 
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Fig. 3-9. Beads without MSH do not bind to mouse B16 or to 

human A375P melanoma cells 

A: A375P human melanoma cells. 

cells. Bar = 10 ~m. 

B: B16 mouse melanoma 
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Fig. 3-10. OTT pretreated MSH-beads do not bind to mouse B16 

or to human A375P melanoma cells 

A: B16 mouse melanoma cells. 

cells. Bar = 10 ~m. 

B: A375P human melanoma 
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Fig. 3-11. MSH-beads show little to no binding to human A375P 

melanoma cells which were pretreated with [Nle4,~-Phe7]a-MSH 

Cells were pretreated with the unconjugated analog at 10-

4M for 1 hr prior to incubation with MSH-beads. scanning 

electron micrographs showed that the MSH-beads did not bind to 

these cells. (Since some minimal binding was observed, 

however, longer preincubation with higher concentration of the 

unbound analog might have resulted in complete blockade of the 

MSH-bound microspheres). Bar = 10 ~m. 

Fig. 3-12. Substance-P conjugated beads do not bind to human 

A375P cells 

Bar = 10 ~m. 
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failed to bind to human MCF-7 breast cancer cells as noted 

above (Fig. 3-7). 

These results indicate that the binding of MSH-conjugated 

beads to the tested melanoma cell lines is specific and unique 

to those cells that theoretically should possess melanotropin 

receptors. 

3) Binding of Melanotropin-Latex Bead Conjugates to Normal 

Human Melanocytes 

Melanotropin receptors might be expected to be specific 

to cells of melanogenic potential. It is also possible that 

the receptor might be more broadly distributed to some other 

cell types. In this experiment, the MSH-beads were incubated 

with normal human melanocytes which are derived from the 

epidermis of the skin. After the melanocytes were incubated 

with MSH-beads for 30 min, binding of the MSH-beads to the 

cell surface of the melanocytes was observed (Fig. 3-13). 

Incubation of the beads alone without MSH attached or 

inCUbation of substance-P conjugated beads with the cells did 

not result in any binding of these beads to the cells (Fig. 3-

14, 3-15). Further inCUbation of the cells with 2-ME 

pretreated MSH-beads completely abolished such binding, as 

noted for melanoma cells earlier (Fig. 3-16). When the cells 

were pretreated with the analog first, then incubated with 

MSH-bead conjugates, binding of the beads to the cells was 
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Fig. 3-13. MSH-beads bind to normal human epidermal 

melanocytes 

Bar = 5 p,m. 
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Fig. 3-14. Beads without MSH attached do not bind to normal 

human epidermal melanocytes 

Bar = 5 ~m. 

Fig. 3-15. Substance-P conjugated beads do not bind to normal 

human epidermal melanocytes 

Bar = 5 ~m. 
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Fig. 3-16. 2-ME pretreated MSH beads do not bind to normal 

human melanocytes 

Bar = 5 J,£m. 

Fig. 3-17. MSH-beads show little to no binding to normal human 

epidermal melanocytes which were pretreated with [Nle4,Q

Phe7]a-MSH 

Cells were pretreated with the unconjugated analog at 10-

4M for 1 hr prior to incubation with MSH-beads. Scanning 

electron micrographs showed that the MSH-beads did not bind to 

these cells. (Since some minimal binding was observed, 

however I longer preincubation with higher concentration of the 

unbound analog might have resulted in complete blockade of the 

MSH-bound microspheres). Bar = 5 J,£m. 
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significantly inhibited (Fig. 3-17). Melanotropin receptors 

are therefore present on the cell surface of normal epidermal 

melanocytes. These receptors would appear to be hormone-

specific since microspheres conjugated to substance-P lacked 

affinity for the cells (receptors). 

4) Homogenei ty or Heterogeneity of Melanotropin Receptors 

within Each Individual Melanoma Cell Line and Between 

Different Cell Lines 

To determine the presence of melanotropin receptors in 

every single melanoma cell of a specific cell line, i.e., the 

receptor homogeneity within a cell line, the number of cells 

bound to beads as a percent of the total number of cells 

present was determined under the SEM. Among the cells tested, 

including human epidermal melanocytes, mouse B16 cells, human 

HD, A375P, A375M and VD, C8161 cells, about 70 to 90% of cells 

were found to bind to MSH-beads for each cell line. For each 

single cell, the binding ranged from 5 to 100 beads or more 

per cell (e.g. Fig. 3-5A, 3-5B). Because of gravity, some 

cells that may have bound to the beads might have been "upside 

down." That is, the binding side was facing the bottom of the 

preparation, with respect to the viewer. It was not possible 

therefore to distinguish binding of the beads to these cells, 

and therefore these cells were counted as "unbound". 

Nevertheless, the results indicated that a high percentage, 
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possibly 100% of the cells, possess melanotropin receptors. 

For homogeneity or heterogeneity studies among different 

cell lines, we tested five human melanoma cell lines by SEM. 

All five cell lines displayed significant binding to the 

MSH-beads, demonstrating homogeneity of melanotropin receptors 

among those different cell lines (Table 3-6). 

Table 3-6 Specific binding MSH-beads to various cells by SEM 

Cell lines 

Epidermal Melanocytes (Human) 

Keratinocytes (Human) 

Melanoma 

B16 (Mouse, positive control) 

HD (Human) 

VS (Human) 

A375P (Human) 

A375M (Human) 

C8161 (Human) 

Binding 

+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 

Breast Cancer Cell MCF-7 (Human, negative control) 

5) Determination of the Presence or Absence of Melanotropin 

Receptors of Some Normal and Abnormal Cells 

a) Human Keratinocytes 

Keratinocytes are the major cellular component of the 

skin. One melanocyte and its surrounding keratinocytes forms 
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an "epidermal melanin unit" (Fitzpatrick and Breathnach, 1963; 

Hadley, 1988b). When normal human keratinocytes were 

incubated with MSH-beads for 30 min, significant binding of 

MSH-beads to the cells was observed (Fig. 3-18). 

b) Human Small Cell Lung Cancer Cells (SCLC) 

SCLC, a non-melanotic tumor cell line, is theoretically 

not related to melanin producing cells. After inCUbation of 

these cells with MSH-beads, no binding of the beads to the 

cell surface of either NCI-N592 or NCI-N417 cell lines could 

be noted (data not shown). 

3.4 Demonstration of Melanotropin Receptors By Fluorescent 

Microscopy 

1) Evidence for Melanotropin Receptors of Melanoma Cells Using 

Melanotropin-Fluorescent Macromolecular conjugates 

In this experiment, a fluorescent melanotropin

macromolecular conjugate was synthesized to determine whether 

melanotropin receptors are present in a number of human 

melanoma cells. The structure of the macromolecular conjugate 

is illustrated in Figure 2-2. This method allowed us to 

screen many different human melanoma cell lines. Cell lines 

we have tested include melanotic HD, A375P, A375M, PIP, LR 

1649, LR 1650, MA, and amelanotic VS, C8161, JH, LR 1714, WC, 



Fig. 3-18. MSH-beads bind to human keratinocytes 

Bar = 10 J,Lm. 

100 
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Table 3-7 Specific fluorescent labeling of melanotropin 
receptors on various melanoma cell lines and other cells 

Cell Type 

MOUSE 
Normal Liver 

Spleen 
Kidney 

Melanoma B16 (positive control) 

HUMAN 
Normal Epidermal Melanocytes 

Keratinocytes 
Fibroblasts 

Abnormal Breast Cancer cell MCF-7 
Lung Cancer Cell NCI-N592 

Melanoma HD 
A375P 
A375M 
PIP 
LR 1649 
LR 1650 
MA 
VS 
C8161 
JH 
LR 1714 
WC 
HL 

Binding 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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HL. 

As summarized in Table 3-7, after incubation of the 

fluorescent melanotropin conjugates (FITC-PVA-MSH) with 

melanoma cells for 15 min, the conjugates bound to all 13 

human melanoma cell lines, e.g., melanotic A375P (Fig. 3-19) 

and amelanotic C8161 (Fig. 3-20). Capping (fluorescence 

aggregation) was found on some melanoma cell membranes (Fig. 

3-19, 3-20). The conjugates also exhibited specific membrane 

fluorescence on B16 mouse (control) melanoma cells (Fig. 3-

21) . The fluorescence intensity of this labeling was 

concentration dependent. The best operational concentration 

of FITC-PVA-MSH was 0.4-0.5 mg/ml. 

2) Specificity of Binding of the Fluorescent Melanotropin 

Macromolecular Conjugates to Melanotropin Receptors 

When MSH receptor negative cell types: e.g., mouse liver, 

kidney, spleen, human fibroblasts (DMDC), breast cancer etc. 

incubated with the conjugates, no fluorescent labeling was 

observed. 

None of the cell types, belonging to the positive as well 

as negative control groups, exhibited any labeling with 

conjugates lacking melanotropin, i.e., FITC-PVA (Fig. 3-19C). 

Additionally, none of the cell types showed labeling with 

a conjugate dynorphin1_13-amide (a peptide hormone analog). 
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Fig. 3-19. Fluorescent melanotropin macromolecular 

conjugates specifically bind to human A375P melanotic melanoma 

cells 

A: Bright field micrograph. B: Fluorescent micrograph. 

C: Conjugates lacking melanotropin (i.e., FITC-PVA) do not 

bind to A375P cells. Bar = 100 ~m. 



105 

A 



106 

Fig. 3-20. Fluorescent melanotropin macromolecular conjugates 

specifically bind to human C8161 amelanotic melanoma cells 

A: Bright field micrograph. B: Fluorescent micrograph. 

Bar = 100 ~m. 
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Fig. 3-21. Fluorescent melanotropin macromolecular conjugates 

specifically bind to mouse B16 melanoma cells 

A: Bright field micrograph. B: Fluorescent micrograph. 

Bar = 100 ~m. 
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The disulfide-linked MSH conjugate offered the possibility of 

yet another control experiment. The MSH analog in this case 

could be readily cleaved off from the polymeric back-bone 

rendering the conjugate with no affinity for MSH receptors. 

This conjugate when treated with 50 roM DTT for 1 hr prior to 

incubation with A375P human melanoma cells and· B16 mouse 

melanoma cells failed to label these cells. 

These experiments point to the specific labeling of the 

melanotropin receptors by the MSH-containing conjugates. 

3) Binding of Fluorescent Melanotropin conjugates to Normal 

Human Melanocytes 

After normal human epidermal melanocytes were incubated 

with FITC-PVA-MSH for 15 min, all cells were fluorescently 

labeled (Fig. 3-22). Incubation of FITC-PVA did not show such 

labeling (Fig. 3-22C). In addition, pretreatment of the 

conjugates with 2-ME followed by the incubation with the human 

melanocytes abolished the binding. 

4) Homogeneity or Heterogeneity of Melanotropin Receptors 

within Each Individual Melanoma Cell Line and Between 

Different Cell lines 

For homogeneity or heterogeneity studies wi thin each 

individual cell line, we compared each individual cell in both 

bright field and fluorescent microscopy. We noticed that 
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Fig. 3-22. Fluorescent melanotropin macromolecular conjugates 

specifically bind to normal human melanocytes 

A: Bright field micrograph. B: Fluorescent micrograph. 

C: conjugates lacking melanotropin (i.e., FITC-PVA) do not 

bind to normal human melanocytes. Bar = 100 ~m. 
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every single melanoma cell or melanocyte identified by 

brightfield microscopy showed fluorescent labeling under 

fluorescent microscopy (Fig. 3-19, 3-20, 3-21, 3-22). This 

finding demonstrated that 100% of melanoma cells or 

melanocytes possess melanotropin receptors. 

By testing 13 different human melanoma cell lines and one 

normal human melanocyte line, we found that all cell lines we 

tested exhibited fluorescent binding (Table 3-7). Again, 

these results indicate homogeneity of melanotropin receptors 

among different cell lines, both melanotic and amelanotic. 

5) Demonstration of the Presence or Absence of Melanotropin 

Receptors of Some Normal Cells and Abnormal Cells 

a) Human Keratinocytes 

Incubation of keratinocytes with the conjugates for 15 

min resulted in fluorescent labeling of every single 

keratinocyte (Fig. 3-23), but not following inCUbation with 

FITC-PVA which lacks the attached ligand. Treatment of the 

FITC-PVA-MSH conjugates with 2-ME prior to use abolished its 

ability to bind to keratinocytes. 

b) Other Cells 

Human small cell lung cancer NC1-N592 cells did not 

exhibit any fluorescent labeling after inCUbation with the 
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Fig. 3-23. Fluorescent melanotropin macromolecular conjugates 

specifically bind to human keratinocytes 

A: Bright field micrograph. B: Fluorescent micrograph. 

Bar = 100 f.,£m. 
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conjugate. Normal mouse liver, kidney, and spleen cells and 

human fibroblasts also failed to exhibit fluorescence 

following incubation with the fluorescent conjugate. 

3.5 Demonstration of Melanotropin Receptors By Light 

Microscopy 

1) Evidence for Melanotropin Receptors of Melanoma Cells using 

MSH-conjugated Macrospheres 

In this experiment, a different type of MSH-conjugated 

latex bead was utilized. The macrosphere has a diameter of 

about 40-100 ~m, 4-6 times greater than the cells. Light 

microscopy should offer a convenient way to demonstrate 

binding of MSH-macrospheres to cells possessing membrane 

melanotropin receptors. Human melanoma cell lines (A375P, 

A375M and C8161) were used in this study. 

The cells were incubated with 

conjugated macrospheres for 30 min. After treatment, most 

macro spheres were bound to numerous melanoma cells as observed 

under the light microscope (Fig. 3-24). The binding displayed 

a characteristic "flower shape" in which a large bead was in 

the middle with small cells surrounding it. In some cases, 

several large beads aggregated together with their surrounding 

cells. The aggregation may be caused by the simultaneous 
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Fig. 3-24. Human melanoma cells specifically bind to MSH 

macro spheres (large beads) 

Light-microscopic photomicrographs show the binding of 

cells to the macrospheres. Aggregation of some beads can be 

noted. A: A375P cells. B: A375M cells. C: C8161 cells. Bar 

= 100 J.Lm. 
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binding of cells to two beads. 

By focusing up and down through the transparent bead it 

was noted that the cells were bound to the entire surface of 

the beads (Fig. 3-24). 

The positive control, B16 mouse melanoma cells, also 

showed binding to the MSH-macrospheres (Fig. 3-25), while the 

negative control, MCF-7 human breast cancer cells, did not 

exhibit such binding to the beads (Fig. 3-26). In the latter 

case, both cells and beads were shown to be present in the 

preparation (on the background of the slide) but separate from 

each other (Fig. 3-26). 

2) Specificity of Binding of MSH-Conjugated Macrospheres to 

Melanotropin Receptors 

The same types of experiments as described in section 3.3 

(2) were performed for large MSH-conjugated macrospheres. 

Incubation of the cells with substance-P conjugated 

macrospheres did not result in any binding of the conjugates 

to B16 mouse melanoma (control) cells (Fig. 3-27). Binding of 

such macrospheres to human melanoma A375P and C8161 cells was 

also not observed (Fig. 3-28). 

After the reduction of MSH-macrospheres by DTT or 2-ME, 

the DTT or 2-ME pretreated macrospheres failed to bind to B16 

mouse melanoma (control) cells (Fig.3-29) , or to human A375P, 

A375M and C8161 melanoma cells (Fig. 3-30). 
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Fig. 3-25. B16 mouse melanoma cells specifically bind to MSH 

macrospheres (large beads) 

Light-microscopic photomicrographs show the binding of 

cells to the macrospheres. Aggregation of some beads can be 

noted. Bar = 100 ~m. 

Fig. 3-26. MCF-7 human breast cancer cells do not bind to MSH 

macrospheres (large beads) 

Bar = 100 ~m. 
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Fig. 3-27. B16 mouse melanoma cells do not bind to substance-P 

conjugated macrospheres (large beads) 

Bar = 100 ~m. 

Fig. 3-28. Human melanoma cells do not bind to substance-P 

conjugated macrospheres (large beads) 

A: A375P cells. B: C8161 cells. Bar = 100 ~m. 
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Fig. 3-29. B16 mouse melanoma cells do not bind to DTT 

pretreated MSH macrospheres (large beads) 

Bar = 100 JLm. 

Fig. 3-30. Human melanoma cells do not bind to DTT pretreated 

MSH conjugated macrospheres (large beads) 

A: A375P cells. B: C8161 cells. Bar = 100 JLm. 
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When B16 mouse melanoma cells and human A375P melanoma cells 

were pre-incubated with [Nle4 ,Q-Phe7]a-MSH, the unbound 

hormone competitively inhibited the binding of melanotropin

conjugated macrospheres to the cells (Fig. 3-31) 

3) Evidence for Melanotropin Receptors in Normal Human 

Melanocytes 

After normal human epidermal melanocytes were incubated 

with MSH- macrospheres for 30 min, all beads were found to be 

bound to melanocytes (Fig. 3-32). Incubation with substance

P conjugated beads did not show such binding (Fig. 3-33). In 

addition, pretreatment of MSH-macrospheres with 2-ME followed 

by the incubation with human melanocytes abolished binding to 

the beads (Fig. 3-34). Again, the unbound hormone 

competitively inhibited the binding of cells to these beads 

(Fig. 3-35). 

4) Determination of the Presence or Absence of Melanotropin 

Receptors in Some Normal and Abnormal Cells 

a) Human Keratinocytes 

Human keratinocytes were harvested and incubated with 

MSH-macrospheres for 30 min. Under the light microscope, 

keratinocytes were found to be bound to the MSH-macrospheres 
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Fig. 3-31. Human A375P and mouse B16 melanoma cells which 

were pretreated with [Nle4 ,.Q-Phe7] a-MSH show little to no 

binding to MSH conjugated macro spheres (large beads) 

Cells were pretreated with the unconjugated analog at 10-

4r1 for 1 hr prior to incubation with MSH-beads. Light 

microscopy micrographs showed that these cells did not bind to 

the conjugated beads. (Since some minimal binding was 

observed, however, longer preincubation with higher 

concentration of the unbound analog might have resulted in 

complete blockade of the MSH-bound microspheres). A: A375P 

cells. B: B16 cells. Bar = 100 Mm. 



B 
o 

f 

o 

o- 0 

0 
I:) 

0 
0 

1'1 

:.0 

0° 
,) 

,q 

o 

.0 o 
. ' .. '. :. 

'.',", :; ." 
It, 

0,, ~ 
O~ 

~ 

o 

128 



129 

Fig. 3-32. Normal human epidermal melanocytes specifically 

bind to MSH macrospheres (large beads) 

Light-microscopic photomicrographs show the binding of 

cells to the macrospheres. Bar = 100 ~m. 

Fig. 3-33. Normal human epidermal melanocytes do not bind to 

substance-P conjugated macrospheres (large beads) 

Bar = 100 ~m. 
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Fig. 3-34. Normal human epidermal melanocytes do not bind to 

2-ME pretreated MSH conjugated macrospheres (large beads) 

Bar = 100 J,Lm. 

Fig. 3-35. Normal human melanocytes which were pretreated with 

[Nle4,~-Phe7]a-MSH show little to no binding to MSH conjugated 

macrospheres (large beads) 

Cells were pretreated with the unconjugated analog at 10· 

4M for 1 hr prior to incubation with MSH-beads. Light 

microscopy micrographs showed that these cells did not bind to 

the conjugated beads. (Since some minimal binding was 

observed, however, longer preincubation with higher 

concentration of the unbound analog might have resulted in 

complete blockade of the MSH-bound microspheres). Bar = 100 

J,Lm. 
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When these keratinocytes were incubated with 

2-ME pretreated macrospheres or substance-P macrospheres, no 

binding was observed (Fig. 3-37, 3-38). In another set of 

experiments, the cells were pre incubated with 10-~ [Nle4 ,Q

Phe7]a-MSH for 1 hr. Subsequent incubation of these cells 

with MSH-conjugated macro spheres failed to show a significant 

binding of the cells to the MSH-macrospheres (Fig. 3-39). 

b) Human Small Cell Lung Cancer Cells (SCLC) 

After NCI-N592 cells were incubated with 

MSH-macrospheres, no cells were found to bind to the 

macrospheres (Fig. 3-40). 
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Fig. 3-36. Normal human keratinocytes specifically bind to MSH 

macrospheres (large beads) 

Light-microscopic photomicrographs show the binding of 

cells to the macrospheres. Bar = 100 ~m. 

Fig. 3-37. Normal human keratinocytes do not bind to 2-ME 

pretreated MSH conjugated macrospheres (large beads) 

Bar = 100 ~m. 
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Fig. 3-38. Normal human keratinocytes do not bind to 

substance-P conjugated macro spheres (large beads) 

Bar = 100 J,LM. 

Fig. 3-39. Normal human keratinocytes which were pretreated 

with [Nle4 ,Q-Phe7]a-MSH show little to no binding to MSH 

conjugated macrospheres (large beads) 

Cells were pretreated with the unconjugated analog at 10· 

4M for 1 hr prior to incubation with MSH-beads. Light 

microscopy micrographs showed that these cells did not bind to 

the conjugated beads. (Since some minimal binding was 

observed, however, longer preincubation with higher 

concentration of the unbound analog might have resulted in 

complete blockade of the MSH-bound microspheres). Bar = 100 

J,Lm. 
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Fig. 3-40. Human small cell lung cancer cells (NCI-N592) do 

not bind to MSH conjugated macrospheres (large beads) 

Bar = 100 ~m. 
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CHAPTER 4 

DISCUSSION 

The determination of whether melanotropin receptors are 

constant membrane "markers" for melanoma would be important 

not only for theoretical interests (to identify and 

characterize this type of receptor), but more importantly, for 

the potential benefit that it might provide for the 

development of methods for the detection, localization, and 

therapy of human melanoma. Although many studies indicate 

that melanotropin receptors are present in B16 and S91 mouse 

and some human melanoma cells, there has been a lack of direct 

visualization to support the hypothesis of the existence of 

such receptors in these cells. In addition, the literature 

suggests that some human melanoma cell lines lack such 

receptors (Tatro et al., 1990b; Ghanem et al., 1988). The 

aims of this study were to provide direct evidence for the 

presence of melanotropin receptors on human melanoma cells by 

using novel visualization methods we have developed, and to 

evaluate the distribution of melanotropin receptors in human 

melanoma cells and normal epidermal melanocytes as well as in 

some other types of cells. 

a-Melanotropin (a-MSH) is the hormone that is mainly 

involved in the control of pigmentation in many vertebrates 
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such as frogs, lizards, and fishes, etc. (Castrucci et al., 

1984a; 1989). This hormone is produced within the pars 

intermedia of the pituitary gland of most mammals, and is 

derived from a larger precursor protein, proopiomelanocortin, 

which contains within its structure several other 

melanocorticotropins (gamma-MSH, B-MSH, and ACTH). The 

function of a-MSH is to stimulate melanocyte activity in the 

skin of many vertebrates and to turn the skin dark (Hadley, 

1988b). The stimulatory effect of melanotropic peptides on 

skin pigmentation has also been observed in humans, 

esr;ecially in certain pathological conditions such as in 

Addison's disease. In the latter case, it has been suggested 

that the increased levels of circulating ACTH stimulate MSH

like (melanotropin) receptors in the skin, resulting in 

increased melanin pigmentation of the integument. It has also 

been demonstrated that injections of a melanotropic peptide 

into humans significantly increase melanin pigmentation in the 

skin (Lerner and McGuire, 1961; Snell, 1967). These 

observations suggest that melanotropic hormones interact with 

human epidermal melanocytes, presumably through a receptor

mediated process. 

For a peptide hormone receptor-mediated response, one 

would expect to see specific binding of a radiolabeled ligand 

to the cell surface, a possible elevation of the intracellular 

levels of second messenger molecules, and a particular 
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cellular response as the result of the ligand-receptor 

interaction. The evidence for the existence of melanoma 

melanotropin receptors is largely derived from work conducted 

on a number of mouse melanoma cell lines such as B16 cells and 

Cloudman S91 cells. In radioreceptor binding assays, a number 

of different authors have presented rather similar results 

that clearly indicate the binding of radiolabeled 

melanotropi~s to these mouse melanoma cells (Siegrist et al., 

1988; Panasci et al., 1987; Tatro et al., 1990a; Gerst et al., 

1987; Lambert et al., 1985; Eberle, 1980). In addition, an 

increase of the levels of the second messenger, cAMP, has been 

reported to be induced by melanotropic hormones in these mouse 

melanoma cells (Kreiner et al., 1973). Moreover, the pigment 

within these cells has been found to be closely related to the 

cellular level of tyrosinase activity and subsequent melanin 

production (Laskin et al., 1982; Marwan et al., 1985;). These 

studies support the existence of melanotropin receptors in 

mouse melanoma cells. 

There is still controversy, however, as to whether human 

melanoma cells have melanotropin receptors, and whether the 

receptors are homogeneously or heterogeneously expressed. 

Several researchers have demonstrated the existence of 

melanotropin receptors in human melanoma cells by 

radioreceptor binding assays. However, no one has reported 

that all human melanoma cell lines have melanotropin receptors 
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(Ghanem et al., 1988; Tatro, 1990b; Siegrist et al., 1989). 

For example, Siegrist et ale found that only 10 out of 12 

human melanoma cell lines exhibited specific melanotropin 

receptors as determined by radioligand binding. 

In our attempt to identify melanotropin receptors on 

human melanoma cells and normal epidermal melanocytes, we 

designed a two-step approach. First, we examined the 

tyrosinase activity in various human melanoma cells. Second, 

we used melanotropin-conjugated macromolecules to visualize 

specific binding of ligands to the cells. 

4.1 Identification of Melanotropin Receptors by Tyrosinase 

Assay 

In an experiment using a B16 mouse melanoma model system, 

inCUbation of B16 cells with the natural hormone, a-MSH, or 

the analog, [Nle4,~-Phe7]a-MSH, for 48 hr, increased 

significantly the tyrosinase activity 

control (Fig. 3-1) . The cellular 

as compared to the 

response to the 

melanotropins was dose-dependent. with increased 

concentrations of a-MSH or its analog, the tyrosinase activity 

was correspondingly increased. These results were consistent 

with findings reported previously by Marwan et ale (1985) in 

mouse S91 melanoma cells. It is important to note that the 



144 

analog, [Nle4,n-Phe7]~-MSH, was more effective (potent) than 

the native hormone in stimulating enzyme activity. The 

minimal effective dose for a-MSH was about 10 times higher 

than that of [Nle4,Q-Phe7]a-MSH. In addition, the analog 

displayed a prolonged (residual) stimulatory effect on 

tyrosinase activity. The elevated activity remained 

measurable even at day 6 following the removal of analog from 

the culture medium (Fig. 3-2). 

Previous studies in this laboratory have shown that the 

oxidation (at amino acid position-4, methionine) of a-MSH led 

to considerable loss of biological activity (Bool, et al., 

1981) . Incorporation of norleucine (Nle) in position-4 

prevented such oxidation and, 

effectiveness of the molecule. 

in fact, enhanced the 

Substitution of the n-

enantiomer of ~-phenylalanine (position-7) lead to further 

enhancement of activity (potency), and additionally to a 

prolonged (residual) activity (Castrucci et al., 1984b). The 

present results with B16 mouse melanoma cells indicate that 

[Nle4,n-Phe7]a-MSH is more potent than the parent molecule in 

stimulating tyrosinase activity. This higher potency can be 

ascribed, in part, to the resistance of the analog to 

degradation (proteolytic inactivation) occurring in the 

culture medium (Castrucci et al., 1984b). The prolonged 

stimulatory effect of [Nle4,n-Phe7]a-MSH might also be due to 
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Other 

factors such as the irreversible binding of the analog to 

melanoma melanotropin receptors and/or to other components of 

the transduction processes between receptor and adenyl ate 

cyclase could also contribute to the prolonged effect of 

[Nle4,~-Phe7]a-MSH as we previously reported (Hruby et al., 

1984; Hadley et al., 1985). 

with the use of a B16 mouse melanoma cell line as a model 

system (positive control), we further studied the stimulatory 

effect of a-MSH and [Nle4,~-Phe7]a-MSH on tyrosinase activity 

in a variety of human melanoma cells. out of the 17 human 

melanoma cell lines tested, only one cell line (HD cell line) 

showed a minimum response of tyrosinase activity at 72 hr 

exposure to the melanotropins, about a 1.2-fold increase over 

the control level by [Nle4 ,~-Phe7]a-MSH. a-MSH failed to 

enhance enzyme activity (Fig. 3-3). Of the other human 

melanoma cell lines tested, only VS, JLC and KM human melanoma 

cell lines exhibited basal tyrosinase activity. The other 

cell lines did not have any measurable basal tyrosinase 

activity (Table 3-1). In contrast, Legros et ale ( 1981) 

reported that when HM6A human melanoma cells (the only cell 

line tested) were incubated with a-MSH at 10-7M, the tyrosinase 

activity was increased approximately two-fold above the 

control level at 72 hr following hormone treatment. 
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Our results led us to question whether the 72-hr exposure 

period was long enough to stimulate tyrosinase activity in the 

human melanoma cell lines. To answer this question, a long

term exposure of the cells to the melanotropin (up to 43 days) 

was carried out. After the cells were treated with [Nle4,Q

Phe7]a-MSH at 10~M for 6-43 days, the tyrosinase activity was 

then determined. Similar to the results from the short-term 

experiment, only the HD cell line exhibited an (3. 6-fold) 

increase in tyrosinase activity following a 43 day exposure to 

the analog. No increase of enzyme activity by [Nle4 ,Q-Phe7]a

MSH could be observed for any of the other cell lines tested 

(Table 3-2). Therefore, the lack of measurable tyrosinase 

activity in those cell lines does not seem to be due to the 

insufficient exposure of the cells to the hormone analog. 

A fortuitous observation was that incubation of the HD 

human melanoma cells with [Nle4 ,Q-Phe7 ]a-MSH under conditions 

of cell crowding (confluency) resulted in retardation of cell 

growth (Tabel 3-4). This observation supports several 

hypotheses related to the growth potential of melanoma cells. 

In the "self destruct" hypothesis of Lerner (1971), increased 

melanogenesis leads to the production of phenolic 

intermediates which are cytotoxic to cell survival. This 

hypothesis could account for the decrease in cell number that 

we noted for the melanotropin-stimulated cells. A second 
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hypothesis relates to a commonly held belief that cells that 

occupy their time in phenotypic differentiation (e. g., melanin 

production) will spend less time dividing. Our experiments 

support either of these hypotheses or even possibly a 

combination of both hypotheses. A third explanation might be 

that the cells stimulated by the melanotropin utilized the 

metabolic substrates present in the incubation medium at a 

more rapid rate thus preventing their ability to increase in 

number. Although these observations were not the intended 

focus of one work, these results may prove to be of 

considerable importance in the field of pigment cell biology. 

The lack of basal and stimulated tyrosinase activity does 

not necessarily imply a lack of melanotropin receptors as 

membrane components of these human melanoma cells. One 

explanation might be an insensitivity of the methodology for 

the detection of tyrosinase activity. B16 melanoma cells, 

however, are responsive to the analog at a concentration as 

low as 10-10 M. On the other hand, tyrosinase is only an 

intermediate step between receptor binding and the cellular 

response. The enzyme activity may not need to increase 

substantially to initiate a particular cellular response. 

Hence, in order to further evaluate the presence of 

melanotropin receptors, other methodologies should also be 
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taken into account, for example: indirect methods including 

measurements of cAMP levels, melanin production and direct 

methods including radioreceptor binding assays, 

autoradiography, and immunocytochemistry. It has been 

reported that MSH induces cAMP accumulation in some human 

melanoma cultures and human melanocytes (Ranson et ~l., 1988). 

Al ternatively, demonstration of specific binding using ligand

conjugated macromolecules followed by microscopic 

visualization should supply more direct evidence for the 

presence of human melanoma membrane receptors. We have 

developed macromolecular conjugates that can be used to 

identify melanoma/melanocyte melanotropin receptors by direct 

visualization. 

4.2 Identification of Melanotropin Receptors by Microscopic 

Visualization Methods 

Our studies using microscopic visualization methods 

demonstrate for the first time the presence of melanotropin 

receptors in human epidermal melanocytes and in mouse and 

human melanoma cells. The receptor-mediated binding is 

supported by three lines of evidence: fluorescence 

microscopy, scanning electron microscopy, and light 

microscopy. 

In the experiments using these three different 
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the melanotropin macromolecular conjugates 

exhibited a specific binding to a number of human melanoma 

cells (Fig. 3-5, 3-6, 3-19, 3-20, and 3-24, etc.). The 

binding of ligand-conjugates to normal human melanocytes was 

also observed (Fig. 3-13, 3-22, 3-32). The specificity of the 

receptor-mediated binding was further demonstrated by the 

following observations: 

1) Incubation of the beads alone (small beads) or PVA-FITC 

alone (fluorescent conjugate experiment) without hormone 

attached, or inCUbation of substance-P conjugated beads 

(small or large bead experiments), did not result in 

binding of the macromolecular conjugates to the human 

melanoma cells (Fig. 3-9, 3-12, 3-28) 

2) Pretreatment of melanotropin-conjugated beads with 

reducing agents (dithiothreitol or 2-mercaptoethanol), 

should result in cleavage of the bond between bead (or 

PVA backbone) and hormone, and therefore abolish the 

binding affinity of the beads (or PVA-FITC) to receptors. 

In both SEM and fluorescence experiments, the OTT or 2-ME 

pretreated MSH-conjugates failed to bind to human 

melanoma cells (Fig. 3-10, 3-30). 

3) If binding is specific to melanotropin receptors, one 

would expect that the presence of the conjugated analog 

would compete with the unbound ligand (analog) for 

receptor binding. In a competition experiment, the 
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presence of higher concentrations of [Nle4,~-Phe7]a-MSH 

competitively inhibited the melanotropin-conjugated beads 

from cellular receptor binding sites (Fig. 3-11, 3-31A). 

4) The positive control group, the mouse B16 melanoma cells 

displayed binding to the beads and to the fluorescent 

conjugate (Fig. 3-8, 3-21, and 3-25). The binding 

appears to be specific for melanotropin receptors as 

demonstrated by absence of binding by the beads alone 

(unconjugated) (Fig. 3-9B) or by substance-P conjugated 

beads (Fig. 3-27). In addition, pretreatment of beads by 

DTT or 2-ME (Fig. 3-l0A and 3-29), or incubation of cells 

in the presence of elevated concentrations of free 

ligand prevented binding of the conjugates to the cells 

(Fig. 3-3lB). Also, in a negative control group, MCF-7 

human breast cancer cell line, no binding was noted when 

the melanotropin conjugates were incubated with these 

cells (Fig. 3-7, 3-26). 

These data clearly demonstrate that the binding of 

melanotropin conjugates to the melanoma cells tested is a 

specific receptor-mediated event. In other words, 

melanotropin receptors are components of the cell membrane. 

Similar results were also obtained from experiments 

performed on normal human epidermal melanocytes. 
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4.3 Internalization of Melanotropin Receptors 

Receptor internalization is one of the processes by which 

cells recycle (or degrade) receptors. Internalization has 

been observed for some different types of receptors (White and 

Escolar, 1990; Keller et al., 1992; Weintraub et al., 1992). 

In many cases, the "capping" phenomenon is believed to be an 

indicator for the occurrence of receptor internalization 

(endocytosis). Similar receptor aggregation phenomena were 

observed for some other polypeptide hormones (Jarett and 

Smith, 1974; de Priester et al., 1990; Orci et al., 1975). 

For example, Jarett and smith (1974) found insulin receptor 

aggregation on adipocyte plasma membranes by using a ferri tin

insulin conjugate with TEM. De Priester et ale (1990) 

reported capping of concanavalin (Con A) receptors on 

Dictyostelium cell membranes after 30 min inCUbation of cells 

with fluorescent Con A. 

In our small bead experiments with SEM observations, a 

single cluster (cap) of beads was often observed on the 

surface of properly-oriented cells during a 30 min interaction 

of melanoma cells with the melanotropin bound microspheres 

(Fig. 3-6A). This capping phenomenon was also observed by 

fluorescent microscopy (Fig. 3-19). The results suggest that 

capping may be a phenomenon involving a single focal aggregate 

of receptors. These observations suggest that MSH receptors 
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become internalized. These observations thus provide further 

evidence for the presence of melanotropin receptors on the 

cell surface of human melanoma cells. 

The observation of melanotropin-receptor internalization 

was first reported by Varga et al. in 1976. By using a 

fluorescent labeled ~-MSH, the authors found that the hormone 

was internalized at a physiological temperature in Cloudman 

(murine) melanoma cells. Later, Lerner et al., (1979) using 

ferritin-labeled ~-MSH found that some of the internalized 

hormone may be further translocated to premelanosomes. 

Recently, Orlow et al. (1990) demonstrated that receptor 

internalization resulted in translocation of the hormone to 

internal binding sites within the cells. In their experiments 

they used 125I-Iabeled B-melanotropin (~-MSH) and used sucrose 

density centrifugation techniques to determine the internal 

binding sites for MSH. 

In our experiments, we did not investigate the time 

course for the formation and the duration of capping on the 

cell surface. This future study should provide more 

information as to the kinetics of the capping phenomenon and 

therefore may help to better understand the metabol ism or 

recycling of melanoma melanotropin receptors. Our unique 

methods for the visualization of ligand-receptor membrane 

capping may prove to be a useful tool for the study of other 
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cell types and their specific hormone receptors. 

4.4 Homogeneity of Melanotropin Receptors 

Visualization of receptor binding under the microscope 

provides another means to study the receptor status of each 

individual cell of a particular cell line and, in addition, 

among different melanoma cell lines. Our results demonstrate 

that melanotropin receptors are homogeneously expressed among 

the different cell lines and also within an individual cell 

line. The cells we have tested included 5 human melanoma cell 

lines by SEM and 13 human melanoma cell lines by fluorescence 

microscopy. Normal human melanocytes and normal human 

keratinocytes were also tested by both methods. Using ligand

bound microspheres, the specific binding of these 

melanotropin-conjugated beads to the cells was observed in all 

those cell lines tested. Similar to the results using 

fluorescence conjugates, all 13 melanoma cell lines were found 

to exhibit fluorescent labeling. 

There appears to be little if any heterogeneity of 

melanotropin receptor expression among these cell lines. 

within a particular human melanoma cell line (such as A375P), 

every single cell displayed labeling as visualized by 

fluorescence microscopy (Fig. 3-19). In experiments using 

latex microspheres, approximately 70-90% of the melanoma cells 
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had beads attached on cell surface. Here, a failure to note 

100% binding may relate to the orientation of the cells as 

visualized by scanning electron microscopy. Therefore, it is 

reasonable to postulate that the melanotropin receptors may be 

homogeneously distributed among the cells derived from a 

particular cell line. 

Our results agree, in part, with previous work reported 

by a number of other authors. The work conducted by Ghanem et 

ale (1988) indicated that three out of a panel of eight human 

melanoma cell lines displayed specific binding of 125I-a-MSH 

to the cells. Latter, Siegrist et ale (1989) reported that 10 

out of 12 human melanoma cell lines showed specific binding 

sites for 125I-a-MSH. In another attempt with the use of an 

in situ binding technique to demonstrate melanotropin 

receptors in surgical specimens of human melanoma, Tatro 

(1990b) reported that among the melanoma specimens from 11 

patients, three of them showed a high level of specific 

binding, five with a low level binding, and another three 

patients with no detectable binding. It should be pointed out 

that in those studies, the radioligand binding technique was 

the only means to investigate receptor distribution among the 

different cell lines studied. Although the radioligand 

binding technique allows indirect estimation of binding sites 

for radiolabeled agents in target cells or tissues, the 



155 

results generated from the binding assay are in general based 

upon the mass binding of the radioactive probe to a population 

of cells. This technique is unable to provide information 

about the receptor status of an individual single cell. In 

addition, this radioligand technology may not be sensitive 

enough for those cells with a low number of receptors or low 

numbers of cells actually expressing receptors at the time 

(cell cycle) of the experiment. Hence, it appears that our 

visualization methods offer a unique advantage over other 

presently used methods to study the homogenei ty or 

heterogeneity of melanotropin receptor distribution. 

It has been reported 'that murine melanoma cells bind a

MSH maximally and almost exclusively in the G2 phase (Varga et 

al., 1974, 1976). Since we did not synchronize the cells to 

ensure the cells to be at the same phase of the cycle during 

the experiments, the variation in the numbers of beads bound 

to the individual cells (5-100 per cell) may reflect 

variation of receptor number in different phases of the cell 

cycle. Other factors such as cell differentiation, 

experimental conditions and operational procedure may also 

need to be taken into consideration. Since all cells in 

experiments exhibited fluorescence following incubation in the 

presence of the fluorescently-labeled macromolecular 

conjugate, it can be reasonably concluded that receptor 
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binding is not totally cell-cycle dependent. 

4 .5 Melanotropin Receptors in other Types of Cells and 

Tissues 

Melanotropin receptors might be expected to be present in 

the pigment cells (melanocytes) of the skin. This has been 

verified by our results (Section 3.4.3). Melanotropin 

receptors were, however, also found in keratinocytes by our 

experimental approach (Fig. 3-18, 3-23, 3-36). A model 

proposed by Pawelek et ale (1992) suggests that melanocytes 

could interact with keratinocytes in response to solar 

radiation. When human skin is exposed to ultraviolet light 

(UVL) , a cascade of events is initiated with the UVL signal 

reception system in both melanocytes and keratinocytes, 

resulting in an increase in the number of active melanocytes 

and melanin present in the basal layer of epidermis, and in 

the rate of transfer of melanosomes from melanocytes to 

keratinocytes. They hypothesized that MSH production (or 

precursor peptide) may be stimUlated by UV light in the skin 

to subsequently bind to MSH receptors in melanocytes and in 

keratinocytes. Using radiolabeled B-MSH they demonstrated 

binding of the ligand to keratinocytes (Birchall et al., 

1991). Communication between keratinocytes and melanocytes 

have not yet been demonstrated to be functional in vivo. We 
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do not know what physiological role MSH receptors might play 

in keratinocytes, however, it is of great potential interest 

that MSH (or MSH-precursor) is synthesized in the skin and 

that its synthesis is stimulated by UV light. Research 

conducted by Gordon et ale (1989) supported the hypothesi~ of 

melanocyte/keratinocyte interaction. They found that 

keratinocyte-derived factors modulate melanocyte behavior 

( increase in melanocyte yield, total melanin content and 

dendricity). Our results lend support to the hypothesis that 

both keratinocytes and melanocytes possess melanotropin 

receptors and these cells may reciprocally interact during 

epidermal melanization in response to UVL. 

Recently, a number of reports indicate that melanotropin 

receptors also exist in some tissues other than cutaneous 

tissue (Tatro, 1990c; Tatro and Reichlin, 1987). By using in 

situ binding and autoradiography techniques, researchers found 

that both Q-MSH and corticotropin (ACTH) bound extensively in 

frozen brain sections of rats (Tatro, 1990c). Since Q

melanotropin is derived either from its precursor, pro

opiomelanocortin (POMC) or from adrenocorticotropic hormone 

(ACTH), the presence of melanotropin receptors in the brain 

might occur and would suggest that melanotropins has a 

potential neuromodulating function in addition to its 

regulating action on pigmentation (Thody, 1980; O'Donohue and 

Dorsa, 1982). 
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However, in our experiments, the melanotropin

macromolecular conjugates failed to bind to a number of 

nonmelanotic cells, such as human small cell lung cancer cells 

(Fig. 3-40), endometrial carcinoma (data not shown), breast 

cancer MCF-7 cells (Fig. 3-7), and some normal mouse cells, 

such as spleen cells as well as liver cells (data not shown). 

Similar results were reported by Siegrist et al. (1989) in 

whose studies melanotropin receptors were found to be 

specifically present in human and mouse melanoma cells, but 

not in five other human neuroblastoma or glioma cell lines. 

We did, unexpectedly, find MSH receptors in human colon cancer 

cells (data not shown). Tatro and Reichlin (1987) did show 

that MSH receptors were widely distributed in vivo in the 

tissues of rodents including glandular organs, adipose 

tissues, and bladder, etc. The discrepancy between our 

resul ts and others as to melanotropin receptor distribution in 

different tissues remains to be clarified. 

4.6 Some Comments on the Methodology 

The establishment of a reliable detection method is a 

prerequisi te for the analysis of MSH receptors on human 

melanoma cells, especially for information on receptor 

homogeneity or heterogeneity within and between individuals. 

Our microscopic methods made it possible to directly visualize 
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the receptor binding status in each individual cell. Three 

major microscopic methods were employed in our experiments to 

visualize the binding phenomenon between the melanoma cells 

and ligands. Those were: 

1) the scanning electron microscope to see the binding of 

melanotropin-conjugated microspheres (small beads) to the 

cells; 

2) immunofluorescent microscope to observe the labeling of 

the cells by fluorescent melanotropin conjugates; and 

3) the light microscope to view the interactions between 

cells and melanotropin-conjugated macrospheres (large 

beads) • 

The image under the SEM displayed a detailed cell surface 

structure. Some of unique characteristics of the binding 

between membrane receptors and ligand-conjugated beads could 

be identified under the SEM, such as the capping phenomenon 

and invagination of membrane receptors. In addition, the SEM 

presents a three dimensional view of binding of the beads to 

the plasma membrane. 

The MSH-fluorescent labeling technique is a much easier 

way to visualize membrane receptors. 

the benefit we have experienced 

highlighted as follows. 

In the current study, 

from this method is 
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1) The macromolecular conjugates formed by the 

fluorescein and melanotropic peptide provide a high 

fluorescent image on the cell surface where the 

binding occurs. The high fluorescence under the 

microscope greatly increases the sensitivity for 

the detection of the receptors on the target cells. 

2) The method is relatively simple and thus not labor 

intensive. (Of course, synthesis of the 

macromolecular conjugate by the chemist is not so 

simple a task). 

3) Results can be obtained rather quickly. 

Using the light microscope along with the melanotropin

conjugated large beads (latex macrospheres) is another 

alterative way to identify melanotropin receptors in cultured 

cells. This method is more rapid and less expensive compared 

to the other two visualization methods. It allows one to 

screen, in a short time period, a wide variety of cells, 

including melanoma and nonmelanoma cell lines. 

Although each of these methods has its own advantages and 

disadvantages, the combination of these three methods should 

provide a more general picture about the binding of ligands to 

their receptors. These techniques should have potential 

usefulness in the development of diagnostic and therapeutic 

methods for not only melanoma but also for many other cancers. 
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4.7 Some Clinical Considerations 

In clinical diagnosis it is important to determine 

whether the melanoma is limited to its primary site of origin 

or whether it is more widely disseminated. Examination of the 

lymphatic system would help evaluate possible metastasis of 

the melanoma. By using the fluorescent-macromolecular 

conjugates to examine the dissected lymph nodes from patients, 

one might be able to identify those metastasized melanoma 

cells, and thus help plan for the treatment of melanoma. 

Chemotherapy is widely used in clinical treatment of 

cancers. A major limiting factor for a successful therapy by 

chemotherapy is the damage of drugs to all proliferating 

cells, including bone marrow, lymphoid tissue, GI and 

genitourinary epithelia. In order to reduce the cytotoxicity 

of drugs to the normal cells, it is important to develop a 

tumor-specific reagent that acts specificity with the cells to 

be targeted. 

Our results demonstrated that melanotropins, specially a 

[Nle4 ,Q-Phe7]a-MSH-conjugated macromolecule, could bind with 

high affinity to melanoma membrane receptors. It might be 

expected that melanotropin conjugates could also be used as a 

targeting vehicles to carry anti-cancer (e.g., radiolabeled) 

drugs to the locus of the tumor and thus enhance the 
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The presence of melanotropin 

receptors as constant markers of human melanoma cells may be 

of importance for the development of specific targeting agents 

for the treatment of melanoma. 

In summary, our results by using microscopic 

visualization methods demonstrate for the first time, that 

melanotropin receptors are present in a variety of human 

melanoma cells, human normal epidermal melanocytes and human 

keratinocytes. The binding of melanotropin-macromolecular 

conjugates to these cells is a specific receptor-mediated 

event. The microscopic visualization methods may prove useful 

for the study of cell surface melanotropin receptors. An 

approach should be applicable for the investigation of many 

other membrane peptide hormone receptors. 
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CHAPTER 5 

FUTURE STUDIES 

1. Although the work presented here was related to the 

design and characterization of melanotropin conjugates 

for the study of melanotropic peptide (MSH-like) 

receptors of melanocytes and melanoma cells, the 

methodology is equally applicable to the preparation of 

related conjugates for the study of other peptide 

receptors of other cell types, normal or abnormal 

(cancerous). For example, small cell lung cancer cells 

are said to possess bombesin receptors. This short 

peptide, like MSH, can be attached to micro- or 

macro spheres (latex beads) or to polyvinyl alcohol (PVA). 

The receptors of lung cancer cells can then be studied in 

great detail. The somatostatin receptor of pancreatic 

carcinoma cells could also be studied by our methods. 

2. The receptor profile of most tumor types could be 

characterized by the use of peptide macromolecular 

conjugates. On the basis of the receptors present on 

tumor cells of ambiguous origin, it should then be 

possible to clinically diagnose the tumor. This is an 

important consideration for the subsequent 
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chemotherapeutic strategies to be instituted. 

3. One of the more important observations that we made was 

that colon cancer cells possess melanotropin receptors. 

It is unknown whether these receptors are functional 

(induce signal transduction and second messenger 

formation). It is also unknown whether these receptors 

are specific markers of malignancy or whether they are 

present in normal progenitor cells. One can answer this 

question with our macromolecular conjugates. These 

receptors might be targeted, as for melanoma cells, by 

MSH conjugates for diagnostic and chemotherapeutic 

applications. 

4. In a similar manner the receptor profile of each normal 

cell type can be determined. This information might 

prove important, for example, in the identification of 

pituitary cells expressing little cytodifferentiation 

(e.g., chromophobe cells). It might also be possible to 

distinguish between FSH and LH cells (gonadotrophs) which 

both appear phenotypically identical. Dwarfism in the 

"little" mouse is believed to be due to either a failure 

in somatocrinin (somatotropin release inhibiting hormone) 

binding to or lack of activation of pituitary 

somatotrophs. One should be able to define the etiology 
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of such dwarfism by the use of our peptide conjugates. 

5. In the field of pigmentation biology some specific 

studies should be undertaken. 

A. Of importance to the clinical use of melanotropin 

peptides in humans is the determination of whether 

retinal pigment cells possess melanotropin receptors. 

Our evidence is that [Nle4 ,Q-Phe7 ]a-MSH does not enter 

the eye from the systemic circulation. Nevertheless it 

would also be important to determine whether retinal 

melanocytes lack or possess such receptors, especially if 

melanotropin-conjugated cytotoxic drugs are to be used in 

the treatment of melanoma. 

B. It is generally believed that in vitiliginous skin 

there are no melanocytes present. Others argue, however, 

that cells in cultures from such skin are melanocytes. 

If melanotropin receptors are constant markers of 

melanocytes of integumentary origin, then one should be 

able to characterize whether these putative amelanotic 

melanocytes are indeed of melanocyte lineage. 

c. Melanotropin macromolecular conjugates should be used 
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to determine whether both primary and secondary melanotic 

lesions taken directly from the patient possess 

melanotropin receptors. Our studies have utilized human 

melanoma cells that have been cultured over a long period 

of time. One would like to ascertain that receptor 

expression is not a phenomenon of cell culture and others 

have some preliminary evidence that melanotropin 

receptors are indeed present in primary melanotic 

lesions. 

D. There is a hypothesis by one prominent pigment cell 

group that MSH receptors are only expressed during the G2 

phase of the cell cycle. Our results suggested that this 

is not true, but rather, that receptors are present (but 

possibly not functional) during all phases of the cell 

cycle. Drugs (e.g., actinomycin D, cycloheximide) that 

arrest the cell at specific times in the cell cycle 

should be used along with melanotropin conjugates to 

fully resolve this question. 

E. Melanocytes and keratinocytes function as an 

"epidermal melanin unit" for the synthesis and transfer 

of melanosomes. Since both possess melanotropin 

receptors as shown by our work, it will be important to 
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determine whither keratinocytes from vitiliginous and 

albinotic human skin also possess such receptors. If 

not, this might account for the failure of melanization 

in white skin. 
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